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MEDI 1
Discovery of novel, selective brain penetrant P2X7 antagonists for the treatment
of depression
Michael A. Letavic4, letavicmal@aol.com, Brad M. Savall4, Christa Chrovian1, Brock T.
Shireman4, Anindya Bhattacharya4, Jeannie M. Ziff3, Devin M. Swanson2, Aki SoyodeJohnson5. (1) Janssen Research and Development, San Diego, California, United
States (2) Johnson Johnson, San Diego, California, United States (3) Johnson and
Johnson, San Diego, California, United States (4) Janssen Pharmaceutical R&D, San
Diego, California, United States (5) Janssen R&D, San Diego, California, United States
The P2X7 receptor is a purinergic ligand-gated ion channel that is expressed
abundantly in glial cells in the CNS and is also expressed peripherally in monocytes.
Activation of the P2X7 channel by its endogenous ligand, ATP, leads to activation of
downstream signaling pathways and, among other pro-inflammatory processes, also
leads to IL-1β secretion. In the CNS the IL-1β released from glial cells is thought to
participate in the initiation of a neuroinflammatory cascade, which likely contributes to
various neuropsychiatric and neurodegenerative disorders. For these reasons Janssen
Neuroscience became interested in the identification of novel, brain penetrating P2X7
antagonists that could be used to help characterize the of the role of P2X7 in a variety
of CNS disorders. This presentation will focus on a discussion of our efforts that led to
the discovery of novel, selective, high affinity P2X7 antagonists in human, rat and
mouse cell lines that are brain penetrant and occupy the P2X7 receptor in rat brain as
measured by ex-vivo autoradiography. We envision these compounds as useful tools to
characterize the effects of P2X7 antagonism on various CNS disorders including
depression.
MEDI 2
From natural product to the first oral treatment of multiple sclerosis: The
discovery of FTY720(Gilenya™)
Frederic Zecri, frederic.zecri@novartis.com. Novartis, Cambridge, Massachusetts,
United States
GilenyaTM –FTY720 a pan Sphingosine-1-phosphate receptor modulator- the first
approved oral treatment for patient with relapsing-remmiting multiple sclerosis. Herein,
we wish to describe the discovery of FTY720 using a phenotypic approach. From the
point of view of a medicinal chemist, we will present key experiements and compounds
which lead to the discovery of the target and better understanding of the biology as well
as the lessons learned along the way.
MEDI 3

CHDI-00340246, a potent and selective kynurenine monooxygenase inhibitor as
potential therapeutic agent for the treatment of Huntington's disease
Leticia M. Toledo-Sherman1, leticiamtoledo@gmail.com, Michael Prime3, ladiskav
Mrzljak1, Dirk Winkler3, Vinod Khetarpal1, Ignacio Munoz-Sanjuan1, Celia Dominguez2.
(1) Chemistry, CHDI Foundation, Los Angeles, California, United States (2) Advisors to
CHDI Foundation, CHDI Management Inc, Los Angeles, California, United States (3)
Evotec, Abingdon, United Kingdom
Deregulation of the Kynurenine Pathway, has been implicated in the pathophysiology of
HD. Metabolites of this pathway have been shown to be neurotoxic (3-Hydroxy
kynurenine (3-HK) and Quinolinic Acid (QA), while kynurenic acid (KYNA) have been
described as neuroprotective. Pathway deregulation showing increases in the
neurotoxic metabolites or in the activities of key pathway enzymes has been reported in
postmortem striatum and cortex samples of early grade HD brains as compared to
controls, and in various HD mouse models. Inhibition of KMO, a key enzyme in the
pathway, should shunt the pathway away from the toxic metabolites 3-HK and QA and
towards the formation of the protective metabolite KYNA. The potential of KMO as a
therapeutic intervention point in HD target has been shown in a yeast, flies and mice
models of HD.
This talk will describe CHDI’s medicinal chemistry effort that lead to the identification of
CHDI-00340246, a highly potent and selective KMO inhibitor that we are developing as
a clinical candidate for the treatment of HD. We will describe its pharmacodynamic
effects, as well as its biological effects in various preclinical species.
MEDI 4
Imaging neuroinflammation in the human brain via TSPO
Jacob M. Hooker, hooker@nmr.mgh.harvard.edu. Martinos Center for Biomedical
Imaging, MGH / Harvard Medical School, Charlestown, Massachusetts, United States
Neuroinflammation is thought to underlie or contribute to many brain-related disorders
and yet there are very limited tools to assess components of neuroinflammation in the
human brain. One area for which there has been success is the use of positron
emission tomography (PET) to measure the expression of the translocator protein
(TSPO), which is upregulated during glial activation and which has been shown in
animals to contribute to the inhibition of neuroinflammation. Using simultaneous
magnetic resonance (MR) imaging and PET with [11C]PBR28, a radiotracer for TSPO,
we have assessed TSPO expression in diverse patient populations including those with
ALS (amyotrophic lateral sclerosis), MS (multiple sclerosis), Huntington’s disease,
chronic low-back pain, migraine and ASD (autism spectrum disorder), among others.
TSPO expression was then related to other imaging-derived metrics from MR and
blood-derived metrics of inflammation including cytokine levels. This presentation will
provide insight into the history, synthesis and use of [11C]PBR28 (and similar ligands)

for measuring a component of neuroinflammation with MR-PET imaging and will
highlight unique TSPO features within certain patient populations.

MEDI 5
Azetidine carbamate irreversible inhibitors of monoacylglycerol lipase (MAGL)
Christopher Butler, christopher.r.butler@pfizer.com. Neuroscience Medicinal
Chemistry, Pfizer, Cambridge, Massachusetts, United States
Monoacylglycerol Lipase (MAGL) is the enzyme primarily responsible for degradation of
the endocannabinoid 2-arachidonylglycerol lipase (2-AG). In the CNS, the MAGLcatalyzed hydrolysis of 2-AG has been shown to be the predominant source of
arachidonic acid (AA), a precursor to pro-inflammatory eicosanoids like prostaglandins.
Thus, inhibition of MAGL should lead to a significant reduction in inflammatory
mediators in the brain with a concomitant increase in 2-AG. MAGL inhibitors are
therefore being targeted as therapeutic tools for a number of indications linked with
neuroinflammation, such as Alzheimer’s disease. We will report the discovery of a
series of centrally active azetidine carbamates as irreversible inhibitors of the MAGL
enzyme. Parallel chemistry and focused SAR efforts have resulted in the discovery of a
number of promising leads. Compounds from this series have high lipophilic efficiency,
have good physicochemical properties, and offer significant improvements in potency as
compared with literature tools. Furthermore, these compounds have been profiled in
vivo, and have exhibited excellent brain penetration and a sustained increase of 2-AG in
the brain.
MEDI 6
FPR2/ALXR agonists: Discovery, characterization, and application in a mouse
model of AD
Olivier Corminboeuf1, olivier.corminboeuf@actelion.com, Xavier Leroy3, Luca Piali4,
Sylvaine Cren1, Sylvia Richard-Bildstein1, Corinna Grisostomi1, Sylvie Froidevaux4,

Daniel Bur2, Stephane Delahaye1. (1) Drug Discovery Chemistry, Actelion
pharmaceuticals ltd, Allschwil, Switzerland (3) Drug Discovery Biology, Actelion
pharmaceuticals ltd, Allschwil, Switzerland (4) Drug Discovery Pharmacology, Actelion
pharmaceuticals ltd, Allschwil, Switzerland
The resolution of inflammation (RoI), once believed to be a passive process, has lately
been shown to be an active and delicately orchestrated process that can be modulated
by specific GPCRs. FPR2/ALXR, one of the GPCRs involved in the RoI, is a very
promiscuous receptor modulated by lipids as well as by peptides, making it a rather
unusual GPCR. Its activation translates in effects ranging from pro-inflammatory, antiinflammatory to pro-resolution, resulting in potent opposite effects depending on the
ligand. This versatile role renders this GPCR an attractive therapeutic target to
modulate inflammation.
It has become increasingly apparent that neuroinflammation plays a significant role in
Alzheimer’s disease (AD) and, since Aβ42 has been described as a ligand for
FPR2/ALXR, modulating neuroinflammation through this receptor has recently attracted
attention.
The aim of this talk is to introduce the audience to the RoI concept and to highlight
Actelion’s efforts to develop brain penetrating small molecules to orchestrate
inflammation by activation of FPR2/ALXR. Design, characterization and efficacy of small
molecules agonists of FPR2 in inflammatory models will be presented, up to their
application in a mouse model of AD.
MEDI 7
Current and future perspectives on natural products in antibacterial research
Dean G. Brown, dean.brown@astrazeneca.com. AstraZeneca Pharmaceuticals,
Waltham, Massachusetts, United States
Natural products have been the cornerstone of many important commercial antibiotics.
Roughly 70% of antibiotics on the market today are natural products themselves or
derived from natural products (O’Shea, R.; Moser, H. J. Med. Chem 2008, 51, 2871-78).
Many large pharmaceutical companies have divested their large natural product efforts
in favor of small molecule screening collections which service multiple disease areas.
This approach has not been successful for infection, with several companies
consequently suspending work on small-molecule HTS biochemical screens on
antibacterial targets in the past few years. The industry is currently faced with a tough
dilemma. A reinvestment back into natural product screening is the new current
drumbeat, but it is likely to result in too much rediscovery, at a very significant cost and
long timeframes. New approaches and technologies need to be leveraged, as well as a
better understanding of focusing efforts towards key unmet patient needs. This talk will
introduce the main issues of natural products as new drug leads in antibacterial drug
discovery, survey the current efforts and make the case for a new paradigm in the field.
MEDI 8

Natural products as a source for the discovery of Hsp90 inhibitors
Brian Blagg, bblagg@ku.edu. Medicinal Chemistry, The University of Kansas,
Lawrence, Kansas, United States
Natural products continue to play a fundamental role in the drug discovery process.
Often, a drug target is identified only after the discovery of an efficacious natural
product. Natural products that exemplify this process include geldanamycin, radicicol,
and novobiocin. These natural products were used to identify the molecular chaperone,
Hsp90, as a viable target for the development of anti-cancer agents. Trough
optimization of these natural products, analogs have been developed that efficiently
target either the Hsp90 N- or C-terminal domains, which reveal unique attributes that go
well beyond the treatment of cancer. In this lecture, use of geldanamycin and radicicol
to ultimately develop isoform-selective inhibitors of Hsp90, which can be used for the
treatment of cancer, metastasis, or glaucoma will be discussed. Similarly, novobiocin
was utilized to segregate the Hsp90-mediated pro-survival response from the anticancer activity to produce efficacious neuroprotective and anti-cancer agents,
respectively.
MEDI 9
Role of innovative technologies for discovery of novel natural products:
Platensimycin and kibdelomycin story
Sheo B. Singh, sheo.singh.215@gmail.com. SBS Pharma Consulting LLC, Edison,
New Jersey, United States
Natural products have been mainstay of delivering innovative medicines with significant
impact in enhancing and saving human lives. Regretfully, it has seen a colossal decline
due to various reasons-some real and some perceived. With the discovery and
development of innovative technologies probability of discovery of natural products with
novel unimaginable biological properties with potential to be developed as
transformative new medicines has improved. Significant innovations in microbial
technologies, genome mining, screening technologies, chromatography and structure
elucidation has positively impacted the way natural products research is/can be
conducted today. Synergy of these innovations has potential to revolutionize natural
products discovery again. A brief review of these innovations along with discovery and
development of platensimycin and kibdelomycin will be discussed.
MEDI 10
Microbial genomics and strain prioritization to streamline natural product
discovery

Ben Shen, shenb@scripps.edu. Departments of Chemistry and Molecular
Therapeutics, and Natural Products Library Initiative, The Scripps Research Institute,
Jupiter, Florida, United States
Natural products remain the best sources of drugs and drug leads, but traditional natural
product discovery programs are not sustainable because they demand too much time,
effort, and resources. The progress made in the last two decades in connecting natural
products to the genes that encode their biosynthesis has fundamentally changed the
landscape of natural products research and sparked the emergence of a suite of
contemporary approaches to natural product discovery. As the size of microbial strain
collections continues to grow, innovations in strain prioritization could greatly accelerate
the discovery of novel natural products. Selected examples from our current efforts in
prioritizing actinomycetals, thereby identifying the most promising strains for targeted
discovery of novel natural products, will be discussed.
MEDI 11
Re-emergence of natural products in drug discovery and development
David H. Sherman, davidhs@umich.edu. Univ of Michigan, Ann Arbor, Michigan,
United States
Over the past 10 years there has been enormous progress in the identification of novel
natural products from diverse microbial sources. In this lecture I will describe the
strategies for developing a phylogenetically diverse collection of microorganisms that
produce unique natural products with valuable biological activities. The increasing
impact of academic drug discovery and development using phylogenetically diverse
microbial resources, and allied technologies is leading to the discovery of important new
anti-infective agents and other molecules with high medicinal value. Recently we have
identified two antibiotics based on new natural product scaffolds. The baulamycins show
broad spectrum activity against a new virulence factor biochemical target, and are
particularly active against Gram-negative pathogens. The cahuitamycins are potent
biofilm inhibitors and are derived from a surprising bifurcated biosynthetic pathway. We
are also developing versatile chemoenzymatic approaches toward new macrolide
antibiotics and cryptophycin anticancer agents.
MEDI 12
Future of natural products in anti-infective drug discovery: Treasure hunt or
industrial engine?
Jared Silverman, jaredadamsilverman@gmail.com. Cubist Pharmaceuticals, Brookline,
Massachusetts, United States
Natural Products (NP) discovery was the key driver of antibiotic discovery during the
“golden age”, but fell out of favor in the 1990s with the advent of high throughput

screening and genomics driven, target based approaches. With the failure of these
methods in antibiotic discovery, there is renewed interest in the promise of natural
products. However, the challenges that helped contribute to the loss of interest- the
problem of avoiding re-discovery, the difficulty of scale up, the incompatibility of NP
extracts with many current screening tools- remain. Recent advances in genomic
techniques have revolutionized the discovery of natural products and may provide the
basis of an industrial scale discovery effort. In particular, genomic methods will greatly
facilitate the discovery of novel compounds independent of a knowledge of their activity.
But discovering natural products and discovering natural product drugs are two very
different things. In order to truly build a discovery engine, with sufficient throughput to
allow for the inevitable attrition that accompanies drug development, techniques must
be developed to allow better characterization of novel natural products and vastly
improved methods for rapid creation of semi-synthetic analogs. This presentation will
focus on understanding the distinctions between NP compounds and NP drugs and the
challenges and opportunities created by that difference, and will highlight areas for
further method development.
MEDI 13
Discovery of a novel sulfone series of BACE1 inhibitors for Alzheimer’s disease
Wen-Lian Wu1, wen-lian.wu@merck.com, Chad Bennett12, Duane A. Burnett1, Ping
Chen11, Jared Cumming10, Martin S. Domalski12, Eric J. Gilbert13, Jinsong Hao12, David
Kaelin12, Andrew W. Stamford8, Brandon Taoka12, Shawn Walsh12, Joseph L. Duffy5,
Ravi P. Nargund3, Ann E. Weber2, Peter Orth12, Hongwu Wang12, John P. Caldwell6,
Jack D. Scott12, Younong Yu12, Bryon Simmons12, Yingju Xu9, Jeffrey Kuethe12,
Rebecca Ruck4, Diane Rindgen12, Gary Wang12, Ryan Anstatt12, Hong Mei12, Anastasia
Pavlovsky12, Mark Cartwright12, Brad Smith12, Maria Michener12, Gautam Agnihotri7, Xia
Chen12, Steven Gold12, Robert Hodgson12, Lynn Hyde12, Reshmar Kuvelkar12, Sherry
Lu12, Rosemary Mayer-Ezell12, Eric Parker12, Lindsay Stahl12, Bonnie Werner12, Qi
Zhang12, Matthew Kennedy12. (1) Discovery Chemistry, Merck, Green Brook, New
Jersey, United States (2) K15 F220, Merck Co Inc, Kenilworth, New Jersey, United
States (3) K15-F220, Merck Co Inc, Kenilworth, New Jersey, United States (4) K153MN3, Merck Co., Inc., Kenilworth, New Jersey, United States (5) RY800-A3303, Merck
Co., Inc., Rahway, New Jersey, United States (6) K15-B116, Merck Research
Laboratories, Kenilworth, New Jersey, United States (7) Merck Research Labs,
Kenilworth, New Jersey, United States (8) RY800-A330, Merck Research Labs,
Rahway, New Jersey, United States (9) RY800-C269, Merck Sharp Dohme Corp.,
Rahway, New Jersey, United States (10) K15-MN208, Merck Research Laboratories,
Kenilworth, New Jersey, United States (11) Merck Co Inc, Kenilworth, New Jersey,
United States (12) Merck, Verona, New Jersey, United States (13) K-15-A211, Merck,
Kenilworth, New Jersey, United States
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by formation of
intracellular neurofibrillary tangles and extracellular amyloid plaques. The plaques are
mainly comprised of aggregated forms of b-amyloid peptides (Ab), which are generated

by cleavage of amyloid precursor protein (APP) by b-sceretase (BACE1) and gsecretase. Based on a host of genetic and pharmacological data, inhibition of BACE1
represents the most promising strategy for development of a disease-modifying
medicine to combat AD. To further explore SAR around the thiadiazine core of MK8931, our BACE inhibitor currently in two Phase 3 clinical trials, we have designed a
novel, structurally diversified sulfone core for BACE inhibition. An innovative one atom
modification (sp2 N to sp3 C) to the thiadiazine of MK-8931 produced a new sulfone with
excellent physicochemical properties. Numerous analogs with this core demonstrated
robust in vitro and cellular potency, excellent lowering of central Ab in pre-clinical
species, and a good pre-clinical safety profile. The lead compound from these efforts
has shown single digit nanomolar inhibition of BACE1, greater than1000-fold selectivity
against cathepsin-D and other key aspartyl proteases, and potent reduction of cerebral
spinal fluid (CSF) Ab40 in both rats and monkeys (ED50 ~ 1 mg/kg) after a single oral
administration. Based on its pharmacokinetic/pharmacodynamic profile, a once daily low
dose was projected for this compound to achieve 75% lowering of CSF Ab40 in
humans. The design, synthesis, and SAR development as well as in vitro and in vivo
characterization of this novel sulfone series of BACE inhibitors will be presented.
MEDI 14
Identification of pyridazinone analogs as selective P2X3 antagonists for pain
management
Xueqing Wang, xwa142@yahoo.com, Brian D. Wakefield, Bo Liu, Brian Brown,
Tongmei Li, Philip Kym, Victoria Scott, Yihong Fan, Timothy Vortherm, Wende
Niforatos, Charles Mills, Shailen Joshi, Michael R. Schrimpf, Chih-Hung Lee, Jorge
Brioni. Neuroscience Research, AbbVie Inc., North Chicago, Illinois, United States
Emerging data support a key role for adenosine-5’-triphosphate (ATP), as an excitatory
neurotransmitter, in both acute and persistent nociception.
P2X purinoceptors are ligand gated ion channels with ATP as endogenous ligand. In the
P2X family of receptors, the homomeric P2X3 and the heteromeric P2X2/3 receptors
are primarily localized on sensory afferent neurons and mediate the primary sensory
effects of ATP. Studies usingP2X3-KO mice and antagonists in the chronic constriction
injury (CCI) and other models have clearly implicated a role in regulating pain behavior
in rodents.
Here we disclose the lead optimization work on a series of pyridazinone compounds.
The discovery effort was focused on improving the potency, ADME properties, and PK
parameters. Highly potent, selective, and efficacious P2X3 antagonists were identified
and exhibited robust efficacy in various preclinical rodent pain models. The structureactivity relationship and characterization of these preclinical leads will be presented.
Disclosures:
All authors are employees of AbbVie. The design, study conduct, and financial support
for this research was provided by AbbVie. AbbVie participated in the interpretation of
data, review, and approval of the publication.

MEDI 15
Delivering safety and efficacy in kinase inhibitor programs
Katherine L. Lee1, katherine.lee@pfizer.com, Russell Naven2, Nigel Greene3, Falgun
Shah2, Carrie A. Northcott3, Martin Dowty2, Tod Smeal4, Shinji Yamazaki4, David
Hepworth1. (1) Pfizer Global Research and Development, Cambridge, Massachusetts,
United States (2) Pfizer Global Research and Development, Andover, Massachusetts,
United States (3) Pfizer Global Research and Development, Groton, Connecticut,
United States (4) Pfizer Global Research and Development, San Diego, California,
United States
Kinases are considered to be a “druggable” gene family, and have been fruitful for
research and drug discovery, with several kinase inhibitors having been granted
approval in the last decade. Delivering efficacy with a sufficient safety margin is key,
and for mechanisms that have not yet been validated in the clinic, pre-clinical target
profiles for potency and efficacy, for example, may be difficult to define. That is, for a
given kinase inhibitor program, what amount of target coverage might deliver efficacy in
man? And at what plasma concentrations might safety signals be expected? In this
presentation, efficacy data from marketed kinase inhibitors and pre-clinical safety data
from Pfizer have been analyzed to offer some general guidelines.
MEDI 16
Design of novel orally efficacious liver X receptor (LXR) β agonist
Yajun Zheng, Linghang Zhuang, Kristi Fan, Colin M. Tice, Wei Zhao, Cheng-Guo Dong,
Steve D. Lotesta, Katerina Leftheris, Zhijie Liu, Deepak Lala, Brian M. Mckeever,
Gerard M. McGeehan, Richard E. Gregg, David A. Claremon, Suresh B. Singh,
ssingh@vitaerx.com. Vitae Pharmaceuticals Inc, Fort Washington, Pennsylvania, United
States
A novel, potent, orally efficacious liver X receptor β (LXRβ) agonist was designed using
the Contour® proprietary drug discovery platform technology. Contour is a structurebased drug design technology that generates novel molecules by assembling fragments
in situ using a binding-site, perceptive-growth algorithm guided by a contact-sensitive
scoring function. The compound we discovered induces the expression of LXR target
genes ABCA1 and ABCG1, but at therapeutically efficacious doses and exposures does
not significantly upregulate SREPB1C or triglyceride levels in vivo. The lead molecule
presented here, VTP-766, served as a starting point for us to optimize and generate
clinical candidates to treat atopic dermatitis and acute coronary syndrome.
MEDI 17
Inhibition of ER stress-associated IRE-1/XBP-1 pathway with small molecules

Sujeewa Ranatunga, sujeewa.mahanthemudiyanselage@moffitt.org, Chih-Hang
Anthony Tang, Chang Won Kang, Crystina Kriss, Bernhard Kloppenburg, Chih-Chi
Andrew Hu, Juan Del Valle. Drug Discovery, Moffitt Cancer Center, Tampa, Florida,
United States
Inositol-requiring enzyme 1 (IRE-1) is a kinase/RNase ER stress sensor that is activated
in response to excessive accumulation of unfolded proteins, hypoxic conditions, calcium
imbalance, and other stress stimuli. Activation of IRE-1 RNase function exerts a
cytoprotective effect and has been implicated in the progression of cancer via increased
expression of the transcription factor XBP-1s. Since amplifications of gene copy number
and aberrant expression of protein are hallmarks of cancer, many human tumors rely on
a robust ER stress response for growth and survival. As a result, IRE-1 and related
stress sensors have emerged as potential therapeutic targets for the treatment of
cancer. We utilized a tandem Duff formylation/annelation reaction to synthesize
candidate inhibitors based on novel fused tricyclic chromenopiperidine,
chromenoazepane, and chromenoazecane scaffolds. We utilized a FRET-suppression
assay and performed the expression and purification of recombinant human IRE-1 to
assess their potential toward IRE-1 RNase inhibition in vitro. Assessment of our analogs
toward the inhibition of XBP-1s expression in whole cells was conducted by treating
wild-type B cells, cell lysis, and analysis of the lysates for the expression of XBP-1s by
immunoblots. To show the dependency of chronic lymphocytic leukemia (CLL) and
mantle cell lymphoma (MCL) growth and survival on the IRE-1/XBP-1 pathway targeting
IRE-1 RNase activity, we used CLL and MCL cells to determine the whole cell IC50. Our
effort led to the identification of several potent inhibitors (IC50 0.05 – 1 μM) of IRE-1induced XBP-1 mRNA splicing that also block XBP-1s expression and bind directly to
endogenous IRE-1 in whole cells (J. Med. Chem. 2014, 57, 4289; J. Clin. Inv. 2014,
124, 2585).
MEDI 18
Discovery of the first, designed for inhalation, prostacyclin receptor agonist for
pulmonary arterial hypertension
Mark Healy, mark.healy@novartis.com. Global Discovery Chemistry, Novartis Institutes
for Biomedical Research, Boston, Massachusetts, United States
Pulmonary arterial hypertension (PAH) is an orphan disease characterized by chronic
elevation in pulmonary arterial pressure, progressive pulmonary remodeling, right heart
failure, and mortality. Despite major advances with the development of marketed
therapies targeting three pathways: the endothelin, nitric oxide (PDE5 and guanylate
cyclase), and prostacyclin pathways, PAH remains a fatal disease with a median
survival from diagnosis of 7 years (Benza et al, 2012).
Prostacyclin (IP) analogues confer antiproliferative, vasodilatory, and anti-inflammatory
effects. Despite the precedent within this class of approved therapies (epoprostenol,
iloprost, treprostinil & beraprost all marketed and oral selexipag submission under
review), all these agents have significant dose-limiting adverse events (AEs), ranging

from headache and jaw pain to nausea/vomiting/diarrhea and hypotension, that
significantly impact the safety, tolerability and efficacy of this class. The initiation of
prostacyclin therapy is therefore delayed in many PAH patients, with a subsequent
negative effect on prognosis (Badagliacca et al 2012).
We report the medicinal chemistry efforts and discovery of the first selective and potent
IP receptor agonist rationally designed for dry powder inhalation (DPI), offering high
levels of lung exposure, a long duration of action and low systemic exposure. With
these attributes we expect to demonstrate a class-leading profile, differentiating from
other marketed prostacyclin analogues, with the potential for earlier and broader use
across PAH.
Badagliacca, R., et al (2012) Prognostic factors in severe pulmonary hypertension
patients who need parenteral prostanoid therapy: the impact of late referral. J Heart
Lung Transplant; 31:(4) 364-72.
Benza, R. L., et al (2012) An evaluation of long-term survival from time of diagnosis in
pulmonary arterial hypertension from the REVEAL Registry. Chest; 142:(2) 448-56.
MEDI 19
Discovery and evaluation of selective, orally available and brain penetrant
inhibitors of leucine rich repeat kinase 2 (LRRK2)
Duane DeMong1, ddemong@gmail.com, Kallol Basu1, Jack D. Scott1, Michael W.
Miller1, Gautam Agnihotri1, Marco Baptista1, Boonlert Cheewatrakoolpong1, John
Columbus1, Xing Dai1, Xiaobang Duan2, Matthew Fell1, Emily Frank1, Andrea
Frassetto1, Thomas J. Greshock1, Joel Harris1, Alan Hruza1, Zhiyong Hu1, Wei Li1, SueIng Lin1, Hong Liu1, Megan Macala1, Hong Mei1, Christian Mirescu1, John Morrow1,
Marc Poirier1, Giovanna Scapin1, Bradley Sherborne1, Michelle Smith1, Heather
Stevenson1, Corey Strickland1, Paul Tempest2, Monica L. Vicarel1, Paul L. Walsh1, Li
Xiao1, Honglu Zhang1, Xiaoping Zhou1, Joseph L. Duffy1, Matthew Kennedy1, John
McCauley1, Ravi P. Nargund1, Eric Parker1, Rebecca Ruck1, Andrew W. Stamford1, Ann
E. Weber1. (1) Merck Research Laboratories, Merck & Co., Inc., Somerset, New Jersey,
United States (2) Shanghai Chempartner, Shanghai, China
Leucine-Rich Repeat Kinase 2 (LRRK2) is a 2527 amino acid protein which contains
both a serine-threonine kinase domain and a GTPase domain. LRRK2 is present in a
variety of human tissues including the substantia nigra in the brain. This is of
importance because over 100 point mutations of this kinase, including the extensively
studied G2019S gain of function mutation present in the kinase domain, have been
linked to late onset familial Parkinson’s Disease.
While the native substrate(s) of LRRK2 is not known, phosphorylation of serines 910
and 935 present in LRRK2 appear to result in binding to 14-3-3. Inhibition of LRRK2
kinase activity has been shown to result in dephosphorylation of both pS910 and pS935
and subsequent disruption of 14-3-3 binding. This dephosphorylation event provides a
means to quantify LRRK2 target engagement in in vitro and in vivo systems.
With these correlations in mind, our team sought to develop inhibitors of LRRK2 for the

potential treatment of Parkinson’s Disease. This presentation will disclose our lead
optimization efforts, which have led to a series of potent, selective, orally available and
brain penetrant LRRK2 inhibitors. Sub-chronic in vivo target engagement results upon
oral dosing in mouse and rat will also be presented.
MEDI 20
Discovery and pharmacology of a novel class of DGAT2 inhibitors
Jason Imbriglio, jason_imbriglio@merck.com, Hye-Won Youm, Zhe Feng, Rui Liang,
Yusheng Xiong, Jim Tata, Andrew Taggart, Shirly Pinto. Merck and Co., Kenilworth,
New Jersey, United States
Diacylglycerol O-acyltransferase 2 (DGAT2) is an integral membrane protein of the
endoplasmic reticulum (ER) that catalyzes the final step in triglyceride (TG) synthesis.
DGAT2 plays a critical role in hepatic triglyceride production and data suggests that
inhibition of DGAT2 could prove beneficial in treating a number of disease states. This
presentation will focus on the discovery, optimization, and pharmacology of a novel
class of small molecule DGAT2 inhibitors.
MEDI 21
Discovery and optimization of quinazolinone-pyrrolo-dihydropyrrolones as
potent, selective, and orally bioavailable Pim1,2,3 kinase inhibitors
Liping H. Pettus, lpettus@amgen.com. Medicinal Chemistry, Amgen, Thousand Oaks,
California, United States
The proviral integration site of moloney murine leukemia virus proteins 1, 2, and 3
(Pim1, Pim2, and Pim3) are a family of constitutively active serine/threonine kinases
that are involved in the survival and proliferation of hematopoietic cells in response to
cytokines, stress and growth factors signaling downstream of PTK/STAT activation. Pim
kinase family functions in a manner similar to that of the PI3k/Akt/mTOR signaling axis
and phosphorylates several of the same targets, such as Bcl-2-associated death
promoter (Bad) and the cell growth regulator eiF4E-BP1. The Pim1,2,3 proteins are
expressed at low levels in normal tissues but over expressed in hematologic and solid
malignancies including multiple myeloma, acute myeloid leukemia, prostate cancer, and
gastric and liver carcinomas. Therefore, the inhibition of the Pim kinases presents a
promising clinical pathway to treat different forms of cancer. The three isoforms,
Pim1,2,3 kinases, share a high level of sequence homology within the family (>61%)
and appear largely redundant in their oncogenic functions. Thus, a pan-Pim kinase
inhibitor is highly desirable. The Pim1,2,3 kinases are unique structurally in their kinase
domains, where the hinge region of the ATP-binding pocket contains a proline residue
not found in other kinases. This hinge region feature can be explored to achieve kinase
selectivity. Herein we report our discovery and optimization of a series of quinazolinonepyrrolo-dihydropyrrolones as potent and selective Pim1,2,3 kinase inhibitors. In

particular, compound 1 inhibits the growth of KMS-12-BM tumors in mouse xenograft
model.

MEDI 22
Design, synthesis, and structure−activity relationship of a novel class of
spirooxindoles leading to the discovery of TV-45070, a hNaV1.7 inhibitor in clinical
development for the treatment of neuropathic and inflammatory pain
Sultan Chowdhury, schowdhury@xenon-pharma.com. Medicinal Chemistry, Xenon
Pharma.ceutical Inc., Burnaby, British Columbia, Canada
Abstract: A number of neuropathic pain syndromes have been linked to abnormal
functioning of the voltage-gated sodium channel subtype hNaV1.7 (encoded by the
SCN9A gene) in neurons of the peripheral nervous system. For example, gain-offunction mutations in hNaV1.7 can lead to a severe spontaneous pain disorder called
erythromelalgia. In contrast, loss-of-function mutations lead to congenital indifference to
pain where patient have the complete inability to perceive noxious stimuli as pain. This
strong human genetic validation of hNaV1.7 has stimulated intense analgesic drug
discovery activity across the pharmaceutical industry.
The presentation will highlight the discovery of functionally-selective spirooxindole

sodium channel inhibitors such as TV-45070. We will also discuss the structure-activity
relationship and evaluation in preclinical analgesia models.
MEDI 23
Discovery of small molecule utrophin modulators for the therapy of Duchenne
muscular dystrophy (DMD)
Noelia Araujo1, Aini Vuorinen1, Rebecca Fairclough3, Simon Guiraud3, James R.
Donald1, Ceri Cairnduff1, David Hewings1, Fernando Martinez1, Kristina Csatayova1,
Nicky Willis1, Sarah Squire3, Arran Babbs3, Ben Edwards3, Nandini Shah3, Jon Tinsley4,
Francis X. Wilson4, Stephen G. Davies1, Graham M. Wynne1, Kay E. Davies3, Angela
Russell1,2, angela.russell@chem.ox.ac.uk. (1) Department of Chemistry, University of
Oxford, Oxford, United Kingdom (2) Department of Pharmacology, University of Oxford,
Oxford, United Kingdom (3) MRC Functional Genomics Unit, University of Oxford,
Oxford, United Kingdom (4) Summit Therapeutics plc, Abingdon, United Kingdom
Duchenne Muscular Dystrophy (DMD) is a devastating, X-linked muscle-wasting
disease caused by lack of the cytoskeletal protein dystrophin. There is currently no cure
for DMD, although various promising approaches (e.g. exon skipping, read through of
stop codons, gene therapy) are being developed. By transcriptionally reprogramming
the temporal and spatial expression of the dystrophin-related protein utrophin, we aim to
develop a pharmacological therapy applicable to all DMD patients by targeting the
primary defect and restoring sarcolemmal stability. In partnership with Summit
Therapeutics, SMT C1100, a 2-aryl benzoxazole utrophin modulator that reduced
dystrophic symptoms in the mdx mouse, has now been progressed to human clinical
trials. As a potential first-in-class molecule, SMT C1100 is currently being dosed in a
placebo-controlled Phase 1b trial in DMD patients. Concurrently, a multicomponent
biomarker strategy is being implemented with a quantification of utrophin level,
regeneration, fibrosis, inflammation and analysis of specific miRNAs.
The successful clinical progression to date of SMT C1100 provides crucial proof-ofconcept for the strategy which is being undertaken, and a comprehensive pipeline of
future generation utrophin modulators is now in place. A series of second generation
utrophin modulators related to SMT C1100 with more robust physicochemical and
metabolism profiles have been evaluated in the mdx mouse. In parallel, novel utrophin
modulator chemotypes have been discovered using an improved in vitro screening
assay based on immortalised myoblasts from the dystrophin-null, utrophin luciferase
knock-in (LUmdx) mouse. Multiple structural classes which significantly increase
utrophin expression in both murine and human DMD myoblasts have been identified
and are now being optimised. Importantly, initial evidence suggests that some of these
small molecules modulate utrophin transcription through an alternative regulatory
mechanism to SMT C1100. These new compounds exhibit favourable solubility,
stability, oral absorption and are well tolerated in the mdx mouse. Structure-activity
studies are underway, with the objective to improve compound effectiveness and
exposure.
References
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MEDI 24
Discovery of potent inhibitors of the antiapoptotic proteins Bcl-2 and Bcl-xL,
resulting in the identification of a clinical candidate for the treatment of cancer
(AZD4320)
Edward J. Hennessy, edward.hennessy@astrazeneca.com, Stephanos Ioannidis,
Ammar Adam, Patrick Brassil, Kate Byth, Edwin Clark, R B. Diebold, Keith Dillman,
Thomas Gero, Paul Grover, Shan Huang, Paula Lewis, Terry MacIntyre, Claude Ogoe,
Francoise Powell, Galina Repik, Daniel J. Russell, Jamal C. Saeh, Patricia Schroeder,
Paul Secrist, Mei Su, Jeffrey G. Varnes, Weijia Zhang. AstraZeneca, Waltham,
Massachusetts, United States
Apoptosis, the process of programmed cell death, is a critical mechanism for the
removal of damaged cells and the maintenance of homeostasis in living organisms. In
various cancers normal cell death signaling becomes dysfunctional, resulting in the
resistance of cancerous cells towards molecular stimuli that would normally initiate the
apopotic process. As a result, pharmacological intervention that restores sensitivity to
proapoptotic signals has been widely sought as a means of treating cancer. The B-cell
lymphoma 2 (Bcl-2) family of proteins are key regulators or the apoptotic machinery in
cells, and consists of both proapoptotic (e.g., Bim, Bax, Bak) and antiapoptotic
members (e.g., Bcl-2, Bcl-xL, Mcl-1). In this presentation, we will discuss our efforts
towards the identification of compounds that effectively bind to and suppress the
antiapoptotic activity of both Bcl-2 and Bcl-xL, resulting in apoptosis in sensitive cell
lines and tumor regressions in in vivo models of cancer. An important aspect of our
chemistry strategy was to identify compounds with properties amenable to intravenous
administration, allowing for a dosing modality that is projected to mitigate many of the
toxicities (e.g., thrombocytopenia) known to be associated with the inhibition of these
proteins and which have been observed clinically with related agents dosed orally. To
this end, we explored a variety of approaches to enhance aqueous solubility including
the use of a prodrug strategy. Ultimately, our efforts have resulted in the identification of
compound that potently binds to both Bcl-2 and Bcl-xL (IC50 ≤ 1 nM), and induces
caspase-3 cleavage and cell death in both Bcl-2-driven (SuDHL4, GI50 < 50 nM) and
Bcl-xL-driven (SuDHL8, GI50 < 50 nM) diffuse large B-cell lymphoma (DLBCL) cell lines.
A single 20 mg/kg intravenous dose of this compound results in complete and sustained
(>24 days) tumor regressions in a mouse RS4;11 acute lymphocytic leukemia xenograft
model. While a reduction in circulating platelets is observed initially after dosing, platelet
counts return to baseline levels after 72 hours, suggesting intravenous dosing affords
pronounced antitumor activity while avoiding sustained thrombocytopenia. As a result of
these and other promising data, this compound has been nominated for clinical
development (AZD4320).

MEDI 25
Medicinal chemistry discovery of the clinical candidate AZD9496: A potent and
orally bioavailable selective estrogen receptor down-regulator and antagonist
Chris De Savi2, chris.desavi2@astrazeneca.com, Rob Bradbury3, Alfred Rabow3,
Richard Norman1, David Buttar1, Gordon Currie2, Craig Donald2, Barry Hayter2, Philip
MacFaul1, Peter Ballard1, Stuart Pearson3, Thomas Moss3, Scott Lamont3, Lyman
Feron3, Steven Glossop3, Chris Davies3. (1) AstraZeneca, Macclesfield, United
Kingdom (2) Oncology Chemistry, AstraZeneca, Waltham, Massachusetts, United
States (3) Oncology Chemistry, AstraZeneca, Alderley Park, United Kingdom
With over 70% of breast cancers expressing the estrogen receptor alpha (ERα),
treatment with either anti-hormonal therapies that directly block ER function or therapies
that block the production of estrogen itself have proven to be effective treatments of the
disease. Following the pioneering discovery of the ERα antagonist tamoxifen in the
1960s, identification of the selective estrogen receptor downregulator (SERD)
fulvestrant represented a further step forward in the treatment of advanced ER+ breast
cancer especially in the endocrine resistance setting. The pure estrogen downregulatorantagonist fulvestrant offers the advantage of not only antagonising ERα-driven tumor
cell growth but also degrading ERα via ubiquitinylation and thus diminishing growth due
to reduced ERα content. Given its low level of bioavailability and metabolic profile,
fulvestrant has been formulated as an intramuscular monthly injection. We have sought
to identify a novel, non-steroidal ERα antagonist and down-regulator that can be
administered orally and could yield improved exposure and clinical benefit. This
presentation will describe the discovery of AZD9496, a novel, orally bioavailable small
molecule that can antagonize ERa and induce receptor degradation in breast cancer
cell lines at picomolar concentrations. Rather than seeking to improve pharmacokinetic
properties of known ER motifs, a directed screen was undertaken to identify novel
ligands with drug-like properties which could then be optimized for cellular phenotype
and potency. Data will be shared on the medicinal chemistry story that led from hit to
clinical candidate, and the medicinal chemistry challenges associated with optimizing
cellular phenotype with oral bioavailability. The good oral pharmacokinetic properties of
the compound in pre-clinical species led to significant tumor growth inhibition in an
endocrine sensitive MCF-7 xenograft model at a dose of 5 mg/kg and >90% reduction in
the ER-regulated, progesterone receptor (PR). These findings strongly supported
selection of AZD9496 as a clinical candidate for the treatment of ER+ve breast cancer
and is now in a Ph 1 clinical trial.

MEDI 26
BMS-933043, a novel α7 nicotinic acetylcholine receptor partial agonist active in
pre-clinical models of schizophrenia
Dalton King1, dalton.king@bms.com, Jim Cook1, Christiana Iwuagwu2, Ivar McDonald1,
Amy Easton1, Regina Miller1, Kelli Jones1, Yu-Wen Li1, Rick Pieschl1, Digavalli Sivarao1,
Ping Chen1, Christopher Daly1, Debra Post-Munson1, Nicholas Lodge1, Yulia Benitex1,
Wendy Clarke1, Daniel Morgan1, Rex Denton1, Kimberley A. Lentz1, Robert Zaczek1,
Linda Bristow1, John E. Macor4, Richard E. Olson3. (1) Bristol Myers Squibb,
Wallingford, Connecticut, United States (2) Bristol-Myers Squibb, Wallingford,
Connecticut, United States (4) L12-06, Bristol-Myers Squibb, Princeton, New Jersey,
United States
Despite therapeutic advances made in the treatment of positive symptoms associated
with schizophrenia, the treatment of negative symptoms and cognitive dysfunction have
not been adequately addressed. Preclinical literature indicates that alpha7 nicotinic
acetylcholine (α7 nACh) receptor agonists may provide an effective approach to treating
cognitive dysfunction in schizophrenia. Though several α7 nACh receptor agonists have
entered clinical trials in schizophrenia patients, many have hit developmental
roadblocks due to efficacy, safety, or off-target issues. We report herein the SAR
leading to the development of BMS-933043, a novel α7 nACh receptor partial agonist
with high selectivity against other nicotinic receptor subtypes and the 5-HT3a receptor. In
vivo activity has been demonstrated in several pre-clinical models of schizophrenia,
including models of cognitive impairment and auditory gating deficits. BMS-933043 has
entered Phase I clinical trials.
MEDI 27
Discovery and characterization of an indole acid direct AMPK activator for the
treatment of diabetic nephropathy
Kimberly O. Cameron1, kimberly.o.cameron@pfizer.com, Samit K. Bhattacharya1,
Nicole Bodycombe2, Kris A. Borzilleri2, Janice A. Brown2, Matthew Calabrese2, Emily
Cokorinos1, Edward L. Conn2, Matthew S. Dowling2, Dilinie Fernando2, Richard Frisbie2,
Amit S. Kalgutkar1, Daniel W. Kung2, Ravi G. Kurumbail2, Yuxia Mao2, Russell Miller1,
Francis Rajamohan2, Allan Reyes1, Colin Rose2, Christopher T. Salatto1, Andrei
Shavnya2, Aaron C. Smith2, Benjamin Thuma2, Meihua Tu1, Jessica Ward1, Jane M.
Withka2, Angela Wolford2, Jun Xiao2. (1) Pfizer Worldwide Research and Development,
Cambridge, Massachusetts, United States (2) Pfizer Worldwide Research and
Development, Groton, Connecticut, United States
Abstract: 5' adenosine monophosphate-activated protein kinase (AMPK) is a complex,
heterotrimeric enzyme involved in maintaining cellular energetics. AMPK gets
phosphorylated and activated under conditions of low ATP and in turn phosphorylates a
number of downstream substrates to modulate pathways involved in restoring energy

homeostasis. Human genetic variation data suggest that AMPK could play a role in
kidney disease. We therefore have pursued AMPK activators for the treatment of
diabetic nephropathy, a disease that continues to have high unmet medical need. A
high throughput functional screen of our corporate file identified a lead that was
optimized using both a computational model and structure-activity studies to deliver, PF01. A co-crystal structure with the AMPK α1β1γ1 isoform showed that PF-01 is bound at
a novel allosteric binding site and operates by a molecular mechanism distinct from that
of the endogenous activator, AMP. Pre-clinical data supporting the use of PF-01 for the
treatment of diabetic nephropathy will be provided. PF-01 is currently in early clinical
trials.
MEDI 28
Optimization of 1,2,4-triazolopyridines as inhibitors of human 11β-hydroxysteroid
dehydrogenase Type 1 (11β-HSD-1): Discovery of clinical candidate BMS-823778
Jun Li, jun.li@bms.com, Lawrence J. Kennedy, Haixia Wang, James Li, Steven j.
Walker, Zhenqiu Hong, Stephen p. O'Connor, Xiang-Yang Ye, Stephanie y. Chen,
Shung Wu, David S. Yoon, Akbar Nayeem, Daniel M. Camac, Paul Morin, Steven
Sheriff, Mengmeng Wang, Tim Harper, Rajasree Golla, Ramakrishna Seethala, Thomas
Harrity, Randolph Ponticiello, Nathan Morgan, Joseph F. Taylor, Rachel Zebo, David
Gordon, Jeffrey A. Robl. Bristol Myers Squibb, Pennington, New Jersey, United States
Diabetes is increasingly becoming a worldwide epidemic. According to WHO, 9% of
adults 18 years and older had diabetes in 2014 and 1.5 million deaths were directly
caused by diabetes in 2012. While several approaches exist to treat diabetes, emerging
evidence suggests that aggressive glycemic control is needed and combination therapy
is usually required to achieve the target glycemic level, thereby necessitating
development of alternative agents that may act by novel mechanisms to control
hyperglycemia. Glucocorticoids such as cortisol are stress hormones that play an
important role in regulating the mechanism of carbohydrates, proteins, and lipids, as
well as modulating inflammatory and immune responses. A good correlation of salivary
cortisol levels with components of the metabolic syndrome has also been reported.
These preclinical results suggest that inhibition of 11b-HSD-1 activity in humans may
provide a beneficial impact for the treatment of diabetes and metabolic syndrome. 11bHSD-1 inhibitors have also been implicated in treating a diversity of other diseases such
as atherosclerosis, congestive heart failure, and cognition deficit.
In this presentation, a series of novel, potent, and selective inhibitors of human 11bHSD-1 enzyme based on a 1,2,4-triazolopyridine (TZP) core will be revealed. SAR
studies of both sides of the TZP scaffold identified a lead compound (2), which is a
potent 11β-HSD-1 inhibitor with reduced off-target Pregnane-X receptor (PXR)
transactivation activity. From the lead (2), a clinical candidate BMS-823778 was
discovered, which was subsequently advanced to phase I and phase II clinical trials.
BMS-823778 is a potent inhibitor of human 11b-HSD-1 enzyme (IC50 = 2.9 nM) with >
10,000-fold selectivity over 11b-HSD-2. The synthesis, development properties,

pharmacokinetics, and pre-clinical pharmacology of BMS-823778 will be disclosed. An
interesting “flip” binding orientation mode of this TZP series, docking calculations and Xray crystallography structures will be discussed. Activity of BMS-823778 in a genetically
modified mouse model carrying a humanized version of the mouse enzyme will also be
presented.

MEDI 29
Discovery of AZD1979: An MCH1r antagonist with a beneficial safety
pharmacology profile and predictable free exposure in the brain
Anders Johansson1, anders.m.johansson@astrazeneca.com, Christian Löfberg1,
Marléne Fredenwall1, Sverker von Unge1, Rolf Bergman1, Joachim Persson1, Robert
Judkins1, Lanna Li1, Anders Hogner1, Madeleine Antonsson1, Martin Hayes1, Karolina
Ploj1, Lambertus Benthem1, Daniel Lindén1, Peter Johnström2, Magnus Schou2. (1)
Cardiovascular and Metabolic Diseases iMed Biotech Unit, AstraZeneca R&D Molndal,
Molndal, Sweden (2) AstraZeneca Translational Science Centre, Karolinska Institute,
Stockholm, Sweden
The cyclic 19 amino acid neuropeptide melanin concentrating hormone (MCH) is an
orexigenic peptide that drives caloric intake. It activates the MCH receptor 1 (MCHR1),
also known as the human orphan G-protein coupled receptor SLC-1 or GPR24. Mchr1
knockout (KO) mice are resistant to diet-induced obesity (DIO). Small molecule MCHR1
antagonists have been shown to reduce food intake and body weight in rodents and
there are also a small number of reports of food intake suppression by MCHR1
blockade in higher species. Although an attractive target for obesity driven indications
and depression/anxiety, a general hurdle in the MCHR1 field has been to circumvent
interactions with the hERG channel, without impairing necessary CNS exposure. The
chemical series which culminated in the discovery of AZD1979 display favourable
physical chemical properties leading to low efflux compounds with an unusually good
margin to hERG potency, which has been confirmed by in vivo safety pharmacology
studies. During lead optimisation, ex vivo Mchr1 occupancy in mouse was used as the
key screening model. PET microdosing studies with 11C-labelled AZD1979 in Rhesus

monkeys confirmed a 1:1 free brain to plasma ratio and subsequently AZD1979 was
selected as a clinical candidate.
MEDI 30
Discovery of TAK-659, an orally available investigational inhibitor of spleen
tyrosine kinase (SYK)
Betty Lam, betty.lam@takeda.com. Chemistry, Takeda, San Diego, California, United
States
Spleen tyrosine kinase (SYK) is a non-receptor cytoplasmic tyrosine kinase that is
primarily expressed in hematopoietic cells. SYK is a key mediator for a variety of
inflammatory cells, including B cells, mast cells, macrophages and neutrophils and
therefore, an attractive approach for treatment of both inflammatory diseases and
oncology indications. Using in house co-xtal structure information, and structure-based
drug design, we designed and optimized a novel series of heteroaromatic pyrrolidinone
SYK inhibitors resulting in the selection of the development candidate TAK-659. TAK659 is currently undergoing Phase I evaluation in adult patients with solid tumors and
hematologic malignancies.
MEDI 31
Discovery of AMG 333: A potent, orally bioavailable TRPM8 antagonist for the
treatment of migraine
Daniel B. Horne1, dhorne711@gmail.com, Kaustav Biswas1, James Brown1, Vijay K.
Gore1, Scott Harried1, Matthew R. Kaller1, Vu Ma1, Holger Monenschein1, Thomas
Nguyen1, Wenge Zhong1, Michael D. Bartberger2, Carl Davis3, Mark Rose3, Michelle
Horner7, Tian Wu4, Robert Sandrock5, Sonya Lehto6, Sara Rao6, Beth Youngblood6,
Maosheng Zhang6, Dawn Zhu6, Narender Gavva6, Jian j. Chen1. (1) Therapeutic
Discovery, Amgen, Simi Valley, California, United States (2) Molecular Structure and
Characterization, Amgen, Thousand Oaks, California, United States (3) PKDM, Amgen,
Thousand Oaks, California, United States (4) Pharmaceutics, Amgen, Thousand Oaks,
California, United States (5) Genome Analysis Unit, Amgen, Thousand Oaks, California,
United States (6) Neuroscience, Amgen, Thousand Oaks, California, United States (7)
CBSS, Amgen, Thousand Oaks, California, United States
Transient Receptor Potential Melastatin 8 (TRPM8) is a ligand-gated, nonselective
cation channel from the Transient Receptor Potential (TRP) ion channel super family
that is activated by both cold and chemical stimuli. Recent genome wide association
studies (GWAS) have identified a linkage between TRPM8 and a protective effect for
migraine. This GWAS data, combined with the expression of TRPM8 in dorsal root and
trigeminal ganglia, suggest TRPM8 antagonists have potential use as migraine
therapeutics. A high-throughput screen (HTS) identified a series of biarylmethanamine
based TRPM8 inhibitors which were optimized for drug-like properties with emphasis on

strategies to increase potency, reduce PXR transactivation, and improve PK properties.
From these efforts, we identified clinical candidate AMG 333, a potent and selective
TRPM8 antagonist with efficacy in vivo in two TRPM8 specific biochemical challenge
pharmacodynamic models in rats. In this presentation, we will share the SAR and
preclinical data that led to the discovery of AMG 333.
MEDI 32
Discovery of BMS-929075 an HCV NS5B replicase allosteric inhibitor advanced to
phase 1 clinical studies
Kap-Sun Yeung5, kapsun.yeung@bms.com, Kyle E. Parcella4, Brett R. Beno3, John A.
Bender6, Katherine Grant-Young3, Karen Rigat7, Ying-Kai Wang8, Mengping Liu9, Julie
Lemm10, Kathy Mosure11, Umesh Hanumegowda12, Xiaoliang Zhuo13, Dawn Parker14,
Michael Sinz3, Kenneth Santone3, Daniel Smith15, Jianqing Li2, Kenneth J.
Fraunhoffer16, Albert Delmonte17, Elizabeth Colston20, Claudio Pasquinelli2, Min Gao10,
Nicholas A. Meanwell1, Susan Roberts18, Jay Knipe1, John F. Kadow19. (5) BristolMyers Squibb, Wallingford, Connecticut, United States (15) Bristol-Myers Squibb,
Princeton, New Jersey, United States (16) Bristol-Myers Squibb, New Brunswick, New
Jersey, United States
Hepatitis C virus NS5B replicase is an important drug target as it is responsible for the
synthesis of genomic viral RNA in the HCV replication cycle. Starting from a structurally
simple benzofuran template and an internal screening hit, an NS5B Site II allosteric
inhibitor clinical candidate BMS-929075 was identified via a structure-based fragmentgrowing approach that utilized in-house X-ray co-crystal data. In cell-based replicon
assays, dual combinations of BMS-929075 with either the NS5B Site I allosteric inhibitor
beclabuvir, the NS5A replication complex inhibitor daclatasvir, or the NS3 protease
inhibitor asunaprevir exhibited additive to synergistic anti-HCV effects. This presentation
will discuss the key SAR, optimization of in vitro and PK properties, and minimization of
off-target liabilities that led to the discovery of BMS-929075. An overview of the Phase I
clinical results, that demonstrated BMS-929075 to be safe and well-tolerated with
human PK properties that were better than predicted, will also be presented.
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Current state and future of drug discovery for PPI
Michelle Arkin, michelle.arkin@ucsf.edu. Pharmaceutical Chemistry, University of
California, San Francisco, San Francisco, California, United States
Known drugs act on only ~1% of the proteome, and the realm of undrugged targets is
vast. Protein-protein complexes occupy much of this realm, yet are widely considered
“undruggable” or, at best, “challenging.” Additionally, proteases and many allosterically
regulated enzymes have been difficult to inhibit selectively. Thus, there is an opportunity
to greatly expand the range of chemical tools and drugs if we can identify which

challenging targets are most amenable to small-molecule interference, and what smallmolecule discovery approaches are most likely to yield potent and selective modulators.
This presentation will describe the history and state-of-the-art of PPI inhibitor discovery,
and will introduce some of our forays into challenging targets. We favor combining a
variety of approaches, including fragment-based ligand discovery, computation, and
screening. Our long-term goal is to understand the molecular recognition features that
lead to binding to dynamic interfaces and to develop inhibitors of these challenging and
unusual targets.
MEDI 34
Selective BCL-2 family inhibitors: Potential therapeutics and powerful research
tools
Andrew J. Souers, andrew.souers@abbvie.com. Abbvie, North Chicago, Illinois,
United States
Many cancer cells maintain survival through over-expression of anti-apoptotic BCL-2
family proteins, making them compelling targets for the development of cancer
therapeutics. However, disrupting protein-protein interactions, such as the BCL-2 or
BCL-XL interactions with pro-apoptotic BH3 proteins, has been a major challenge for the
field. The BCL-2/BCL-XL inhibitor ABT-263 (navitoclax) has shown promising activity in
the clinic but its efficacy has been limited by thrombocytopenia caused by BCL-XL
inhibition. This clinical result led to the design of ABT-199/GDC-0199, a BCL-2-selective
inhibitor that maintains efficacy in hematologic malignancies while sparing platelets. The
challenging path to ABT-199/GDC-0199 will be presented, as will clinical data that
represents validation of the hypothesis behind selectively targeting BCL-2. While ABT199/GDC-0199 has helped establish the importance of targeting BCL-2 in hematologic
malignancies, expression of BCL-XL has been linked with drug resistance and disease
progression in multiple solid tumors. Efforts towards the development of novel BCL-XLselective inhibitors will also be discussed.
MEDI 35
Structure-based discovery of novel indolizines as potent and orally bioavailable
Bcl-2 antagonists
Arnaud Letiran1, arnaud.letiran@fr.netgrs.com, Thierry Le Diguarher1, Jérôme Starck1,
James B. Murray2, James E. Davidson2, Jean M. Henlin1, Christopher Graham2, I-Jen
Chen2, Olivier Geneste1, John Hickman1, Miklos Nyerges1, Guillaume De Nanteuil1. (1)
Institut de Recherches Servier, Croissy sur Seine, France (2) Vernalis Ltd, Cambridge,
United Kingdom
Proteins in the B cell CLL/lymphoma 2 (Bcl-2) family are central regulators of
programmed cell death. Pro-survival Bcl-2 proteins, such as Bcl-2, Bcl-XL and Mcl-1 are
often overexpressed in human tumours and participate in tumour initiation, progression

and chemo-resistance. Drugs targeting these anti-apoptotic proteins represent therefore
a promising therapeutic approach for cancer treatment. The therapeutic potential of
directly inhibiting Bcl-2 was recently unveiled with the development of ABT-199, which
has shown clinical efficacy for the treatment of Bcl-2 dependent malignancies such as
chronic lymphocytic leukemia (CLL) and other leukemia’s and lymphomas.
Here we describe the discovery of a new class of synthetic small molecules, which
binds with high affinity to the BH3 binding groove of Bcl-2. The structure-based
optimization of the series focused on improving simultaneously DMPK properties and
potency in Bcl-2 dependent cellular models. Our effort culminated into the design of a
lead compound, which, upon oral administration, achieved rapid, complete and durable
tumours regression in an RS4;11 mouse xenograft model.
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Targeting protein-protein interactions for new cancer therapeutics
Shaomeng Wang, shaomeng@umich.edu. Internal Medicine, Pharmacology and
Medicinal Chemistry, University of Michigan, Ann Arbor, Michigan, United States
Although targeting protein-protein interactions using non-peptide small-molecule
inhibitors has been traditionally very challenging, there has been significant progress in
recent years. Indeed, a number of potent and highly specific small-molecule inhibitors
targeting several protein-protein interactions in the apoptosis pathways are now in
clinical development. More recently, potent small-molecule inhibitors targeting proteinprotein interactions in the epigenetic pathways have been discovered. In this
presentation, I will discuss our recent success in the discovery and development of
small-molecule inhibitors targeting several protein-protein interactions in the apoptosis
and epigenetics pathways as new classes of cancer therapeutics.
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From de novo design to the clinic: The discovery of AMG 232, an inhibitor of the
MDM2-p53 interaction
Steven H. Olson1,2, sholson@amgen.com. (1) Amgen, S San Fran, California, United
States (2) Institute for Neurodegenerative Diseases, University of California, San
Francisco, San Francisco, California, United States
Inhibiting the MDM2-p53 protein-protein interaction restores the tumor suppressor
activity of p53 and may lead to a novel class of anti-cancer therapeutics. Structural
analysis of small molecules bound to MDM2 led to the de novo design of a new class of
morpholinone- and piperidinone-containing inhibitors. Co-crystal structures of these
novel MDM2 inhibitors inspired multiple optimization strategies, one of which resulted in
the discovery of trans-5,6-diarylpiperidinones. Potent and compact with moderate
molecular weight, the series was elaborated through a combination of traditional
medicinal chemistry and high-level conformational analysis to provide a series of high-

affinity inhibitors with robust anti-tumor efficacy. The lead compound, AMG 232, is
currently in Phase 1 clinical trials for solid tumors, acute myeloid leukemia and
melanoma. Preclinical tumor xenograft models were used to investigate the activity and
effect of AMG 232 on p53 signaling. Outstanding efficacy, including tumor regression,
was observed for AMG 232 when tested as a single agent and in combination with
chemotherapies, targeted agents or radiation.

MEDI 38
Photocleavable mass-tag encoded protein bead-arrays for proteome-scale drugprotein screening by MALDI-MS imaging
Ying Zhou1, lipidmszy@gmail.com, Ziying Liu1, Kenneth Rothschild1,2, Mark Lim1. (1)
Ambergen Inc., Watertown, Massachusetts, United States (2) Molecular Biophysics
Laboratory, Department of Physics and Photonics Center, Boston University, Boston,
Massachusetts, United States
The identification of effective drug candidates from large libraries of natural and
synthetic compounds is a major bottleneck in drug discovery. Furthermore, early stage
drug discovery and development is often based on measuring the properties of entire
protein families rather than the individual protein target. The ability to screen lead
candidates against the entire proteome for off-target effects would be an invaluable tool
in the drug discovery process. Such screening could eliminate downstream drug failures
in expensive pre-clinical and clinical studies due to unforeseen toxicities. We have
developed a novel, high-throughput, proteome-scale approach, termed bead-based
global proteomic screening (Bead-GPS), which facilitates the rapid identification and
characterization of the interactions of a library of potentially millions of “bait” molecules,
such as proteins, polypeptides or peptoids, with one or more “prey” molecules such as
serum antibodies, enzymes or drug candidates [1]. Here we report the use of this
technology to perform label-free measurements of the binding of drug libraries against a
protein library. Each micro-bead in the library consists of a photocleavable coding masstag along with a specific protein. After mixing the bead library with the candidate drugs,
the beads are randomly arrayed into custom-designed micro-well plates. The micro-well
plates have the dimensions of a standard microscope slide and contain ~1 million wells,
each well sized to hold only a single bead. Specific drug-protein interactions are
identified by synchronization of the MALDI-MS image of the mass-tags residing on
beads and the MALDI-MS image arising from the drugs themselves. We demonstrate
this approach using an array of model proteins coded by photocleavable mass tags and
drug compounds.
This project was supported in part by the following SBIR grants from the NIH to
AmberGen: R43GM105249, R44CA161965, and R44CA137948.
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Design and synthesis of conjugates of trityl tags with targeting molecules:
Applications to imaging mass spectrometry
Yueqin Zheng1, yzheng6@student.gsu.edu, Lifang Wang3, Chaofeng Dai4, Binghe
Wang2. (1) Chemistry, Georgia State University, Atlanta, Georgia, United States (2)
Dept of Chem, Georgia State University, Atlanta, Georgia, United States
Imaging mass spectrometry has been demonstrated show application to the direct
examination of tissue biopsies without the need for micro-dissection and solubilization of
tissue biomarkers. It is as a novel but maturing technology. We previously reported a
trityl conjugate which possesses a sialyl Lewis X-recognizing boronolectin for
histological work of cancer tissues. However, the earlier trityl tag conjugate has low
water solubility. Thus, we have designed trityl conjugates attached with a sugar moiety
(D-glucamine) aiming at improving water solubility. The design, synthesis and
evaluation of such new trityl conjuagtes and their applications are presented.
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Discovery and structure-activity relationship (SAR) of BRD7539, a small molecule
inhibitor of Plasmodium falciparum dihydroorotate dehydrogenase (PfDHODH)
Micah Maetani1,2, maetani@fas.harvard.edu, Nobutaka Kato2, Leila Ross3, Eamon J.
Comer2, Christina Scherer2, Dyann Wirth3, Stuart L. Schreiber1,2. (1) Chemistry &
Chemical Biology, Harvard University, Cambridge, Massachusetts, United States (2)
Center for Science of Therapeutics, Broad Institute, Cambridge, Massachusetts, United
States (3) Harvard School of Public Health, Boston, Massachusetts, United States
Diversity-oriented synthesis (DOS) yields small molecule libraries with stereochemical
and skeletal diversity in contrast to typical screening libraries, which consist of flat, sp2rich, hetero/aromatic compounds. 100,000 DOS compounds were screened against
Plasmodium falciparum (malaria parasites, Dd2), and resulting positives were
rescreened in dose against Dd2 and transgenic parasites overexpressing yeast
dihydroorotate dehydrogenase (PfScDHODH). We identified a hit compound BRD7539
with an EC50 of 10 nM in Dd2 parasites but 8 µM in PfScDHODH parasites, indicative
of a mitochondrial mechanism. BRD7539 has been biochemically-validated to target
PfDHODH with >7,500-fold specificity over HsDHODH, and dozens of analogs have
been synthesized, many of which display nanomolar potency. These compounds
display strong stability in vitro in mouse and human microsomes, exhibit no cytotoxicity
against HepG2 cells, and show efficacy in in vivo models. Collectively, we show that
BRD7539 is a strong lead candidate, although further studies are necessary to fully
evaluate the preclinical candidacy of the compound and related analogs.
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4-Amidinoquinolines and 10-amidinobenzonaphthyridines as new classes of
antimalarials with high potency in vitro and in vivo
Vasily N. Korotchenko, vasiliy.chem@gmail.com, Ramadas Sathunuru, Lucia Gerena,
Diana Caridha, Qigui Li, Thu-Lan Luong, Delaney Hettithantrige, Raul Olmeda, Liang
Zhang, Sean Marcsisin, Victor E. Zottig, Mara Kreishman Deitrick, Philip Smith, Ai Lin.
Experimental Therapeutics Branch, Military Malaria Research Program, Walter Reed
Army Institute of Research, Silver Spring, Maryland, United States
Chloroquine (CQ) has been used as first line antimalarial drug for decades; however,
emergence of CQ-resistant Plasmodium falciparum (Pf) malaria throughout endemic
areas of the world has reduced its clinical value. Therefore, new and inexpensive
antimalarial drugs with no cross-resistance to CQ are urgently needed to combat this
disease. In our search for novel, safe, and effective antimalarial prophylactic and
therapeutic agents, series of 4-amidinoquinoline (4-AMQ) and
10-amidinobenzonaphthyridine (10-AMB) derivatives were designed and synthesized.
The new molecules displayed high activity in vitro and in vivo, with a few exceptions
have little or no cross-resistance to CQ, and no toxicity in mice up to 80 mpk x 3. The
best compounds show nanomolar potency against D6, W2 and C235 Pf clones, low
inhibitory activity in the hERG potassium channel blockage test, no mutagenicity in the
Ames test, and cure 5 out of 5 mice infected with P. berghei at 15 mpk x 3 (Thompson
Test). These results suggest that 4-AMQ and 10-AMB derivatives are potentially
promising candidates to develop new antimalarial drugs.
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Hit-to-lead optimization of a new class of compound to treat human African
trypanosomiasis
Lori Ferrins1, l.ferrins@neu.edu, Raphael Rahmani1, Stephanie Russell3, Amy Jones2,
Nghi Nguyen1, Harriet Newson3, Melissa Sykes2, Vicky Avery2, Matthew Piggott3,
Jonathan Baell1. (1) Monash University, Melbourne, Victoria, Australia (2) Eskitis
Institute for Cell and Molecular Therapies, Nathan, Queensland, Australia (3) The
University of Western Australia, Crawley, Western Australia, Australia

American trypanosomaisis, commonly known as Chagas disease, and human African
trypanosomiasis (HAT), more commonly known as sleeping sickness, are caused by the
protozoan Trypanosoma cruzi and Trypanosoma brucei respectively. Both of these
parasites are responsible for significant morbidity and mortality in some of the poorest
regions.
HAT has been declared a neglected tropical disease by the World Health Organization,
affecting approximately 10,000 people in the remotest parts of Africa. This disease
affects the central nervous system, resulting in disrupted sleep patterns, brain damage
and eventual death. Current treatments for this disease often result in the development
of long term health issues, even death in some patients and often have complex
treatment regiments. New treatments are urgently needed.
A whole organism high-throughput screen of approximately 87,000 compounds from the
WEHI/Bio21 screening library was conducted against T.b. brucei and led to the
identification of a number of new compound series. These have been progressed
through to medicinal chemistry optimisation and the current SAR will be discussed
around one of these series which has also shown potent inhibitory activity against the
human pathogenic T.b. rhodesiense and T. cruzi.
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Highly water-soluble benzimidazole derivatives useful for the treatment of
fasciolosis
Rafael Castillo-Bocanegra1, rafaelc@unam.mx, Miguel Á. Flores-Ramos1, Froylan O.
Ibarra3, Alicia Hernandez Campos2, Yolanda Vera-Montenegro3, Helgi Jung-Cook2,
Germinal J. Cantó-Alarcón4. (1) Farmacia, Div De Estudios De Posgrado, Mexico,
Mexico (2) Departamento de Farmacia, Universidad Nacional Autónoma de México,
Mexico, Mexico (3) Parasitología, Facultad de Medicina Veterinaria y Zootecnia,
México, Mexico (4) Parasitología, Universidad Autónoma de Querétaro, Facultad de
Ciencias Naturales, Querétaro, Mexico
Fasciola hepatica is the causative agent of fasciolosis, a foodborne zoonotic disease
affecting grazing animals and humans worldwide. Triclabendazole has been the drug of
choice for the treatment of liver fluke infections. Resistance to triclabendazole in farm
animals in Australia and in others countries has already been developed, hence the
need of new fasciolicides. One product in particular, compound alpha (4) is an
experimental fasciolicide that has a range of activity against F. hepatica similar to that of
triclabendazole.This study describes the synthesis of a highly hydrosoluble
phosphonooxymethyl prodrug (7) derivative of the compound alpha. The prodrug 7
improved the aqueous solubility of the parent compound by 50,000 times and it is stable
at neutral pH. The prodrug showed fasciolicidal activity in vitro against excysted F.
hepatica metacercariae. Prodrug 7 was rapidly hydrolyzed to its parent compound in
alkaline phosphatase solution (t1/2= 7.9±2 s).The in vivo evaluation of 7 was carried out
via oral, intramuscular and subcutaneous administration in sheep artificially infected

with F. hepatica metacercariae. At an intramuscular dose of 4 mg/Kg, the activity of 7
was similar to that of compound alpha (4) at an oral dose of 15 mg/Kg.
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Hit-to-lead optimization efforts of HTS hits for human African trypanosomiasis
Dana Klug1, dana.klug@yahoo.com, Rosario Diaz2, Carlos Cordon-Obras2, Domingo
Rojas-Barros2, Miguel Navarro2, Michael P. Pollastri1. (1) Department of Chemistry &
Chemical Biology, Northeastern University, Waltham, Massachusetts, United States (2)
Instituto de Parasitología y Biomedicina "López-Neyra" Consejo Superior de
Investigaciones Cientificas, Granada, Spain
Human African trypanosomiasis (HAT), also known as sleeping sickness, is a parasitic
disease caused by two subspecies of T. brucei that is prevalent in sub-Saharan Africa
and 100% fatal if left untreated. The current drugs available for treating HAT are suboptimal in terms of both efficacy and toxicity, and development of new drugs poses
special challenges, including those of oral bioavailability and brain penetration. Although
new treatments are desperately needed, HAT is considered a neglected disease, for
which for-profit pharmaceutical companies do not invest significant resources into R&D.
We have previously noted that repurposing established human kinase inhibitor
chemotypes efficiently provides excellent starting points for HAT drug discovery. With
an eye towards expanding these efforts, in collaboration with the OpenLab initiative at
GlaxoSmithKline, we undertook a high-throughput screen of a kinase-inhibitor-based
library and identified 797 hits that inhibited T. brucei growth at sub-micromolar
concentrations, and were >100-fold selective over HepG2 cells. The hits were clustered
by structural similarity, and their physicochemical properties were analyzed. The
clusters were prioritized on the basis of potency, physicochemical properties, rate and
reversibility of trypanosome killing, and predicted brain penetration. We now report our
SAR exploration efforts for one of these prioritized clusters typified by 4-(2,11dihydrobenzo[2,3][1,4]oxazepino[5,6,7-cd]indazol-4-yl)pyrimidin-2-amine.
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Synthesis, inhibitory activities and molecular modeling studies of pentacosenoic
and pentacosynoic acids as novel HIV-1 reverse transcriptase inhibitors
Nestor M. Carballeira1, nestor.carballeira1@upr.edu, LIzabeth Giménez Moreira1, Elsie
A. Orellano1, Karolyna Rosado1, Rafael Guido2, Adriano D. Andricopulo2. (1) Chemistry,
University of Puerto Rico, Rio Piedras, San Juan, Puerto Rico, United States (2)
Instituto de Fisica de Sao Carlos, Universidade de Sao Paulo, Sao Carlos - SP, Brazil
The natural fatty acids (5Z)-5-pentacosenoic and (9Z)-9-pentacosenoic acids were
synthesized for the first time in eight steps and in high yields, while the corresponding
novel alkynoic analogs 5-pentacosynoic and 9-pentacosynoic acids were also
synthesized, but in six steps, taking advantage of the same synthetic route. These very

long-chain fatty acids displayed micromolar IC50’s against the HIV-1 reverse
transcriptase (RT) enzyme with negligible cell cytotoxicity. Fatty acid chain length and
degree of unsaturation was critical for the observed inhibition since other shorter chain
analogs, as well as pentacosanoic acid, were not effective against the enzyme.
Molecular modeling studies indicated the structural determinants underlying the
biological activity of the most potent analogs as well as the requirement of the very long
fatty acyl chains. These results open the door to a new class of antiretroviral fatty acids,
which could be used against HIV-1 in combination with known drugs.
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CYP3A4-specific inhibitors: Design and synthesis of simplified ritanovir analogs
Melanie G. Vasquez2, vasquezm16@student.wpunj.edu, Parminder Kaur2, A. Richard
Chamberlin3, Thomas L. Poulos1, Irina Sevrioukova3. (1) Univ of California, Irvine,
California, United States (2) Chemistry, William Paterson University, Wayne, New
Jersey, United States (3) University of California - Irvine, Irvine, California, United States
Cytochrome P450 3A4 (CYP3A4) is one of the most abundant metabolizing enzymes in
the human body. It is responsible for the oxidation of inorganic toxins, making it possible
to remove such toxins from the body. CYP3A4 interacts with a wide range of molecules,
some of which inhibit its function. Although this inhibition can have negative side effects,
beneficial side effects also occur. One such benefit is that certain drugs, which
otherwise would be oxidized and removed from the body by CYP3A4, remain in the
body for a longer period of time, thereby enhancing their therapeutic efficiency. In our
present study, we focused on the molecular structure of one such CYP3A4 inhibitor, the
antiretroviral drug ritonavir, and designed and synthesized analogs having a simplified
molecular structure. The simplified analogs were evaluated for their affinity and
inhibitory potency to CYP3A4. The specific structural aspects evaluated included the
backbone flexibility, aromaticity and side groups of the existing ritonavir molecule.
Several new analogs were synthesized having a simplified molecular structure, and
having an affinity and inhibitory potency to CYP3A4 comparable to that of the ritanovir
molecule.
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Exploring HIV-1 tropism using synthetic mimics of co-receptors CXCR4 and
CCR5
Chie Hashimoto, chie.hashimoto@fau.de, Andrea Gross, Jutta Eichler. Chemistry and
Pharmacy, Erlangen-Nürnberg University, Erlangen, Germany
Entry of the human immunodeficiency virus type 1 (HIV-1) into human cells involves
interaction of viral envelope glycoprotein gp120 with cellular co-receptors CCR5 and
CXCR4, respectively. According to their co-receptor usage, HIV-1 strains are classified
as R5-tropic HIV-1 (CCR5 usage) and X4-tropic (CXCR4 usage), respectively. HIV-1

that uses either co-receptor is termed dual-tropic. The extracellular domains of CCR5
and CXCR4 are composed of the N-terminus (NT) and three extracellular loops (ECLs).
We have previously designed a soluble synthetic peptide (CX4-M1) that presents the
three ECLs of CXCR4 (K. Moebius et al, Chem.Eur.J., 2012, 18, 8292). In binding, as
well as in cellular infection assays, CX4-M1 selectively recognized gp120 from X4 tropic
HIV-1 strains. Furthermore, CX4-M1 was found to selectively bind to the natural CXCR4
ligand SDF-1a, as well as to inhibit SDF-1a signaling (A. Gross et al,
Bioorg.Med.Chem., in press).
Previous reports indicate that replacement of the NT of CXCR4 with the NT of CCR5,
enables CXCR4 to function as a coreceptor also for certain R5- and dual tropic HIV-1
strains. We therefore explored whether this phenomenon can be reproduced at the level
of receptor mimetic peptides, by combining CX4-M with CCR5-NT. Conjugation of
CCR5-NT to CX4-M1 was achieved through click chemistry. For that, the CCR5-NT
peptide was C-terminally equipped with an azide moiety, and attached to CX4-M1,
which contained an alkyne moiety at the N-terminus, through copper(I)-catalyzed
Huisgen 1,3-dipolar cycloaddition, yielding a peptide termed 5-CX4. Binding of this
chimeric receptor mimic to gp120 from R5-, X4- and dual tropic HIV-1, respectively, was
evaluated, which is expected to provide new insight into the molecular details and
specificities of protein-protein interactions involved in HIV-1 entry, as well as to explore
new avenues of therapeutic intervention.
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Targeting the nucleocapsid protein of HIV-1 (NCp7) with nucleobase flexibility
Natalie Steenrod3, natali4@umbc.edu, Therese Ku4, Mattia Mori5, Maurizio Botta1,
Katherine L. Seley-Radtke2. (1) Dipartimento Farmaco Chimico Tecnologico, Univ Degli
Studi Di Siena, Siena, Italy (2) Univ of Maryland Baltimore Co, Baltimore, Maryland,
United States (3) University of Maryland, Baltimore County, Laurel, Maryland, United
States (4) University of Maryland, Baltimore County, Baltimore, Maryland, United States
(5) Università degli Studi di Siena, Siena, Italy

One of the primary challenges in medicinal chemistry is the development of drug
resistance to currently used therapeutics. There are a number of mechanisms through
which drug resistance can develop, however our laboratory has focused on overcoming
point mutations to key amino acid residues in an enzyme’s active site, which are critical
to inhibitor binding. One such pathogen that exhibits such mutations is the human
immunodeficiency virus type-1 (HIV-1). Although there are many drugs available for
treating HIV, resistance usually occurs quickly, thus there is a constant need for newer
and more efficacious drugs. Something as small as a single mutation to a residue in the
binding site of replication enzymes can render a drug useless. One approach we have
pursued to overcome this challenge is to endow the nucleobase with flexibility, resulting
in the ability to “wiggle and jiggle” in the binding site to find an alternate binding mode.
This allows the potential drug to engage secondary amino acid residues that are not
normally involved in the enzyme's mechanism of action, thereby allowing it to retain its
biological activity. As an extension of our earlier projects, we have now applied this
approach to target a highly conserved protein essential for HIV replication. The
nucleocapsid protein of HIV-1 (NCp7), is critical for proper viral packaging and
replication, owing to its highly conserved nature, thus making it an ideal drug target.
Using existing NMR spectroscopic data, our collaborator Dr. Maurizio Botta (University
of Siena) performed computational studies of NCp7 using a series of flexible guanine
nucleobase analogues as potential inhibitors. My project aims to realize one of these
targets through a series of synthetic steps to build the requisite nucleobase. The results
are reported herein.
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Toward the synthesis of novel 1,3-azaborines as potential HIV-1 protease
inhibitors
Katherine M. Norris, norriskat@cwu.edu, Kristín Sigurjonsson, Michael D. Frank,
Levente Fabry-Asztalos. Central Washington University, Ellensburg, Washington,
United States
Recent studies have shown that boron-modified inhibitors have a higher affinity towards
the protease than their corresponding non-boronated analogs and have inhibitory
affinity towards an HIV-1 protease variant that is resistant to several HIV-1 protease
inhibitors. The main goal is to synthesize a library of both straight chain and cyclic
boronates that potentially have dual-mode, competitive and associative, inhibitory action
against HIV-1 protease. The borinic acid target compounds are chiral 1,3-azaborines
that will potentially have a greater affinity towards the protease, better bioavailability,
less toxicity, and fewer side effects. Both straight chain and cyclic boronates are being
synthesized which will serve to expand molecular diversity, as well as organoboron
chemistry in general. Due to the structural rigidity of cyclic boronates, they are expected
to be better inhibitors than their straight chain analogs.
MEDI 50

β-Substituted fosmidomycin analogs targeting 1-deoxy-d-xylulose-5-phosphate
reductoisomerase: Synthesis, structural biology, and antimalarial properties
René Chofor1, Sanjeewani Sooriyaarachchi2, Martijn D. Risseeuw1, Terese Bergfors2, T.
A. Jones2, Sherry L. Mowbray2, Serge P. Van Calenbergh1,
Serge.VanCalenbergh@UGent.be. (1) UGent, Gent, Belgium (2) University of Uppsala,
Uppsala, Sweden
In the wake of the escalating development of resistance to currently available drugs,
blocking the vital MEP pathway for isoprenoid biosynthesis in pathogens such as
Plasmodia or Mycobacteria offers interesting prospects for inhibiting their growth.
Although the natural product retro-hydroxamate fosmidomycin and its homologue
FR900098 potently inhibit 1-deoxy-D-xylulose-5-phosphate reductoisomerase (Dxr), a
key enzyme in the MEP pathway, their in vivo activity is compromised due to poor
absorption and a suboptimal pharmacokinetic profile. In an effort to facilitate cellular
uptake, we introduced aryl or aralkyl substituents at the β-position of the hydroxamate
analogue of FR900098. While direct addition of a β-aryl moiety resulted in poor
inhibition, longer linkers between the carbon backbone and the phenyl ring were
generally associated with better binding to the enzymes, as well as activity against P.
falciparum. X-ray structures of the parasite Dxr-inhibitor complexes show that
analogues with a three- or four-carbon linker lead to the displacement of a key
tryptophan residue, and the aromatic group of the ligand lies between the tryptophan
and the methyl group on the hydroxamate. The most promising new Dxr inhibitors are
highly potent inhibitors of Plasmodium falciparum in vitro growth.
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Development of novel antagonists of PqsR as pathogen-blockers for
Pseudomonas aeruginosa
Michael G. Zender2, Cenbin Lu2, Christine Maurer2, Benjamin Kirsch2, Martin Empting2,
Anke Steinbach2, Rolf W. Hartmann1,2, rolf.hartmann@helmholtz-hzi.de. (1) Saarland
University, Saarbruecken, Germany (2) Department Drug Design and Optimization,
Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), Saarbruecken,
Saarland, Germany
Pseudomonas aeruginosa is a highly adaptable opportunistic pathogen causing chronic
persistent lung infections in cystic fibrosis patients. It coordinates group behaviors via a
cell-density-dependent communication system known as quorum sensing (QS). Among
others the alkyl quinolones HHQ and PQS are utilized for cell-to-cell communication.
Both signaling molecules bind to the transcriptional regulator PqsR, thereby, stimulating
the expression of various virulence factors. Therefore, we consider the development of
PqsR antagonists as a novel promising anti-virulence strategy to limit the pathogenicity
of P. aeruginosa without affecting bacterial viability.
A ligand-based design strategy starting from the natural effector HHQ led to the
identification of the first potent PqsR antagonists which however, suffered from low antivirulence potency in P.aeruginosa. Further investigation revealed a cell-mediated
metabolization, responsible for the lack of activity. A blockade of the metabolic
susceptible position led to a potent PqsR antagonist that was able to reduce the
virulence factor pyocyanin. Moreover, this agent is able to protect G.mellonella larvae
from lethal P.aeruginosa infections at low nanomolar concentrations which provides the
proof-of-concept for this anti-virulence strategy (Lu et al., Angew. Chem., Int. Ed., 2014,
1127–1130). In order to address the poor physicochemical properties of these
quinolone-based antagonists and to expand the chemical diversity a surface plasmon
resonance (SPR) screening against a library of low MW compounds was conducted.
(Zender et al., J. Med. Chem., 2013, 6761–6774) The thermodynamic profiles of the top
five SPR hit compounds were evaluated using ITC methodology. The discovered hits
showed enthalpy-driven binding and excellent LEs. A thiadiazole-2-amine was chosen
as starting point for fragment-modification which afforded an oxadiazole derivative
showing affinity and antagonistic activity in the low micromolar rang with consistently
high LE. A fragment-growing approach led to compounds showing PqsR-antagonistic
activities as well as pyocyanin inhibition in the nanomolar range.
MEDI 52
Identifying a potent inhibitor of Pseudomonas aeruginosa through the Distributed
Drug Discovery (D3) process
William L. Scott1, wscott@iupui.edu, Ryan E. Denton2, Gregory Anderson3, Kathleen
Marrs4, Jack G. Samaritoni5, Shelby Colglazier6, Jonathan Lacombe7, Matthew Phillips8,

Martin J. Odonnell1. (1) Chemistry and Chemical Biology, IUPUI, Indianapolis, Indiana,
United States (3) Biology, IUPUI, Indianapolis, Indiana, United States
The Distributed Drug Discovery (D3) program seeks to discover drug leads for
neglected diseases while educating students world-wide in basic drug discovery
disciplines. The power of this approach is demonstrated by the identification of a potent
inhibitor of Pseudomonas aeruginosa growth. This inhibitor, and related active analogs,
were discovered through a coupled D3 chemistry and biology lab in which students
made and tested many new compounds. The most potent molecule is a simple
unnatural amino acid. It is as active as the standard antibacterial agent, tobramycin, in
inhibiting the growth of Pseudomonas aeruginosa.
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Human acetylcholinesterase inhibition activity of some methyl pyridinium βlactams
Sumana N. Yasapala, nilanthi-yasapala@uiowa.edu, Alexander Lodge, Joseph J.
Topczewski, Quinn M. Daniel. Chemistry, University of Iowa, Iowa, Iowa, United States
Acetylcholinesterase (AChE) is a serine esterase that functions in both central and
peripheral nervous systems to terminate the impulse transmission of the
neurotransmitter acetylcholine (ACh) with an amazing catalytic power (turnover number
is over 104 s-1). AChE catalyzes a broad range of substrates and that makes it a target
for development of both effective drugs and pesticides. Some substrates act as
inhibitors and inhibitors of AChE are of interest in the treatment of various neurological
disorders including glaucoma and Alzheimer’s Disease. β-lactams, cyclic amides, are
among the most frequently prescribed antibiotic agents to treat many bacterial
infections. Bacterial serine proteases are inhibited by β-lactams leading to cell death.
However, bacterial resistance against β-lactams is unavoidable. The main reason that
causes this resistance is the production of β-lactamases that turn over the β-lactams.
Currently, new β-lactam antibiotics and β-lactamase inhibitors are introduced to
overcome this problem. Although inhibition of several serine proteases by β-lactams is
well known, AChE is seldom used to profile this important class of inhibitors. The
present study describes the synthesis and kinetic evaluation of N-methyl pyridinium βlactams as inhibitors of human acetylcholinesterase. These inhibitors have micromolar
(IC50 values were ranged from 15 µM to 140 μM) affinity for human AChE,and two of the
β-lactams act as suicide substrates of the enzyme.
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(4) Institute for Therapeutics Discovery and Development, University of Minnesota,
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Anthrax is an infectious disease caused by Bacillus anthracis, a bacterium classified as
a Tier 1 Select Agent by the CDC and DHS, and which poses a major threat as a
bioweapon. The lethal factor (LF) enzyme secreted by B. anthracis is chiefly responsible
for anthrax-related cell death. Although many studies have been conducted toward the
design of small-molecule LF inhibitors, no LF inhibitor is yet available as a therapeutic
agent. Here, we present the computational design, synthesis, testing, crystallographic
and quantum mechanical analyses of a series of hydroxamic acid-based MK-40
analogs designed to induce and take advantage of a key conformational change in the
S1′ LF subsite which we have discovered via structural biology (Fig. 1). This
conformational change can further be explored to design potent and selective nonhydroxamate LF inhibitors. To that end, our laboratory is using the co-crystallized
complex of LF and 33 to virtually screen a library of ~11 million drug-like compounds for
activity against LF. Compounds predicted to have high inhibitory potency while inducing
the newly discovered change in the S1′ site will be selected for further prosecution via
our optimized FRET and mobility shift assays. This poster will also present the results of
experimentally screening an in-house library of ~250 000 compounds, and the synthesis
and biochemical evaluation of the high-throughput screening (HTS) hits.

LF active site with co-crystallized 33
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Biological evaluation of an in vivo-potent dual target PQS quorum sensing
inhibitor that hinders biofilm formation

Rolf W. Hartmann1,2, Andreas Thomann2, Antonio G. Martins2, Christian Brengel2,
christian.brengel@helmholtz-hzi.de, Elisabeth Weidel2, Carsten Boerger3, Martin
Empting2. (1) Saarland University, Saarbruecken, Germany (2) Department Drug
Design and Optimization, Helmholtz Institute for Pharmaceutical Research Saarland
(HIPS), Saarbruecken, Germany (3) Drug Discovery, PharmBioTec GmbH,
Saarbruecken, Germany
Emergence of Pseudomonas aeruginosa (PA) as a leading cause of nosocomial
infections and morbidity in immunocompromised patients has consolidated it in the race
for novel antimicrobial compounds. PA infections are notoriously difficult to eradicate
due to intrinsic resistance to a variety of available antibiotics. Its distinguished ability to
form biofilms amplifies resistance and promotes immune response evasion.
The PA quorum-sensing (QS) system is a sophisticated network of genome-wide
regulation. A major player is the pseudomonas quinolone signal system (PQS-QS) that
regulates the production of several non-vital virulence and biofilm-related determinants.
Therefore, QS circuitry is an attractive target for anti-virulence therapeutics with lowered
resistance development potential (Storz et al., J. Am. Chem. Soc., 2012, 16143-16146).
We have developed a dual-inhibitor compound (cmpd. A) of low molecular weight and
high solubility that targets PQS transcriptional regulator (PqsR) and PqsD, a key
enzyme in the biosynthesis of PQS-QS signal molecules (HHQ and PQS).
In this context, cmpd. A markedly reduced virulence factor production without affecting
bacterial growth. Additionally, ciprofloxacin co-administration in vitro increased
susceptibility of PA14 to antibiotic administration under biofilm conditions. Disruption of
pathogenicity mechanisms was assessed in vivo, with significant increased survival of
challenged larvae in an established Galleria mellonella infection model. Finally, we
observed considerable reduction of biofilm volume and extracellular DNA.
Favourable physicochemical properties and effects on virulence/biofilm establish a
promising starting point for further optimization. In particular, interference with biofilm
holds great promise in lowering pathogenicity and increasing susceptibility to
pharmacological treatment and immune responses in chronic and persistent infections.
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Design and synthesis of bacterial biofilm inhibitors for Salmonella enterica
serovar Typhi
Chido Hambira1, hambira.1@osu.edu, Matthew Lautenschlager2, Jasmine S. Moshiri2,
John S. Gunn2, James Fuchs1. (1) College of Pharmacy Division of Medicinal
Chemistry, The Ohio State University, Columbus, Ohio, United States (2) Center of
Microbial Interface Biology, Department of Microbial Infection and Immunity, The Ohio
State University, Columbus, Ohio, United States

Bacterial biofilms are largely responsible for some of the most persistent infections, and
are highly tolerant of antimicrobial agents. Salmonella enterica serovar Typhi (S. Typhi)
is the causative agent of typhoid fever, an infectious disease prevalent in developing
countries. In addition to antibiotic resistance becoming a significant problem in the
treatment of this disease, 5% of infected individuals become carriers where the main
site of chronic infection is the gallbladder. The prevalence of S. Typhi in the gallbladder
provides a reservoir for propagation of the organism, and person-person transmission of
this human specific pathogen. Previous studies have shown that approximately 90% of
carriers develop gallstones. Moreover, the S. Typhi carrier state was found to be the
principal risk factor in the development of carcinoma of the gallbladder in patients with
gallstones. A major limitation toward the eradication of typhoid fever is the persistence
of the bacteria in the carrier state facilitated by the development of a biofilm capable of
withstanding therapeutic intervention. Prevention of biofilm formation or disruption after
formation presents a novel and viable approach to alleviating persistent biofilmmediated infections caused by Salmonella, along with eradication of the carriage state
and associated drug resistance. Utilizing a high throughput screen developed by the
Gunn lab, 3000 potential ATP mimetics were screened for their ability to inhibit
formation of Salmonella biofilms, and one lead compound, 7955004, was identified. This
thieno-pyrimidinone containing lead molecule shows promising activity at an EC50 of
7.27 µM, through early stage inhibition in the developmental process of biofilm
formation. Analogue development to generate more potent agents and establish clear
structure-activity relationships is currently under exploration.
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Rational design of potent and selective inhibitors of Pseudomonas aeruginosa
virulence factor Cif
Seiya Kitamura1, skitamura@ucdavis.edu, Kelli L. Hvorecny2, Dean R. Madden2, Bruce
D. Hammock1, Christophe Morisseau1. (1) Dept Entomology, Univ California Davis,
Davis, California, United States (2) Department of Biochemistry, Geisel School of
Medicine at Dartmouth, Hanover, New Hampshire, United States
Pseudomonas aeruginosa is a ubiquitous opportunistic pathogen which infects various
sites of the human body, including the lungs. P. aeruginosa infections are particularly
damaging for individuals with underlying conditions, such as chronic obstructive
pulmonary disease or cystic fibrosis. P. aeruginosa secretes the vilurence factor, cystic
fibrosis transmembrane conductance regulator (CFTR) inhibitory factor (Cif). Cif alters
the trafficking of transporters such as CFTR, leading to the promotion of the ubiquitinmediated degradation of these transporters. Cif is a member of the α/β hydrolase family
with epoxide hydrolase (EH) activity. However, the endogenous substrate and exact
mechanism of Cif virulence are not known. The availability of potent and selective Cif
inhibitors is invaluable in order to better understand Cif pathobiology and for possible
clinical applications.
To meet this goal we previously screened a library of 1,600 known drugs from US and

International Pharmacopeia using a fluorescent-based high throughput screening assay.
Thyroid hormone analogue KB2115 was found to be a Cif inhibitor, with an IC50 value of
2.6 μM. In contrast, KB2115 showed an EC50 of 0.43 nM in our cell-based thyroid
hormone activity assay. Unfortunately, the relatively low potency on Cif and the
extremely high potency on the thyroid hormone receptor of this lead compound limits its
utility for further biological studies and possible human clinical uses.
Our overall goal is to improve the potency and selectivity of the lead compound KB2115
toward Cif. To achieve this, we first investigated the basic structure-activity relationships
to determine the structural requirements for Cif inhibition. Based on the SAR and X-ray
structure of Cif-KB2115 complex, we designed and synthesized KB2115 analogues with
improved potency and selectivity toward Cif and reduced potency over the thyroid
hormone receptor. The binding interactions of Cif with inhibitors were characterized by
an enzyme kinetic assay, surface plasmon resonance, and X-ray crystallography. Three
of the newly synthesized compounds showed 10-fold higher inhibitory potency on Cif
enzyme activity (IC50 < 0.3 μM) compared to the lead compound, and lost the thyroid
hormone activity (EC50, IC50 >10 μM).
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Some antiplasmodial and antimycobacterial drug-metal complexes: Reactions,
analysis, and biological properties
Joshua A. Obaleye2, jobaleye@yahoo.com, Nzikahyel Simon1, Uche B. Eke3, Adedibu
C. Tella2, Joseph O. Adebayo4, Mercy O. Bamigboye5, Elizabeth A. Balogun4. (1)
Department of Chemistry, University of Uyo, Uyo, Akwa Ibom, Nigeria (2) Department of
Chemistry, University of Ilorin, Ilorin, Kwara State, Nigeria (4) Department of
Biochemistry, University of Ilorin, Ilorin, Kwara State, Nigeria (5) Department of
Industrial Chemistry, University of Ilorin, Ilorin, Kwara State, Nigeria
Some novel metal complexes of anti-plasmodial and anti-mycobacterial potential drugs
had been synthesized. Their syntheses involved known different synthetic techniques
with slight modifications in certain cases. They were synthesized using different
transition metal ions. The complexes were characterized by melting point, solubility,
elemental analyses, spectroscopic techniques. magnetic susceptibility measurement
and single crystal X-ray crystallography.
The structure of the complex [Cu(NCS)2(phen)2] comprised of two phenanthroline and
two isothiocyanate groups which were cis disposed with an octahedral structure
geometry. The crystal is orthorhombic with space group P2n2ab, a = 13.2818 (2) Å, b =
9.9638 (1) Å, c = 17.1286 (2), V = 2266.75 (5) Å3, Z = 4; and α=90° β=90° γ=90°.
The crystal of [Co(NSC)2(ACET)2].H2O composed of two acetylhydrazine molecules and
also two isothiocyanate groups. The crystal is orthorhombic, space group Pbcn. a =
18.9557(5) Å, b = 10.2848(3) Å, c = 13.6195(4) Å, V = 2655.20(13) Å3, Z = 4, T = 273.0
K, α=90° β=90° γ=90°. The X-ray revealed that the ligand acetylhydrazine is bidentate
in its mode of coordination to the Co(II) ion.
The complexes were screened in vitro against isolates of Plasmodium falciparum and

Mycobacterium tuberculosis. The results showed that three of the metal complexes,
nickel(II) Isoniazid, nickel(II) lumefantrine and Cd(II) lumefantrine were more active in
vitro against the parasites in comparison to Artemether- Lumefantrine combination
therapy, the first drug of choice in malaria treatment.
In this study, it was observed that the most active inhibitors against Mycobacterium
tuberculosis are [Co(NSC)2(INH)2] and Ni(NSC)2(INH)2(phen)].H2O which produce
100% inhibition of the Mycobacterium tuberculosis with 0.351 and 0.354 μg/mL
respectively. The complex [Co(en)2(NAL)2]Cl3 was also active but caused only 26 %
growth inhibition with 18.786 μg/mL in comparable conditions to the ligand.
The syntheses, characterization and biological properties of various complexes will be
described.
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Evaluation of the oxidation of enrofloxacin by permanganate and the
antimicrobial activity of the products
Yongpeng Xu1, xuyongpeng@hit.edu.cn, Shiyao Liu1, Fang Guo1, Bo Zhang2. (1)
Harbin Institute of Technology, Harbin, China (2) Shanghai Jiao Tong University,
Shanghai, China
Permanganate [Mn(VII)] oxidation of the fluoroquinolone (FQ) antibiotic enrofloxacin
(ENR) is investigated with respect to kinetics and mechanisms, and the products were
evaluated for residual antibacterial activity. The degradation of ENR by Mn(VII) obeyed
second-order kinetics. Modern high-resolution tandem mass spectrometry coupled with
high performance liquid chromatograph was used to determine the accurate mass of the
measured degradation products. The structures of nine oxidation products were
identified at a neutral pH, and a plausible reaction pathway was proposed. The
oxidation occurred on the piperazine ring; the C-H adjacent to the amine group was
attacked by Mn(VII). The identified products from ENR arose through four pathways
involving N-dealkylation, C-hydroxylation and the reactions of amine oxides. All the
products remained the quinolone core intact. The residual antibacterial activity of the
oxidative reaction byproducts against the nonresistant Escherichia coli (G-) reference
strain DH5ɑ was evaluated by quantifying the bacterial colonies. The oxidation products
showed reduced antibacterial activity compared to their parent compound. The
fragmentation of the piperazine ring substituent at the R7 position can reduce the
binding affinity of the FQs to enzymes, which significantly diminishes their activity
against Gram-negative bacteria even when the quinolone core remains intact.
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Synthesis, antifungal, and antiviral activity of N-benzyl derivatives of tetraene
macrolide antibiotic lucensomycin
Valery Belakhov1, chvalery@techunix.technion.ac.il, Alexander V. Garabadzhiu2, Vera
A. Kolodyaznaya3, Oxana V. Topkova3. (1) Schulich Faculty of Chemistry, Technion -

Israel Institute of Technology, Haifa, Israel (2) Laboratory of Molecular Pharmacology,
Saint-Petersburg State Technological Institute (Technical University), Saint-Petersburg,
Russian Federation (3) Department of Biotechnology, Saint-Petersburg State Chemical
Pharmaceutical Academy, Petersburg, Russian Federation
Lucensomycin, antifungal antibiotic first obtained by Italian investigators, refers to a
group of tetraene macrolide antibiotics. Lucensomycin is a product of microbiological
synthesis with the help of Streptomyces lucensis producer, its structure,
physicochemical, and biomedical properties were studied in detail. However, due to the
high toxicity lucensomycin not find application in drug therapy of mycoses in contrast to
other tetraene macrolide antibiotics: nystatin and natamycin, which are widely used in a
mycological practice for the treatment of many clinical forms of candidosis. It is known
that chemical modification of the polyene macrolide antibiotics results in a less toxic
derivatives with improved chemotherapeutic properties and a wide spectrum of
biological activity.
We have demonstrated that reactions of lucensomycin with p-substituted aromatic
aldehydes and sodium cyanoborohydride in the conditions of reductive amination
resulted in formation of its N-benzyl derivatives. The reactions of lucensomycin with
these reagents occurred in two steps. In the first step, condensation of the aldehyde
with the primary amine of the carbohydrate portion of molecule of lucensomycin formed
the azomethine, which was treated without further purification with sodium
cyanoborohydride. The pharmacological tests revealed that the acute toxicity (LD50) of
obtained derivatives of lucensomycin was 6 times low as that of the starting antibiotic.
Biological investigations showed that N-benzyl derivatives of lucensomycin possessed
high antifungal activity against a broad range of test cultures, and especially against six
test cultures of yeast fungi of the genus Candida. It was found that synthesized
derivatives of lucensomycin indicated an expressed antiviral activity in relation to the
RNA-containing oncogenic Rous sarcoma virus. Data obtained from studies of N-benzyl
derivatives of lucensomycin in relation to the RNA-containing Rous sarcoma virus were
of particular interest, as this is a suitable retrovirus model for screening and studying
agents with potential use in AIDS.
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In vitro and in vivo activity of multitarget inhibitors against Trypanosoma brucei
Yang Wang2, wang286@gmail.com, Wei Zhu5, Gyongseon Yang3, Guozhong Huang4,
Sooyoung Byun3, Gahee Choi3, Kai Li2, Zhuoli Huang5, Roberto Docampo1, Eric
Oldfield2, Joo Hwan No3. (1) University of Georgia, Athens, Georgia, United States (2)
Chemistry, University of Illinois at Urbana and Champaign, Urbana, Illinois, United
States (3) Leishmania Research Laboratory, Institute Pasteur Korea, Seongnam-si,
Gyeonggi-do, Korea (the Republic of) (4) Center for Tropical and Emerging Global
Diseases and Department of Cellular Biology, University of Georgia, Athens, Georgia,
United States (5) Biology, University of Illinois at Urbana and champaign, Urbana,
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We synthesized and tested a series of amidine, ethylenediamine and related
compounds against Trypanosoma brucei, the causative agent of human African
trypanosomiasis. The most active compound was a biphenyldiamidine which had an
EC50 of 7.7 nM against bloodstream form parasites. There was little toxicity against two
human cell lines (human embryonic kidney, HEK293T, and a human hepatoma line,
HepG2) with CC50 > 100 mM, corresponding to a selectivity index of > 13000. There
was also good in vivo activity in a mouse model of infection with 100% survival at 3
mg/kg i.p. The most potent lead blocked replication of kinetoplast DNA (k-DNA), but not
nuclear DNA in the parasite. Some compounds also inhibited the enzyme farnesyl
diphosphate synthase (FPPS) and some were uncouplers. We developed a
computational model for T. brucei cell growth inhibition (R2 = 0.76, p = 0.0005) using
differential scanning calorimetry-derived ∆Tm values for inhibitor binding to a DNAdodecamer duplex, combined with T. brucei FPPS IC50 values. Overall, the results
suggest that it may be possible to develop multi-target drug leads against T. brucei that
act by inhibiting both k-DNA replication, as well as isoprenoid biosynthesis.
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Design, synthesis, and modeling of potential di-metalloprotein inhibitors
Cory Reidl1, reidlchem@gmail.com, Maxwell Moore1, Alesha Stewart3, Pei W.
Thomas3, Walter Fast3, Daniel P. Becker2. (1) Chemistry and Biochemistry, Loyola
University, Franklin Grove, Illinois, United States (2) Dept of Chemistry, Loyola
University Chicago, Chicago, Illinois, United States (3) Phar Med Chem, University of
Texas at Austin, Austin, Texas, United States
NDM-1 is a di-metallo-beta-lactamase capable of deactivating the most commonly
administered antibiotics, thus NDM-1 has gained international attention as a clinically
relevant pharmaceutical target. The plasmid encoded gene responsible for producing
NDM-1 in bacteria is able to transfer horizontally between species of bacteria and has
been found on all continents, making NMD-1 an important threat to society since it is a
major driver of resistance to front-line antibiotic therapies. Efforts in our lab are focused
on targeting di-metal catalytic sites in metalloproteins and have led to the discovery of
sulfonyl amidine derivatives that are capable of interacting with both zincs in the active
site simultaneously and demonstrate inhibitory potency against NDM-1 in the low
micromolar range. The chemistry involves a three-component copper coupling reaction
employing a sulfonyl azide, an alkyne and a nucleophilic species. Molecular docking
suggests possible binding modes of these inhibitors in the NDM-1 active site.
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Investigation of quorum sensing inhibition by phevalin and its derivatives
Stephanie Forschner-Dancause, stephanie.dancause@salve.edu, Mark Grande,
Susan M. Meschwitz. Department of Chemistry, Salve Regina University, Newport,
Rhode Island, United States

The escalating challenge of drug resistance has led once highly treatable bacterial
infections back to the brink of epidemic levels. Antimicrobial resistance has been
identified by the World Health Organization as one of the top three greatest threats to
human health. Several pathogens, including S. aureus and P. aeruginosa, regulate the
expression of virulence genes, including those for biofilm and toxin production, through
quorum sensing (QS). Inhibition of QS pathways by small chemical antagonists
provides a novel and potentially effective mechanism for fighting bacterial infections,
especially drug resistant infections in which current therapeutic agents alone are
becoming ineffective. The reliance of QS bacteria upon small molecule autoinducers
affords the opportunity to design non-native molecules that can intercept QS signals
and interfere with the pathogenicity of bacteria. Diketopiperazines are cyclic dipeptides
that have been shown to inhibit AHL-mediated quorum sensing. The structurally similar
compound, phevalin, is a known regulator of virulence factor production in S. aureus.
We have successfully synthesized phevalin and demonstrated its ability to inhibit
bioluminescence, a QS controlled phenotype, in V. harveyi. To investigate structureactivity relationships, a library of phevalin derivatives is currently being created. The
molecules synthesized are anticipated to serve as valuable tools to better understand
the molecular mechanisms of bacterial quorum sensing and as potential new leads in
the development of anti-pathogenic agents.
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S. mutans GTF inhibitors for the prevention of dental biofilms
Sonia Nijampatnam1, lucky_sony89@yahoo.com, Qiong Zhang2, Thao Nguyen1, Hui
Wu2, Sadanandan E. Velu1. (1) Chemistry, University of Alabama at Birmingham,
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Dental caries is a highly prevalent disease characterized by the demineralization of the
enamel, for which Streptococcus mutans is the major etiological agent. S. mutans can
be isolated in high numbers from caries active patients, while its presence is virtually
undetected in non-cariogenic plaque. The bacterium produces glucosyltransferases
(GTFs)-enzymes that extracellularly metabolize sucrose into water-soluble and
insoluble glucans, which form the exopolymeric matrix of dental biofilms. The glucans
contribute to the structural integrity of biofilms and play a role in mediating irreversible
attachment of the organism to the tooth.
There has been a rising interest in alternative, target-specific treatment options for
dental caries as opposed to non-specific mechanical plaque removal or application of
broad-spectrum antibacterial mouthwashes that kill both pathogenic and protective
commensal species inhabiting the oral cavity. Thus, we have targeted S. mutans GTFs,
the cariogenic property of S. mutans, to selectively inhibit the biofilm process while
preserving the natural flora of the mouth.
Through the use of in-silico screening against the recently published high resolution Xray crystal structure of GTF-SI, one of main contributors of in-soluble glucans, we have
successfully identified low micromolar inhibitors of S. mutans GTFs and its biofilm. A

series of derivatives were synthesized to study the structure activity relationship (SAR),
to improve the potency. We believe these compounds have the potential as novel
selective anti-biofilm agents to be used for the prevention of dental caries.
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Targeted antibiotics to bacteria with thiomaltose
Xiaojian Wang2, xiaojian.wang@nyu.edu, Niren Murthy1. (1) Bioengineering, U.C.
Berkeley, Berkeley, California, United States (2) Bioengineering, University of California,
Berkeley, Berkeley, California, United States
The treatment of bacterial infections is a central challenge in medicine. A key
technological barrier limiting the development of new antibiotics is the inability to target
bacteria in vivo. Oligosaccharides have great potential for targeting bacteria due to the
high level of oligosaccharide transporter expression on bacteria, their robust uptake
capacity, and the absence of oligosaccharide transporters on mammalian cells.
However, despite their promise, the development of an effective oligosaccharide
targeting ligand remains a challenge due to the rapid degradation of oligosaccharides in
serum, tissue and other biological fluids. We demonstrate here that a new
oligosaccharide targeting ligand termed thiomaltose, which contains a thioacetal
glycosidic linkage, is resistant to degradation by enzymes in tissue, serum, and the
bacterial cytoplasm, and is orders of magnitude more stable to biological fluids than
current oligosaccharides used for bacterial targeting, maltose and maltohexaose. In this
presentation we present the synthesis and biological evaluation of thiomaltose
conjugated to different antibiotics. Metronidazole is the current therapy for C. difficile
infection (CDI), however its systemic toxicity prevents it from being given at doses that
can effectively treat CDI, and reoccurrence is therefore a major problem. We conjugated
thiomaltose to metronidazole and tested its efficacy. Thiomaltose-metronidazole was at
least as good as free metronidazole at killing C. difficile, however the cytotoxicity of
thiomaltose-metronidazole was lower to mammalian cells than that of free
metronidazole. These results suggest that thiomaltose based molecules have the
potential to significantly improve the therapeutics window of antibiotics due to their
metabolic stability, specificity and robust uptake by bacteria.
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Novel inhibitors of M. tuberculosis InhA: A little learning can go a long way
Thomas P. Stratton1, tpstratton03@gmail.com, Alexander L. Perryman2, Xin Wang1,
Shao-Gang Li2, Steven D. Paget1, Arthur J. Olson4, Sean Ekins3, joel Freundlich1,2. (1)
Pharmacology & Physiology, Rutgers - NJ Medical School, Newark, New Jersey, United
States (2) Medicine, Div. of Infectious Diseases, Rutgers - NJ Medical School, Newark,
New Jersey, United States (3) Collaborations in Chemistry, Fuquay-Varina, North
Carolina, United States (4) Integrative Structural & Computational Biology, The Scripps
Research Institute, La Jolla, California, United States

Tuberculosis, the human disease caused by the pathogen Mycobacterium tuberculosis,
continues to claim the lives of nearly two million people per annum. Although recent
years have witnessed progress towards innovative strategies to combat this global
health dilemma, new drugs are desperately needed that lack cross-resistance with
existing therapeutics. With this goal in mind, we have examined two different strategies
for discovering replacements for the front-line therapy isoniazid that are not susceptible
to the dominant form of isoniazid resistance. Our approach hinges on our established
use of machine-learning models to focus on regions of chemical space that have a
higher probability of containing actives with a desired profile (enzyme inhibition, wholecell activity, and/or lack of relative cytotoxicity to a model mammalian cell line). This
poster will highlight recent attempts to leverage these computational strategies to find
novel inhibitors of the clinically validated target of isoniazid – InhA. In particular, the
synthesis and structure-activity relationships for novel small molecule InhA inhibitors will
be described.
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Metabolomics-aided optimization of antitubercular thienopyrimidines
Shao-Gang Li1, sl1019@njms.rutgers.edu, Catherine Vilchèze2, Sumit Chakraborty3,
Xin Wang1, Hiyun Kim1, Monica Anisetti1, Sean Ekins4,5, Kyu Y. Rhee3, William R.
Jacobs2, joel Freundlich1,6. (1) Department of Medicine and the Ruy V. Lourenço Center
for the Study of Emerging and Reemerging Pathogens, Rutgers-NJ Medical School,
Newark, New Jersey, United States (2) Howard Hughes Medical Institute, Department
of Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, New York,
United States (3) Division of Infectious Diseases and Departments of Medicine and
Microbiology & Immunology, Weill Medical College of Cornell University, New York,
New York, United States (4) Collaborations in Chemistry, Fuquay-Varina, North
Carolina, United States (5) Collaborative Drug Discovery, Burlingame, California, United
States (6) Department of Pharmacology & Physiology, Rutgers University–New Jersey
Medical School, Newark, New Jersey, United States
The metabolic instability of an antitubercular thienopyrimidine was addressed through
substitution for a key sulfide substituent while examining the effect on growth inhibition
of Mycobacterium tuberculosis. This process was guided by studies of the
intramycobacterial metabolism of the thienopyrimidine and its inactive carboxylic acid
derivative. Advanced analogs demonstrated significant gains in mouse liver microsomal
stability with small decreases in whole-cell activity. This work shows how chemical and
biological insights can aid small molecule optimization.
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Synthesis and evaluation of boronic acid inhibitors of the nonmevalonate
isoprenoid biosynthesis pathway

James Gamrat, jgamrat@mail.usciences.edu, Sarah J. Burke, Dylan Tomares, John
W. Tomsho. Department of Chemistry and Biochemistry, University of the Sciences in
Philadelphia, Philadelphia, Pennsylvania, United States
Increased resistance of pathogens to current anti-infective agents continues to be a
significant threat to human health, requiring that novel targets be identified for drug
design efforts. The non-mevalonate isoprenoid biosynthesis pathway (MEP pathway), a
route utilized by P. falciparum and M. tuberculosis for the biosynthesis of essential
isoprenoids, has emerged as an attractive target for design of anti-infective agents. The
pathway products, isopentyl pyrrophosphate and dimethylallyl pyrrophosphate, are
crucial for the survival of these pathogens. Numerous natural product and synthetic
inhibitors of the MEP pathway are known, most of which incorporate a moiety to mimic
the phosphate groups of the natural substrates. The most common phosphate mimic in
these compounds is a phosphonate moiety, but their highly charged nature hinders their
absorption and results in poor pharmacokinetic properties. Here we investigate the
synthesis and evaluation of boronic acids as inhibitors of the MEP pathway.
Computational docking studies were applied to rationalize the binding mode of these
molecules in an attempt to determine a bioisosteric relationship between boronic acids
and phosphate moieties. We report the synthesis of a small library of these compounds
and their assessment as inhibitors against the enzyme target 1-deoxyxylulose-5phosphate reductoisomerase (IspC). IspC serves as an excellent target due to the
structural details available and wide variety of crystal structures available in organisms
such as E. coli, M. tuberculosis, and P. falciparum.
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Modulation of repetitive behaviors in autism spectrum disorder: Design,
synthesis, and biological evaluation of a potent and selective serotonin
autoreceptor antagonist
Dillon Keefe1, dkeefe@usj.edu, Steven W. Goldstein3, Ashraf Khalil2, Ola M.
Ghoneim1. (1) Pharmaceutical Sciences, University of Saint Joseph-School of
Pharmacy, Hartford, Connecticut, United States (2) Pharmaceutical Sciences, Qatar
University-College of Pharmacy, Doha, Qatar (3) Chemistry Department, University of
Saint Joseph, West Hartford, Connecticut, United States
Autism Spectrum Disorder (ASD) manifests itself by social skills deficit, communication
impairments, and repetitive behaviors. Selective Serotonin Reuptake Inhibitors (SSRIs)
are currently the drugs of choice for modulating repetitive behaviors. SSRIs exert their
action by inhibiting the serotonin transporter (SERT), and elevating serotonin (5-HT)
concentration in the synaptic cleft. However, this elevated 5-HT level also stimulates the
inhibitory 5-HT autoreceptors (e.g 5-HT1B, 5-HT1D). Autoreceptors, by definition, autoregulate 5-HT release and therefore delay the therapeutic effect of SSRIs for 4-6 weeks.
Therefore, if used contaminant with an SSRI, the acute blockade of autoreceptors would
eliminate their negative feedback and increase the SSRI efficiency. If used alone,
autoreceptor antagonists would block the auto-regulation of 5-HT and indirectly increase

the 5-HT in the synaptic cleft. Our research has been focussed on incorporating SSRIs
and autoreceptor antagonists in a series of bi-functional ‘hybrids’ to achieve rapid and
consistent increase in 5-HT concentration and a corresponding quick control over the
symptoms. We used the tethering technique for our rationalized drug design by
combining a substituted N-arylpiperazine moiety (from the known HT1B/1D antagonist;
GR127935) and a substituted aryl-quinoxaline-2,3-dione moiety (as an isostere of the
SERT inhibitor; sertraline) linked together via an amide linkage (Figure below).
In our effort to identify a bi-functional serotonergic hybrid, we discovered KG-99 as a
novel potent and selective 5-HT1D autoreceptor antagonist. Preliminary results from in
vitro biological evaluation showed that the IC50 of KG-99 at the 5-HT1D receptors is 9
nM, and its binding constant to be 0.7 nM. KG-99 was tested at other 5-HT receptor
subtypes and its selectivity to 5-HT1D receptors was cofirmed. Studying the effect of
structural modification on the serotonergic characteristics of KG-99 is under progress.
Herein, we present the design, synthesis and biological activities of KG-99 as a potent
and selective 5-HT1D autoreceptor antagonist.
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Imidazobenzodiazepines for improving α5-GABAAR subtype selectivity and their
pharmacological relevance
Michael M. Poe1, mmpoe@uwm.edu, George Gallos2, Roshan Puthenkalam3, Miroslav
M. Savic4, Charles W. Emala2, Margot Ernst3, James M. Cook1. (1) Chemistry and
Biochemistry, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, United States
(2) Columbia University , New York, New York, United States (3) Medical University of

Vienna, Vienna, Austria (4) Faculty of Pharmacy, University of Belgrade, Belgrade,
Serbia
Benzodiazepines (BZDs) such as diazepam have been prescribed for over 50 years.
Their use to treat anxiety, convulsions, muscle spasms, and insomnia can be
overshadowed by their numerous adverse effects such as sedation, ataxia, tolerance,
dependence and withdrawal issues. These issues occur due to the fact that BZDs are
generally nonselective at the GABAA receptors. This leads to the need for subtypeselective ligands that target only one GABAAR-subunit at a time to attenuate these
adverse effects. Research has shown that the adverse effects come from activation of
the α1-subtype; while tolerance is due to the coupling of the α1- and α5-subtypes
(Mohler, et al.). Over the past few years, our α5-subtype selective GABAA receptor
positive allosteric modulator (PAM) SH-053-2'F-R-CH3 (1) has been shown to be
effective in models of schizophrenia and asthma. This PAM has little to no activity at the
α2-, α3-, and most importantly, α1-subtypes. Because the α5-subtype plays a role in
tolerance, it is vital that any α5-subtype selective ligand has little to no activity at the α1subtype to relieve any tolerance issues. Shown herein, is the design and synthesis of
even more potent α5-subtype selective PAM’s, and their pharmacological importance in
schizophrenia and asthma.
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Development of highly potent, selective BET bromodomain inhibitors that are
CNS penetrant and effective in rodent models of brain cancer
Jeffrey Albert1, jeffrey.albert@IntelliSynRD.com, Shawn Johnstone1, Malken
Bayrakdarian1, Andrea Johnstone2, Clara Penas2, Vasileios Stathias2, Shaun Brothers2,
Nagi Ayad2, Claes Wahlestedt2. (1) Chemistry, IntelliSyn Pharma, Montreal, Quebec,
Canada (2) Psychiatry and Behavioral Sciences, Miller School of Medicine, Univ. of
Miami, Miami, Florida, United States
Numerous highly potent, highly selective BET inhibitors have emerged and some (e.g.
IBET-762) have advanced to clinical trials. We aimed to develop BET inhibitors as drug
for untreatable forms of brain cancer including GBM (glioblastoma multiforme) and
metastatic brain cancer. Unfortunately, we found that they are poorly suited as drugs for
any indications that require high CNS drug exposure because they have high
susceptibility to efflux transporters and low passive cellular permeability. To improve
CNS penetration, we employed a structure-based design approach that involved (1)
disrupting key transporter pharmacophore points and (2) altering the physical properties
to improve cellular permeability. In this manner we have identified EP13 which has
strong potency (BRD4 IC50 7 nM), low efflux, high permeability moderate oral
bioavailability in mouse (59%) and high CNS exposure. EP13 shows antiproliferative
effects in TMZ-resistant cancer patient stem cell lines and dose-dependent tumor
reduction in nu/nu mice that were centrally transplanted with luciferase-expressing GBM
cell xenografts.

MEDI 72
Identification, synthesis, and evaluation of novel botulinum neurotoxin serotype
A inhibitors
Krupanandan H. Raghunandan1, krupaharanahalli@gmail.com, Yu-Han Teng2,
William T. Berger1, Natasha Nesbitt2, Kunal Kumar2, trent Balius3, Robert C. Rizzo3,
Peter J. Tonge1,2, Iwao Ojima1,2, Subramanyam Swaminathan4. (1) Chemistry, State
University of New York at Stony Brook, Stony Brook, New York, United States (2)
Institute of Chemical Biology and Drug Discovery, State University of New York at Stony
Brook, Stony brook, New York, United States (3) Applied Mathematics & Statistics,
State University of New York at Stony Brook, Stony brook, New York, United States (4)
Biological, Environmental & Climate Sciences, Brookhaven National Laboratory, Upton,
New York, United States
Botulinum neurotoxins (BoNTs), produced by anaerobic bacteria Clostridium botulinum
are the most potent neurotoxins. BoNTs are classified by the Centers for Disease
Control and prevention (CDC) as category A bioterrorism agents. They exist as seven
distinct serotypes (A-G) out of which, BoNT/A is the most potent with an LD50 of 1.3
ng/kg. BoNT/A is a two-chain polypeptide made up of a heavy and a light chain, which
are linked to each other by a disulfide linkage. The BoNT/A-light chain (LC) is a zinc
metalloprotease that cleaves one of three SNARE proteins at the neuromuscular
junction blocking the release of neurotransmitter acetylcholine, resulting in flaccid
paralysis followed by respiratory failure. The limited availability of therapeutic treatment
and their low LD50 makes BoNTs highly potential weapons for biological warfare. In this
context, there is a need for the development of agents that inhibit BoNTs. In order to
identify potential BoNT/A-LC inhibitors, virtual screening of over one million
commercially available compounds using a new footprint-based similarity scoring
method in DOCK, with tetrapeptide RRGC used as a reference, led to selection of 99
compounds for experimental testing. Of the 99 compounds purchased and assayed in
vitro using a high throughput SNAPtide assay, two hit compounds ChemDiv 5762-1843
and ChemDiv E843-1064 were identified. Furthermore, when the two hit compounds
were tested in vivo against BoNT/A-LC in Neuro-2a cells they displayed a graded
inhibition at 10 µM. The synthesis and biological activity of the two hit compounds
ChemDiv 5762-1843 and ChemDiv E843-1064, as well as their analogs will be
presented.
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Synthesis and biological evaluation of regioisomers of 3-(1-naphthoyl)-1pentylindole (JWH-018)
Amber N. Thaxton, anthaxton@gmail.com, Charles R. Clark, Jack DeRuiter, Forrest
Smith. Harrison School of Pharmacy: Drug Discovery & Development, Auburn
University, Auburn, Alabama, United States
The indole derivative 3-(1-naphthoyl)-1-pentylindole, JWH-018, was one of the five
compounds included in the first group of controlled cannabinoids in the US. Designer
exploration of these compounds has produced dozens of new molecules in recent
years. Many of the 1-alkyl-3-acylindole compounds act as full agonists at both the CB1
and CB2 cannabinoid receptors. JWH-018 has affinity for the cannabinoid brain (CB1)
receptor five times greater than that of THC and has been shown to produce
psychoactive effects in animals similar to those of THC.
This report will describe the synthesis and relative CB1 and CB2 cannabinoid receptor
affinity for a series of 1-pentylindoles having the 1-naphthoyl- and 2-naphthoyl-groups
attached at all available positions of the indole nucleus. The receptor affinity of these
regioisomeric indoles will be compared to the 3-(1-naphthoyl)-1-pentylindole, JWH-018.
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Enantioselective synthesis of heterocyclic analogs of the CGRP receptor
antagonist BMS-927711 for treating migraine
Guanglin Luo1, guanglin.luo@bms.com, Ling Chen1, Charles M. Conway3, Walter
Kostich4, John E. Macor2, Gene M. Dubowchik3. (1) Department of Chemistry, BrisolMyers Squibb, Wallingford, Connecticut, United States (2) L12-06, Bristol-Myers

Squibb, Princeton, New Jersey, United States (3) Bristol-Myers Squibb Pharm,
Wallingford, Connecticut, United States (4) Bristol-Myers Squibb, Wallingford,
Connecticut, United States
An enantioselective synthesis of novel heterocyclic analogs of the CGRP receptor
antagonist rimecagepant (BMS-927711) is described. The cycloheptane ring was
constructed by an intramolecular Heck reaction. The application of Hayashi-Miyaura
and Ellman reactions furnished the aryl and the amine chiral centers while the
separable diastereomeric third chiral center alcohols led to both carbamate and urea
analogs. This synthetic approach was applicable to both 6- and 5-membered
heterocycles as exemplified by pyrazine and thiazole derivatives.
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Further structure-activity relationships study of dithiolethiones: Correlation of
electronic properties, glutathione induction, and neuroprotection
Dennis Brown1, dabrown@manchester.edu, Swati Betharia1, Jui-Hung Yen2, Hitesh
Mistry1, Quang Tran1. (1) Manchester University College of Pharmacy, Fort Wayne,
Indiana, United States (2) Indiana University School of Medicine, Fort Wayne, Indiana,
United States
Parkinson’s disease (PD) is the second most common neurodegenerative disorder in
the United States, and is characterized by the gradual disintegration of the nigrostriatal
dopaminergic pathway. Oxidative stress and glutathione (GSH) depletion have been
associated with the pathophysiology of PD. Recently, the coordinated induction of
phase II detoxification enzymes by exogenous molecules as a neuroprotective strategy
has attracted considerable interest. One class of such molecules, the dithiolethiones
(DTTs), is known to increase cellular levels of GSH and numerous antioxidant enzymes
through activation of the transcription factor Nrf2. DTTs vary significantly in activity,

however, and limited information is available regarding the structure-activity
relationships (SAR) of these interesting molecules. We previously reported a preliminary
SAR study of DTTs as inducers of GSH in the SH-SY5Y human neuroblastoma cell line.
Herein, we describe a SAR study that more closely defines the structural features
responsible for GSH induction. This study revealed that GSH induction was dependent
on the electronic properties of DTT substituents. Specifically, placement of electron
withdrawing groups (carbonyls and aryl rings) at the 4-position and electron donating
groups at the 5-position (alkyl and amine) of the DTT ring gave the greatest GSH
induction. Additionally, it was found that plots of GSH induction vs substituent Hammett
sigma constants provided linear relationships for 4-, 5-, and 4,-5-disubstituted DTTs.
The most active molecule identified in this study, 59, induced GSH by 190%, relative to
control, and was able to provide neuroprotection in the 6-hydroxydopamine model of
neurotoxicity in SH-SY5Y cells. The data from this study will guide the development of
additional DTTs as possible antiparkinsonian agents.
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Imaging active amyloid plaques of Alzheimer’s disease with near-infrared
fluorescent probes capable of cascade signal amplification
Jian Yang1,2, jyang38@mgh.harvard.edu, Jing Yang1,3, Anna Moore1, Chongzhao
Ran1. (1) MGH/Harvard Medical School, Charlestown, Massachusetts, United States (2)
China Pharmaceutical University, Najing, China (3) School of Pharmacy, Soochow
University, Suzhou, China
Amyloid beta (Aβ) plaques constitute one of the most distinctive morphological
hallmarks of Alzheimer’s disease (AD). In the past decade, the contribution of Aβ
plaques to the overall cognitive decline in AD has been debated extensively.
Postmortem studies suggest that plaque abundance does not correlate strongly with
severity of AD. Conversely, preclinical studies provide strong evidence that plaques are
clear sites of pathology and are associated with the presence of dystrophic neurites and
the loss of dendritic spines in their surroundings. Recent evidence indicates that Aβ
plaques transform in a dynamic way. As they develop, the plaques have a different
impact on the environment in which they reside. Data shows that at the early stage of
growth, Aβ plaques lead to higher toxicity than in the later/mature stage. The high toxic
plaques can be considered as “active” plaques, while the mature ones as “silent”
plaques. However, methods for imaging active plaques are currently lacking.
Evidence suggests that microglia that surround the active plaques release reactive
oxygen species (ROS), which plays a central role in toxicity of active plaques. In this
report, we designed and synthesized near-infrared (NIR) fluorescent probes for imaging
active plaques. The designed fluorescent NIR probes are capable of cascade
amplification via interaction with ROS and Aβ plaques. Our in vitro data showed that the
fluorescence of the probes significantly increased after incubating with H2O2, and
further amplified upon mixing with Aβ aggregates. Our preliminary results from in vivo
imaging studies indicate that imaging active plaques is feasible.
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Discovery of small molecule insulin-degrading enzyme inhibitors
Hui Wang2, lzwanghui@hotmail.com, Thomas D. Bannister3, Samer Abdul-Hay4,
Malcolm A. Leissring1,5, Franck Madoux2, Stephan C. Schurer6, Michael Cameron2. (1)
Birdsall Rm. 117, Mayo Clinic, Jacksonville, Florida, United States (2) The Scripps
Research Institute-Florida, Jupiter, Florida, United States (3) #3A1, The Scripps
Research Institute-Florida, Jupiter, Florida, United States (4) Mayo Clinic, Jacksonville,
Florida, United States (5) University of California-Irvine, Irvine, California, United States
(6) University of Miami, Miami, Florida, United States
Insulin-degrading enzyme (IDE) is a thiol-sensitive zinc-metallopeptidase which is
responsible for hydrolysis of insulin in vivo. Thus, inhibition of IDE should elevate insulin
levels and could be a potential therapy for the treatment of diabetes.
Benzoisothiazolone-based IDE inhibitors were identified through a cell-based ultra-highthroughput screening campaign followed by in-house compound optimization. The
identified inhibitors showed IC50 values as low as 63 nM in a cell-based assay.
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Development of novel mGlu1 PAMs: Chemical tools to improve functionality of
mutant receptor isoforms found in a schizophrenic population
Pedro M. Garcia-Barrantes1, pedro.m.garcia@vanderbilt.edu, Hyekyung P. Cho2, John
Brogan1, Colleen Niswender2, Corey R. Hopkins2, Jeffrey Conn2, Craig W. Lindsley2. (1)
Chemical & Physical Biology, Vanderbilt University, Nashville, Tennessee, United
States (2) Dept of Pharmacology, Vanderbilt University, Nashville, Tennessee, United
States
Metabotropic glutamate receptor type 1 (mGlu1) is a G-protein coupled receptor from
the group I of mGlus and is encoded by the GRM1 gene. Stimulation of the receptor
leads to an increase in activity of phospholipase C, with subsequent mobilization of
calcium and increase of intracellular calcium concentrations. mGlu1 is expressed
predominantly in post-synaptic neurons from the hippocampus, hypothalamus,
thalamus, amygdala, cerebellum, basal ganglia and spinal cord. The function of mGlu1
has been implicated in several neural processes such as nociception, synaptic
plasticity, learning and memory. Hypofunction and deregulation of glutamate signaling
has been established as a key concept in schizophrenia pathogenesis. Moreover,
mutations in GRM1 gene that lead to hypofunction of the receptor have been observed
in patients with schizophrenic and bipolar disorders, supporting the modulatory role of
the receptor in neuropsychiatric disorders and suggesting that therapies targeting the
receptor’s function recovery might be beneficial. In order to test this hypothesis, it is
necessary to have suitable chemical tools to achieve the activation of the receptor and
perform target validation studies. This work present the development of novel mGlu1
positive allosteric modulators (PAM) by repurposing a known mGlu4 PAM chemotype

through a multidimensional iterative parallel synthesis approach. The compounds
developed represent a new chemotype for potent and preferential mGlu1 PAM activity.
The efficacy of these probes was evaluated in constructs of the mGlu1 receptor with
mutations that decrease the functionality of the receptor and that have been identified in
the schizophrenia population.
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Preparation and characterization of novel, functionally selective mGlu2 receptor
agonists
Steven S. Henry, sshenry@lilly.com, Lourdes Prieto, Lorena Taboada, Junliang Hao,
Matt Reinhard, Christopher Beadle, Lesley Walton, Teresa Man, Helene Rudyk, Barry
Clark, David Tupper, S. Richard Baker, Carlos Lamas, Carlos Montero, Alicia Marcos,
Jaime Blanco, Mark Bures, David Clawson, Shane Atwell, Frances Lu, Jing Wang,
Marijane Russell, Beverly A. Heinz, Xushan Wang, Joan H. Carter, Brian G. Getman,
John T. Catlow, Steven Swanson, Bryan G. Johnson, David B. Shaw, David L.
McKinzie, James A. Monn. Eli Lilly and Company, Indianapolis, Indiana, United States
Prior work from our laboratories has led to the discovery of highly potent agonists (e.g.
LY354740, 1) of metabotropic glutamate (mGlu) 2 and 3 receptors. While mGlu2 and
mGlu3 have historically been grouped together (group II mGluRs), they show differential
localization and regulate distinct processes in the mammalian central nervous system.
Identification of orthosteric agonists capable of differentiating between mGlu2 and
mGlu3 subtypes has been elusive owing to the highly conserved nature of glutamate
binding site for these two proteins. Herein we detail the synthesis and in vitro
characterization of compounds of general formula 2 in which the C4-position of 1 is
substituted with various thiotriazolyl groups. This investigation has led to the
identification of highly potent mGlu2 receptor agonists exhibiting weak mGlu3 partial
agonist/antagonist activity. Additional in vitro and in vivo characterization of a
highlighted member of this series, LY2812223, will be detailed.
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Identification and optimization of mGluR2 NAM as novel drug candidates for
Alzheimer’s disease
Anne-Laure Blayo, alblayo@domaintherapeutics.com, Stanislas Mayer, Camille
Amalric, Lydie Cardona, Thomas Catelain, Florian Courivaud, Gaël Hommet, Noémie
Lotz, Baptiste Manteau, Sitty Mikidadi, Edith Steinberg, Laurène Deshons, Luc Baron,
Sophie Scheffler, Christel Franchet, Mélanie Frauli, Stephan Schann. Domain
Therapeutics, Illkirch, France
Domain Therapeutics is a biopharmaceutical company specialized in the research and
development of new drug candidates targeting G-Protein-Coupled Receptors (GPCRs).
Using our proprietary DTect-AllTM technology, we have initiated an HTS campaign
targeting the Metabotropic Glutamate receptor 2 (mGluR2) which led to the identification
of a new scaffold showing micromolar mGluR2 NAM activity.
Blocking mGluR2 with Negative Allosteric Modulators (NAMs) constitutes a novel
approach to Alzheimer disease treatment. A good selectivity profile over mGluR3,
another member of the mGluRs Group II, is highly desirable as mGluR3 NAMS were
shown to increase in vitro beta-amyloïd-induced toxicity.
This poster presents our medicinal chemistry efforts starting from our identified
micromolar hits that focused on the development of low-nanomolar activity leads having
a good selectivity over mGluR3 and a good PK profile. Namely, the synthesis, the
optimization and profiling of pyrazolo[1,5-a]quinazolin-5-one derivatives is described.
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Discovery of highly potent, selective and brain-penetrant GluN2A-selective NMDA
receptor positive allosteric modulators (PAMs)
Elisia Villemure1, villemure.elisia@gene.com, Matthew Volgraf1, Jacob B. Schwarz1,
Benjamin D. Sellers1, Cuong Q. Ly1, Patrick J. Lupardus1, Heidi Wallweber1, Bianca M.
Liederer1, Gauri Deshmukh1, Jesse Hanson1, David H. Hackos1, Kimberly ScearceLevie1, Po-wai Yuen2, Guosheng Wu2, Aijun Liu2, Yu Jiang2. (1) Genentech, South San
Francisco, California, United States (2) Pharmaron, Beijing, China
The N-Methyl-D-Aspartate receptor (NMDAR) is a Na+- and Ca2+- permeable ionotropic
glutamate receptor that is activated by the co-agonists glycine and glutamate. NMDARs
are thought to be involved in learning and memory, and their dysfunction has been
implicated in a number of neurological and psychiatric disorders, including
schizophrenia, depression, and Alzheimer’s disease. Towards this end, NMDARs have
long been targets of pharmacological modulation, most notably in the form of nonselective (i.e. memantine and ketamine) and subunit-selective (i.e. ifenprodil)
antagonists. More recently, the identification of NMDAR positive allosteric modulators
(PAMs) have appeared in the literature with the aim of targeting neural circuit
dysfunction via both non-selective and subunit-selective (i.e. GluN2C/2D) PAMs. Herein

we describe the discovery of potent GluN2A-selective NMDAR PAMs starting from a
high-throughput screening hit. Using structure-based design we sought to increase
potency at the GluN2A subtype, while improving selectivity against related AMPA
receptors and other GluN2 subtypes.
MEDI 82
Synthetic enablement of bicyclic morpholinopyrimidones as mGluR5 negative
allosteric modulators (NAMs)
Matthew Reese2, matthew.r.reese@pfizer.com, Steven V. O'Neil2, Brian Boscoe2,
Michelle M. Claffey2, Laura A. McAllister1. (1) Neuroscience Medicinal Chemistry, Pfizer,
Inc., Cambridge, Massachusetts, United States (2) Neuroscience Chemistry, Pfizer, Inc,
Groton, Connecticut, United States
The identification and synthetic enablement of a series of mGluR5 modulators with
favorable physicochemical properties will be discussed. The early synthetic efforts
provided reasonable access to the parent compound (PF-05300572) and related ether
derivatives, but to further optimize the potency of the series, a synthesis allowing for
substitution on the morpholine was required. A three step, one-pot core synthesis was
developed, which facilitated rapid SAR exploration despite the early incorporation of the
diverse amino alcohols. Finally, a modified route suitable for scaling compounds of
interest will also be presented.
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Synthesis of a non-aversive non rewarding dual kappa-delta opioid receptor
analgesic blocking cocaine reward behavior
Andras Varadi1, varadia@mskcc.org, Gina F. Marrone1, Daniel Afonin1, Joan Subrath1,
Valerie Le Rouzic1, Amanda Hunkele1, Gavril W. Pasternak1, Jay McLaughlin2, Susruta
Majumdar1. (1) Memorial Sloan Kettering Cancer Center, New York, New York, United
States (2) Torrey Pines Institute for Molecular Studies, Port St. Lucie, Florida, United
States
Opioids are the most commonly used analgesics for the management of pain. Drugs
belonging to this class achieve pain relief by activation of mu (MOR), kappa (KOR) and
delta (DOR) opioid receptors. Clinically used MOR analgesics are rewarding and
addictive, KOR agonists are aversive, while DOR agonists have a tendency to cause
convulsions. An important goal of opioid drug development is to address these issues.
Opioids can also be used for treating a range of non-opioid abuse/addiction conditions,
including alcohol and potentially cocaine dependence.
We have recently discovered a new class of opioid analgesics targeting the 6transmembrane splice variant of the MOR receptor (6TM/E11) with high affinity. The
lead compound, 3-Iodobenzoyl-β-naltrexamine (IBNtxA), displays potent antinociception
without the side-effects seen with traditional opioid receptors.
During our routine SAR studies on IBNtxA we discovered an opioid ligand (MP1104)
with picomolar binding affinity for all opioid receptors. In functional assays it was 574
and 107-fold more potent than prototypic KOR and DOR agonists. In vivo it was 18-fold
more potent than morphine. We used both pharmacological (selective opioid
antagonists) and genetic approaches (knockout animals) to determine the relative
contributions of opioid receptor families to MP1104 analgesia. MP1104 appears to
produce analgesia exclusively through KOR and DOR receptors. Unlike most DOR
agonists it caused no seizures at doses 45-fold higher than the analgesic ED50. When
evaluated in mouse models of aversion and dysphoria, it showed no reward behavior
unlike most MOR analgesics, or aversion unlike most KOR analgesics. We evaluated
the ability of MP1104 to reverse the reward behavior associated with cocaine intake in
the conditioned place preference test in mice. MP1104 was able to completely block
cocaine-induced reward. This is the first report of a dual KOR/DOR agonist blocking
cocaine reward. MP1104 may represent an attractive strategy to treat pain as well as
cocaine dependence without the characteristic side effects seen with opioid analgesics.
There is presently no FDA approved drug to treat cocaine addiction.
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Insight into opioid-opioid receptor binding through analysis of structural data,
mutagenesis studies, and SAR of opioid peptides
Michael J. Ferracane, michaeljferracane@gmail.com, Jane V. Aldrich. Department of
Medicinal Chemistry, University of Florida, Gainesville, Florida, United States

The opioid receptors (μ, δ, κ) are important targets for the treatment of pain and are
mediators of the pathways that give rise to addiction and can affect depression. Recent
work has resulted in determination of X-ray crystal structures for each of the three
opioid receptors, all in antagonist-bound states. In light of this new information, we
wanted to revisit data from prior work and use molecular modeling to unify this
information into an atomic-level picture of ligand binding (and ideally receptor activation)
that can be used to guide the design of improved opioids. Crystal structures, NMR data,
and SAR for the cyclic peptides JOM-13 (Tyr-cyclo[cys-Phe-pen]), DPDPE (Tyrcyclo[pen-Gly-Phe-pen]), CJ-15,208 (cyclo[Phe-pro-Phe-Trp]), and their derivatives
were utilized to deduce possible active conformations of these peptides and orient them
in the pocket of the opioid receptors. Similar work was done with linear peptides, but as
a result of their conformational mobility, these studies were less conclusive. The overall
results demonstrated that although the peptides have varying sequence, they adopt
similar backbone conformations and have similar orientations of the classic opioid
pharmacophore (phenol, amine, and phenyl ring), achieving their selectivity as a result
of subtle differences in receptor structure at non-conserved residues along the
extracellular loops. Moreover, this work has allowed us to propose that receptor
activation likely occurs as a result of agonist-induced changes to the hydrogen-bond
network formed by the residues Asp3.32 and Tyr7.43, the allosteric sodium site, and the
crystallographic water molecules that connect them all. This research was partially
supported by NIDA grant R01 DA023924.
MEDI 85
Asymmetric synthesis and evaluation of bifunctional μ/δ opioid peptidomimetics:
Probing unexplored ehemical space
Anthony Nastase1, nastase@umich.edu, Nicholas W. Griggs2, Aubrie Harland1,
Jessica P. Anand2, Emily M. Jutkiewicz2, John R. Traynor2, Henry I. Mosberg1. (1)
Medicinal Chemistry, University of Michigan, La Porte, Indiana, United States (2)
Pharmacology, University of Michigan, Ann Arbor, Michigan, United States
Opioid analgesics represent the most widely used class of prescription analgesics;
unfortunately opioid abuse has become increasingly problematic. In fact, the number of
deaths by prescription opioid overdose has quadrupled since 1999. To combat this
trend, we aim to develop efficacious opioid analgesics with reduced risk of dependence.
It has been shown that co-administration of a mu opioid receptor (MOR) agonist with a
delta opioid receptor (DOR) antagonist can mitigate negative side effects, such as
tolerance and dependence. We have previously reported on a series of peptidomimetics
utilizing a tetrahydroquinoline (THQ) scaffold, which displays a MOR agonist/DOR
antagonist binding profile in vitro. In addition, these ligands show promise as effective,
bioavailable analgesics an in vivo mouse model.
Initial analogs in the THQ series incorporated various aromatic and heterocyclic
pendants at the 6 position (R1). Guided by computational models, we explored

substitutions at the 6, 7, and 8 positions. While substitutions at the 7 and 8 positions
greatly reduced binding across all opioid receptors, it was discovered that a 6,8disubstituted ligand achieved potent binding at MOR and DOR with efficacy similar to
morphine. Here we present emerging in vitro and in vivo trends of novel 6,8disubstituted THQ peptidomimetics with balanced affinity for mu and delta opioid
receptors.
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Structural modifications to the lactone of salvinorin A for the development of
addiction therapies
Rachel M. Saylor, saylorrm@gmail.com, Thomas E. Prisinzano. Medicinal Chemistry,
University of Kansas, Lawrence, Kansas, United States
Over 23 million Americans require treatment for drug or alcohol addiction each year.
Limited medication options are currently available for the treatment of opioid and alcohol
abuse, but no FDA approved medications for stimulant abuse exist. Kappa opioid
receptor (KOR) agonists have shown success in treating abuse related behaviors in
several different animal models of drug abuse.
The potent and selective KOR agonist salvinorin A (SVA) is a structurally-unique natural
product, lacking a basic nitrogen, and a structurally complex molecule, with a variety of
sensitive functional groups and stereocenters. While SVA has interesting and desirable
pharmacological activity, it still possesses some undesirable pharmacokinetic (PK)
properties such as poor water solubility and bioavailability. By probing the structureactivity relationships at KORs, we hope to identify a point on the molecule that can be
modified to address these PK shortfalls without loss of KOR activity.
Previous investigation of the SVA structure has identified the lactone as being tolerant
to modifications (Munro, et. al. J. Med. Chem. 2005, 48, 3445). Preliminary results have
verified these findings, demonstrating that small modifications to the lactone do not
drastically affect KOR activity, and indicate that polar substitutions capable of hydrogenbonding are preferred. Current efforts are aimed at further exploration of this position to

validate the lactone as a point on the molecule through which structural changes can be
made that manipulate PK properties while maintaining KOR activity.

MEDI 87
Design, synthesis, and initial structure-activity relationship (SAR) study of novel
multifunctional dopamine D2/D3 agonists with modulatory property against αsynuclein aggregation and toxicity
Dan Luo1, fa7582@wayne.edu, Horrick Sharma1, Tamara Antonio2, Maarten Reith2,
Aloke K. Dutta1. (1) Department of Pharmaceutical Sciences, Wayne State University,
Detroit, Michigan, United States (2) Department of Psychiatry, New York University,
New York, New York, United States
Parkinson's disease (PD) is a neurodegenerative disorder with a progressive loss of
dopaminergic neurons in the substantia nigra pars compacta (SNpc) and the presence
of "Lewy bodies (LBs)" as its pathogenic hallmarks. Symptoms of PD are broad in
spectrum, and usually are classified into motor and non-motor features. Bradykinesia,
resting tremor, rigidity, and postural instability are its key clinical features. Studies have
revealed that the pathogenesis of PD, although not well defined, is multifactorial with a
great degree of complexity. Oxidative stress, protein aggregation, mitochondrial
dysfunction, and genetic/environmental factors are strongly implicated in the PD
progression. Based on the multifactorial nature of PD pathogenesis, treatments
targeting multiple pathogenic factors could be promising in terms of symptomatic and
neuroprotective treatment of PD and overcoming the shortcomings presented by the
current therapies. α-synuclein (ASN) protein, as the main component of Lewy bodies,
has been one of the major targets for the development of PD therapeutics. Toxicity of
aggregated ASN has been implicated in the pathogenesis of PD. Our goal is to develop
multifunctional agents by modulating ASN aggregation derived toxicity while maintaining
the potent D2/D3 agonistic activity. Based on our recently developed modified hybrid
molecular template, an initial SAR study was carried out by covalently attaching the

D2/D3 agonist head group to suitable moieties which have been shown to modulate ASN
aggregation. Compounds were characterized both in the in vitro binding assay and
GTPγS functional assay. Among them, D-606 exerted highest affinity for D2/D3
receptors (Ki; D2 (58.5 ± 7.3 nM) and D3 (0.675 ± 0.17 nM). In vitro biological
characterization as well as in vivo efficacy will be presented. This work is supported by
NS047198 (AD).
MEDI 88
Discovery of bicyclic aminopyrazines and aminoquinazolines as potent and
selective A2A antagonists for Parkinson disease
Gang Zhou1, gang.zhou@merck.com, Amjad Ali2. (1) RY800-C107, Merck Co.,
Rahway, New Jersey, United States (2) Merck, Rahway, New Jersey, United States
Parkinson’s disease (PD) is a neurodegenerative disorder, that is characterized by the
loss of dopaminergic neurons in the substantia nigra. Antagonists of the adenosine A2A
receptor have recently emerged as the best potential class of non-dopaminergic
antiparkinsonian agents. A2A receptor antagonists have demonstrated efficacy in
rodent and primate models of PD, with significant improvement in the side-effect profile
of both motor (e.g., dyskinesias) and non-motor (e.g., hallucinations) nature. Preclinical
data suggests that A2A receptor antagonists may also provide treatment for non-motor
symptoms such as cognition and depression.
We will present here the design of two series of novel bicyclic adenosine 2a antagonists
with an aminoquinazoline and aminopyrazine moieties. The optimization of the initial
lead compound based on in vitro and in vivo activity led to the discovery of potent and
selective classes of adenosine 2a antagonists. The structure-activity relationship studies
of these novel series of bicyclic aminoquinazoline and aminopyrazine derivatives as
adenosine 2a antagonists have been explored in detail. Detailed preclinical PK-PD
study of aminoquinazoline series will be presented.
MEDI 89
Identification of imidazotriazinone analogs as potent and selective PDE9
inhibitors demonstrating good drug-like properties and cognitive enhancement in
a rodent cognition model
Andrew J. McRiner1, amcriner@forumpharma.com, Duane A. Burnett1, Matthew G.
Bursavich1, Sudarshan Kapadnis1, Liza Leventhal1, Scott Nolan1, Amy S. Ripka2,
Gideon Shapiro3, Cuyue Tang1, Melody Wen1, Gerhard Koenig1. (1) FORUM
Pharmaceuticals, Watertown, Massachusetts, United States (2) WuXiAppTec, Reading,
Massachusetts, United States (3) Pharmore, Gainesville, Florida, United States
As part of our ongoing efforts to identify new therapies for unmet medical needs in the
CNS disease space, we have identified and evaluated novel PDE9 inhibitors as
potential treatments for neurodegenerative/neuropsychiatric conditions with cognitive

impairment. Herein we report the discovery of a series of potent PDE9 inhibitors with
excellent selectivity over other PDE isoforms. Furthermore we report the evaluation of
DMPK properties leading to the identification of lead compounds which have
demonstrated cognitive improvement in the rat Novel Object Recognition assay.
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Rapid technique for new scaffold generation II: What is the best source of
inspiration?
Tim Cheeseright, tim@cresset-bmd.com, Susana Tomasio, Paolo Tosco, Mark D.
Mackey. Cresset, Cambridgeshire, United Kingdom
Scaffold hopping remains a central task in medicinal chemistry for generating and
protecting intellectual property. We have previously presented a technique for rapidly
generating reasonable yet novel scaffold replacements using molecular fields. We
showed that our method, embodied in the scaffold hopping software Spark, competes
favourably with other published methods including those derived from quantum
mechanics.
In this poster we explore how different data sources affect the results of scaffold
hopping experiment. Common data sources include small molecule crystal structures,
screening compounds, available reagents and literature reports of bioactive
compounds. These data sources will be explored in relation to a set of Spark
experiments (e.g. core replacement, R-group exploration, fragment growing) to
determine how they affect the quality of the results.
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Probing synthetic lethality of PARP1 activities
Kiaya Sulier1, kiaya13@vt.edu, Jatinder S. Josan2. (1) Virginia Tech, Blacksburg,
Virginia, United States (2) Chemistry, Virginia Tech, Blacksburg, Virginia, United States
Synthetic lethality defines the genetic interaction between two genes where the loss of
one gene function leaves a viable cell, while the loss of two gene functions becomes
lethal. Utilizing a synthetic lethal gene mutation that sensitizes a cancer cell to
pharmacological inhibition of the cognate gene product could yield selective destruction
of cancer cells while avoiding the toxicity to normal cells. Synthetic lethality of the breast
cancer associated gene (BRCA) and poly(ADP-ribose) polymerase (PARP1), essential
for homologous recombination (HR) and base-excision repair (BER) respectively, is well
known (Fig. 1A).1,2
Most contemporary PARP1 inhibitors are non-selective, and likely bind to multiple
PARPs, as shown from recent x-ray crystallographic structures.3 With implications of
PARP proteins in multiple diseases, the discovery of selective inhibitors of PARP1 and
other classes of PARP, both as probes and as more efficacious, less toxic drugs for

chronic drug administration, rises in necessity. We report an in silico screening
methodology to discover selective PARP1 inhibitors, and present a proof-of-concept by
following experimental verification in biochemical assays. Briefly, we combined the
pharmacophore screen and docking screen of ZINC library using novel data fusion
methodologies and utilizing recently published crystal structures of various PARPs3 to
discover selective PARP1 inhibitors. Presently, we are testing these hits for PARP1
activity, and will follow-up with testing of these active leads on other PARPs. Thus, this
novel screening methodology will allow the discovery of selective PARP1 inhibitors
useful in multiple cancers with HR-deficient phenotypes. The inhibitors may also find
utility in inflammatory, cardiovascular, and neurodegenerative diseases.
1) Bryant, H. E.; et. al. Nature 2005, 434, 913
2) Farmer, H.; et. al. Nature 2005, 434, 917
3) Wahlberg, E.; et. al. Nat. Biotechnol. 2012, 30, 283

Fig. 1 (A) Synthetic lethality of BRCA1 and PARP1. (B) Screening methodology for selective
PARP1 inhibitors.
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Is this compound worth making
Tim Cheeseright, tim@cresset-bmd.com, Mark D. Mackey, Giovanna Tedesco, Paolo
Tosco, Susana Tomasio. Cresset, Cambridgeshire, United Kingdom

In drug discovery programs, summarizing and understanding the SAR for large data
sets of compounds can be a difficult and time-consuming exercise. At the same time,
medicinal chemists need to ensure that the newly synthesized compounds are worth
making. This could be through contributing to the SAR exploration of the chemical
series of interest or improving physico-chemical properties while maintaining activity at
the same time.
With Activity Atlas it is possible to summarize the SAR for a given data set into a simple
picture of explored shape and preferred electrostatic profile. This provides an invaluable
view to the chemist of which parts of the property space around a molecule have been
adequately explored. Additionally, when considering a new molecule for synthesis, it is
possible to compute an ‘information content’ score for the new molecule: if we made
and tested this new molecule, how much would it actually increase the SAR information
content of the data set?
Using the SAR picture in the design of new molecules enables the chemist to improve
their physico-chemical profile while maintaining the biological activity of interest.
MEDI 93
Blind and visually impaired-accessible investigation of hydration propensities of
biologically relevant α-ketoamides
Henry Wedler1, hobywedler@gmail.com, Teresa Palazzo1, Ryan P. Pemberton1,
Christian S. Hamann2, chamann@albright.edu, Mark Kurth1, Dean J. Tantillo1. (1)
Chemistry, University of California at Davis, Davis, California, United States (2)
Chemistry & Biochemistry, Albright College, Reading, Pennsylvania, United States
Quantum chemical calculations coupled to experiments were used to predict covalent
hydration propensities of biologically-relevant α-ketoamides. As a starting point,
computationally determined hydration equilibrium constants for related ketones and
aldehydes were correlated to experimentally determined values resulting in a method
for predicting hydration equilibrium constants. Applying our method to a test set of six αketoamides revealed a correlation between computationally predicted and experimental
equilibrium values for hydration. This correlation was applied to several germane APIs,
and our results indicate that the keto form is favored for practically all of these αketoamides in biological environs. While many steps in this work are accessible to the
blind, one step required conformational searching using software that, unfortunately, is
inaccessible. HBW, a co-author on this project, is completely blind, and the focus of this
presentation is the development of accessible computational methods to close this gap.
The centerpiece of this approach is a 2-dimensional, 360-degree dihedral scan
employed to determine the lowest energy conformation of the hydrate form (a geminal
diol functional group). This accessible protocol has the potential to replace the
inaccessible conformational search, and the results thus obtained were applied to
several of our newly synthesized α-ketoamides.
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Design, synthesis, and biological evaluation of thiophene-based heteroaryl
derivatives as MEK5 inhibitors
Dhruv Shah1, shahd@duq.edu, Austin Motta1, Thomas Wright2, Jane Cavanaugh3,
Patrick T. Flaherty1. (1) Division of Medicinal Chemistry , Grad School of
Pharmaceutical Sciences, Duquesne University, Pittsburgh, Pennsylvania, United
States (2) Division of Pharmacology, Graduate School of Pharmaceutical Sciences,
Duquesne University, Pittsburgh, Pennsylvania, United States (3) Duquesne University,
Pittsburgh, Pennsylvania, United States
Clinical utility of type-III kinase inhibitors have been demonstrated by the recently
approved MEK-1/2 (Mitogen-activated kinase) inhibitor, Mekinist®. Isoform selectivity
between the 7 MEK isoforms is an important yet unaccomplished goal. Within the 7
isoforms of MEK the biggest differences occur in the type-III binding site; this will be
explored for the design of MEK-5 selective inhibitors. MEK5 is the upstream kinase of
ERK5; ERK5 (Extracellular signal-Regulated Kinase) is the only known substrate for
MEK5. The ERK5/MEK5 signaling cascade is upregulated in specific cancers including
triple-negative breast cancer and prostate cancer. Docking studies with a homology
model of MEK-5 (based on MEK-1; PDB ID: 3EQC) has assisted the design of potent,
selective MEK-5 inhibitors. Previously, thiophene-based analogs have been examined
by other groups at MEK-1; incorporations on our prior SAR and homology modeling of
MEK5 onto the thiophene core suggested new thiophene-based compounds. Design,
synthesis and biological activity of these compounds as MEK5 inhibitors will be
presented.
MEDI 95
Computational approach for performing medicinal chemistry transformations
within a 3D active site
Michael R. Goldsmith, r.goldsmith@chemcomp.com. Applications Sciences, Chemical
Computing Group, Montreal, Quebec, Canada
Bioisosteric replacement and the functional group optimization of a lead are well
established and important medicinal chemistry methods applied in drug discovery. In
silico methods for performing these medicinal chemistry transformations can
significantly expand the chemistry for a project, and increase the chance of success.
Previous in silico methods for performing these transformations are typically limited to
2D space, ignore the receptor, or rank molecules using simplistic descriptors. In this
work, a new method for performing the transformations in the context of the 3D receptor
and ranking the results using energy scores and synthetic feasibility is presented.
MEDI 96

Exploiting solvent effects in drug design and optimization
Christopher Williams, cw@chemcomp.com. Chemical Computing Group, Montreal,
Quebec, Canada
When a ligand binds a protein, the structured solvent molecules in the binding pocket
and around the unbound ligand become displaced or rearranged. These molecular
reorganizations, in terms of desolvation, have a large impact on binding free energy,
influence ligand design requirements and can introduce elements of ambiguity in
traditional SAR analysis. Typically, computing the energetics of these reorganizations
requires lengthy and expensive simulations. This talk presents an efficient method (3DRISM) which computes, in the order of minutes, the thermodynamic effects of solvent
reorganization without explicit simulations. The method can help locate regions of
organized solvent and their corresponding free energies. Application of the method to
ligand optimization is demonstrated using case studies which highlight the unique
insights that can be gained from this type of analysis.
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Building a rational model for the prediction of allosteric sites
Camille Indey1, camille.indey@strath.ac.uk, Nicholas Tomkinson2. (1) Pure and Applied
Chemistry, University Of Strathclyde, Glasgow, United Kingdom (2) Pure and Applied
Chemistry, University of Strathclyde, Glasgow, United Kingdom
Allostery is the regulation of protein function that is induced by the binding of a ligand at
a site distinct from the orthosteric site.1 Interaction of a small molecule with these sites
can either enhance or inhibit the protein function. Therefore, allosteric modulators can
offer new opportunities and advantages in drug discovery such as greater selectivity
and the preservation of physiological signalling.2 No technique has yet been identified to
rationally predict allosteric sites which would facilitate the design of allosteric ligands.
As part of a multidisciplinary team we have developed a model for allosteric site
prediction which can be exploited by the scientific community. Through an iterative
cascade of modelling, virtual screening, hit identification and synthesis we have refined
and improved our models algorithm.
Within this presentation, I will describe our approach to the identification of allosteric
sites on the splicing kinase DYRK2. Through this process, two potential allosteric
pockets have been explored and selective ligands identified that bind to the receptor.
1. R. Nussinov and C.-J. Tsai, Cell, 2013, 153, 293-305.
2. P. J. Conn, C. W. Lindsley, J. Meiler and C. M. Niswender, Nat Rev Drug Discov,
2014, 13, 692-708.

Figure 1: Interactive multidisciplinary project
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Novel dUTPase inhibitors for 5-fluorouracil-resistant cancers
Caitlin M. DeAngelo2, caitlindeangelo@gmail.com, Marcos A. Sainz2, Kevin J.
Gaffney2,1, Stan G. Louie1, Nicos A. Petasis2,1. (1) School of Pharmacy, University of
Southern California, Los Angeles, California, United States (2) Dept of Chemistry and
Loker Hydrocarbon Institute, University of Southern California, Los Angeles, California,
United States
Cancers that are resistance to treatments with 5-flurouracil and other widely used
thymidylate synthase (TS) inhibitors have been associated with the overexpression of
dUTPase, an enzyme responsible for the conversion of the deoxyuridine triphosphate
(dUTP) to deoxyuridine monophosphate (dUMP), the native substrate for TS. Increased
activity of dUTPase has been implicated in several major types of resistant cancers,
including colorectal cancer, breast cancer, and non–small cell lung cancer. Therefore,
the development of selective and potent dUTPase inhibitors is a promising approach for
the treatment of large numbers of patients that do not respond to treatments by 5flurouracil and related TS ihibitors. Herein, we report our latest results involving the
development of novel dUTPase inhibitors that were identified using computational
structure-based design. A library of selected potential inhibitors was synthesized and
evaluated by an in vitro light-producing pyrophosphate detection assay, and by
determining the effect on growth inhibition in selected cancer cell lines. These studies
are designed to demonstrate the potential therapeutic benefits of this approach for the
treatment of these resistance cancers.
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Post-HTS structural alert: Promiscuous, non-selective 3-hydroxy-pyrrolidin-2-one
hits triaged by ALARM NMR

Jameson L. Dahlin4,5, dahlin.jameson@mayo.edu, Willem Nissink2, Zhiguo Zhang3,
Michael A. Walters1. (1) Institute for Therapeutics Discovery and Development,
University of Minnesota, Minneapolis, Minnesota, United States (2) Oncology Innovative
Medicines, Unit 310, AstraZeneca, Cambridge, United Kingdom (3) Biochemistry and
Molecular Biology, Mayo Clinic College of Medicine, Rochester, Minnesota, United
States (4) Medical Scientist Training Program, Mayo Clinic College of Medicine,
Rochester, Minnesota, United States (5) Molecular Pharmacology and Experimental
Therapeutics, Mayo Clinic College of Medicine, Rochester, Minnesota, United States
Not every high-throughput screen (HTS) yields useful chemical matter, and seldom are
there reports of ‘no-go’ decisions in early drug discovery. Herein, we describe the
follow-up of a 3-hydroxy-pyrrolidin-2-one hit from a recent cell-free HTS to identify
small-molecule inhibitors of the histone acetyltransferase (HAT) Rtt109. While this
compound and close structural analogs inhibited Rtt109-catalyzed histone acetylation in
orthogonal assays at low micromolar concentrations, further work on this compound
class was halted after performing several risk mitigation strategies in parallel. This
chemotype had a flat structure-activity relationship, exhibited poor selectivity among
related HATs, and showed behaviors consistent with chemical aggregate formation in a
β-lactamase counter-screen. Interestingly, this compound was ALARM NMR positive in
both the presence and absence of DTT, suggesting its in vitro activity is due to nonspecific perturbations in protein conformation. This class was flagged as a ‘frequent
hitter’ in an analysis of a major pharmaceutical company screening deck. Despite these
liabilities, there are numerous reports in the scientific literature using similar compounds
with varying claims of biological utility. This case study − including the decision-making
process behind our ‘no-go’ decision − should be informative for groups engaged in postHTS triage, and serve as a caveat to those following-up on this chemotype in a drug
discovery setting.

MEDI 100
Cell permeable ATP analog for kinase-catalyzed labeling

Ahmed E. Fouda1, afouda@chem.wayne.edu, Mary K. Pflum2. (1) Chemistry, Wayne
State University, Detroit, Michigan, United States (2) Department of Chemistry, Wayne
State University, Detroit, Michigan, United States
Kinase-catalyzed protein phosphorylation is a regulatory process controlling cascades
of biochemical reactions. Irregularities in phosphorylation result in many diseases, such
as diabetes mellitus, Parkinson’s, and cancer. Therefore, development of new methods
to monitor kinase-catalyzed phosphorylation is needed to understand normal and
diseased states. The Pflum lab recently developed kinase-catalyzed biotinylation using
ATP-biotin to monitor kinase enzymes and substrate phosphorylation. However, kinasecatalyzed biotinylation is limited to in vitro applications only due to the cell
impermeability of ATP analogs. Here, we report the first cell permeable ATP analog,
ATP-polyamine-biotin (APB), compatible with kinase-catalyzed biotinylation. APB
showed in vitro protein labeling similar to ATP-biotin. Importantly, biotin labeling of
kinase substrates in living cells was also observed. APB will aid in monitoring kinasecatalyzed phosphorylation in living cells, which will enhance studies on
phosphoproteomes, cell signaling cascades, and disease formation. Understanding the
cell signaling in diseased cells will aid in the discovery of new lead compounds and
promote drug discovery through specifically targeting irregularities in the cell signaling.

MEDI 101
Lead identification of novel tetrahydroisoquinolines as mineralocorticoid receptor
antagonists
Ping Lan1, ping_lan@merck.com, Zhongxiang Sun1, Anthony K. Ogawa2, Zhicai Wu1,
Peter J. Sinclair3, Jim Tata4. (1) Merck, Kenilworth, New Jersey, United States (2) Merck
and Co, New Providence, New Jersey, United States (3) Merck, Doylestown,
Pennsylvania, United States

The Mineralocorticoid Receptor (MR) is a clinically validated target for hypertension and
heart failure treatment, with spironolactone (SPL) and eplerenone (EPL) as marketed
MR antagonists. However, the use of both is limited due to either off-target activity (for
SPL) or inferior potency (for EPL). This provides a strong opportunity for a Best-In-Class
approach to develop a non-steroidal full antagonist that has equivalent or greater
efficacy than SPL with the selectivity of EPL. To explore this approach, MRL initiated a
program that was aimed at discovering novel small molecules as efficacious MR
antagonists. Toward this end, one of the potential lead classes is the
tetrahydroisoquinoline series (THiQ). Herein we report the early discovery chemistry
efforts, which resulted in the rapid progress of an HTS hit to a novel THiQ series with
excellent selectivity and comparable PD efficacy to the marketed drug SPL in preclinical
animal models.
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Examination of the protective effects of berberine in thiol oxidative stress
Christophina Lynch2, Christophina.lynch@sdstate.edu, Satya Sadhu3, Teresa M.
Seefeldt1. (1) SDSU College of Pharmacy, Brookings, South Dakota, United States (2)
Pharmaceutical Sciences, South Dakota State University, Brookings, South Dakota,
United States (3) South Dakota State University, Brookings, South Dakota, United
States
Thiol oxidative stress has been implicated in a variety of cardiovascular diseases
including heart failure. Thiol redox state (TRS) is expressed as the ratio of thiols to
disulfides within the cell. Disulfides are reduced to their corresponding thiols by
enzymes such as thioredoxin reductase (TrxR) and glutathione reductase (GR).
Berberine is a natural product isolated from several plant sources such as berberis, and
it has been used to treat ailments ranging from cardiovascular diseases to cancer and is
often employed as an antioxidant. However, there is little known about its mechanism of
antioxidant effect, especially in thiol oxidative stress. H9c2 rat cardiomyocytes have
been used as a model to demonstrate the protective effects of berberine against 1,3bis-(2-chloroethyl)-1-nitrosourea (BCNU) induced thiol oxidative stress. BCNU
significantly increased total disulfide content where glutathione disulfide increased by
29% and protein disulfide increased by 43% compared to control. However, a
combination of berberine plus BCNU was able to lower total disulfide content after a 2
hour treatment, where glutathione disulfide decreased by 14% and protein disulfide
decreased by 57%. The combination also increased glutathione content by 37% when
compared to BCNU alone but did not change protein thiol content among treatments.
This was correlated with an increase in both GR and TrxR activity, where a 49%
increase in GR activity and a 43% increase in TrxR activity were observed when
compared to BCNU alone. Berberine may protect against thiol oxidative stress via the
glutathione and thioredoxin pathways.
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Optimization of amide-containing EP3 receptor antagonists
Esther C. Lee1, esther.lee2@pfizer.com, Kentaro Futatsugi2. (1) Pfizer, Brookline,
Massachusetts, United States (2) Pfizer, Quincy, Massachusetts, United States
Prostaglandin E receptor 3 (EP3) is a Gi-coupled GPCR that is activated by
prostaglandin E2 (PGE2), the endogenous agonist. EP3 is one out of four subtypes
within the EP family and is located in the kidney, bladder, brain, uterus, and stomach.
Antagonism of EP3 has been studied for treatment of several clinical indications
including overactive bladder, thrombosis, and hypertension, and thrombosis. Recently,
a publication showed that EP3 antagonists may have implications in diabetes. Both the
EP3 receptor expression and ligand, PGE2, are upregulated in the pancreatic islets of
diabetic humans and thus antagonism could partially restore defective glucosestimulated insulin secretion (GSIS). This poster will describe the optimization of potency
and lipophilic efficiencies in an amide-containing series.
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Synthesis of 17β-N-arylcarbamoylandrost-4-en-3-one derivatives and their in vitro
and in vivo effect as potent 5α-reductase inhibitors
Francisco Cortes1, franciscoqfb@comunidad.unam.mx, Marisa Cabeza3, Berenice
Alvarez1, Maria-Teresa Ramírez-Apan4, Rafael Castillo-Bocanegra2, Eugene A.
Bratoeff1. (1) Departamento de Farmacia, Universidad Nacional Autonoma de Mexico,
Mexico City, Mexico (2) Farmacia, Div De Estudios De Posgrado, Mexico, Mexico (3)
Laboratorio de Hormonas, Universidad Autonoma Metropolitana, Mexico City, Mexico
(4) Laboratorio de Pruebas Biológicas, Instituto de Quimica, Universidad Nacional
Autonoma de Mexico, Mexico City, Mexico
Steroidal compounds have been extensively studied for the treatment of Prostatic
Benign Hyperplasia (BPH) and Prostate Cancer, which are the most common prostate
diseases in men. In this study we report the synthesis and pharmacological evaluation
in vitro as well as in vivo of eight 17β-N-arylcarbamoilandrost-4-en-3-one derivatives
(6a-h). In the in vitro experiments we determined the IC50 values for the inhibition of
human prostatic 5α-reductase enzyme (5aR) and the antiproliferative effect in human
prostate cancer LNCaP cell line. In the in vivo assays we measured the activity of these
compounds on different androgen-sensitive tissues of gonadectomized hamsters
treated with testosterone. Results from these studies indicate that the novel derivatives
present an inhibitory activity in 5aR enzyme (IC50 = 150 to 0.112 nM). Moreover,
compounds 6f and 6g exhibit higher antiproliferative effect than commercially available
flutamide in LNCaP cells. Additionally, these derivatives decrease the size of the tissues
in gonadectomized hamsters.
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Synthesis of 17-triazoyldehydroepiandrosterone derivatives with substituted
cinnamates at C-3 and their in vitro and in vivo biological activity
Maria Eugenia Mendoza Jasso2, minijassito@gmail.com, Marisa Cabeza3, MariaTeresa Ramírez-Apan1, Francisco Cortes2, Eugene A. Bratoeff2. (1) UNAM, Mexico
City, Mexico (2) Pharmacy, Universidad Nacional Autonoma de Mexico, Mexico City,
Mexico (3) Laboratorio de Hormonas, Universidad Autónoma Metropolitana, Mexico
City, Mexico
The Prostatic Benign Hyperplasia (BPH) and Prostate Cancer are the most common
worldwide prostate diseases in men. In this work, one set of nine novel
dehydroepiandrosterone derivatives with 1H-1,2,4-triazole moiety at C-17 and
substituted cinnamates at C-3(6a-i) were synthesized. All compounds were evaluated
as inhibitors of 5α-reductase type 2 enzyme (5αR2), and examined for their
antiproliferative effects on two prostatic cancer cell lines (PC-3 and LNCaP) and
noncancerous murine macrophages (J774). Furthermore, these derivatives were
evaluated as anti-androgenic agents in different androgen-sensitive tissues of
gonadectomized hamsters. The results from these assays showed that 6d and 6g
exhibited anti-5αR2 activity (IC50=0.15 and 0.97 nM, respectively). Antiproliferative
assays displayed that 6b, 6d and 6g were the most potent against PC-3 (100%) and
LNCaP (89%, 86% y 98%, respectively) cells. On the other hand, 6h derivative
decrease significantly the weight of the hamster prostate compared with commercially
available Finasteride.
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Desigin of 7-azaindole-based Rho kinase (ROCK) inhibitors
Upul K. Bandarage, upul_bandarage@vrtx.com, Jingrong Cao, Jon Come, John J.
Court, Huai Gao, Marc Jacobs, Craig Marhefca, Tomoko Nakayama, David Newsome,
Suganthi Nanthakumara, Steven Rodems, Sundeep Shah, Michelle Stewart, Paul
Taslimi, Jeremy Green. Vertex Pharmaceuticals Inc, Boston, Massachusetts, United
States
The Rho kinases (ROCK1 and ROCK2) are highly homologous serine/threonine
kinases that act on substrates associated with cellular motility, morphology and
contraction. Inhibitors of Rho kinases represent potential therapeutic agents to treat
smooth muscle disorders such as hypertension, glaucoma, and erectile dysfunction.
Starting from a 4-pyridyl-based screening hit we have developed a series of 3substituted 7-azaindole-derived inhibitors of ROCK. Design of these inhibitors was
driven by structural understanding of binding modes and required a non-intuitive shift of
substitution from the azaindole 4-position to the 3-position. Furthermore, structural
understanding of the binding modes allowed for design of improved selectivity against
closely related kinases and allowed for improvements in metabolic stability. In this
poster, we disclose the synthesis, SAR and lead optimization studies of 7-azaindole
based ROCK inhibitors.
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Synthesis of neuroprotective agents against stroke in less than 10 steps

Ghinaa Abu deiab, giabudei@uncg.edu, I. F. Dempsey Hyatt, Mitch P. Croatt.
University of North Carolina at Greensboro, Greensboro, North Carolina, United States
Previously our group reported a route for the synthesis of Isocarbocyclin and its
analogues which have neuroprotective activity after stroke in less than 10 steps. The
synthesis that will be presented here is using three transition metal catalysts, Pd(0),
Rh(I) and Ru(II), through a novel decarboxylation, a [2+2+1] cycloaddition and cross
metathesis to rapidly assemble the building block with the diversification for the
analogues to be in the final steps.
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Cytochrome P450 aromatic oxidation: A simple model for reactive metabolites
prediction
Anna Tomberg3, anna.tomberg@mail.mcgill.ca, Joshua Pottel3, Zhaomin Liu3, Chris R.
Corbeil1, Paul Labute1, Nicolas Moitessier2. (1) Chemical Computing Group, Montreal,
Quebec, Canada (2) McGill University, Montreal, Quebec, Canada (3) Chemistry, McGill
University, Montreal, Quebec, Canada
The metabolism of a compound has a tremendous influence on its success as drug
candidate. Predicting the metabolites produced may dramatically reduce the drug
discovery process by identifying potentially toxic compounds at an early stage. Most of
the detoxification takes place in the liver, where, among others, Cytochrome P450
(CYPs) enzymes oxidize compounds to make them more water soluble and easier to
excrete. However, the metabolites produced by this bioactivation may be highly reactive
and could cause toxicity by covalently binding to macromolecules in the body.
Computational chemists focused on creating software identifying the sites of
metabolism on a molecule, yet little has been done on the reactivity at those sites. We
present here a simple method to predict the formation of reactive metabolites after
bioactivation of aromatic rings. Using Density Functional Theory, we modeled the active
site of CYPs and a set of small substrates in order to better understand the reactivity of
CYPs. Based on our findings, we propose a simple yet efficient model to predict CYP
aromatic oxidation metabolites.

Predicting the Formation of Reactive Metabolites from CYPs Aromatic Oxidation.
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Microfibrous borate bioactive glass dressing sequesters bone-bound
bisphosphonate in the presence of simulated body fluid
Chandrani Pramanik1, chandranip@gmail.com, Tianda Wang2, Sushanta Ghoshal1,
Lina Niu3, Bradley A. Newcomb1, Yaodong Liu1, Carolyn M. Primus4, Hailan Feng2,
David H. Pashley5, Satish Kumar1, Franklin R. Tay5. (1) Material Science Engr, Georgia
Tech, Atlanta, Georgia, United States (2) Prosthodontics, Peking University School and
Hospital of Stomatology, Beijing, China (3) School of Stomatology, Fourth Military
Medical University, Xi'an, China (4) LECOM School of Dental Medicine, Bradenton,
Florida, United States (5) Georgia Regents University, Augusta, Georgia, United States
Bioactive glasses are known to restore hard and soft tissue damage via tissue bonding.
Recently, a microfibrous borate bioactive glass (BBG) wound dressing has been
developed[i] with attractive properties including high surface area, rapid degradation,
shape adaptability and ease of handling. In this talk, the ion exchange behavior of the
BBG dressing after immersion in simulated body fluid (SBF) will be presented. BBG
dressing, composed of fibers and shots (molten slag droplets) rapidly converted from
their original solid amorphous state to core loaded structures with globular amorphous
calcium phosphate and finally hollow features with apatite-rich outer shell. Discharged
calcium, magnesium and borate ions from the dressing formed precipitates with
bisphosphonates in the aqueous media. This, in turn, caused release of bone-bound
bisphosphonates[ii] in SBF. The result implies that the BBG dressing has promising

applications in managing a currently incurable medical condition for bisphosphonate
related osteonecrosis of the jaw (BRONJ).[iii]

[i] D. E. Day and S. B. Jung, US Pat., 8,173,154B2, 2012.
[ii] Russell, Watts, Ebetino & Rogers, Osteoporos Int 2008, 19,733
[iii] C. Pramanik, T. Wang, S. Ghoshal, L. Niu, B. A. Newcomb, Y. Liu, C. M. Primus, H.
Feng, D. H. Pashley, S. Kumar and F. R. Tay J. Mater. Chem. B, 2015
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Cytotoxicity and cellular uptake of metallic nanorods fabricated by electron beam
physical vapor deposition and metallic nanospheres
Pelagie Favi2, Mariana M. Valencia3, Paul Elliott4, Alejandro Restrepo3, Ming Gao2,
Hanchen Huang2, Juan Pavon3, Thomas Webster1,5, th.webster@neu.edu. (2)
Northeastern University, Boston, Massachusetts, United States (3) University of

Antioquia, Medellín, Antioquia, Colombia (4) University of Connecticut, Storrs,
Connecticut, United States (5) King Abdulaziz University, Jeddah, Saudi Arabia
Metallic nanoparticles (such as gold and silver) have been intensely studied for wound
healing applications due to their ability to be easily functionalized, possess antibacterial
properties and their strong potential for targeted drug release. In this study, rod-shaped
silver nanorods (AgNRs) and gold nanorods (AuNRs) were fabricated by electron beam
physical vapor deposition (EBPVD) and their cytotoxicity towards human skin fibroblasts
were assessed and compared to sphere-shaped silver nanospheres (AgNSs) and gold
nanospheres (AuNSs). Results showed that the 39.94 nm AgNSs showed the greatest
toxicity with fibroblast cells followed by the 61.06 nm AuNSs, ~556 nm × 47 nm (11.8:1
aspect ratio) AgNRs and the ~534 nm × 65 nm (8.2:1 aspect ratio) AuNRs
demonstrated the least amount of toxicity. The calculated IC50 (50% inhibitory
concentration) value for the AgNRs exposed to fibroblasts was greater after 4 days of
exposure (387.3 mg/mL) compared to the AgNSs and AuNSs (4.3 and 23.4 mg/mL,
respectively), indicating that these spherical metallic nanoparticles displayed a greater
toxicity to fibroblast cells. The IC50 value could not be measured for the AuNRs due to
an incomplete dose response curve. The reduced cell toxicity with the presently
developed rod-shaped nanoparticles suggests that they may be promising materials for
use in numerous biomedical applications.
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Evaluating device design and cleanability of orthopedic device models
contaminated with a clinically relevant bone test soil
Anne D. Lucas, anne.lucas@fda.hhs.gov, Srinidhi Nagaraja, Edward Gordon, Victoria
Hitchins. US FDA, Rockville, Maryland, United States
Background: Reusable medical devices need to be cleaned prior to disinfection or
sterilization and subsequent use on the next patient to prevent infections. This study
examined how models of orthopedic medical devices of increasing complexity retain
calcium phosphate bone cement, a relevant test soil for these devices.
Methods: The dye Alizarin Red S and micro-computed tomography (μCT) were used to
assess the amount and location of bone cement debris in a series of model orthopedic
devices, ranging from straight simple lumen to complex angled lumens. Testing was
performed after soiling and cleaning once, and soiling and cleaning 10 times.
Results: The color change of the dye after reacting with the bone cement was useful for
indicating the presence of bone cement in these models. High resolution μCT analysis
provided the volume and location of the bone cement. Models that were more complex
retained significantly more (p<0.0007) bone debris than simpler designs. Model devices
repeatedly soiled and cleaned 10 times retained significantly more (p<0.00007) bone
debris than those soiled and cleaned once.
Conclusion: Significantly more bone cement was retained in the more complex lumen
structures. This information may be useful in designing reusable orthopedic devices,
and other complex medical devices with lumens.

Clinical Relevance: Insoluble tissue debris was found in arthroscopic shaver handles
and other orthopedic devices. This incident demonstrated the importance of evaluating
medical device designs for cleanability of solid debris. A reusable device that can be
easily cleaned of patient material can also be more effectively disinfected or sterilized to
ensure patient safety. This study shows the importance of how device design influences
cleanability.
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Isotopic-labeling of covalent modifiers to identify cellular mechanisms of action
Zarko V. Boskovic1,2, zboskovic@fas.harvard.edu, Shrikanta Chattopadhyay2, Cherrie
Huang2, Stuart L. Schreiber1,2. (1) Harvard University, Cambridge, Massachusetts,
United States (2) Center for the Science of Therapeutics, Broad Institute, Cambridge,
Massachusetts, United States
Perturbation of biological systems with exogenous materials is a mainstay of the
biopharmaceutical enterprise. A simple act of adding a small molecule to cells in vitro
leads to numerous interactions that together constitute the compound’s mechanism of
action. Understanding these complex interactions is crucial for furthering compounds
that emerge from phenotypic screens and for optimizing the compound’s ability to alter
biological states in desired directions.
Here we present a study of one such compound (an N-benzoyl sulfonamide) with the
capacity to selectively kill certain cancer cell-lines. We hypothesized that the compound
exerts its effect through covalent modification of nucleophilic residues of a biological
system. In particular, the benzoyl group transfer from sulfonamide to more nucleophilic
nitrogen (i.e. lysine, free polyamines, etc.) seemed to be a reasonable guess to explain
the observed activity. In order to confirm/disprove our hypothesis we utilized several
isotopic labels to probe the fate of this compound in complex cellular setting: a) 13Clabeled carbonyl demonstrated reactivity with relevant amine-containing metabolites; b)
14
C-labeled compound aided in localizing the compound through radioactivity-guided
cellular fractionation. This probe also validated the compound’s ability to benzoylate
purified proteins (histones, BSA) in vitro; c) D5-labeled compound can be used for
unbiased quantitative mass spectrometric analysis of direct protein targets.
In conclusion, we demonstrated that isotopic labeling of compounds that covalently
interact with their cellular targets is a powerful tool for elucidating its mechanism of
action. This strategy obviates the need to search for chemical alterations that would
allow for installation of more structurally-compromising chemical handles.
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Novel liquid fiducial tissue marker with potential use in image-guided
radiotherapy
Henrik Schaarup-Jensen2,3, hensaar@kemi.dtu.dk, Rasmus I. Jølck4,3, Anders E.
Hansen4,3, Andreas I. Jensen5,3, Linda M. Bruun4,3, Anders E. Christensen6, Per

Bengtsson Scherman7, Andreas Kjær8, Mads Clausen2,3, Thomas L. Andresen1,4. (1)
DTU Nanotech, Technical University of Denmark, Lyngby, Denmark (2) Department of
Chemistry, Technical University of Denmark, Kongens Lyngby, Denmark (3) Center for
Nanomedicine and Theranostics, Technical University of Denmark, Kgs. Lyngby,
Denmark (4) Department of Micro- and Nanotechnology, Technical University of
Denmark, Kgs. Lyngby, Denmark (5) Center for Nuclear Technologies, the heavesy
laboratory, Technical University of Denmark, Kgs. Lyngby, Denmark (6) Department of
Applied Mathematics and Computer Science, Technical University of Denmark, Kgs.
Lyngby, Denmark (7) Department of Oncology, Section of Radiotherapy, Rigshospitalet,
Copenhagen, Denmark (8) Department of Clinical Physiology, Nuclear Medicine & PET
and Cluster for Molecular Imaging, Rigshospitalet and University of Copenhagen,
Copenhagen, Denmark
Within the field of radiotherapy, image-guided radiotherapy (IGRT) have become an
important development to visualize tumors during radiation treatment and thereby
enhance radiation doses to tumors with minimal damage to surrounding healthy tissue
[1].
Tumors rarely display a fixed position during irradiation or within the treatment period
due to breathing motion, change in organ filling and tumor size [2]. In cases where
tumors cannot be correlated to internal reference points, radio-dense solid implants
(fiducial markers) are frequently inserted into the tumor [3]. Use of fiducial markers will
have the benefit of having a safer and more accurate setup for tumor treatment in
radiotherapy including adaptation of online “tumor-tracking” – and thereby reduce the
treatment area around the tumor and by that enhancing the high radiation doses to
tumors [4]. A major drawback of the use of solid implants are complicated insertion
procedures with risk of severe complications or/and reoperations [5].
The talk will present the development, synthesis and evaluation of a novel type of liquid
fiducial marker for computed tomography (CT) which are highly biocompatible and can
be placed in tumors using hypodermic needles and meets the criteria of patient
compliance and usability within image-guided radiotherapy [6].

[1]; Dawson, L. A., and M. B. Sharpe. The lancet oncology, (2006), 7. 848.
[2]; P. Giraud, E. Yorke, S. Jiang, L. Simon, K. Rosenzweig, G. mageras. Cancer
Radiother. 2006, 10, 259.
[3]; D. J. Moseley, E. A. White, K. L. Wiltshire, T. Rosewall, M. B. Sharpe, J. H.
Siewerdsen, J. Bisonette, M Gospodarowicz, P. Warde, C. N. Catton, D. A. Jaffray. Int.
J. Radiat. Oncol. Biol. Phys. (2007), 67, 942.
[4]; R. Khosa, S. Nangia, K. Chufal, D. Ghosh, R. Kaul, L. Sharma. J. Cancer Res. Ther.
(2010), 6, 172.
[5]; N. Bhagat, N. Fidelman, J. C. Durack, J. Collins, R. L. Gordon, J. M. Laberge, R.
Kerlan Jr. Cardiovasc. Interv. Radiol. (2010), 33, 1186
[6]; R. I. Jølck, J. S. Rydhög, A. N. Christensen, A. E. Hansen, L. M. Bruun, H.
Schaarup-Jensen, A. S. von Wenck, B. Børresen, A. T. Kristensen, M. H. Clausen, A.

Kjær, K. Conradsen, R. Larsen, P. Munk af rosenschöld, T. L. Andresen. Advanced
health. Mater. (2015)
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Utilizing Rosette nanotubes for the delivery of siRNA for cancer therapeutics
Gino Karlo Delos Reyes1, delosreyes.g@husky.neu.edu, Uyen Ho2, Hicham Fenniri1.
(1) Chemical Engineering, Northeastern University, Boston, Massachusetts, United
States (2) Chemical Engineering, University of Alberta, Alberta, Alberta, Canada
Rosette Nanotubes (RNTs), a self-assembled supramolecular nanomolecule composed
of fused guanine-cytosine (G^C) bases, provide a novel and innovative modality for the
delivery of gene therapeutics to target cells with high efficacy. This study aims at
utilizing RNTs as a nanocarrier platform for the delivery of small interfering RNA
(siRNA) to knockdown oncogenic genes to facilitate the elimination of cancer from the
body. By conjugating positively charged lysine functional groups to the surface of the
RNTs, the nanotubes gain the ability to complex negatively charged siRNA through
electrostatic interactions. Through specialized FRET-labeled siRNA and gel retardation
assay, we have shown that cationic charges on the RNTs strongly affect the binding
interaction and the intracellular delivery of the RNT-siRNA nancomplex. Improved gene
silencing capabilities were also exhibited compared to commercially available siRNA
transfection agents.
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Cyclic penta- and hexa leucine peptides without N-methylation are orally
absorbed
Woan Mei Kok1, w.kok@imb.uq.edu.au, Timothy A. Hill1, t.hill@imb.uq.edu.au, RinkJan Lohman1, Huy N. Hoang1, Daniel S. Nielsen1, Conor G. Scully1, Christina I.
Schroeder1, Barbara Colless1, Paul V. Bernhardt3, David J. Edmonds2, David A.
Griffith2, Charles J. Rotter2, Roger B. Ruggeri2, David Price2, Spiros Liras2, David
Craik1, David P. Fairlie1. (1) Division of Chemistry and Structural Biology, Institute of
Molecular Bioscience, University of Queensland, Brisbane, Queensland, Australia (2)
Pfizer Inc, Cambridge, Massachusetts, United States (3) School of Chemistry and
Molecular Biosciences, University of Queensland, Brisbane, Queensland, Australia
The development of peptide-based drugs has been severely limited by their lack of oral
bioavailability, with less than a handful of peptides being shown to be truly orally
bioavailable. Oral delivery of drugs is still the preferred route for treating most chronic
diseases where regular, cheaper and longer term dosing is required. Despite this,
peptides and proteins, especially antibodies, have become “blockbuster” injectable
drugs in recent years. Reported orally bioavailable peptides are mainly cyclic peptides
with N-methyl amino acids and few hydrogen bond donors. Here we report simple cyclic
penta- and hexa-leucine peptides with no N-methylation and five or six amide NH

protons, which exhibit some degree of oral bioavailability (4-17%) approaching that of
the heavily N-methylated drug cyclosporine (22%) under the same conditions. These
simple cyclic peptides demonstrate that oral bioavailability is achievable for peptides
that fall outside of rule of five guidelines without the need for N-methylation or modified
amino acids.
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Oral peptide delivery through the vitamin B12 dietary uptake pathway
Ronald Bonaccorso, rbonacco@syr.edu. Chemistry, Syracuse University, Syracuse,
New York, United States
The vitamin B12 (B12) dietary uptake pathway is actively being explored as a method for
oral drug delivery. The oral delivery of peptides faces many challenges including poor
enterocyte passage and rapid degradation. Conjugation to B12 may address both of
these challenges, as long as the conjugate retains binding to the B12 binding proteins. A
potent frontline pharmaceutical peptide currently administered only through
subcutaneous injection has been conjugated to B12 and is currently being tested as a
lead compound. B12-peptide conjugation was achieved through copper mediated click
chemistry. A series of conjugates with differing linker lengths were made to optimize
function at the receptor. Through use of HEK cells stably transfected with the receptor
and infected with adenovirus incorporating a PKA response element, an EC50 of each
B12-peptide was determined. In vitro and in vivo experiments are ongoing and should
provide insight into using the B12 uptake pathway as a route for oral peptide delivery.
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Methods for enhancing the solubility of the multifunctional curcumin molecule
Jasmine Hinaman2, jhinaman2@mail.niagara.edu, Ashley M. Smith3, J. Hughes2,
Lawrence Mielnicki1, M. P. McCourt1. (1) Chemistry Dept, Niagara Univ, Niagara Univ,
New York, United States (2) Niagara University, Niagara University, New York, United
States
Curcumin is a lipophilic polyphenol derivative of turmeric, isolated from the plant
Curcuma Longa. This phytochemical has become of particular interest to researchers
due to its anti-inflammatory, antioxidant, anticancer, and anti-infectious effects on the
body. Due to its multiple mechanisms of action, it has been touted as a potential
treatment for many disorders, from inflammation to cancer. The major problems with
this molecule however are its poor solubility, rapid metabolization and scant absorption,
all of which contribute to its poor bioavailability. Curcumin is relatively insoluble in
aqueous solution at physiological pH. Its solubility is also very low in many regularly
used solvents. Solubility experiments were therefore performed to determine the best
solvent system and conditions to use for solubilizing curcumin. In addition, curcumin
difluoride (CDF), a curcumin analog with greater bioavailability, was tested in parallel.

Increasing solvent pH resulted in dramatic increases in solubility of both compounds.
The solutions were then tested on MCF-7 breast cancer cells to compare their effects
on cell viability.
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Investigation of zeolite-MOF composite microneedle
Ho Y. Poon1, Baihua Zhong1, Zhang Liu2, zliuam@ust.hk, Siu Ming Kwan1, King L.
Yeung1,2. (1) Department of Chemical and Biomolecular Engineering, , The Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong (2)
Division of Environment, The Hong Kong University of Science and Technology, Clear
Water Bay, Kowloon, Hong Kong
Skin provides a protective barrier against harmful chemicals and pathogens, but also
hinders transdermal delivery of therapeutic drugs, particularly large molecules of low
lipophilicity. Skin poration methods including iontophoresis, phonophoresis, chemical,
laser and RF ablation and microneedles have been used to improve transdermal drug
delivery with minimal pain and skin trauma. The key feature of this work is the use of
porous zeolite microneedles with an external surface coating of metal-organic
framework (MOF) materials for transdermal delivery of drug molecules (i.e., diclofenac
and insulin). Pure silica zeolites with composition similar to glass were used because of
their inert properties and good biocompatibility. It is sharp and strong, and can easily
penetrate the stratum corneum, without damage and is resistant to deformation and
damage from osmosis and fluid flow. The biocompatibility of the zeolite microneedles
was tested in animal models with no observable skin irritation or redness. MOFs
modification of the microneedle surface imparts antimicrobial activity and ensures
sterility of the microneedles prior use.
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Transdermal therapeutic systems for benzodiazepines
Andrey Sosnov1,2, andrey.sosnov@gmail.com, Victoriya N. Tohmakhchi1,
vnt_pharma@mail.ru, Marina S. Krymchak1, Anastasiya I. Korovyakovskaya1, Fidel M.
Semchenko1. (1) Federal Plant of Medical Preparations, Moscow, Russian Federation
(2) IPAC RAS, OrCheMed, Moscow, Russian Federation
Benzodiazepines (BZD) possess sedative-hypnotic, anxiolytic, anticonvulsant, muscle
relaxant, and amnesic actions, which are useful in a variety of indications such as
anxiety, panic, agitation, and insomnia. Most BZD are administered orally; however,
they can also be given intravenously, intramuscularly, or rectally. The main problem of
the chronic use of BZD is the possible development of tolerance and dependence which
are associated with elevated levels of plasma concentrations. To address this problem,
we developed transdermal therapeutic systems (TTS) for phenazepam, diazepam and
alprazolam based on hydrophilic polymer matrix with high drug diffusion coefficient.

TTS for phenazepam (Phenapercuten): The area of the patch - 25 cm2. Phenazepam
contents - 7.4%. Delivery rate - 5.0 ± 3.0 mсg/cm2hour (in vitro test through a polymeric
membrane). Clinical investigation of Phenapercuten in patients diagnosed with different
anxiety disorders demonstrated selective anxiolytic action in the absence of unwanted
sedative and myorelaxant effects. These advantages of Phenapercuten are related to
specific features of pharmacokinetic profile of this transdermal drug which is
characterized by steady levels of active compound in plasma and the absence of peak
concentrations.
TTS with diazepam: The area of the patch - 25 cm2. Diazepam contents - 3.2%.
Delivery rate - 25.0 ± 10.0 mсg/cm2hour in vitro. Preclinical investigation of this
transdermal diazepam preparation in rats also showed selective anxiolytic action in the
absence of undesired sedative and myorelaxant effects.
TTS with alprazolam: The area of the patch - 25 cm2. Alprazolam contents - 4.7%.
Delivery rate - 3.0 ± 1.0 mсg/cm2hour in vitro.
The absence of plasma concentration peaks leads to a reduction of side effects and an
improvement of safety profile thus underscoring the need of further development of
these TTS for BZD.
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Fabrication of poly(D-L-lactic-co-glycolic-acid) microparticles for improved
human papillomavirus vaccine delivery
Christina Tsui1, ctsui1@terpmail.umd.edu, Rachel Brown1, Ellen Cesewski1, Jonathan
Fix1, Devon Freudenberger1, Kara Higgins1, Eileen McMahon1, Vanessa Niba1, Hoon
Park1, Gabriela Perdomo1, Anna Seo1, Avantika Srivastava1, Aaron Whiteman1,
Rebecca Zubajlo1, John Fisher2,1. (1) University of Maryland, Towson, Maryland, United
States (2) Fischell Dept. of Bioeng,, University of Maryland, College Park, Maryland,
United States

Human papillomavirus (HPV) is the leading cause of cervical cancer and the most
prevalent sexually transmitted disease worldwide. HPV vaccines require a multi-dose
regimen to provide immunity, contributing to low patient compliance. We addressed this
problem by formulating biodegradable poly(D,L-lactic-co-glycolic acid) microparticles
and assessing their viability for use in controlled-release vaccines. We hypothesized
that we could alter fabrication parameters to produce 1-10 μm microparticles in order to
encapsulate ovalbumin and HPV virus-like particles. Microparticles were fabricated
using a double emulsion method, as shown in the figure, and used to elicit an immune
response in JAWSII cells. Our results contribute to knowledge of vaccine delivery
mechanisms and controlled-release technology, and can help create a viable controlledrelease HPV vaccine.

Light microscopy images of microparticles. Microparticles fabricated with 3% (w/v) PLGA
and 10% (w/v) PVA, sampled, and stirred for (A) 17.5 hours, (B) 19.5 hours, (C) 21.5 hours, and
(D) 23.5 hours.
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Selective targeting of α4β3γ2 GABAA receptors on airway smooth muscle as a
novel strategy to treat asthma
Michael Rajesh Stephen1, smichaelrajesh@gmail.com, Rajwana Jahan1, George
Gallos2, Charles W. Emala2, Margot Ernst3, Werner Sieghart3, James M. Cook1. (1)
Dept of Chemistry Biochemistry, University of Wisconsin Milwaukee, Milwaukee,
Wisconsin, United States (2) Department of Anesthesiology, College of Physicians and

Surgeons of Columbia University, New York, New York, United States (3) Center for
Brain Research , Dept. of Biochemistry and Molecular Biology, Medical University of
Vienna, Vienna, Austria
γ-Aminobutyric acid type A (GABAA) allosteric modulators are the major inhibitory
neurotransmitters present in the central nervous system (CNS) of vertebrates and their
expression in airway smooth muscles (ASM) has been observed recently. In asthma,
inflammation and ASM constriction combine to reduce pulmonary air flow. Asthma
affects ~245 million people worldwide and ~25 million in the US alone. β-adrenergic
antagonists are a preferred drug strategy to relax ASM, however, these are not always
effective and are associated (especially when used with inhaled corticosteroids) with
adverse effects. The use of a selective GABAA agonists offers an improved strategy to
reduce airway constriction. Different types of allosteric ligands, in particular
benzodiazepines (Bz), can modulate the GABAA receptor activity by binding to Bz
binding sites. Activation of ASM by targeting the α-subunit repertoire of Bz/GABA
receptors with diazepam insensitve agonists (CMD-45 and XHE-III-74) selective for
α4β3γ2 subunits modulate ASM membrane potential and chloride currents and
promotes muscle relaxation. Progress in this area will be presented in this poster.
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In silico design and discovery of novel PDE-IV inhibitors
Farukh Jabeen1,2, farukh.jabeen@ndsu.edu, Girinath G. Pillai3,1, Charles D. Hall4, Alan
Katritzky5. (1) Chemistry , University of Florida, Gainesville, Florida, United States (2)
Center for Computationally Assisted Science and Technology, North Dakota State
University, Fargo, North Dakota, United States (3) Institute of Chemistry , University of
Tartu , Tartu, Estonia (4) Chemistry, University of Florida, Gainesvile, Florida, United
States
Asthma is a complex disease characterized by airways obstruction and bronchial
inflammation. Despite aresinal of antiasthmatic drugs, the mortality and morbidity due to
asthma is increasing worldwide, suggesting the lack of really effective drugs for therapy.
The multigene phosphodiesterase-4 (PDE4) is a key isozyme in the hydrolysis of cAMP
airway smooth muscle. [1]
Potential therapeutic use of PDE4 inhibitors deal with various therapies including
asthma, chronic obstructive pulmonary disease (COPD) and many others. [2]. In silico
approaches such as QSAR followed by virtual designing of novel inhibitors were
adopted for the discover the novel inhibitors of PDE4. A training set of diverse set of
compounds were prepared and descriptors were calculated by using CODESSA-Pro
software. A QSAR model was generated from training set where, N=118, n=6,
R2=0.847, R2cv=0.82, F=100, S2=0.16 and was validated with 3 external test sets. The
correlation plot of the BMLR model is shown in Figure 1. A significant correlation
between experimental and predicted values for all three test sets showed that the model
is statistically robust. A virtual library is designed and activities of the virtual compounds
were predicted by making use of the validated QSAR model. It can be suggested that

current studies will be useful effort for the design and development of PDE4 inhibitors
for the effective treatment of Asthma, bronchodilation and COPD.
References
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Figure 1: Correlation plot of observed and predicted values of training set
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Identification of novel autotaxin inhibitors: Lead optimization through structure
based drug design
Spencer Jones2, jones.spence@gmail.com, Lance Pfeifer2, Bryan H. Norman2,
Norman E. Hughes2, Thomas Bleisch2, Thomas J. Beauchamp2, Christopher J. Rito2,
Yen Dao2, Valentine J. Klimkowski1, joseph Gruber3, Mark Chambers2, Craig
Swearingen2, Denis McCann2, Daniel R. Mudra2, Jim D. Durbin2, Hai Bui2, Chaohua
Lin2, Jennifer Oskins2, Srinivasan Chandrasekhar1, Kannan Thirunavukkarasu2. (1)
Retired, Formerly of Eli Lilly Co, Indianapolis, Indiana, United States (2) Eli Lilly and
Company, Indianapolis, Indiana, United States (3) Formerly of Eli Lilly and Co.,
Indianapolis, Indiana, United States
Autotaxin is an extracellular enzyme with lysophospholipase D activity whose primary
substrate is the lipid lysophosphatidylcholine (LPC). Autotaxin cleaves choline from LPC
to generate lysophosphatidic acid (LPA), a bioactive lipid that signals through activation
of six GPCRs (LPA Receptors 1-6). Stimulation of these receptors by LPA has been
shown to release proinflammatory cytokines and is implicated in the pathogenesis of
multiple diseases, such as osteoarthritis, cancer, multiple sclerosis, and idiopathic
pulmonary fibrosis. Because autotaxin’s enzymatic activity is believed to account for the
majority of LPA production in vivo, we set out to design a small molecule inhibitor of this
enzyme to enable clinical investigation of this hypothesis.
Following an initial lead generation effort, we identified an aminopyrimidine series
whose binding mode with autotaxin was successfully determined through x-ray
diffraction studies. Lead optimization through structure-based drug design enabled
growth of the series to facilitate interaction with the catalytic zinc ion. Further
investigation of the zinc-binding functionality revealed a pronounced pKa dependence
on potency which ultimately led to the improvement of binding affinity by greater than
250 fold. Co-optimization of potency with the ADMET properties led to the candidate
molecule LY3143146, which demonstrated sustained target engagement after oral
dosing, providing significant reductions in plasma LPA in vivo. Further evaluation of
LY3143146 in an animal model of joint pain correlated the in vivo target engagement to
pain efficacy in the MIA model of osteoarthritis.
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Synthesis of benzyl ((S)-1-((1S,2R,4R)-2-acetamido-4-(tertbutylamino)cyclohexyl)2-oxopyrrolidin-3-yl)carbamate
Michael Yang, michael.yang@bms.com, Zili Xiao, Rulin Zhao, Bei Wang, John V.
Duncia, Daniel S. Gardner, Joseph B. Santella, Robert J. Cherney, Bang-Chi Chen,
MaryEllen Cvijic, Qihong Zhao, Joel C. Barrish, Percy H. Carter. Bristol-Myers Squibb
Company, Princeton, New Jersey, United States
To improve the metabolic stability profile of 1, we report the synthesis of 3 as a potential
intermediate used in the preparation of CCR2 antagonists for the treatment of

inflammatory diseases. Three different approaches to the preparation of 3 are
highlighted.

MEDI 125
Solid phase synthesis and biological screening of quinolinone library
Seung-Hwa Kwak, Young-Hwan Jung, Tae-Kyun Kim, Borum Son, Ji Yeon Park, SooJeong Choi, Hyojin Ko, Yong-Chul Kim, yongchul@gist.ac.kr. School of Life Sciences,
GIST, Gwangju, Korea (the Republic of)
Quinolinones have various biological activities, including antibacterial, anticancer, and
antiviral properties. The 3-substituted amide quinolin-2(1H)-ones not only show
antibacterial activity, but also act as immunomodulators, 5-HT4 receptor agonists,
cannabinoid receptor inverse agonists, and AchE and, BuchE inhibitors. To investigate
the potent biological activity of 3-substituted amide quinolin-2(1H)-ones, a large number
of 3,5-amide substituted-2-oxoquinolinones were prepared by parallel solid-phase
synthesis. The compound 5-amino-1-(4-methoxybenzyl)-2-oxo-1,2- dihydroquinoline-3carboxylic acid was loaded onto 4-formyl-3,5-dimethoxyphenoxy (PL-FDMP) resin by
reductive amination with high efficiency. Various building blocks were attached to the 3
and 5 positions to yield 3,5-disubstituted-2-oxoquinolinones with high purity and good
yield. The ability some of these compound to inhibit the release of IL-1β, a cytokine
involved in the immune response was measured, and they showed about 50% inhibition
at 10 μM.

MEDI 126
Covalent chemical probes of APOBEC3 DNA dytosine deaminases
Margaret E. Olson1, olso3706@umn.edu, Angela L. Perkins1, Ming Li2, Reuben S.
Harris2, Daniel A. Harki1. (1) Department of Medicinal Chemistry, University of
Minnesota, Minneapolis, Minnesota, United States (2) Department of Biochemistry,
Molecular Biology, & Biophysics, University of Minnesota, Minneapolis, Minnesota,
United States
The APOBEC3 family of ssDNA cytosine-to-uracil (C-to-U) deaminases has emerged as
a novel enzymatic drug target for various cancers and HIV-1. Normally, these enzymes
function in innate immune defense by catalyzing C-to-U deamination in retroviruses and
retrotransponsons, ultimately accomplishing hypermutation of the foreign genome.
Altered expression levels of the APOBEC3s, however, can drive mutagenesis and
evolution of disease. Specifically, upregulation of APOBEC3B results in elevated levels
of C-to-T transition and C-to-G transversion mutations in breast, head/neck, cervix,
bladder, lung, and ovarian cancers, which corresponds to poorer clinical outcomes in
patients. In a parallel sense, sub-lethal levels of APOBEC3D/F/G/H expression may
enable HIV-1 escape from immune clearance and antiretroviral therapy. Therefore,
APOBEC3-directed therapeutics are predicted to decrease the mutation rate of tumors
and HIV-1, lessening the likelihood of drug resistance and disease recurrence.
High-throughput screening of >500,000 small molecules for APOBEC3A/B/G inhibition
has yielded numerous scaffolds as inhibitory leads. A large representation of the A3Gspecific hits can be classified as having proposed covalent mechanisms of inhibition.
Our laboratories have previously reported two unique scaffolds, MN30 and MN256,
which specifically inhibit A3G by covalently engaging C321, a residue proximal to the
active site.1,2 Recently, a third scaffold, based on a benzisothiazolinone core, has been
prioritized for further investigation due to its low micromolar inhibitory activity against
A3G in vitro and in cellular lysates. Although thiol reactive, like MN30 and MN256,

electrophoretic mobility shift assays show that benzisothiazolinones inhibit A3G via a
novel mechanism of action, by preventing A3G-ssDNA complex formation. This
presentation will highlight recent work to develop these covalent inhibitors into
mechanistic tools to elucidate structural and mechanism of action information about
A3G, with the ultimate goal of propelling our drug discovery efforts.
(1) Li, M.; Shandilya, S. M. D.; Carpenter, M. A.; Rathore, A.; Brown, W. L.; Perkins, A.
L.; Harki, D. A.; Hook, D. J.; Pandey, K. K.; Parniak, M. A.; Johnson, J. R.; Krogan, N.
J.; Somasundaran, M.; Ali, A.; Schiffer, C. A.; Harris, R. S. ACS Chem. Biol. 2012, 7,
506-517.
(2) Olson, M. E.; Li, M.; Harris, R. S.; Harki, D. A. ChemMedChem 2013, 8, 112-117.
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Synthesis of α-truxillic acid derivatives as antinociceptive and anti-inflammatory
agents, targeting fatty acid binding protein (FABP)
Simon Tong1, simon.tong@stonybrook.edu, Martin Kaczocha3, Mario J. Rebecchi3,
Brian P. Ralph5, Yu-Han Teng2, William T. Berger2, William Galbavy3, Matthew W.
Elmes5, Sherrye T. Glaser6, Liquin Wang5, Robert C. Rizzo4, Dale G. Deutsch5, Iwao
Ojima2. (1) Chemistry, Stony Brook University, Stony Brook, New York, United States
(2) Chem Dept/ICBDD, Stony Brook University, Stony Brook, New York, United States
(3) Anesthesiology, Stony Brook University, Stony Brook, New York, United States (4)
Applied Mathematics and Statistics, Stony Brook University, Stony Brook, New York,
United States (5) Biochemistry and Cell Biology, Stony Brook University, Stony Brook,
New York, United States (6) Biological Sciences, Kingsborough Community College,
Brooklyn, New York, United States
Anandamide, an endocannabinoid, is linked to the regulation of stress, pain and
inflammation. It activates cannabinoid receptors (CB receptors) on the cell surface,
leading to the relief of pain and stress. Through diffusion, anandamide also enters the
cell, where fatty acid binding protein 5 (FABP5) and fatty acid binding protein 7 (FABP7)
transport the anandamide for inactivation by fatty acid amide hydrolase (FAAH).
Inhibition of FABP5 and FABP7 would arrest the inactivation of the endocannabinoid,
leading to higher extracellular anandamide levels, and resulting in anti-inflammatory and
anti-nociceptive effects. Based on these observations, FABP5 and FABP7 would make
good drug targets. Prior work from our laboratories (PLOS ONE, 2012, 7, e50968;
PLOS ONE, 2014, 9, e94200) employed a virtual screening strategy with the program
DOCK to identify small organic compounds that could mimic the binding interactions
patterns made by oleic acid, the natural substrate of FABP5 and FABP7, when bound.
Based on the results from the virtual screening, 48 compounds were purchased and
tested against FABP5 in a fluorescence displacement assay for activity. Four of the
forty-eight compounds showed greater than 50% inhibition, and of the four compounds,
an α-truxillic acid monoester (SB-FI-26) was chosen to be the lead. Analogues of SB-FI26 have been synthesized to optimize the activity. These analogues, SB-FI-26ME, SBFI-56, SB-FI-71, SB-FI-72, SB-FI-73, and SB-FI-101, contain various substitutions to the

phenyl and the carboxylic acid moieties. The synthesis and biological evaluations of
these novel α-truxillic acid derivatives will be presented.
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Discovery and optimization of novel pyrazolopyrimidines as allosteric integrase
inhibitors
Annapurna Pendri, annapurna.pendri@bms.com, Guo Li, Michael A. Walker, B.
Narasimhulu Naidu, David Langley, Hal Lewis, Alicia Ng, George L. Trainor, Ira B.
Dicker, Christopher Cianci, Mark Krystal, Zeyu Lin, Tricia Protack, Linda discotto,
Beatrice Minassian, Susan Jenkins, Nicholas A. Meanwell, Sam W. Gerritz. Research,
Bristol-Myers Squibb, Wallingford, Connecticut, United States
The current standard of care for HIV infection is the highly active antiretroviral therapy
(HAART), which combines three or more drugs from at least two different classes to
suppress HIV replication. Even with the success of HAART, new drugs are needed to
combat emerging viral resistance and mitigate toxicities associated with current HIV
antivirals. HIV integrase is a clinically validated target for the treatment of HIV-1
infection. Small molecules, such as 2-(quinolin-3-yl)acetic acid derivatives (1) designed
to bind to the LEDGF/p75 interaction site on HIV integrase, disrupt the
LEDGF/integrase interaction and act as potent inhibitors of HIV replication.1 In an effort
to prepare heterocyclic variants of the aforementioned quinoline inhibitors,
pyrazolopyrimidine scaffold 2 was identified as a promising lead series. In this
presentation, we describe the discovery and subsequent optimization of
pyrazolopyrimidines to afford a number of novel allosteric integrase inhibitors with low
nanomolar activity and encouragning PK properties.
1
Fader, L.D. et al. Discovery of BI 224436, a Noncatalytic Site Integrase Inhibitor
(NCINI) of HIV-1. ACS Med. Chem. Lett. 2014, 5, 422−427
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Reverse amide pyrazolopyrimidines as potent HIV LEDGF inhibitors
Zhizhen Zheng5, zhizhen.zheng@bms.com, Stanley D'Andrea5, David Langley5, Naidu
Narasimhulu5, Manoj M. Patel3, Brian Mcauliffe1, Linda Discotto1, Beatrice Minassian1,
Christopher Cianci1, John F. Kadow5, Nicholas A. Meanwell2, Michael A. Walker4. (1)
Bristol -Myers Squibb, Cheshire, Connecticut, United States (2) Dept 303, Bristol Myers
Squibb, Wallingford, Connecticut, United States (3) Bristol Myers-Squibb, Wallingford,
Connecticut, United States (4) Bristol-Myers Squibb, Wallingford, Connecticut, United
States (5) Discovery Chemistry, Bristol -Myers Squibb, Wallingford, Connecticut, United
States
Human Immunodeficiency Virus (HIV) continues to be a global medical problem with 35
million people living with AIDS and 1.5 million deaths in 2013. Current therapy consists
of a combination of two or more drugs inhibiting viral entry, reverse-transcriptase,
protease or integrase. Successful treatment is hampered by viral-resistance and the
possibility of long term toxicity. Therefore, new drugs targeting new mechanisms
classes are needed. The LEDGF/p75 intergrase interaction has emerged as a novel
target for HIV therapy. LEDGF (lens epithelium-derived growth factor) binds to host
DNA and to HIV integrase via directing the integrase complex to transcriptionally-active
regions in the host genome. We have discovered a series of amide pyrazolopyrimidines
which bind to HIV-Integrase and block the binding of LEDGF leading to the inhibition of
viral replication.
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Synthesis and SAR of novel C2- pyrazolopyrimidine amides as allosteric
integrase inhibitors

Manoj M. Patel1, manoj.patel@bms.com, B. Narasimhulu Naidu1, Nicholas A.
Meanwell1, Christopher Cianci2, Mark Krystal2, Brian Mcauliffe2, Beatrice Minassian2,
Linda Discotto2. (1) Discovery Chemistry, Bristol-Myers Squibb, Wallingford,
Connecticut, United States (2) Virology, Bristol-Myers Squibb, Wallingford, Connecticut,
United States
The HIV-1 integrase (IN) enzyme catalyzes the insertion of the viral DNA into the host
cellular genome, an essential process for viral replication. The human lens epitheliumderived growth factor (LEDGF/p75) is a binding partner of HIV-1 IN that plays an
important role in viral integration by tethering IN to the host chromatin and enabling
targeted integraton of viral DNA. The LEDGF-IN interaction [protein-protein] can be
altered by small molecules which bind to HIV-1 integrase at the protein dimer interface,
resulting in inhibition of virus infection. During the course of our drug discovery effort,
pyrazolopyrimidine derivatives have been identified as potent HIV-1 inhibitors that bind
within the dimer interface. We examined a variety of C2-substituted pyrazolopyrimidines
and found that C2-amide derivatives demonstrated excellent antiviral activity. In this
poster, the synthesis and structure-activity relationship of pyrazolopyrimidine amides will
be described.
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5,6,7,8-Tetrahydro-1,6-naphthyridine derivatives as potent noncatalytic site HIV-1
integrase inhibitors
Kevin Peese, kevin.peese@bms.com, Christopher Allard, Timothy Connolly, Barry L.
Johnson, Chen Li, Manoj M. Patel, Margaret Sorensen, Nicholas A. Meanwell,
Christopher Cianci, Susan Jenkins, B. Narasimhulu Naidu, Michael A. Walker. BristolMyers Squibb, Wallingford, Connecticut, United States
A series of 5,6,7,8-tetrahydro-1,6-naphthyridine derivatives targeting the allosteric
LEDGF binding site of HIV-1 integrase was prepared and screened for activity against
the virus. HIV-1 integrase, one of three enzymes encoded in the viral genome, presents
an attractive target for antiviral intervention. Small molecules that bind at the LEDGF
binding site promote aberrant multimerization of the integrase enzyme and are of
significant interest. SAR studies of the 5,6,7,8-tetrahydro-1,6-naphthyridine series that
led to identification of the N-propyl phenyl group are presented. Lead compounds from
the series were profiled in rat pharmacokinetic studies.
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Ruthenium-based self-regenerating antioxidant catalysts and materials
Andrew G. Tennyson1,2, atennys@clemson.edu. (1) Chemistry, Clemson University,
Clemson, South Carolina, United States (2) Materials Science and Engineering,
Clemson University, Clemson, South Carolina, United States
Oxidative stress plays a central role in the onset and pathogenesis of artificial implant
failure, diabetes, ischemia reperfusion injury, organ transplant rejection, as well as a
wide range of autoimmune disorders. In fact, the long-term outcomes of a variety of
chronic diseases are significantly determined by the initial oxidative stress (e.g.
metabolic memory in diabetes). Traditional organic antioxidants can degrade reactive
oxygen species (ROS) and, by doing so, alleviate oxidative stress, but the prolonged
nature of oxidative stress and their irreversible reactivity with ROS eventually depletes
the protective capacity of organic antioxidants. Antioxidants that catalytically degrade
ROS would be regenerated after each reaction, and these self-regenerating antioxidant
catalysts (SRACs) would thus offer significantly greater protection against ROS (e.g.
tens or hundreds of SRAC turnovers vs. stoichiometric antioxidant reactions). A family
of ruthenium-based SRACs has been prepared and shown to catalyze the degradation
as well as inhibit the formation of radicals in aqueous buffer. In addition, these SRACs
can be functionalized to enable covalent linkages with small molecule, polymer and
material targets with retention of catalytic activity.
MEDI 133
Discovery of novel potent peripherally restricted PDE10a inhibitors
Sanath K. Meegalla, smeegall@its.jnj.com, Carl R. Illig, Hui Huang, Daniel Parks,
Jinsheng Chen, Yu-Kai Lee, Kenneth Wilson, Sharmila Patel, Wing S. Cheung, Tianbao
Lu, Thomas Kirchner, Hossein Askari, Raymond J. Patch, John Geisler, Marge Connelly
, Mark R. Player. Janssen Research & Development, , Spring House, Pennsylvania,
United States

A peripherally restricted PDE10a inhibitor has been shown to enhance insulin secretion
and reduce the glucose excursion in lean Wistar rats. Further validation that PDE10a
inhibition may have beneficial effects on metabolism includes the phenotype of the
PDE10a knockout mice which were resistant to weight gain on a high fat diet, without an
appreciable change in food consumption. The differences in weight between the
PDE10a knockout and wild type mice were predominantly due to differences in
adiposity and not lean mass. When compared to wild type mice, the PDE10a knockout
mice had lower plasma insulin, triglycerides, non-esterified free fatty acids and leptin.
These data suggest that PDE10a inhibitors may be beneficial for the treatment of type II
diabetes and obesity with potentiation of glucose-stimulated insulin secretion and the
potential for weight loss. Since the compounds that cross blood brain barrier may exhibit
potential CNS side effects due to the high expression levels of PDE10a in brain,
identifying peripherally restricted PDE10a inhibitors with excellent sub-type selectivity
and desired efficacy was the major focus of our PDE10a research project. Herein is
reported a detailed account on our efforts in identifying a series of novel, potent,
selective and peripherally restrited imidazolopyridazines (1) PDE10a inhibitors.

MEDI 134
Optimizing ligand efficiency of selective androgen receptor modulators (SARMs)
Anthony L. Handlon2, tony.l.handlon@gsk.com, Rodolfo Cadilla3, Lisa M. Leesnitzer3,
Raymond V. Merrihew3, Chuck Poole3, John Ulrich1, Joseph W. Wilson3, Philip
Turnbull3. (1) MS 3.2165.C, GlaxoSmithKline, Durham, North Carolina, United States (2)
MailStop 3.4185.4B, GlaxoSmithKline, Research Triangle Park, North Carolina, United
States (3) GSK, Research Triangle Park, North Carolina, United States
Currently there are several selective androgen receptor modulators (SARMs)
undergoing clinical investigations for the treatment of muscle wasting diseases. SARMs
have the capacity to provide beneficial anabolic effects of testosterone without causing
the undesirable effects such as prostate enlargement in men or masculinization in
women. We have set out to discover novel SARMs with low molecular weight and high
solubility. In this investigation we have optimized the ligand efficiency of a series of
substituted benzyl alcohols. We have taken advantage of the lipophilic ligand efficiency

(LLE) parameter as a guide to interpret the effect of structural changes on androgen
receptor activity. Over the course of optimization the LLE increased over 3 log units
leading to a SARM with nanomolar potency, good solubility, and high oral bioavailability.
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Antioxidant and hypoglycemic evaluation of 1,5-diarylpyrazole derivatives
sandybel salgado3, sandhyoga_2401@hotmail.com, Eduardo Hernández-Vázquez1,
Juan José Ramírez-Espinosa2, Samuel Estrada-Soto2, Francisco Hernández-Luis3. (1)
Química Orgánica, Instituto de Quimica, Distrito Federal, Mexico (2) Universidad
Autónoma del Estado de Morelos, Cuernavaca, Mexico (3) Pharmacy, Universidad
Nacional Autónoma de México, Distrito Federal, Mexico
Diabetes and metabolic syndrome are serious health problems that affect millions of
people worldwide. Due to the incidence of this pandemia, the search for novel
therapeutic targets and leads are growing trends in medicinal chemistry research. In this
sense, cannabinoid receptor 1 has attracted the efforts of several groups since its
antagonism has demonstrated to have both anti-obesity and hypoglycemic
pharmacological activities. For this purpose, herein, we describe the synthesis and
biological evaluation of novel hybrids of a 1,5-diarylpyrazole derivative (1) with different
hydroxylated aldehydes which were designed for both diabetes and oxidative stress
treatment. Since oxidative stress is a well-known participant in development and
progression of insulin resistance, compounds were tested in several antioxidant assays,
such as DPPH, FRAP and a lipoperoxidation test. In all the cases, compounds bearing
hydroxyl groups at para position showed higher antioxidant capacity. Furthermore, the
analogs were tested for their in vitro hypoglycemic effect, in which syringaldehyde and
3,4-dihydroxybenzaldehyde hybrids showed a glucose reduction higher than 50 %,
while those constructed from cinnamaldehyde derivatives lacked of hypoglycemic
activity (Financial support ICyTDF 235/2010).
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Design, synthesis, and biological evaluation of thienopyrimidine derivatives as
DPP IV inhibitors for the treatment of type 2 diabetes
Jiang Wang, jwang@simm.ac.cn, Hong Liu. Shanghai Institute of Materia Medica,
Shanghai, China
Type 2 diabetes mellitus (T2DM) is the most common form of the diabetes disease,
accounting for about 90-95% of all diagnosed North American cases of diabetes. The
main goal of the treatment of type 2 diabetes is to achieve glycemic control as close to
the non diabetic range as practicable, in order to reduce the risk of late-stage
complications. The incretin hormone glucagon-like peptide 1 (GLP-1) is a potent
simulator of endogenous insulin release. GLP-1 possesses several physiological
properties, such as increaseing insulin secretion, beta cells mass, and insulin gene
expression, inhibiting acid secretion and gastric emptying in the stomach, decreaseing
food intake by increasing satiety in brain, and promoting insulin sensitivity.
Unfortunately, GLP-1 is rapidly degraded in vivo by the serine protease dipeptidyl
peptidase-4 (DPP-4); therefore, DPP-4 inhibitors have emerged as a new therapeutic
optin to treat type 2 diabetes.
A novel series of thienopyrimidine derivatives was designed and synthesized, and found
to be dipeptidyl peptidase-4 (DPP-4) inhibitors. Among them, compound DC291407 was
identified as efficacious, safe, and selective inhibitor of DPP-4 resulting in decreased
blood glucose in vivo. Compound DC291407 showed high DPP-4 inhibitory activity (IC50
= 0.011 μM), good selectivity against DPP-4 (selective ratio: DPP-8/DPP-4 > 10000;
DPP-9/DPP-4 > 10000), and good efficacy in an oral glucose tolerance test in ICR mice.
DC291407 (2 mg/kg, 6 mg/kg, and 20 mg/kg) displayed significant DPP IV inhibition in
ob/ob mice 4 weeks. The onset dose (6 mg/kg) is much better than Alogliptin.
Compound DC291407 showed a high clearance (i.v.), high AUC, and a high maximal
concentration (Cmax), long half-life, and safety when dosed orally in SD rats and dogs.
DC291407 is much better than Alogliptin in terms of half-life and AUC in SD rats and
dogs. The in vivo antidiabetic studies and desirable pharmacokinetic properties in rat of
compound DC407 showed that it might be a promising new hit for further development
of antidiabetic agents.
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Short hydrophobic peptides with cyclic constraints are potent GLP-1 receptor
agonists
Timothy A. Hill2, t.hill@imb.uq.edu.au, Huy N. Hoang2, Woan Mei Kok2, Kun Song1,
David J. Edmonds1, David R. Derksen1, David W. Piotrowski1, Jane M. Withka1, Chris
Limberakis1, Robert V. Stanton1, Alan M. Mathiowetz1, David Price1, Spiros Liras1,
David A. Griffith1, David P. Fairlie2. (1) Pfizer Inc, Cambridge, Massachusetts, United
States (2) Institute for Molecular Biosciences, University Of Queensland, Brisbane,
Queensland, Australia

Agonists of the GLP-1 receptor have become widely used for the treatment of Type 2
Diabetes (T2D). Activation of the GLP-1 receptor potentiates glucose-dependent insulin
secretion from the pancreas while stimulating proliferation and inhibiting apoptosis of
pancreatic β-cells. Food intake is also decreased and gastric emptying slowed leading
to weight loss. A number of injectable peptide based GLP-1R agonists are currently on
the market, however small molecule orally delivered agonists have remained elusive for
this receptor. The smallest peptide agonists of GLP-1 are a series of 11 amino acids
peptides bearing bulky hydrophobic substituents at positions 6, 10 and 11, which
potently activate GLP-1R. Here we report the introduction of cyclic constraints into an
11-residue analogue of the N-terminus of GLP-1 to investigate the effects of structure
on agonist activity. Cyclization between the side chains of residues 2 and 5 or 5 and 9
produced agonists with EC50 nM. 2D-NMR and CD spectra revealed an N-terminal beta
turn and a C-terminal helical structure that differentially influenced affinity and agonist
potency. These structures can inform the development of cyclic peptide, peptidomimetic
or small molecule agonists of the GLP-1 receptor.
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Discovery and SAR of benzofuran GPR120 agonists
Nalin L. Subasinghe2, James Lanter2, jlanter@its.jnj.com, Edward C. Lawson2, Zhihua
Sui2, Yuanping Wang2, Joseph Gunnet2, Hong Hua2, Aurthur Suckow2, Celia
Jenkinson2, Peter Haug2, James Leonard2, William V. Murray1. (1) Room 42-2512,
Janssen RD, Spring House, Pennsylvania, United States (2) CVM Research, Janssen
PRD, Spring House, Pennsylvania, United States
A key feature of type 2 diabetes is insulin resistance, a large component of which is
obesity driven. The accumulation of macrophages and pro-inflammatory cytokines,
especially in fat tissue and the liver, leads to chronic inflammation which is believed to
be a primary driver of this component. Many studies have identified long-chain w-3-fatty
acids as beneficial dietary nutrients which, among other things, produce antiinflammatory outcomes. Macrophages express high levels of a key receptor for these
molecules, GPR120, and their interaction with it has been reported to improve insulin
sensitivity despite relatively low affinity for the receptor. A dihydrobenzofuran scaffold
represented one of our key starting points for the identification of potent and selective
GPR120 agonists. The evolution of this pharmacophore from an SAR standpoint as well
as the mitigation of its off-target PXR induction activity will be discussed.
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Novel xanthine oxidase inhibitors as a therapeutic agent or a preventive agent for
gout and hyperuricemia
Asahi Kawana, a.kawana@teijin.co.jp, Chikashi Kanazawa, Yoshimasa Takahashi,
Yumiko Muroga, Mariko Imazeki, Yoshio nakada. Teijin Pharma Limited, Hino-shi,
Japan

Xanthine oxidase is an enzyme catalyzing the conversion of hypoxanthine to xanthine
and further to uric acid in nucleic acid metabolism. A xanthine oxidase inhibitor inhibits
uric acid synthesis to reduce a level of uric acid in the blood with respect to the action of
xanthine oxidase. Thus, the xanthine oxidase inhibitor is effective as a therapeutic agent
for hyperuricemia and various diseases caused by hyperuricemia such as gout.
In this presentation, we will discuss a structure-activity relationship of novel compounds
having a xanthine oxidase inhibitory activity and an efficient synthetic method of those
compounds. In particular, we will report a novel thiazole derivative with efficacy in vivo
model and its DMPK profile.
Also we will discuss that the cause of the prolonged hypouricemic effect of the
compound in vivo was derived from the continued blood concentration of the compound.
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Structure-activity relationships of amide and sulfonamide analogs of Omarigliptin
(MK-3102), a novel, long acting DPP-4 inhibitor for treatment of type 2 diabetes
Ping Chen, ping_chen@merck.com, Dennis Feng, Xiaoxia Qian, James Apgar, Robert
Wilkening, Jason Cox, Gorge Doss, Gorge Eiermann, Huaibing He, Kathryn Lyons,
joseph Metzger, Aleksandr Petrov, Joseph K. Wu, Shiyao Xu, Bei Zhang, Nancy A.
Thornberry, Ann E. Weber, Ranabir Sinha Roy, Tesfaye Biftu,
tesfaye_biftu@merck.com. Merck Co Inc, Kenilworth, New Jersey, United States
Dipeptidyl peptidase IV (DPP-4) inhibition is a novel and clinically-proven therapeutic
approach for the treatment of Type 2 diabetes mellitus (T2DM). Inhibition of DPP-4
leads to increased levels of the endogenous incretin hormones glucagon-like peptide 1
(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). GLP-1 and GIP
stimulate glucose-dependent insulin biosynthesis and secretion, inhibit glucagon
secretion, slow gastric emptying, and reduce appetite. In addition, GLP-1 has been
shown to stimulate the regeneration and differentiation of islet β-cells in rodent models.
Our DPP-4 inhibitor program culminated in the discovery of JANUVIA® (Sitagliptin
phosphate) as the first FDA approved DPP-4 inhibitor for the treatment of patients with
T2DM. Subsequently, additional DPP-4 inhibitors such as Vildagliptin (Novatis),
Saxagliptin (BMS), Linagliptin (Lilly) and Alogliptin (Takeda) have entered market.
In our continued efforts to discover structurally-diverse DPP-4 inhibitors with added
benefits over Sitagliptin (1), a series of tetrahydropyrrolopyrazole amides and
sulfonamides on tetrahydropyran scaffold were synthesized and evaluated, leading to
the discovery of a potent and selective DPP-4 inhibitor, Omarigliptin (MK-3102) (2)
(Biftu, T., et al. J. of Med. Chem. 2014, 57, 3205), with an excellent pharmacokinetic
profile amenable for once weekly dosing. In this poster, the structure-activityrelationships around MK-3102 analogs will be presented.
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Discovery of small molecule functional agonist leads of APJ receptor
Sanju Narayanan1, narayanan.sanju@gmail.com, Rangan Maitra1, Jeffery R.
Deschamps2, Katherine Bortoff1, James B. Thomas1, Yanyan Zhang1, Keith Warner1,
Scott Runyon1. (1) Center for Drug Discovery, RTI International, Research Triangle
Park, North Carolina, United States (2) Naval Research Laboratory, Center for
Bio/Molecular Science and Engineering, Washington, District of Columbia, United
States
Apelinergic system includes endogenous peptides apelin, ELABELA/TODDLER and
their 7-transmembrane G-protein coupled apelin receptor (APJ, AGTRL-1, APLNR). The
APJ receptor is an attractive therapeutic target because of its possible involvement in
cardiovascular diseases, liver fibrosis, obesity, diabetes, neuroprotection and other
disorders. To date, pharmacological characterization of APJ receptor has been very
limited due to unavailability of small molecule functional agonists or antagonists. We
have identified a promising drug-like small molecule agonist lead 1 with a functional
EC50 of 4.0 µM and binding affinity (Ki) of 4.6 µM. Structure activity relationship,
synthetic methodology and initial in vitro pharmacological characterization are
discussed.
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Approaches to ring-fused 1,2,4-triazoles, a druggable drug scaffold
Erland P. Stevens, David H. Robinson, darobinson@davidson.edu. Dept of Chemistry,
Davidson Colg, Davidson, North Carolina, United States
1,2,4-Triazoles are a key structural unit in antifungals and are occasionally found in
other drugs, including ribavirin, an antiviral. The use of 1,2,4-triazoles in drug discovery
is, however, low compared to other heterocycles. Recent literature reports have
demonstrated that ring-fused 1,2,4-triazoles should be available through simple
coupling strategies of 2-haloazines and -azoles with amidines. We report our efforts to
optimize this chemistry to generate a variety of ring-fused systems bearing a range of
functionality. The resulting ring-fused 1,2,4-triazoles should have value for the
development of quality compound libraries as well as other drug discovery methods,
including scaffold hopping.
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Synthesis of new heterocyclic ring systems for use in molecular libraries

Tyler A. Pfister, typfister@davidson.edu, Erland P. Stevens. Dept of Chemistry,
Davidson Colg, Davidson, North Carolina, United States
While nitrogen heterocycles are found in a large percentage of oral drugs, the number
of different heterocycles used for this purpose is small compared to the number of
theoretically available ring systems. For this reason, following decades of
pharmaceutical research, intellectual property space around these commonly used
heterocycles has become crowded. The discovery of new synthetic routes to previously
unreported heterocycles will possibly facilitate the discovery of new drugs while
minimizing intellectual property overlap. Toward this end, we will present general
synthetic routes for the preparation of functionalized and previously unknown yet
druggable nitrogen heterocycles.
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Preparation and reactions of 2-functionalized-4, 5-diaryloxazoles: Synthesis of
extended diaryloxazole scaffolds
Pravin C. Patil, Frederick A. Luzzio, faluzz01@louisville.edu. Department of
Chemistry, University of Louisville, Louisville, Kentucky, United States
As a heterocyclic class, oxazole derivatives have become increasingly important due to
their use as starting points and intermediates for the preparation of new biologicallyrelevant compounds. The oxazole ring is present in a plethora of biologically-active
compounds, including natural products and those used as antibiotics and
antiproliferatives. The biological activities of diverse oxazoles includes antifungal,
antibacterial, anti-tuberculosis, anti-inflammatory, analgesic, muscle relaxant,
hypoglycemic, antiproliferative, and HIV inhibition. In addition, oxazole derivatives are
useful synthetic intermediates when applied as chemically-diverse scaffolds in both
combinatorial chemistry and as peptidomimetics. 2-(Halomethyl)-4, 5-diphenyloxazoles,
prepared by cyclization of benzoin haloacetates or free-radical halogenation of 2methyl-4, 5-diaryloxazoles, are effective, reactive scaffolds which can be utilized for
synthetic elaboration at the 2-position. Through substitution reactions, these
electrophilic intermediates were used to prepare a number of 2-alkylamino-, 2-alkylthioand 2-alkoxy(methyl) oxazoles which are valuable synthetic intermediates. While the
chloromethyl group was found to bear the reactivity of a benzylic alkyl halide, it also
exhibited a very similar reactivity to an α-haloketone in substitution reactions. Another
product of the halomethyloxazole intermediates are the corresponding 2(hydroxymethyl)-4,5-diaryloxazoles, which in turn on exposure to oxidants such as the
Dess-Martin (DM) periodinane, provide efficient access to the corresponding 2-formyl4,5-diaryloxazoles. When the formyl compounds are reacted with diamines, the Schiffbase products offer a number of unique scaffolds for which to build ligands and other
diverse structures. The 2-(methylene) position of the diaryloxazole framework was also
found to be amenable to anion formation when conjoined with suitable activating
groups. In turn, the 2-(methyl) oxazole anions were found to enable numerous carboncarbon bond reactions which allows for greatly expanded synthetic latitude.

MEDI 145
Salicylaldehyde ester-induced chemoselective peptide ligations: Enabling
generation of natural peptidic linkages at the hydroxyproline site
Khanh Ha1,2, haquockhanhpz@gmail.com, Alan Katritzky1,2, Dennis Hall1,2. (1)
Department of Chemistry, University of Florida, Gainesville, Florida, United States (2)
Department of Medicinal Chemistry, University of Florida, Gainesville, Florida, United
States
Chemical protein synthesis has emerged as a powerful technology thanks to the
pioneering work of Bruce Merrifield on solid-phase peptide synthesis (SPPS), and
chemoselective ligation reactions, such as native chemical ligation (NCL) pioneered by
the laboratory of Stephen Kent. One early application of chemical ligation reactions in
protein synthesis that led to its recognition as a powerful tool for chemists and biologists
was the preparation of fully active HIV-1 protease, which enabled determination of its
crystal structure HIV-1 protease is an example of an important protein target for drug
design and development that is toxic when expressed in E. coli
The key issue in the development of peptide coupling methods using unprotected
peptide fragments is the availability of a chemoselective reaction to specifically and
unambiguously join peptides through the C-terminus of a peptide and the N-terminus of
a second peptide. There are limited methods available by which to accomplish peptide
ligation through formation of a natural peptide linkage at the ligation site. Clearly,
cysteine-based native chemical ligation (NCL) developed by Kent and co-workers, is the
first and the best method in this regard, and it has become no doubt the most powerful
method in synthetic peptide chemistry. However, the rare presence of the cysteine
residue (1.4% content in proteins) has limited the utility of NCL (most peptide
pharmaceuticals rarely contain an internal cysteine1).
To address this issue, we study ligation at 4-hydroxy proline method.. We believe that,
with further extensive investigations, a Hyp-based chemical ligation (4-HypL) resulting in
natural Xaa-Hyp linkage at the ligation site using such an imine capture-rearrangement
strategy can be realized. As Hyp residues are very important in natural peptides and
proteins 4-HypL should offer new opportunities for convergent protein synthesis for drug
development programs.
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Natural product-inspired, DNA-programmed combinatorial library for targeting
protein-protein interactions
Kyle E. Denton, dentonk@purdue.edu, Casey J. Krusemark. Medicinal Chemistry &
Molecular Pharmacology, Purdue University, West Lafayette, Indiana, United States
The large surface areas and shallow binding pockets of typical protein-protein
interactions have presented challenges for their exploitation as therapeutic targets.
Peptidomimetic, natural product-inspired, macrocyclic ligands occupy a middle space

between traditional small molecules and protein therapeutics and are a promising class
of molecules for targeting protein-protein interactions. We employ DNA-programmed
combinatorial chemistry (DPCC) for the synthesis of 2.5 x 108 unique peptide, peptoid
and peptide-peptoid hybrids of linear and macrocyclic molecules. The library design is
focused on optimizing known peptide ligands of protein-protein interactions that are
mediated by short linear motifs. In particular, the library design seeks to mimic the 6mer peptide QEVIRN, a portion of the C-terminus of PKCβII that has been shown to
selectively inhibit the PKCβII-RACK1 interaction. This interaction has been implicated in
various diseases including cancer, diabetes, and heart disease. In vitro evolution of
DPCC-produced synthetic molecule DNA conjugates will give extensive structureactivity relationships of peptide ligands and potentially yield more drug-like molecules
for biological probes or therapeutics. We present progress on library synthesis and on
selection strategies for enrichment of ligands to several protein-protein interaction sites.
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Dietary natural products as promising leads for antiprostate cancer agents
Qiaohong Chen, qchen@csufresno.edu. Chemistry, California State University,
Fresno, Fresno, California, United States
One research focus in my laboratories is to engineer improved analogues of dietary
natural products as cytotoxic chemotherapeutics for potential treatment of advanced
castration-resistant prostate cancer. Four dietary natural products, curcumin, silybin,
quercetin, and genistein, were selected as lead compounds because their potential to
treat prostate cancer has been demonstrated by their in vitro and in vivo experimental
data. One major disadvantage of these four dietary natural products as drug candidates
is their poor pharmacokinetic profile due to their poor water solubility and bioavailability.
This critical problem, together with their moderate potency, prevents them from
becoming a cytotoxic chemotherapeutic. It is thus very significant for medicinal chemists
to develop potential anti-prostate cancer agents through chemical modifications of these
dietary natural products. So far, we have designed and synthesized several groups of
analogues (over 150 compounds) for the evaluation of their cytotoxicity and antiproliferative activity towards both hormone-dependent and hormone-independent
prostate cancer cell lines. Two groups of curcumin analogues and one group of silybin
analogues have been established as promising scaffolds for in-depth development of
potential analogues of dietary natural products for clinical treatment of prostate cancer.
One of these promising analogues showed not only excellent in vitro cytotoxic potency
but also markedly improved in vivo pharmacokinetic profiles.
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Synthesis and characterization of 24-epiconicasterol

Ricardo Joseph2, joseph1883@gmail.com, Jose-Luis P. Giner1. (1) SUNY ESF,
Syracuse, New York, United States (2) Chemistry, SUNY-ESF, Syracuse, New York,
United States
The synthesis of the C-24 epimer of conicasterol, 24-epiconicasterol, from ergosterol is
reported. Conicasterol is a marine sponge sterol reported as a natural ligand to the
human bile-acid-activated nuclear receptor FXR (farnesoid X receptor) and the PXR
(pregnane X receptor), a xenobiotic sensor. FXR and PXR nuclear receptors play a
fundamental role in protecting intestinal and liver cells from harmful bile acid overload.
The key step in this described synthetic route involves the PtO2 catalyzed
hydrogenation of intermediate 6 to intermediate 7.
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Evaluation of antibacterial activity of Artemisia vulgaris extracts against
Staphylococcus aureus
Alfred K. Addo-Mensah, addomens@hotmail.com, Gabriela Garcia, Irma Maldonado,
irma_maldonado@dusty.tamiu.edu, Libia Lee, Eduardo Anaya, Gabriela Cadena.
LBVSC 303, TAMIU Dept Biology Chemistry, Laredo, Texas, United States
Plants have been and still are the main source of a variety of drugs. Due to this trend,
there is a need to investigate plants and determine if they obtain any medicinal property.
In this study, the stem, root and shoot of Artemisia vulgaris was extracted sequentially
via Soxhlet extract using petroleum ether, acetone and 90% ethanol on water
respectively. Antimicrobial activity of these extracts was tested against S. aureus using
the disc diffusion method. Whereas acetone extract showed high antimicrobial activity
(5 mg/ml) against S. aureus, the ethanol extract showed very moderate activity (50
mg/ml) against the tested microbe. Lack of antibacterial activity from the ethanol extract
reported in this study conflicts previous studies which report higher antimicrobial activity
in ethanolic extracts. Findings in this study reveal that the active antimicrobial agents in
A. vulgaris can be extracted better with acetone than with ethanol.
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Total synthesis and biological evaluation of the C-11 epimer of ipomoeassin F
Eric Barber2, edbarber@email.uark.edu, Guanghui Zong3, Hazim Aljewari4, Wei Shi1.
(2) Chemistry, University of Arkansas, Fayetteville, Arkansas, United States (3)
Chemistry and Biochemistry, University of Arkansas, Fayetteville, Arkansas, United
States (4) University of Arkansas, Fayetteville, Arkansas, United States
Ipomoeassin F, a resin glycoside isolated from the leaves of Ipomoea squamosa, has
been to shown to have a cytotoxicity in the low nanomolar range for a number of cell
lines. Despite its high bioactivity, little is known about its mode of action. The macrolide
ipomoeassin F consists of a disaccharide moiety linked through an intramolecular

esterification to a 16-carbon fatty-acid derived aglycon. The aglycon contains a sole
chiral center at C11 in the S configuration. In an effort to gain insight into the activity of
this natural product, we synthesized an epimer with a change in configuration at this
sole chiral center to explore the effect of the stereochemistry on the activity. This epimer
of ipomoeassin F was then subjected to a few biological assays in human cells and
compared to the previously synthesized natural product. The results showed a decrease
in activity for the epimer by greater than 30 fold for all cell lines indicating the
importance of the stereochemistry of the compound.

C-11 Epimer of Ipomoeassin F
MEDI 151
Synthesis and antitumor activity of a library of sempervirine analogs
Xiaohong Pan, xpan@scripps.edu, Thomas D. Bannister. Chemistry, The Scripps
Research Institute-FL, Jupiter, Florida, United States
A collection of substituted alkaloids including sempervirine and its analogs was
constructed using consecutive palladium-mediated processes, a Sonagashira coupling
and a Larock indole annulation reaction. Substituent effects were investigated and a 22compound collection was analyzed for antitumor activity in three tumor lines. Fluoro and
methoxy substitution was shown to improve cytotoxicity of the natural product, with a
fluoro derivative being the most potent anti-tumor agent in the series.
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Synthesis and in vitro anticancer evaluation of spermatinamine analogs
Basem Moosa1, basem.moosa@kaust.edu.sa, Song Li2, Niveen M. Khashab1. (1)
KAUST, Jeddah, Saudi Arabia (2) Building 2, Level 4, 4254-WS16, KAUST, Thuwal,
Saudi Arabia
Spermatinamine was isolated from an Australian marine sponge, Pseudoceratina sp. as
an inhibitor of isoprenylcystiene carboxyl methyltransferase (Icmt), an attractive and
novel anticancer target. Herein, we report the synthesis of spermatinamine analogues
and their cytotoxic evaluation against three human cancer cell lines i.e. cervix
adenocarcinoma (HeLa), breast adenocarcinoma (MCF-7), and prostate carcinoma
(DU145). Analogues 7, 9 and 10 were found to be the most potent against one or more
cell lines with the IC50 values in the range of 5 - 10 µM. The obtained results suggested
that longer polyamine linker along with aromatic oxime substitution provided the most
potent analogue compounds against cancer cell lines.

MEDI 153
Thalassomonic acids A-F: New anti-tyrosinase secondary metabolites from a
marine Thalassomonas sp

Robert Deering1, rdeering19@my.uri.edu, Jianwei Chen1, Hang Ma1, Javier Dubert2,
Susana Prado2, Navindra P. Seeram1, David C. Rowley1. (1) Biomedical and
Pharmaceutical Sciences, College of Pharmacy, University of Rhode Island, Kingston,
Rhode Island, United States (2) Department of Microbiology and Parasitology, CIBUSFaculty of Biology, University of Santiago de Compostela, Santiago de Compostela, A
Coruna, Spain
The bacteria genus Thalassomonas was first described in 2001 and has since been
investigated for its pigmentation, agarolytic properties, commensalism with marine
animals, and as a pathogen contributing to coral diseases. Chemical investigations of
secondary metabolites produced by Thalassomonas spp. have been minimal. In this
study, we investigated the secondary metabolites produced by a Thalassomonas sp.
Fermentation, extraction, and isolation of the metabolites yielded six new compounds:
thalassomonic acids A-F. Their structures were elucidated using one and two
dimensional NMR spectral data as well as high-resolution mass spectrometry. Based on
their structural similarity to known tyrosinase inhibitors such as N-acylated tyrosines, we
tested the thalassomonic acids in a tyrosinase enzyme inhibitory bioassay.
Thalassomonic acids A, B, and E are inhibitors with IC50 values of 151.9 (± 2.8), 313.2
(± 4.7), and 600.2 (± 3.4) µM, respectively that compare favorably to the IC50 value of
38.8 (± 0.3) µM of the known potent inhibitor kojic acid.
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Discovery of novel small molecules for renal diseases

Edward C. Grimley, egrimley@umich.edu, Chenzhong Liao, Egon J. Ranghini, Zaneta
Nikolovska-Coleska, Gregory Dressler. Molecular and Cellular Pathology, University of
Michigan, Ann Arbor, Michigan, United States
The promise of rational drug design lies in leveraging fundamental knowledge of tissue
and disease specific pathways to identify innovative avenues of intervention while
minimizing systemic side effects. In Nephrology, there is a desperate need for new
approaches to treat chronic and acute renal disease, which is expected to increase
concurrently with the rampant increase in obesity and diabetes. Our objective is to
identify, characterize, and develop novel small molecule modulators of pathways that
are important in the differentiation and regeneration of renal epithelial cells as
molecularly targeted therapies. The transcription factor Pax2 has been identified as a
master regulatory gene that specifies renal epithelial cell proliferation and differentiation.
Pax2 interacts with DNA via the paired domain and through interactions with adaptor
proteins, PTIP or Grg4, recruits epigenetic complexes to target genes to either positively
or negatively regulate gene expression. While Pax2 expression is high in progenitor
cells, it is suppressed in healthy adult renal epithelial cells. However, Pax2 is reexpressed in kidney cancers, polycystic kidney disease, and in proximal tubular cells
after injury. Given its critical role for renal epithelial cell proliferation and growth during
development, we hypothesize that suppression of Pax2 activity will represent an
excellent strategy for treating a variety of renal diseases.
To this end, we have employed a homology based computational screen designed to
identify small molecules that potentially interact with the paired domain and inhibit Pax2DNA interactions. Next, we generated a cell line containing an integrated Pax2
dependent luciferase reporter gene and established a high-throughput screen to
investigate high scoring candidates identified in the computational screen. Additional
assays were utilized to confirm and distinguish between specific and non-specific hits.
Confirmed hits were tested in a variety of secondary assays including multiple methods
to probe disruption of the Pax2-DNA interaction. Using an in-vitro organ culture assay
we show that compound treated kidneys fail to develop properly and have a gene
expression profile consistent with reduction of Pax2. Our results suggest that we have
identified bona fide small molecules that can, at low micromolar concentrations, inhibit
Pax2 activity. Future efforts will be focused on optimizing the identified compounds to
improve potency and efficacy.
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Investigation of nitroxyl (HNO) reactions with the selenoprotein thioredoxin
reductase
Brianna Brosnan, bbrosnan@worcester.edu, Tasneem Zawahreh, Susan Mitroka,
smitroka@vt.edu. Chemistry, Worcester State University, Worcester, Massachusetts,
United States

Nitroxyl (HNO) is the simplest nitroso compound. HNO primarily reacts as a potent
electrophile and rapidly forms addition products with nucleophiles, particularly thiols,
leading to enzymatic inactivation of many proteins. While the reactions of thiols and
HNO have received much attention, little is known about the reactions of seleniumbased compounds and HNO. The basic chemical properties (increased acidity and
polarizability leading to enhanced nucleophilicity) indicate that selenium-containing
proteins would be a preferred target of HNO suggesting the possible selective inhibition
of seleo-enzymes with HNO based compounds.
Thioredoxin Reductuctase (TrxR) is known to be involved in many cellular regulatory
processes, such as reduction of disulfides (including thioredoxin), anti-oxidant defense
of the cell, cellular repairs and cell proliferation as well as apoptosis. Particular
importance in cancer chemistry is the role these enzymes play in preventing apoptosis.
TrxR has been shown to be upregulated in a variety of cancer cells both in vitro and in
vivo.
Several TrxR inhibitors are currently being tested as possible cancer therapeutics, via
inducing apoptosis in a cancerous cell line or reducing the resistance to other
chemotherapeutic drugs. Given the unique chemical nature of the enzyme active site,
irreversible modification through an electrophilic agent promises to be a viable means of
deactivating the protein. In this research, we examine the ability of HNO to inhibit TrxR1
activity. Additionally, we compare these results to the results of known thiol containing
enzymes susceptible to HNO, specifically GAPDH
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Discovery of novel autotaxin inhibitors
Akira Ohhata, Yuzo Iwaki, y.iwaki@ono.co.jp, Shingo Nakatani, Katsuya Hisaichi,
Ryoka Miwa, Yasuyuki Okabe, Atsushi Hiramatsu, Toshihide Watanabe, Shingo
Yamamoto, Taihei Nishiyama, Juta Kobayashi, Yasuo Hirooka, Naoya Matsumura,
Tatsuo Maeda, Makoto Kato, Hiroshi Saga, Tetsuya Sugiyama, Akira Imagawa, Hiromu
Habashita. ONO Pharmaceutical Co., Ltd., Mishima-gun, OSAKA, Japan
Lysophosphatidic acid (LPA) is a bioactive lipid mediator which elicits a number of
biological functions including smooth muscle contraction, cell motility, proliferation and
morphological change. LPA is endogenously produced by autotaxin (ATX) from
extracellular lysophosphatidylcholine in plasma. In this meeting, we will report our
medicinal chemistry effort to identify highly potent ATX inhibitors with good oral
availability in rodent. In order to enhance the potency, we designed several compounds
by structurally comparing HTS hit with endogenous ligands (Lysophosphatidyl choline
(LPC) and Adenosine triphosphate (ATP)). Further optimization to improve
pharmacokinetic profile as well as to enhance the potency in human plasma resulted in
the identification of novel compounds as highly potent ATX inhibitors.
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New monocyclic, bicyclic, and tricyclic ethynylcyanodienones as activators of the
Keap1/Nrf2/ARE pathway and inhibitors of inducible nitric oxide synthase
Wei Li2, ufokkkseraph@hotmail.com, Suqing Zheng2, Maureen Higgins3, Rocco P.
Morra2, Anne Mendis2, Chih-Wei Chien2, Iwao Ojima1, Dale Mierke4, Albena DinkovaKostova3, Tadashi Honda1. (1) Chemistry, ICB&DD, Stony Brook University, Stony
Brook, New York, United States (2) ICB&DD, Stony Brook University, Stony Brook, New
York, United States (3) Division of Cancer Research, University of Dundee-Medical Res
Inst, Dundee, United Kingdom (4) Chemistry, Dartmouth College, Hanover, New
Hampshire, United States
A monocyclic compound MCE-1(ethynylcyanodienone) is a highly reactive Michael
acceptor leading to reversible adducts with nucleophiles, which displays equal or
greater potency than the pentacyclic triterpenoid CDDO in inflammation and
carcinogenesis related assays. Recently, reversible covalent drugs, which bind with
protein targets but not permanently, have been gaining attention because reversible
covalent drugs have high potency, high ligand efficiency and long duration of action.
To explore such reversible covalent drugs, we have designed and synthesized
monocyclic, bicyclic, and tricyclic compounds I–III containing MCE-1 as an electrophilic
fragment, and evaluated them as activators of the Keap1/Nrf2/ARE pathway and
inhibitors of iNOS.
The designed compounds have been synthesized in relatively few steps and good
yields from the starting materials, respectively. We employed the Diels-Alder reaction
and Robinson annulation for the key cyclization steps of these syntheses.
These compounds I–III excluding a fluorene derivative MCE-23 (III, R = H, n = 0)
demonstrate the unique features of the chemical reactivity and biological potency.
Biological potency of the compounds, which have high reactivity with a chloride anion,
are weak as activators of the Keap1/Nrf2/ARE pathway and as inhibitors of iNOS. The
compounds, which have low reactivity with a chloride anion but high reactivity with a
sulfhydryl group, are highly potent as the activators and the inhibitors. Among them, a
monocyclic compound MCE-31 (I, R = vinyl) is the most potent in these assays while a
tricyclic compound MCE-23 displays a more robust and specific activation profile
compared to MCE-31.
In conclusion, we have clarified that the designed compounds containing the fragment
MCE-1 maintain the features of the reactivity and biological potency of MCE-1. Thus,
MCE-1 is a useful electrophilic fragment for exploring reversible covalent drugs.
Currently, further design and synthesis of reversible covalent drugs based on MCE-1
are underway.

Monocyclic, bicyclic, and tricyclic compounds containing MCE-1 (ethynyl cyanodienone).
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Differential loss of cell viability after exposure of breast cancer and normal cells
to chloro-derivatives of S-nitroso-aryl-amides
Mariana Fugimoto, Eloisa D. Castro, Hugo P. Monteiro, Adriana Karla C. Reis,
adriana.amorim@unifesp.br. UNIFESP, Sao Paulo, Brazil
Nitric oxide (NO), a gaseous free radical, participates in cellular signaling events in
normal and tumor cells. While low/physiological concentrations of NO promote cell cycle
progression and proliferation, high concentrations can induce cell cycle arrest and
apoptosis. S-nitrosothiols have been implicated as major transducers of NO bioactivity
however their use as anti-cancer reagents has been poorly explored. S-nitroso-Nacetyl-penicillamine (SNAP) is a widely characterized nitrosothiol whose functionality
and unique aqueous stability suggest that penicillamine derivatives are good substrates
for the synthesis of novel and stable S-nitrosothiols. Recently we synthesized a series
of S-nitroso-aryl-amides derivatives of penicillamine that are fairly water soluble and
therefore suitable for biological testing (Scheme I- Derivatives 1-4). O-chloro (2) and
m-chloro (3) derivatives were evaluated for their in vitro cytotoxicity against human
breast carcinoma cell lines (MCF7 and MDA-MB-231), non-tumor epithelial cells
(MCF10), and human umbilical vein endothelial cells (HUVEC). The m-chloro derivative
displayed a potent cytotoxic effect against both breast cancer cell lines. However, the
compound did not affect significantly the viability of MCF10 non-tumor epithelial cells.
We also examined the capacity of the compounds to induce apoptosis of some of the
cell lines investigated in this study. After 2hs treatment with the o- and m-chloro
derivatives, cancer cells lines were positive for Annexin V and propidium iodide labeling.
On the other hand, most of the HUVEC were negative for Annexin V/propidium iodide.
In addition, the o- and m-chloro derivatives produced high concentrations of NO in
breast cancer cell lines, but low concentrations in MCF10 and in HUVEC cells.
Apparently these high concentrations of NO are major contributors to the differential
cytotoxicity displayed by these compounds. Our findings suggest that the chloroderivatives of the nitrosothiols s-nitroso-aryl-amides, may aid in the design of
chemotherapeutic agents used for the treatment of human breast cancer.

MEDI 159
Single diastereomer of a macrolactam core binds specifically to myeloid cell
leukemia 1 (MCL1)
Chao Fang1, chaofangphd@yahoo.com, Brendan D’Souza1, Christopher Thompson1,
Matthew Clifton2, James Fairman2, Ben Fulroth1, Alison Leed1, Patrick McCarren1, lili
Wang1, Yikai Wang1, Clementine Feau1, Virendar Kaushik1, Michelle Palmer1, Guo
Wei1, Todd Golub1, Brian Hubbard1, Michael H. Serrano-Wu1. (1) Broad Institute,
Cambridge, Massachusetts, United States (2) Beryllium, Bedford, Massachusetts,
United States
A direct binding screen of 100,000 sp3-rich molecules identified a single diastereomer
of a macrolactam core that binds specifically to myeloid cell leukemia 1 (MCL1). A
comprehensive toolbox of biophysical methods was applied to validate the original hit
and subsequent analogs, and also established a binding mode competitive with NOXA
BH3 peptide. X-ray crystallography of ligand bound to MCL1 reveals a remarkable
ligand/protein shape complementarity that diverges from previously disclosed MCL1
inhibitor co-structures.

MEDI 160
Targeting novel protein complexes and interrogating small molecule inhibitors of
the anticancer target HSP70
Lindsay Evans, lindsay.evans@icr.ac.uk, Keith Jones, Matthew D. Cheeseman.
Cancer Therapeutics, The Institute of Cancer Research, London, United Kingdom
The HSP70 proteins are a family of ATPase molecular chaperones, whose cellular
functions include stabilizing and refolding misfolded and aggregated proteins. The
chaperone function of HSP70, which is usually there to protect organisms from
environmental stress and disease, can be exploited by cancer cells to maintain viability
in the hostile tumor environment. HSP70 isoforms are overexpressed in multiple cancer
types and high expression levels have been linked to poor clinical outcomes and drug
resistance.1,2 Despite significant research effort, targeting HSP70 has proved
challenging due to its flexible structure and complex catalytic cycle.3
The reported HSP70 inhibitor apoptozole4 represented an attractive start point for

inhibitor development and was investigated as a potential isoform-selective tool
compound. Interactions between apoptozole and HSP70 were analyzed by
fluorescence polarization and surface plasmon resonance (SPR) and the behavior of
apoptozole under aqueous conditions was examined by dynamic light scattering. During
these investigations we gained valuable insights into how apoptozole might convey its
apparent activity.
The use of co-factors to stabilize the highly dynamic nucleotide-binding domain of
HSP70 during small molecule/fragment screening was also investigated. A fluorescent
probe derived from the known HSP70 inhibitor VER1550085 was designed and
synthesized using a new synthetic route amenable to analogue synthesis and
fluorophore attachment. A fluorescence polarization assay to enable screening against
a biologically relevant HSP70/BAG-1 complex was established and a proof-of-concept
screen performed. The development, validation and results from this novel approach will
be discussed.
1. Powers, M. V. et al. Cell Cycle 2010, 9, 1542.
2. Murphy, M. E. Carcinogenesis 2013, 34, 1181.
3. Massey, A. J. J. Med. Chem. 2010, 53, 7280
4. Williams, D. R. et al. Angew. Chem. Int. Ed. 2008, 47, 7466.
5. Williamson, D. S. et al. J. Med. Chem. 2009, 52, 1510.
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Design and synthesis of CENP-E inhibitors: Application of electrostatic potential
map (EPM) and structure-based modeling to imidazo[1,2-a]pyridine derivatives as
antitumor agents
Takaharu Hirayama1, takaharu.hirayama@takeda.com, Masanori Okaniwa1, Hiroshi
Banno1, Hiroyuki Kakei1, Akihiro Ohashi1, Kenichi Iwai1, Momoko Ohori1, Kouji Mori2,
Mika Gotou1, Tomohiro Kawamoto1, Akihiro Yokota1, Tomoyasu Ishikawa1. (1)
Pharmaceutical Research Division, Takeda Pharmaceutical Company Limited,
Fujisawa, Kanagawa, Japan (2) Chief Medical & Scientific Officer Office, Takeda
Pharmaceutical Company Limited, Osaka , Osaka, Japan
Centromere-associated protein-E (CENP-E), a mitotic kinesin, controls chromosome
alignment during metaphase and regulates the cell-cycle transition to anaphase. Loss of
CENP-E function causes mitotic arrest with cellular phenotype characterized by
misaligned chromosomes, and leads to subsequent apoptosis. Therefore, CENP-E
inhibition is expected to be a promising approach for cancer therapy.
To develop CENP-E inhibitors for use as anticancer therapeutics, we designed novel
imidazo[1,2-a]pyridines, utilizing previously discovered 5-bromo derivative 1a. By sitedirected mutagenesis analysis, we confirmed the ligand binding site. A docking model
revealed the structurally important molecular features to effective interaction with
CENP-E, and could explain the superiority of the inhibitor (S)-isomer in CENP-E
inhibition vs. the (R)-isomer based on the ligand conformation in the L5 loop region. In

our previous empirical studies based on electrostatic potential map (EPM) analysis,
neutral electron charge on imidazo[1,2-a]pyridine was a useful predictor of potent
CENP-E inhibitory activity. Thus, we employed EPM analysis as a ligand-based
approach to optimize functional groups on the imidazo[1,2-a]pyridine scaffold. These
efforts led to the identification of 5-methoxy imidazo[1,2-a]pyridine derivative (+)-(S)-12,
which showed potent CENP-E inhibition (IC50 = 3.6 nM), cellular phosphorylated histone
H3 (p-HH3) elevation (EC50 = 180 nM), and growth inhibition (GI50 = 130 nM) in HeLa
cells. Furthermore, (+)-(S)-12 demonstrated anti-tumor efficacy (T/C = 40%, at 75
mg/kg) in a human colorectal cancer Colo205 xenograft model in mice.
In this poster, we represent our structure-based drug design (SBDD) supported by sitedirected mutagenesis analysis, and ligand-based drug design (LBDD) approach utilizing
EPM analysis. We believe that our study could help other projects in drug discovery.

MEDI 162
Novel strategies for targeted therapies of cancer: Solid-phase-based synthesis of
CCK-2-Receptor-targeting ligands and their Tubulysin conjugates
Garth L. Parham, gparham@endocyte.com, Melissa Nelson, Marilynn Vetzel, Christina
M. Taylor, Joseph A. Reddy, Christopher P. Leamon, Iontcho R. Vlahov. Endocyte Inc,
West Lafayette, Indiana, United States
Cholecystokinin 2 receptors (CCK2Rs) have been demonstrated to be overexpressed in
certain human tumors. Natural substrates of high affinity for cholecystokinin receptors

include peptide hormones CCK and gastrin. C-terminal CCK peptide amide is
selectively targeting CCK2R with 2 times higher affinity than binding to CCK1R. Here
we report the design and synthesis of CCK2-receptor-targeting conjugates of tubulysins.
Tubulysins are a class of cytostatic tetrapeptides originally isolated from several strains
of myxobacteria, noteworthy for their picomolar cytotoxicity against mammalian cells
and nanomolar cytotoxicity in multidrug resistant cell lines. For the expedient conjugate
synthesis we designed a novel ligand systems, using a peptide amide. These targeting
modules were prepared by standard solid phase peptide synthesis. Next, the resulted
constructs were conjugated to tubulysin via disulfide-based self-immolative linker
system.
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Anticancer lycorine-glucose conjugates for CNS delivery
Kelsey N. Middleton1, knmiddleton92@gmail.com, Ramesh Dasari3, Alexander V.
Kornienko2. (1) Department of Chemistry, Texas State University, San Marcos, Texas,
United States (2) Department of Chemistry and Biochemistry, Texas State University,
San Marcos, Texas, United States (3) Dept of Chem Biochem, Rm 323, Texas State
University-San Marcos, San Marcos, Texas, United States
The medicinal use of plants from the Amaryllidaceae family dates as far back as the 4th
century, when Hippocrates treated uterine cancer patients with oil obtained from
Narcissus poeticus. Lycorine, one of most abundant anticancer constituents of these
plants, has been found to exert significant cytostatic effects on apoptosis resistant
glioblastoma cells in vitro and provided significant therapeutic benefit in mice bearing
brain grafts of the B16F10 melanoma model at nontoxic doses. These findings suggest
that lycorine is a useful lead agent for the development of primary and metastatic brain
cancers. However, lycorine’s low logP presents an important obstacle for CNS tumor
targeting. Here, we describe synthesis and evaluation of cleavable and non-cleavable
lycorine-glucose conjugates for facilitated CNS delivery that utilize glucose active
transport across the blood brain barrier.
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Design, synthesis, and biological evaluations of novel PAMAM dendrimer-based
tumor-targeting taxoid conjugates
Longfei Wei1, longfei.wei@stonybrook.edu, Tao Wang1, Sonali Bahl2, Yu-Han G.
Teng1,3, Iwao Ojima1,3. (1) Chemistry, Stony Brook University, Stony Brook, New York,
United States (2) Biochemistry and Cell Biology, Stony Brook University, Stony Brook,
New York, United States (3) Institute of Chemical Biology and Drug Discovery, Stony
Brook University, Stony Brook, New York, United States
Dendrimers have well-defined star-burst architectures and are attractive as anticancer
drug delivery platforms. We have previously developed a strategy to construct

asymmetric bow-tie PAMAM dendrimer-based multifunctional conjugates for tumortargeted drug delivery. This drug conjugate allows the delivery of 16 biotins and 4
taxoids at the same time. Biological evaluations of this drug conjugate against cancer
cell lines, overexpressing biotin receptors (BRs), exhibited not only excellent BRspecific cytotoxicity, but also clearly indicated substantially enhanced receptor-mediated
endocytosis (RME) via mutivalent binding effect with BRs. To further study this
multivalent binding effect, we have designed novel PAMAM dendrimer-based biotinlinker-taxoid and biotin-linker-FITC conjugates, with 4 or 16 biotins as tumor-targeting
modules. For the synthesis of these conjugates, a G1/G3 PAMAM dendrimer with a
cleavable cystamine core was fully functionalized with biotins first, and then the disulfide
bond inside the dendrimer was cleaved and connected to a bifunctional maleimidoalkyne spacer. The functionalized G1/G3 half dendron bearing biotins on the surface
and an alkyne group on the tail was reacted with a taxoid-linker-azide or a FITC-linkerazide via click chemistry to afford the final conjugates. The synthesized conjugates were
evaluated against both BR+ cancer cell lines, as well as BR- cell lines for their
multivalent binding effect. The design, synthesis and biological evaluations of these
novel PAMAM dendrimer-based tumor-targeting drug/fluorescent probe conjugates will
be presented.

PAMAM Dendrimer-based Tumor-Targeting Taxoid Conjugates
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Synthesis, cytotoxic evaluation and docking studies of novel 5-substituted 9anilinothiazolo[5,4-b]quinoline derivatives

Adrian K. Lopez-Rodriguez1, kemishlopez@hotmail.com, José Solano-Becerra3,
Alfonso Lira2. (1) Departamento de Farmacia, Facultad de Química, UNAM, Mexico,
D.F., Mexico (3) Departamento de Biología, Facultad de Química, UNAM, Mexico, D.F.,
Mexico
Our research group has previously established that the cytotoxic activity of 9anilinothiazolo[5,4-b]quinoline compounds is modulated mainly by the presence of a
diethylaminoalkylamino group at the 2-position of the tricyclic nucleus in combination
with moderate polar substituents at the 3’ or 4’-position of the anilino ring. Besides, it
has been observed that the incorporation of electronegative atoms at the 7-position
decreases biological activity. Some of the most active compounds have shown a rough
correlation between cytotoxicity and DNA intercalating activity. In order to evaluate
another substitution pattern, we have synthesized and evaluated in vitro a new series of
5-substituted-9-anilinothiazolo[5,4-b]quinolines. The 5-methoxy-substitued derivatives
were more active than the 5-methyl analogues. The incorporation of a
diethylaminoalkylamino chain at the 2-position enhanced the cytotoxic activity of these
compounds. Molecular docking studies of the novel compounds and DNA, its presumed
target, revealed strong interactions between the tricyclic nucleus and the DNA-pair
bases for both of the new series of compounds, but in the case of series two, an
additional strong interaction was observed between the tertiary amine of the side chain
at the 2-position and the DNA phosphate residues. The anilino group had an orientation
in the minor groove of the DNA. Apparently, the presence of a non-bulky substituent at
the 5-position has no influence on cytotoxic activity.
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Synthesis, in vitro cytotoxic activity and docking studies of 2dimethyilaminoalkylamino-9-anilinothiazolo[5,4-b]quinoline derivatives
Blanca Vega-Alanis1, Alfonso Lira1, lira@unam.mx, José Solano-Becerra2. (1)
Departamento de Farmacia, Facultad de Química, UNAM, Mexico, D.F., Mexico (2)
Departamento de Biología, Facultad de Química, UNAM, Mexico, D.F., Mexico
9-anilinoacridine derivatives, which are good DNA intercalating agents, are broadly
used in cancer chemotherapy. Our research group has reported the synthesis of several
derivatives of 9-anilinothiazolo[5,4-b]quinoline, which in an isosteric replacement of a
thiazol ring instead of a benzene ring, and many have shown good cytotoxic properties.
In the present work, some novel 9-anilinothiazolo[5,4-b]quinoline derivatives were
synthesized and their cytotoxic activities against several human cancer cell lines were
evaluated. In order to establish a structure activity relationship, QSAR descriptors were
calculated. The principal novelty of these compounds was the replacement of a
diethylaminoalkylamino group by a dimethylaminoalkylamino group at 2-position. The
novel compounds were less active than their superior homologues. Docking studies and
analysis of interaction diagrams for both types of series showed more interactions
between DNA and the diethyl-substituted compounds than do dimethyl-substituted
analogues. Besides, Log P values for both series revealed a good correlation with
cytotoxic activity. This fact emphasizes the importance of the compound´s ability to
cross the cell membrane, which could be a limiting step in the mechanism’s mediating
cytotoxicity. In this work, the synthesis, the cytotoxicity against several cancer cell lines
and the molecular modeling studies are presented.
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Synthesis of two pure diastereomers of a newly identified anticancer lead agent
and determination of their cytotoxicity in breast cancer cells
Randall Stenken1, stenkerl@mail.uc.edu, Kayla M. Borland1, Aron P. Bercz1, Edward J.
Merino3, Vladislav A. Litosh2. (1) Chemistry, University of Cincinnati, Cincinnati, Ohio,
United States (2) Department of Chemistry, University of Cincinnati, Cincinnati, Ohio,
United States (3) Deptartment of Chemistry, University of Cincinnati, Cincinnati, Ohio,
United States
Interfering with DNA replication provides a broad approach to prevent cancer cell
growth. However, many FDA approved nucleoside-based chemotherapeutics that act by
terminating DNA replication incur severe side effects. To fix this problem, alternative
anti-cancer agents with potentially wider therapeutic windows are being explored. The
aim of our research is to synthesize modified nucleosides that are recognized by natural
enzymes at the same level as their natural substrates. Once the artificial substrate is
bound to DNA polymerase, its purpose is to obstruct further addition of natural
nucleotides, which results in termination of DNA synthesis. Recently, we have identified
a modified thymidine derivative that is active against several cancer cell lines. However,
the compound is a mixture of two diastereomers. Therefore, we sought to produce the
single diastereomers and examine each one individually for cytotoxic activity in order to
determine if the stereospecificity of the modifying moiety plays a role in termination of
cellular DNA replication. It was not possible to separate the two diastereomers of the
initial lead compound by chromatography. So, we synthesized two enantiomerically
pure R - and S- α-tert-butyl- 4-iodo-2-nitrobenzyl alcohols through derivatization of the
racemic alcohol with (1S)-(-)-camphanic chloride, followed by recrystallization of the
resulting (R,S) and (S,S) camphanates from methanol and isopropanol, respectively. XRay crystallography was used to determine the unambiguous structure assignment for
each diastereomer. Saponification produced the enantiopure alcohols, which allowed for
the synthesis of the two pure diastereomers of the lead compound. The cytotoxicity
studies (MTT assay) gave the IC50 value of 6 ± 1 µM for diastereomeric mixture; the Rdiastereomer was found to have a value of 3 ± 1 µM, and the S-enantiomer was found
to have a value of 11 ± 1 µM.

MEDI 168
Probing ligand receptor interaction through molecular docking of synthesized
library of coumarin-triazolothiadiazine hybrids against, GP63, HSP90 and ALP
Farukh Jabeen1,2, farukh.jabeen@ndsu.edu, Aamer Saeed4, Aliya Ibrar3, Sumera
Zaib5, Jamshed Iqbal6. (1) Center for Computationally Assisted Science and
Technology, North Dakota State University, Fargo, North Dakota, United States (2)
Chemistry , University of Florida, Gainesville, Florida, United States (4) Chemistry,
Quaid-i-Azam University, Islamabad, Pakistan (5) Centre for Advance Drug Research,
Professor & Head at Head Centre COMSATS University, Abbottabad, Pakistan,
Abotabad, KPK, Pakistan (6) Centre for Advance Drug Research, COMSATS
University, Abbottabad, Pakistan, Abotabad, KPK, Pakistan
Leishmanolysin (GP63) is a virulent factor for leishmaniasis. Heat shock protein 90
(HSP90) is an ATP-dependent molecular chaperone that has multiple client proteins
involved in the development and progression of cancers [1] including melanoma,
leukemia, colon, prostate, lung, and breast cancers [2]. Alkaline phosphatase (ALP) is a
non-specific phosphomonoester hydrolase that catalyzes the hydrolysis and
transphosphorylation of organic monophosphates and regulates the functions of many
biologicalsystems. [3]
Molecular docking of the synthesized libraries of coumarin-triazolothiadiazine hybrids
against GP63, HSP90, and ALP were performed to delineate ligand-protein interactions
at molecular level which suggested that the major interacting residues in the binding

sites of the proteins might have an instrumental role in the inhibition of enzyme’s
function. Detailed analysis of orientation of the compounds inside the active site (Figure
1) and their binding mode suggested that these compounds could be surrogate for
further studies to discover novel anti-lieshmanial, anti-cancer drugs and ALP inhibitors.
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Figure 1: Superimposition of all the ligands (cyan color, stick mode) inside the active site of
HSP90 (PDB code: 3EKR)
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Synergistic combination of next-generation taxoid with CMC2.24, EGCG and MMP
inhibitors
Xin Wang2, xin_wang15@hotmail.com, Iwao Ojima1. (1) Chem Dept/ICBDD, Stony
Brook University, Stony Brook, New York, United States (2) Chemistry, Stony Brook
University, Stony Brook, New York, United States
A next-generation taxoid SB-T-1214, exhibits high potency and efficacy against various
cancer cell lines and tumor xenografts, including cancer stem cells (CSCs) and their

spheroids and tumors. In order to maximize its efficacy against tumor metastasis, we
have been investigating the combinations of SB-T-1214 with epigallocatechin gallate
(EGCG), a curcumin analog (CMC2.24) and a matrix metalloproteinase inhibitor (SB-M104) against various cancer cell lines, including breast , ovarian, colon and prostate
cancer cell lines. EGCG, a polyphenol isolated from green tea, has been shown to
sensitize cancer cells toward cytotoxic agents. Curcumin analog, CMC2.24, exhibits
MMP inhibitory activity among various indications. A new-generation MMP inhibitor, SBM-104, interacts with the hemopexin (PEX) domain of MMP-9, degrades the
extracellular matrix (ECM), which impact on cancer metastasis. In the present study, the
combinations of SB-T-1214 with ECGC, CMC2.24 and SB-M-104 exhibited strong
synergistic effects, depending on the ratios of two drugs. Thus, we have examined
various ratios for each combination to achieve optimum combination effects. Our
findings on these promising drug combinations will be presented.
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Design, synthesis, and biological evaluation of novel C-terminal hsp90 inhibitors
Laura K. Buckton, laurabuckton@gmail.com, Hendra Wahyudi, Shelli R. McAlpine.
Chemistry, University of New South Wales, Sydney, New South Wales, Australia

Heat shock protein 90 (hsp90) is a molecular chaperone that stabilises over 400 client
proteins, many of which are oncogenic and implicated in human cancers. Tumour cells
are highly dependent on hsp90 to facilitate the refolding of damaged and mutated
proteins required for their survival and proliferation. Thus, hsp90 is a promising target
for cancer therapy. Classical inhibitors of hsp90 target the N-terminus and have faced
significant toxicity and resistance issues in the clinic. Targeting the C-terminus provides
an alternative approach to inhibiting hsp90 without inducing the anti-apoptotic effects
observed with N-terminal inhibitors. The C-terminus of hsp90 contains a highly
conserved MEEVD region that functions as a tetratricopeptide repeat (TPR) recognition
motif. TPR-containing proteins bind to hsp90 via the MEEVD region and mediate
numerous cellular processes including protein folding, transport and degradation.
Kawakami et. al. designed a peptide that mimics a TPR domain and binds to hsp90,
thereby inhibiting hsp90-TPR interactions. This 12 amino acid TPR peptide mimic
[KAYARIGNSYFK] was derived from the primary TPR sequence and has been shown
to be cytotoxic in a number of different cancer cell lines. Truncated derivatives of this
sequence were synthesised as linear and cyclic peptides. These analogues bind to the
C-terminus of hsp90 and directly inhibit TPR protein binding.
MEDI 171
Development of isoform selective compounds for Grp94 inhibition
Sanket Mishra, sanketjpm@ku.edu. Department of Medicinal chemistry, The University
of Kansas, Lawrence, Kansas, United States

Heat shock protein 90 KDa (Hsp90) belongs to the molecular chaperone family of
proteins that play a key role in protein folding. Many Hsp90 client proteins are critical in
the pathogenesis of diseases such as cancer, neurodegeneration and infection.
Currently, clinical trials are underway for various Hsp90 inhibitors, however, all of these
inhibitors exhibit pan-inhibition of all Hsp90 isoforms, which could be the cause of the
observed side effects, including, hepatotoxicity, cardiotoxicity, and renal toxicity. Hence,
the development of isoform selective Hsp90 inhibitors is needed to delineate the
contribution of each Hsp90 isoform towards these toxicities. One such isoform is the ER
residing glucose regulated protein (Grp94), which is important for trafficking proteins
associated with cellular communication, adhesion and tumor cell proliferation. Utilizing a
structure based drug design approach, a highly selective series of Grp94-selective
compounds were developed and evaluated. The results from these studies will be
presented.
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New approach to inhibit HGF/MET oncogenic signaling: Inhibition of HGF
activation

Robert A. Galemmo2, rgalemmo@aol.com, Namita Bansal2, Benjamin Owusu1,
Phanindra Venukadasula2, Larry Ross3, Judith Hobrath2, Troy Messick4, Lidija
Klampfer1. (1) Oncology, Southern Research, Birmingham, Alabama, United States (2)
Chemistry, Southern Research, Birmingham, Alabama, United States (3) High
Throughput Screening, Southern Research, Birmingham, Alabama, United States (4)
Wistar Institute, Philadelphia, Pennsylvania, United States
The HGF/MET pathway is known to drive proliferation and metastasis in many cancers
and its role in the acquisition of resistance to EGFR-targeted therapy in colon cancer
has only recently been recognized. Our work is focused on developing alternatives to
MET kinase inhibitors and HGF or MET neutralizing antibodies to control oncogenic
HGF/MET signaling.
We have designed small molecules that block HGF activation, a crucial step in
HGF/MET signaling. The maturation of HGF requires proteolysis by at least one of the
three trypsin-like serine proteases: matriptase, hepsin or hepatocyte growth factor
activator (HGFA). Dysregulation of these enzymes by their over-expression or by loss of
their endogenous inhibitor, HGF Activator Inhibitor (HAI), is associated with enhanced
HGF/MET signaling in many advanced stage cancers. Our aim is to restore homeostatic
control of HGF/MET signaling by pharmacological inhibition of the three proteases
required for HGF activation. It is our contention that only a triplex inhibitor of all three
proteases will be effective in a broad range of cancers. We developed SRI 31215, a
small molecule triplex inhibitor of matriptase, hepsin and HGFA. We describe the
structure-based design effort driven by enzyme/inhibitor co-crystal structures and
modeling undertaken to develop SRI 31215 and the consequences of the
pharmacological inhibition of HGF activation in colon cancer.
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Identification of inhibitors of HIF2a as modulators of the hypoxia response for the
treatment of cancer
Shawn Johnstone1, Jeffrey Albert2, jeffrey.albert@intellisynrd.com, Martin Coupal3,
Stephen Lee4. (1) Chemistry, IntelliSyn Pharma, Montreal, Quebec, Canada (3) Biology,
IntelliSyn Pharma, Montreal, Quebec, Canada (4) Department of Biochemistry and
Molecular Biology, University of Miami, Miami, Florida, United States
Solid tumors typically contain regions that are hypoxic (reduced oxygen concentration)
where cancer cells proliferate. They do this by up-regulating certain genes via specific
transcriptional regulators, including HIF2a, that are oxidatively deactivated under
normoxic conditions (normal oxygen concentration). An emerging class of potential
drugs functions by selectively inhibiting HIF2a and thereby stopping the ability of cancer
cells to proliferate. Such drugs offer the potential to affect only hypoxic cancer cells
while having no effect on normoxic cells. To strengthen validation of this target, we
demonstrate by siRNA knockdown that disruption of the regulatory complex leads to
halting of protein expression in hypoxic cells without affecting normoxic cells.
For lead generation, we (1) developed a computational screening model and validated

its ability to correctly discriminate between leads and decoys, and (2) computationally
screened a virtual library of 5 million commercial compounds. The most drug-like hits
were evolved through computational analysis and synthetic optimization. Through these
efforts, we have identified novel families of inhibitors across 6 different chemotypes.
Binding of these compounds has been demonstrated in an alpha-screen based assay
and functional activity has been demonstrated in a VEGF suppression assay. We show
that selected representatives from the 6 leading chemotypes are among the most potent
inhibitors yet described for this target.
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Chemical modification of yeast cell wall beta glucans to enhance stimulation of
innate immune cells directed toward cancer immunotherapy
Michael E. Danielson, mdanielson@biothera.com, Kyle S. Michel, Nandita Bose,
Xiaohong Qiu, Nadine C. Ottoson, Paul M. Will, Ashley G. Rollings, Trinda M. Phelon,
Lindsay R. Wurst, Ross B. Fulton, Steven M. Leonardo, Keith B. Gorden, Yumi
Yokoyama, Andrew S. Magee. Biothera, Saint Paul, Minnesota, United States
Imprime PGG is a soluble yeast-derived beta glucan immunomodulator that is currently
being developed as a cancer immunotherapeutic drug. Imprime PGG is in phase 3 and
multiple phase 2 clinical trials in combination with a therapeutic monoclonal antibody
(e.g. bevacizumab or cetuximab). Carbohydrate polymers composed of beta 1,3 and 1,6
linked glucose residues, such as Imprime PGG, have been shown to bind and stimulate
innate immune cells, which can ultimately result in the killing of cancer cells. The
interaction of Imprime PGG with immune cells, in vitro, results in modulation of innate
immune function including complement activation, induction of cell activation markers,
and production of certain cytokines. Analogs of Imprime PGG were prepared in an effort
to increase the potency of this class of immune modulators. Oxidation of beta 1,3/1,6
linked glucan polymers with sodium periodate introduced a dialdehyde moiety at the
main and side chain termini, to which various amine containing molecules were
attached. The analogs were tested for neutrophil binding and cytokine induction in either
whole blood or isolated immune cells. A class of benzyl amine analogs with enhanced
immune potentiating activity was discovered. The chemistry, biological activity, and
potential therapeutic applications of these conjugates will be discussed.
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Conformationally-controlled late-stage modification to facilitate SAR studies of
ipomoeassin F
Lucas H. Whisenhunt, lhwhisen@uark.edu. Chemistry, University of Arkansas,
Fayetteville, Arkansas, United States
Ipomoeassin F has been shown to have potent in vitro antitumor activity with single-digit
nanomolar IC50 values against multiple cancer cell lines. Nevertheless, its mechanism

of action has not yet been determined. A few SAR studies have been performed to
determine the vital moieties for the natural product’s antitumor activity. However, none
of these studies have investigated the modifications of the C-2 and/or C-3 hydroxyl
groups in the embedded glucoside moiety. In order to gain insight into the mechanism
of action of ipomoeassin F, this poster presents a scalable and flexible synthesis route
for efficiently modifying these two positions in a late stage. This work highlights a 19linear step synthesis that well accommodates the densely functionalized disaccharide.
Several chemoselective reactions with different functionalities made this route more
efficient than previous syntheses. Modifications of the C-2 and C-3 positions in the
penultimate step makes the synthesis route extremely suitable for generating different
analogs at these two positions. The results obtained from such studies will help
investigate the scientific values of this underexplored natural product with very
promising therapeutic potential.
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Total synthesis and SAR study of ipomoeassin F
Guanghui Zong, zongguanghui_8511@163.com, Hazim Aljewari, Mugunthan
Govindarajan, Eric Barber, Lucas H. Whisenhunt, Wei Shi. Chemistry and Biochemistry,
J. William Fulbright College of Arts & Science, University of Arkansas, Fayetteville,
Arkansas, United States
Ipomoeassins A-F1,2, a family of macrolide glycoresin containing an embedded
disaccharide isolated from the leaves of Ipomoea squamosal,1 were found to possess
potent in vitro antitumor activity with an unknown mechanism of function. More

importantly, in the NCI 60-cell line screen, the naturally most abundant member of the
family, ipomoeassin A, showed selective growth inhibition of different cancer cells, and
its pattern of activity was clearly distinguished from other known anticancer agents
based on a COMPARE analysis.3 Therefore, it suggests that the ipomoeassins have
novel molecular targets and can serve as promising new leads for developing a new
class of anti-neoplastic agents. To identify their cellular targets for cancer therapeutics,
ipomoeassin F was selected as a representative compound in this venture because it
showed the highest activity in the family. In this study, a new synthetic route for easy
access to ipomoeassin F analogs with great structural variations was developed (3.8%
over 17 linear steps, suitable for gram-scale synthesis). Initial structure–activity
relationship (SAR) was studied and the results strongly suggest that the unsaturated
esters on the carbohydrates were crucial to the cytotoxicity, while the ketone on the fatty
acid chain was not a key factor. Open-chain ipomoeassin F analogues were also
synthesized, some of which were still potent against several cancer cell lines but can be
prepared more efficiently because of avoiding ring closing metathesis step. Further SAR
studies on the aromatic ring in the cinnamate moiety successfully developed a potential
chemical probe for future target identification of ipomoeassin F using chemical
proteomics. This work represents a significant step forward in understanding the
medicinal potential of the ipomoeassin family of glycolipids.
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Non-absorbable iron chelators as bowel cancer therapeutic and preventative
agents
John S. Fossey1, j.s.fossey@bham.ac.uk, Rama Byravan1,2, Chris Tselepis2. (1) Dept
of Chemistry, University of Birmingham, Birmingham, United Kingdom (2) School of
Cancer Sciences, University of Birmingham, Birmingham, United Kingdom
There is growing evidence implicating excess luminal iron in the context of colorectal
cancer1-3 and hence it is proposed that removal of this excess iron will suppress the
development of this cancer.4 Desferasirox (Exjade),5 a clinically used iron chelator, was
successfully conjugated onto natural non-absorbable polymers chitosan6 and alginate.7
These were subsequently shown to have greatly improved iron binding properties
compared to the parent polymers.
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Fragment-based discovery of 6-arylindazole JAK inhibitors
Andreas Ritzen, andreas.ritzen@leo-pharma.com, Morten Sørensen, Kevin Dack,
Daniel Greve. LEO Pharma A/S, Ballerup, Denmark
The Janus kinase (JAK) family of tyrosine kinases plays a central role in the cytokinedependent regulation of proliferation and function of cells involved in immune response.
It consists of four closely related proteins (JAK1, JAK2, JAK3 and TYK2) that transduce
signaling from cytokine receptors by phosphorylation and subsequent activation of
signal transducers and activators of transcription (STAT). Inhibitors of JAKs have been
the subject of extensive investigation due to their potential to treat various inflammatory
and autoimmune disorders including skin disorders such as psoriasis and atopic
dermatitis.
Compound 1 was identified in a fragment library screen of a targeted custom library of
ca. 500 compounds. Hits were confirmed by a biochemical high-concentration assay
and an X-ray crystal structure was obtained for 1 co-crystallized with JAK2. This
structure suggested the possibility of fragment growth to fill the kinase back pocket.
Gratifyingly, adding a p-OH-Ph substituent to the 6-position of 1 afforded a substantial
affinity gain. Optimization of the sulfonamide moiety X and addition of substituents Y on
the phenol ring were explored and led to the identification of a series of highly potent
and ligand efficient JAK inhibitors. The SAR of substituents X and Y will be presented
and the profiles of the top compounds will be discussed.
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Structure-based design of 2,4,6-trisubstituted pyridines as AKT-2 inhibitors
Elkin Sanabria-Chanaga2, eduardo48_6@hotmail.com, Alicia Hernandez Campos3,
Rafael Castillo-Bocanegra1. (1) Farmacia, Div De Estudios De Posgrado, Mexico,
Mexico (2) Pharmacy, National University Autonomous of Mexico, Mexico City, Mexico
(3) Departamento de Farmacia, Universidad Nacional Autónoma de México, Mexico,
Mexico
Recent studies report the hyperactivation of protein kinase B (AKT) signaling in many
human cancers, making AKT a promising and attractive therapeutic target in anticancer
drug development. A new ATP-competitive AKT type II (AKT -2) inhibitor (1), active in
micromolar concentration, has recently been found. This compound presents a different
scaffold with respect to other published AKT-2 inhibitors. In this work, we report a
structure-based design strategy to optimize this new scaffold. Using the crystal structure
of AKT-2, through molecular docking studies with compound 1 analogues, a strong
interaction between the substituent at position 4 and glutamate 236 was detected. This
lead to the design of a new series of 2,4,6-trisubstituted pyridines. The compounds were
subjected to a virtual screening study on AKT-2 and the best compounds were selected
based on their docking scores, clustering values and root mean square deviations
(RMSD). As a result, a second optimized series of compounds was identified. Molecular
dynamics simulations of the second series of compounds in AKT-2 allowed the
selection of the best candidates demonstrating high stability in the catalytic kinase
domain. The new 2,4,6-trisubstituted pyridines present higher binding energies in silico
than compound 1.
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Optimization of furanopyrimidine-based kinase inhibitors: Identification of a BTK
kinase inhibitor for the treatment of B cell lymphoma
Wen-Chieh Wang, 000960@nhri.org.tw, Yung Chang Hsu, Hui-Yi Shiao, Hui-Chen
Hung, Ching-Chuan Kuo, Jinq-Chyi Lee, Tsu-An J. Hsu, Hsing-Pang Hsieh. Institute of
Biotechnology and Pharmaceutical Research, National Health Research Institutes,
Miaoli, Taiwan
According to the statistics from Ministry of Health and Welfare in Taiwan, non-Hodgkin's
lymphoma is ranked as number nine on leading cause of cancer death toward both
male and female people. In Taiwan, 85% non-Hodgkin's lymphoma patients belong to B
cell lymphoma patients. In general, these kinds of blood diseases were treated by
traditional chemotherapy or radiation therapy, but the results exert poor treatment
effectiveness. In these years, scientists reported Bruton’s tyrosine kinase (BTK) is a key
component in the B-cell receptor signal pathway regulating survival, activation,
proliferation, and differentiation of B cells. Several studies demonstrated that BTK is
overexpressed in several B cell lymphomas and BTK inhibitors may be useful in
lymphoma patients. Hence, BTK inhibitors may constitute an exciting new generation of
treatments for B cell lymphomas.
In our effort to develop novel BTK inhibitors, BPRBK0005 was first identified as a BTK
lead through screening our in house synthesized kinase inhibitors. We next sought in
silico means to proceed further lead optimizations. A new series of furanopyrimidinecontaining derivatives were synthesized and evaluated against BTK enzyme- and cellbased assays. Among these, BPRBK0169 reveal excellent BTK inhibition with an IC50

value of 10 nM, calcium flux inhibition with an IC50 value of 11 nM, as well as up to 38fold more potent antiproliferation in Ramos lymphoma cell line than the leading clinical
drug, ibrutinib. Accordingly, it is considered a highly promising candidate for further
development.
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Design, synthesis, and biological evaluation of bioisosteric analogs of dasatinib
as Src, Abl and Abl T315I protein tyrosine kinase inhibitors

Jay Patel, jay.patel1030@gmail.com, Zhe-Sheng Chen, Vijaya L. Korlipara.
Department of Pharmaceutical Sciences, St. John's University, Queens, New York,
United States
The existence of drug resistance caused by mutations in the break-point cluster regionAbelson tyrosine kinase (Bcr-Abl) kinase domain remains a clinical challenge due to
limited effective treatment options for chronic myeloid leukemia (CML). In this study we
report the development of a series of bioisosteric analogues of dasatinib (1), a drug
approved for the treatment of CML but resistant in patients carrying gate keeper residue
mutations in Abl and Src kinases. The goal of the project was to make suitable
modifications to improve the activity of dasatinib against Bcr-Abl T315I kinase, while still
preserving the activity against Src and Abl kinase. These bioisosteric replacements
included replacement of the amide group with (a) cis and trans-alkene, (b) alkyne, (c)
imine, (d) methylene amino and (e) N-methyl methylene amino groups. Target
compounds with these and other modifications were synthesized and evaluated for their
inhibitory activity against Src, Abl and AblT315I kinases using Z’-LYTE assay as well as
against K562, BaF3wt and BaF3 T315I cell lines using XTT assay. The methylene
amino analogues were the most potent compounds producing up to 10 fold inhibition
compared to dasatinib against tested enzymes and cell lines with or without gatekeeper
residue mutations. These molecules may serve as lead candidates to obtain clinically
effective inhibitors to overcome gatekeeper residue mutations for the treatment of
chronic myeloid leukemia.
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Discovery of 2,4-diaminopyrimidines bearing a unique pharmacophore as
anaplastic lymphoma kinase inhibitors
Hui-Yi Shiao, hyshiao@nhri.org.tw, Wen-Chieh Wang, Yung Chang Hsu, Yi-Yu Ke,
Tsu-An J. Hsu, Hsing-Pang Hsieh. National Health Research Institutes, Miaoli County,
Taiwan
Since the launch of Gleevec in 2001, protein kinases have emerged as attractive
therapeutic targets for the treatment of various cancers. One of these, anaplastic
lymphoma kinase (ALK), has attracted a great deal of attraction due to its oncogenic
potential and essential role in the pathogenesis of a wide variety of human cancers,
such as ALCLs, NSCLC, breast cancer, colorectal cancer, neuroblastoma, ovarian
cancer, etc. Currently, seven ALK inhibitors have been approved under clinical
investigation and two inhibitors, crizotinib and ceritinib, were approved by FDA for the
treatment of locally advanced and ALK-positive metastatic NSCLC patients who were
previously treated with-, or intolerant to crizotinib respectively. Therefore, the
development of ALK inhibitors targeting the ATP binding site could be a tremendous
interest for the treatment of ALK-driven cancers. In this study, we screened in-house
library of 350 furanopyrimidines for vitro enzyme-based testing of ALK inhibition at 10
mM and BPR4K0050S0 bearing a unique (4-hydroxyphenethyl)amino substituent
possessed 62% inhibition. The further structural modification with the objectives of
improving the potency based on structure biology and docking studies. A promising
compound, BPR4K0059S0 with 2,4-diaminopyrimidine scaffold, exhibited inhibitory
activity against ALKWT and ALKL1196M with IC50 values of 142 nM and 193 nM
respectively, and showed anti-proliferation activity against KARPAS-299 cell line with an
IC50 value of 328 nM.
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Structure-based design of potent and selective DLG-out RIPK1 inhibitors
Chalada Suebsuwong1, csuebsuwong@uh.edu, Malek Najjar2, Soumya S. Ray3,
Roshan J. Thapa4, Jenny L. Maki5, Shoko Nogusa4, Saumil Shah5, Danish Saleh5, Peter
J. Gough6, John Bertin6, Junying Yuan7, Siddharth Balachandran4, Gregory D. Cuny8,
Alexei Degterev2,5. (1) Department of Chemistry, University of Houston, Houston,
Texas, United States (2) Department of Integrative Physiology and Pathobiology, Tufts
University School of Medicine, Boston, Massachusetts, United States (3) Department of
Neurology, Brigham & Women’s Hospital and Harvard Medical School, Cambridge,
Massachusetts, United States (4) Fox Chase Cancer Center, Philadelphia,
Pennsylvania, United States (5) Department of Developmental, Molecular & Chemical
Biology, Tufts University School of Medicine, Boston, Massachusetts, United States (6)
Pattern Recognition Receptor Discovery Performance Unit, GlaxoSmithKline,
Collegeville, Pennsylvania, United States (7) Department of Cell Biology, Harvard
Medical School, Boston, Massachusetts, United States (8) Department of
Pharmacological and Pharmaceutical Sciences, University of Houston, Houston, Texas,
United States
Receptor Interacting Protein Kinase 1 (RIPK1), a serine (Ser) / threonine (Thr) kinase,
has been implicated in necroptotic cell death pathways that potentially involves in many
pathological conditions, such as cerebral and retinal ischemias, myocardial infarction,
and other ischemic-reperfusion injuries. Previously reported RIPK1 inhibitors, e.g.
necrostatin-1 (Nec-1), are known to be type III kinase inhibitors that bind to an allosteric
pocket stabilizing a DLG-out/Glu-out conformation that results in excellent kinase
selectivity. However, the optimized Nec-1 analog, 7-Cl-O-Nec-1, has only moderate
cellular potency (IC50 = 210 nM for blocking TNFa induced cell death in FADD-deficient
Jurkat cells).
Type II kinase inhibitors likely have increased potency relative to type III inhibitors due
to their additional interactions with the hinge region of the kinase. However, this usually
results in less selectivity verses other kinases. Ponatinib, a type II kinase inhibitor
previously developed to block Abl kinase, was identified to also be a potent RIPK1
inhibitor (cellular IC50 = 34 nM). A new class of RIPK1 inhibitors has now been designed
based on the ponatinib scaffold by utilizing structural differences around the gatekeeper
residue of Abl (Thr315) and RIPK1 (Met92), and interaction between Lys and Glu
residues (RIPK1: Lys45-Glu63, Abl: Lys271-Glu286) in the αC-Glu-out conformation. In
this study, we discovered selective RIPK1 inhibitor analogs of ponatinib (e.g. CS6, in
vitro IC50 = 26 nM) verses Abl (CS6, in vitro IC50 = 34000 nM). Moreover, a necrostatinponatinib hybrid (e.g. PN10) exhibits better RIPK1 cellular activity (IC50 = 10 nM) than
either 7-Cl-O-Nec-1 (~20-fold) or ponatinib (~3-fold).
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Analog synthesis of the α-tubulin-binding natural product pironetin as an ovarian
cancer chemotherapeutic agent
David S. Huang1,2, huang880@umn.edu, Sara K. Coulup1,2, Henry L. Wong1,2, Gunda I.
Georg1,2. (1) Institute for Therapeutics Discovery & Development, Minneapolis,
Minnesota, United States (2) Medicinal Chemistry, University of Minnesota,
Minneapolis, Minnesota, United States
The natural product pironetin, isolated in 1993, shows potent anti-proliferative activity
against various cancer cell lines including ovarian cancer.1 Pironetin disrupts
microtubule polymerization dynamics via binding to α-tubulin2 whereas current
chemotherapeutics target β-tubulin. α-Tubulin is an attractive alternative target since
cancers can become resistant to β-tubulin inhibitors. In 2011, Nikas et al. reported the
overexpression of α-tubulin as a predictor for short-term survival in ovarian cancer
patients who did not respond to platinum/taxol chemotherapy.3
While pironetin displays potent in vitro activity, it had poor efficacy in a previous in vivo
study in mice bearing P388 murine leukemia cells.4 Animals treated with pironetin also
suffered from severe weight loss. We hypothesized the poor in vivo results and
observed toxicity could be due to pironetin either having poor pharmacokinetic

properties and/or forming covalent adducts in a non-selective manner. We are
synthesizing pironetin analogues via total synthesis to improve upon these properties.
Structure-activity relationship studies, involving various positions of the natural product,
will be reported.
(1) Marco, J. A.; Garcia-Pla, J.; Carda, M.; Murga, J.; Falomir, E.; Trigili, C.; Notararigo,
S.; Diaz, J. F.; Barasoain, I. Eur. J. Med. Chem. 2011, 46, 1630.
(2) Usui, T.; Watanabe, H.; Nakayama, H.; Tada, Y.; Kanoh, N.; Kondoh, M.; Asao, T.;
Takio, K.; Watanabe, H.; Nishikawa, K.; Kitahara, T.; Osada, H. Chem. Biol. 2004, 11,
799.
(3) Nikas, J. B.; Boylan, K. L. M.; Skubitz, A. P. N.; Low, W. C. Cancer Inform. 2011, 10,
233.
(4) Kondoh, M.; Usui, T.; Kobayashi, S.; Tsuchiya, K.; Nishikawa, K.; Nishikiori, T.;
Mayumi, T.; Osada, H. Cancer Lett. 1998, 126, 29.
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Benzothiophenyl flavones as new classes of mitotic inhibitors
Yukako Taniguchi1, mbs.sio29@gmail.com, Hiroyuki Tsurimoto1, Yohei Saito1, Ernest
Hamel2, Masuo Goto3, Kyoko Goto1,3. (1) School of Pharmacy, Kanazawa University,
Kanazawa Ishikawa, Japan (2) Frederick National Laboratory for Cancer Research,
National Cancer Institute, Frederick, Maryland, United States (3) Eshelman School of
Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina,
United States
Aromatic rings including benzothiophene (BT) play an important role for the bioactive
small molecules. Interactions between small molecule and protein are inducible by
aromatic ring system, which is hydrophobic and structurally planer. In addition, the π
electron system contributes to generate crucial noncovalent binding with protein through
π-π stacking, hydrogen bonding, as well as cation and anion interactions. Flavones are
widely distributed plant secondary metabolites with 2-phenylchromone as a core

skeleton. We have previously found a dramatic change of bioactive profile of
desmosdumotin B, an atypical flavonoid, by replacement of phenyl group to BT. From
this observation, we designed and synthesized a series of BT-flavones, hybrid
derivatives of chromone and BT. The effectiveness of BT-flavones on the
antiproliferative activity has been investigated using our panel of human cancer cell
lines. The antiproliferative activities of BT-flavones were affected on the modification of
the chromone skeleton. Among all synthesized BT-flavones, the most potent compound
exhibited antiproliferative activity at subnanomolar level against multiple human cancer
cell lines including multidrug-resistant cells. This novel compound induced cell cycle
arrest in G2/M phase by inhibiting bipolar spindle formation. We will discuss the
structure-activity relationship and the mechanism of action.
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Synthesis of pteridine diones as potential monocarboxylate transporter 1 (MCT1)
inhibitors
Hui Wang1, lzwanghui@hotmail.com, Chao Wang1, Thomas D. Bannister2, Chunying
Yang3, John Cleveland3. (1) Scripps Florida, Jupiter, Florida, United States (2) #3A1,
The Scripps Research Institute-Florida, Jupiter, Florida, United States (3) Moffitt Cancer
Center & Research Institute, Tampa, Florida, United States
Monocarboxylate transporters (MCTs) are 12-transmembrane proteins that direct small
monocarboxylates across the plasma cell membranes. Two isoforms, MCT1 and MCT4,
are especially abundant in tumor cells, where lactate is produced through glycolysis.
Recently, MCT1 inhibition was shown to have promise for the treating MCT1-expressing
cancers, though current inhibitors are sub-optimal due in part to poor physical
properties. We are pursuing heterocyclic MCT1 inhibitors in novel scaffolds for
evaluation. Here we report a synthetic route for a library of pteridine diones, their
potency against MCT1-expressing human Raji Burkitt lymphoma cells using MTT
assays, and the structure-activity relationships for this structural class.
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Synthesis of chromenone derivatives as anticancer agents
Hui Wang1, lzwanghui@hotmail.com, Chao Wang1, Thomas D. Bannister2, Chunying
Yang3, John Cleveland3. (1) The Scripps Research Institute-Florida, Jupiter, Florida,
United States (2) #3A1, The Scripps Research Institute-Florida, Jupiter, Florida, United
States (3) Moffitt Cancer Center & Research Institute, Tampa, Florida, United States
Inhibition of Monocarboxylate transporter 1 (MCT1) is an emerging strategy for cancer
therapy. As part of our ongoing effort to find novel and potent new heterocyclic MCT1
inhibitors, we identified promising chromenone derivatives that are, unlikely other MCT
inhibitors, synthesized in under 5 steps. Regioselective functional group transformations
allowed for rapid access to a diverse group of chromenones for evaluation of their
biological activity in cell-based assays. Here we report the general synthetic methods
and SAR studies for this series of potent MCT1 inhibitors.
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Design, synthesis, and the biological evaluation of the novel HDAC and G9a dual
inhibitors
Lanlan Zang, lzang@gsu.edu. Chemistry, GSU, Atlanta, Georgia, United States
The catalytic activity of the histone deacetylase (HDAC) enzymes is directly relevant to
the pathogenesis of cancer, and HDAC inhibitors represented a promising strategy for
cancer therapy. SAHA (suberoanilide hydroxamic acid), an effective HDAC inhibitor, is
an anti-cancer agent against T-cell lymphoma, it via decreasing HDAC activity to slow
down or stop the growth of cancer cells. The other enzyme, lysine
methyltransferanse(G9a) enzymes, ite methylation can also lead to many various
human diseases, During the last several years, a number
of selective small-molecule inhibitors that target the protein have been reported. Using
the multi-target theory, we designed, synthesized some of the novel HDAC and G9a
dual inhibitors, and we are doing the biological evaluation to those new compounds.
After this work, we can improve our new compounds due to the biological results.
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Nanocatalysis for sustainable synthesis of heterocyclic pharmacophores for
anticancer activity
U Chinna Rajesh, chinnarajesh_u@yahoo.co.in. Department of Chemistry, University
of Delhi, Delhi, Delhi, India
The development of nanocatalysts for the synthesis of medicinally important
heterocyclic pharmacophores is an important research topic for green and sustainable

society.1 Eventhough such heterogeneous catalysts unveiled lower activity as compared
to homogeneous system, it avoids the difficulty of catalyst separation from ﬁnal product
and improves the economic and environmental benefits in industrial scale synthesis.2
Recently, we reported the applications of nanocatalysts (RGO/ZnO composites,
IL/Fe3O4, RS-HM) for the syntheiss of biologically active heterocyclic organic
molecules.3-9 In this study the potential for anticancer activity of 3-substituted indoles
has been investigated on 60 human cancer cell lines (NCI 60) including Leukemia, NonSmall Cell Lung, Colon, CNS, Melanoma Ovarian, Renal, Prostate and Breast Cancer.
The representative compounds were found to be potent against breat cancer cell BT549 and apoptosis as the mode of growth inhibition.

References
Hattori, H.; Chem. Rev. 1995, 95, 537.
Polshettiwar, V.; Varma, R. S. Green Chem. 2010, 12, 743.
Rajesh, U. C.; Wang, J.; Prescott, S.; Tsuzuki, T.; Rawat, D. S. ACS Sustainable Chem.
Eng. 2015, 3, 9.
4.Rajesh, U. C.; Kholiya, R.; Thakur, A.; Rawat, D. S. Tetrahedron Lett..
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Michael acceptor in Gambogic acid – its role and application for potent antitumor
agents

Haiying He1, Wang Shen2, Zhigan Jiang1, Wang Jing1, snowfox8210@sina.com, Wei
Xiao2, Zhenzhong Wang2, Qingming Guo2, Jian Li1, Shuhui Chen1. (1) Wuxiapptec,
Shanghai, China (2) Jiangsu Kangyuan Pharmaceutical Co.Ltd, Lianyungang, China
Gambogic acid (GA), a natural product with unique structure, was reported to have
broad antiproliferation activities against cancer cell lines. As a reactive Michael
acceptor, the 10-position of GA is susceptible to nucleophiles, thus limited its clinical
application as an anticancer agent. Moreover, the 6-OH forms an intra-molecular
hydrogen bond with 8-C=O, which can make the 9, 10 double bond more reactive to
nucleophiles.
To solve the above-mentioned problems, two strategies were applied. Strategy A was to
increase the steric hindrance of C-10 to reduce the activity of GA towards nucleophiles.
But results showed the electrophilicity of C-10 disappeared as well as the
antiproliferation activity against cancer cell lines only by introducing a methyl group at
C-10. Strategy B was to replace the hydroxyl of C-6 with other substituents based on
the assumption that the intra-molecular hydrogen bond could increase the
electrophilicity of C-10 and results showed that the electrophilicity of C-10 was reduced
dramatically while had no effect on the activity by replacement of the hydroxyl of C-6
with neutral or basic groups. At the same time, the PK was improved dramatically with
the introduction of the neutral groups while with the basic groups’ introduction at C-6,
the aqueous solubility was improved significantly.
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Overcoming CYP 3A5 selective metabolism in the design of oral pan-Notch
inhibitors
Daniel P. O'Malley1, omalley.dan@gmail.com, Ashvinikumar V. Gavai1, George V. De
Lucca1, Yufen Zhao1, Derek Norris1, Brian E. Fink1, Claude A. Quesnelle1, Wen-Ching
Han1, Patrice Gill1, Wayne Vaccaro1, Tram Huynh1, Vijay Ahuja1, Mark Saulnier1, David
B. Frennesson2, Soong-Hoon Kim1, Libing Chen1, Andrew Tebben1, Richard Rampulla1,
Dauh-Rurng Wu3, Chunlei Wang1, Yingru Zhang1, Arvind Mathur1, Haiqing Wang1,
Robin Moore1, Zheng Yang1, Asoka Ranasinghe1, Ching Kim Tye1, Ching Su1, Gerry
Everlof1, Qian Ruan1, Melissa Yarde1, Krista Menard1, Mei-Li Wen1, John T. Hunt1,
Gregory Vite1, Richard Westhouse1, Francis Lee1. (1) Bristol Myers Squibb, Princeton,
New Jersey, United States (2) 4BC-341, Bristol-Myers Squibb, Wallingford, Connecticut,
United States (3) L1209, Bristol-Myers Squibb, Princeton, New Jersey, United States
The Notch family consists of four transmembrane receptors (Notch 1-4) that interact
with five ligands (Delta-like ligand 1, 3, and 4 and Jagged 1 and 2). Upon interaction
with a ligand, the Notch receptor undergoes cleavage by α-secretase and γ-secretase to
liberate the Notch intracellular domain, which translocates to the nucleus and initiates
transcription. Deregulation of Notch signaling has been linked to several of the
hallmarks of cancer, including uncontrolled proliferation, evasion of apoptosis, and
enhancement of angiogenesis and metastasis. Notch signaling has also been
implicated in the maintenance and survival of cancer stems cells. Evidence links all four
Notch receptors to various types of cancer, including T-acute lymphoblastic leukemia,
triple-negative breast cancer, and non-small cell lung cancer. These data suggest that
targeting γ-secretase to disrupt Notch signaling may be a viable strategy to treat cancer,
and that inhibition of signaling by all four Notch receptors would provide the broadest
spectrum of antitumor efficacy. A clinical candidate with a once-weekly IV dosing
regimen has been developed, so efforts were directed at producing a second generation
compound with a profile suitable for oral dosing. Initial work produced compounds
suitable for oral dosing, but these compounds were primarily metabolized by CYP3A5, a
polymorphically expressed cytochrome P450 enzyme. Structure-activity relationships
were developed to identify compounds that were not selectively metabolized by
polymorphic enzymes. Targeted introduction of metabolic soft spots on the
benzodiazepine moiety resulted in compounds possessing the desired metabolic profile,

culminating in the discovery of a second generation molecule suitable for oral dosing
and possessing an acceptable efficacy and tolerability profile in tumor xenograft models.
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Possible genotoxic effect exerted by thio-sugars in cancer cells via the oxidative
induction of DNA
Anna Czubatka2, Anna Macieja2, Joanna Sarnik2, Tomasz Poplawski2, Zbigniew J.
Witczak1, zbigniew.witczak@wilkes.edu. (1) Dept of Pharm SCI Sch of Phar, Wilkes
Univ, Wilkes Barre, Pennsylvania, United States (2) Molecular Genetics, University of
Lodz, Lodz 90-236, Poland
Carbohydrates act as a source of energy for cells, components of biomolecules such as
nucleic acids and mediate signal transduction via lectins. The difference between thiosugars and their oxygen analogs is the presence of a sulfur atom in the position of an
oxygen atom This change results in a different physico-chemical properties and
biological activities of thio-sugars. We have previously shown that certain thio-sugars
exhibit anticancer properties. The aim of this work was to investigate mechanism of their
anticancer action in human cervix adenocarcinoma HeLa cell line in terms of oxidative
stress analysis. We used two thio-sugars: 5-thio-D-glucose (FCP1) and 6-thio-β-Dfructopyranose (FCP2). Both monosaccharides have a sulfur atom in the ring and it is
also a part of the hemi-acetal functionality. They are quite similar but FCP1 is an aldose
with hydroxymethyl group in the C-5 position and FCP2 is a ketose with the
hydroxymethyl group in the C-1 position. The complete oxidative stress analysis
included genotoxicity tested using a comet assay and DNA repair enzymes, flow
cytometry analysis of apoptosis and mitochondrial function, analysis of the cellular
reactive oxygen species (ROS) level and generation of ROS by a studied compound
with a free-radical nitrone spin trap. FCP1 as well as FCP2 induced oxidative DNA
lesions in cancer cells and level of cellular ROS. ROS induced by FCPs are not of
mitochondrial origin – thio-sugars did not disturb their function and induced necrosis
rather than apoptosis . ROS did not arise from metabolic conversions of FCP because
the level of oxidatively modified bases in DNA was similar in cells incubated at 37°C to
those incubated at 4°C. A spin trap decreased level of oxidative DNA lesions induced by
FCPs. Kinetics of the DNA repair was also analyzed. HeLa cells were able to recover
80% of their DNA in 120 minutes. We noticed that DNA repair kinetics was slowest in
cells incubated with FCP1 as compared with those incubated with FCP2. In conclusion
– thiosugars show an anticancer potential as they evoke oxidative stress and oxidative
DNA damage in cancer cells. The mechanism of ROS induction by thio-sugars in
cancer cells still needs to be evaluated.
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Indolo-pyrido-isoquinolin based alkaloid inhibits growth of breast cancer cells
Sanjay V. Malhotra1, amalhotra@Stanford.edu, Joseph E. Tomaszewski2, Michael
Difilippantonio2, Prabhakar A. Risbood2, Nagalingam Arumugam 3, Dimiter B. Avtanski3,
Dipali Sharma 3. (1) Division of Radiation & Cancer Biology, Radiaton Oncology,
Stanford University, Palo Alto, California, United States (2) Division of Cancer
Treatment and Diagnosis, National Cancer Institute, National Institutes of Health,
Bethesda, Maryland, United States (3) Breast Cancer Program, Department of
Oncology, Johns Hopkins University, Baltimore, Maryland, United States
Sempervirine an indolo[2,3-a]quinolizine based alkaloid is reported to inhibit MDM2 E3
ubiquitin ligase, which stabilizes p53 tumor suppressor protein levels by blocking its
proteasomal degradation via ubiquitin-dependent pathway. Motivated by this
observation we synthesized 20 analogs of Sempervirine and tested their potential to
inhibit growth of cancer cells on nine different cancer panels, representing diverse
histologies namely, leukemia, melanoma, and cancers of lung, colon, kidney, ovary,
breast, prostate, and central nervous system. This screening identified compounds that
are selective against specific sub-panel. One such compound (P18) bearing tetrahydro1H-indolo-pyrido-isoquinolin moiety showed high activity against breast cancer cell
lines. To understand the mechanism of its action we examined the growth inhibitory
effects of P18 on breast cancer cells and elucidated the underlying molecular
mechanisms. We first examined the effect of P18 on growth and clonogenic potential of
breast cancer cells. P18 treatment resulted in activation of epithelial marker genes, Ecadherin and cytokeratin-18 along with inhibition of mesenchymal marker genes,
fibronectin and vimentin indicating its potential as an inhibitor of epithelial-mesenchymal
transition (EMT). P18 treatment also inhibited expression of snail and Zeb1,
transcription factors implicated in EMT, and resulted in significant inhibition of migration
potential of breast cancer cells. These data suggest that P18 treatment can inhibit
growth, EMT and migration potential of breast cancer cells.
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Inhibition of geranylgeranyl diphosphate synthase mediates selective apoptosis
through a RhoA/ERK pathway
Sherry Su, sherry.x.su@gmail.com, Chia-Hung C. Hsiao, Jin Li, Andrew J. Wiemer.
Pharmaceutical Sciences, University of Connecticut, Storrs, Connecticut, United States
The mevalonate pathway produces isoprenoids including geranylgeranyl diphosphate
(GGPP), the lipid moiety of which attaches to some small GTPases in a posttranslational modification that allows the proteins to associate with membranes.
Bisphosphonates such as zoledronate are known inhibitors of the mevalonate pathway.
We have previously developed a library of novel bisphosphonates, including digeranyl
bisphosphonate (DGBP), which inhibit geranylgeranyl diphosphate synthase (GGDPS)
and thus deplete GGPP [1]. Here, we compare the effects of zoledronate and DGBP on
lymphocytic leukemia cell apoptosis through annexin V and propidium iodide staining

and through western blot analysis of cleaved caspase 3 and 7 levels. To investigate the
cellular mechanisms involved in inducing apoptosis, we determined that DGBP and
zoledronate induce ERK phosphorylation and that DGBP differentially alters expression
and localization of RhoA GTPase. Overall, DGBP selectively and potently induces
apoptosis and may be a promising leukemia therapeutic.
Reference:
1. Wiemer, A.J., D.F. Wiemer, and R.J. Hohl, Geranylgeranyl Diphosphate Synthase:
An Emerging Therapeutic Target. Clinical Pharmacology & Therapeutics, 2011. 90(6):
p. 804-812.
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Phthalocyanine bioconjugates and their applications in photodynamic therapy
Erik Carrion2, enc818@gmail.com, Stephen D. Kozuch2,
stephen.kozuch@student.shu.edu, Hemantbhai Patel2, Mayurbhai Patel1,
Pradeepkumar Patel3, Emily E. Borland4. (1) Chemistry and Biochemistry, Seton Hall
University, South Orange, New Jersey, United States (2) Chemistry/Biochemistry, Seton
Hall University , West Orange, New Jersey, United States (3) Chemistry/Biochemistry,
Seton Hall University, South Orange, New Jersey, United States
Phthalocyanines (Pcs) form an important class of photosensitizers that are being
considered for photodynamic therapy (PDT) of malignant tumors. Despite their
favorable PDT properties, they lack clinical utility due to poor stability in the presence of
the reactive oxygen species (ROS) they produce as well as poor pharmacological
properties and poor selectivity. To address these limitations, a new class of cancertargeting fluoroalkyl metal phthalocyanines is being developed. The fluoroalkyl metal
phthalocyanines are functionalized with a carboxylic acid group (F48H7COOHPcM; M =
divalent metal) which allows for bioconjugation with either a cancer cell targeting
peptide (Pep42) or an oncogene targeting oligonucleotide (antisense DNA). In this
context, the cell surface GRP78 receptor has been selected as a bio-marker for our

tumor- targeting PDT approaches. In this presentation, we illustrate the synthesis,
characterization and bioconjugation of the F48H7COOHPcMs with cancer targeting
biomolecules.
1. Patel, P.; Patel, H.H.; Borland, E.; Gorun, S.M.; Sabatino, D. Chem. Commun.
(Camb). 2014, 50, 6309-6311.
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Discovery of potent PIM1 inhibitors with different profiles by targeting an acidic
site
Hirofumi Nakano, h-nakano@mol.f.u-tokyo.ac.jp, Tsukasa Hasegawa, Yukio Tada,
Nae Saito, Masanao Abe, Hirotatsu Kojima, Takayoshi Okabe, Tetsuo Nagano. Drug
Discovery Initiative, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan
PIM1 is one of three PIM kinases which are constitutively active serine/threonine
kinases. Pan-PIM inhibitors, AZD1208 and LGH447, are under clinical investigations as
anti-cancer agents because PIM kinases are reported to overexpress in certain cancers.
In addition to cancer, PIM1 is reported to overexpress in peanut-allergy, asthma,
psoriasis, and pulmonary arterial hypertension. Therefore, PIM1 inhibitors can be
therapeutic options for such chronic diseases. Previously, we reported a potent and
selective PIM1 inhibitor.1) A basic piperazine ring in the inhibitor, linked to a
coumaranone scaffold by a methylene spacer, sits in an acidic hole formed by Asp-128
and Glu-171, and significantly contributes to potency and selectivity. Near the acidic
hole, Asp-131 is also present as a potential acidic target for drug design. We
synthesized a series of basic-derivatives by targeting the acidic site, and found that
various spacers can be introduced between the basic ring and the scaffold without
compromising potency. Results of SAR study, docking study, and ADMET study will be
discussed in this presentation.
1) Nakano, H. et al., J. Med. Chem. 2012, 55, 5151-5164.
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Optimization of polo-like kinase 1 (Plk1) polo-box domain-binding inhibitors using
oxime-based post solid-phase fragment screening
Xue Zhi Zhao, xuezhizhao@hotmail.com, David Hymel, Terrence R. Burke. Chemical
Biology Laboratory, Center for Cancer Research, National Cancer Institute at Frederick,
Frederick, Maryland, United States
Members of the polo-like kinase (Plk) family of serine/threonine protein kinases play
crucial roles in cell cycle regulation and proliferation. Of five Plks (Plk1 – 5), Plk1 is
recognized as an anticancer drug target. Plk1 contains multiple structural components
that are important for its proper biological function. These include an N-terminal catalytic

domain and a C-terminal non-catalytic polo-box domain (PBD). The PBD binds to
phosphothreonine (pThr) and phosphoserine (pSer)-containing sequences. Blocking
PBD-dependent interactions offers a means of down-regulating Plk1 function that is
distinct from targeting its ATP-binding site. Oxime-based post-solid phase diversification
is a form of directed fragment screening, which can be highly effective in optimizing
protein-ligand interactions. As one example, starting from the known PBD-binding
peptide “PLHSpT,” we have previously used this approach to identify a hydrophobic
cryptic binding pocket on the surface of the PBD, whose access can enhance peptidebinding affinity by approximately 1000-fold. As reported herein, we have employed this
technology to further extend and optimize PBD-ligand interactions.
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Synthesis and structure-activity relationship optimization of 2-substituted
imidazo[1,2-a]pyridin-8-carboxamides as poly(ADP-ribose)polymerase-1
inhibitors
Bhargav Patel1, bhargav2188@gmail.com, Olukemi Oyem2, Juliana F. Vilachã1, Tanaji
T. Talele1. (1) Pharmaceutical Sciences, St. John's University, Queens, New York,
United States (2) Pharmaceutical Innovations Inc., Newark, New Jersey, United States
In continuation of our search for promising scaffolds as poly(ADP-ribose)polymerase-1
(PARP-1) inhibitors, we synthesized and tested imidazo[1,2-a]pyridine-8-carboxamide
(2, IC50 = 8.42 µM). A phenyl group (4, IC50 = 7.90 µM) at 2-position of this scaffold
maintained the inhibitory activity as compared to biaryl and bicyclic replacements (6 and
8, IC50s > 10 µM). Extensive SAR was executed taking compound 4 as a lead which
culminated in sub-micromolar PARP-1 inhibitors. Various substitutions around the
phenyl ring in lead 4 resulted in identification of compounds 24 (IC50 = 2.85 µM) and 26
(IC50 = 2.40 µM) with hydroxyl group at 3’- and 4’- position, respectively. These
compounds were then installed with saturated nitrogen heterocycles using different
linkers which may allow extension into the adenine binding pocket of PARP-1.
Compound 50 with 2-hydroxy-3-morpholin-4-yl-propoxy side chain at 3-position of the
phenyl group in lead 4 was found to have IC50 of 0.15 µM. Binding modes of potent
compounds in the active site of PARP-1 will direct future optimization.
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Design and synthesis of small hybrid molecules targeting G9a and HDAC as
potential anticancer agents
Muhammed Shukkoor Kondengaden2, mkondengaden1@student.gsu.edu, Lanlan
Zang1, Kenneth Huang2, Peng G. Wang3. (1) Chemistry, GSU, Atlanta, Georgia, United
States (2) Chemistry, Georgia State University, Atlanta, Georgia, United States (3)
Chemistry Dept, Georgia State University, Atlanta, Georgia, United States

Recent studies correlate many cancers to the epigenetic modifications; epigenetics
refers to the heritable changes that are not occurring in the DNA sequence, but how the
DNA is accessed in various stages of the transfer of genetic information. Accessibility of
the DNA depend on the chromatin state, which tightly wrap the DNA into a highly
condensed state, various post-translational modifications (PTM) like methylation,
acetylation, phosphorylation, glycosylation and ubiquitylation plays crucial role in this
regulation mechanism. In this work we are focused on inhibiting two of the PTMs;
histone H3 lysine 9 (H3K9) methylation promoted by G9a and the overall histone
deacetylation promoted by HDAC. These modifications are directly correlated with many
cancers including leukemia, prostate carcinoma, hepatocellular carcinoma and lung
cancer.
Small molecules selectively targeting G9a and HDAC is already known, and their
biological significances are also well studied. Few of the HDAC inhibitors are been in
the market for few years, and the G9a inhibitors are expected to be in the market soon.
In this work we bring forward a single molecule possesses the pharmacophore of a G9a
inhibitor and HDAC inhibitor by substituting the lipophilic cap of the HDAC inhibitor with
a G9a inhibitor core. Complex diseases like cancer have a multifactorial basis that
involves both genetic and environmental risk factors, a balanced modulation of several
therapeutic targets can provide a superior therapeutic effect and a lowered side effect
profile compared with monotherapies.

An overview of post-translational modifications on H3K9 and its significances in various cancer
development
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Identification of anticancer drug targets using cysteine reactive probes and
shotgun proteomics
John C. Widen2, wide0049@umn.edu, Aaron M. Kempema2, Joseph K. Hexum2,
Daniel A. Harki1. (1) Department of Medicinal Chemistry, University of Minnesota,
Minneapolis, Minnesota, United States (2) Medicinal Chemistry, University of
Minnesota, Minneapolis, Minnesota, United States
Parthenolide and helenalin are two plant-derived sesquiterpene lactone natural products
that contain an exocyclic methylene butyrolactone and possess anti-cancer and antiinflammatory properties. The exocyclic methylene butyrolactone reacts with cysteines
within a cell proteome forming a covalent linkage between the target protein and the
molecule via a hetero-Michael addition. Our lab and others have demonstrated that the
exocyclic methylene butyrolactone pharmacophore is necessary for the biological
activities of many compounds that contain the reactive Michael acceptor. Parthenolide
and helenalin have been shown to target cancer stem cells and cancer stem-like cells,
which have been proposed to cause drug resistance and relapse in patients. Multiple
molecular targets have been suggested to interact with these compounds, but none
explain their unique cancer stem cell targeting effects. We have developed cysteine
reactive probes of parthenolide and helenalin containing an alkyne handle. The alkyne
functionality allows for pulldown of covalently modified proteins within a cell proteome
and identification of these protein targets using LC-MS/MS in a shotgun proteomics
approach. Our results with chemical probes of both natural products will be presented.

MEDI 201
Structure-guided design of potent, selective, and orally bioavailable Tankyrase
inhibitors

Howard B. Bregman3, howardbregman@gmail.com, Erin DiMauro1, Nagasree
Chakka2, Angel Guzman-Perez3, Zihao Hua3, Hongbing Huang3, Matthew W. Martin3,
John L. Buchanan3, Hakan Gunaydin4, Xin Huang4, Liyue Huang5, Cindy Wilson6. (1)
Medicinal Chemistry, Amgen, Cambridge, Massachusetts, United States (2) Medicinal
Chemistry, Amgen Inc, Cambridge, Massachusetts, United States (3) Medicinal
Chemistry, Amgen, Inc. , Melrose, Massachusetts, United States (4) Molecular
Structure, Amgen, Inc., Cambridge, Massachusetts, United States (5) Pharmacokinetics
& Drug Metabolism, Amgen, Inc., Cambridge, Massachusetts, United States (6)
Therapeutic Discovery - Oncology, Amgen, Inc., Cambridge, Massachusetts, United
States
Tankyrases are proteins in the poly-ADP-ribose polymerase (PARP) family. Their
inhibition is emerging as a novel approach to the treatment of APC-mutant colorectal
cancer. Herein we present the hit to lead efforts of two novel series of compounds,
‘dual-pocket binders’ and ‘induced-pocket binders’. The potencies and pharmacokinetic
properties of each series was optimized following the guidance of x-ray co-crystal
structures and metabolism identification. The lead molecules identified demonstrated
efficacy in mouse tumor pharmacodynamic models and could serve as excellent tool
compounds for further rodent in-vivo validation studies.
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Synthesis and SAR study of third-generation taxoids
Changwei Wang3, changwei.wang@stonybrook.edu, Xin Wang3, Brendan Lichtenthal1,
Siyeon Lee4, Iwao Ojima2. (1) Chemistry, State University of New York at Stony Brook,
White Plains, New York, United States (2) Chem Dept/ICBDD, Stony Brook University,
Stony Brook, New York, United States (3) Chemistry, Stony Brook University, Stony
Brook, New York, United States
Paclitaxel and docetaxel have been extensively used in clinic for treatment of various
cancers. However, these first-generation taxane anticancer drugs exhibit little efficacy in
treating melanoma, pancreatic, gastric, brain and renal cancers. These limitations are at
least, in part, due to multi-drug resistance (MDR) caused by overexpression of ABC
cassette efflux pumps and the beta-III tubulin isoform. Therefore, it is still important to
develop next-generation taxoid anticancer agents with superior pharmacological
properties and improved potency against various classes of tumors, in particular drugresistant cancers and cancer stem cells. Highly potent taxoids are also very important
as the warheads of tumor-targeting drug conjugates. Building upon our extensive SAR
studies on taxoids, a new series of highly potent third-generation taxoids, bearing a mOCF3 group at the C2-benzoate position, were designed and synthesized modified
baccatin IIIs using the beta-lactam synthon method. The potency of these thirdgeneration taxoids was evaluated against various drug-sensitive and drug-resistant
cancer cell lines, including MCF-7, NCI/ADR, ID-8, MX-1, PANC-1, CFPAC-1, HT-29,
DLD-1, HCT-116, and patient-derived cancer stem cells, PC3-MM2, PPT2 and CR4.
Chemical synthesis and findings from SAR study will be presented.
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Boc-Lys(Ac)-GABA-taxoids as novel tumor targeted anticancer agents
Siyeon Lee1, siyeon.crystalship@gmail.com, Changwei Wang2, Iwao Ojima1. (1) Chem
Dept/ICBDD, Stony Brook University, Stony Brook, New York, United States (2)
Chemistry, Stony Brook University, Port Jefferson, New York, United States
In conventional chemotherapy, the cytotoxic drugs to treat cancer cause adverse side
effects due to the lack of tumor specificity. Therefore, it is urgent to develop an
anticancer drug specifically acting on cancer cell, minimizing cytotoxicity on normal cell.
Accumulated evidence indicates that elevated level of histone deacetylases (HDACs)
and cathepsin L (CTSL) are related to cancer cell survival. Instead of directing inhibiting
HDAC or CTSL, which also exists in certain types of normal cells, induced activity of
both enzymes can be exploited to specifically target cancer cells with anticancer agents
modified with Boc-Lys(Ac). In fact, it has been demonstrated that the dual action of
HDAC and CTSL can convert puromycin masked with Boc-Lys(Ac), to the active drug
specifically in cancer cells and a tumor xenograft. We have developed next-generation
taxoids, including SB-T-1214, which exhibit 2−3 orders of magnitude higher potency
than paclitaxel and docetaxel against multidrug-resistant and paclitaxel-resistant cancer
cell lines, as well as high efficacy against their tumor xenografts. We designed and
synthesized the prodrugs of these taxoids, bearing a Boc-Lys(Ac)-linker group at the
C2’ position to examine their cancer cell specific cytotoxicities. We used a selfimmolative linker, e.g., GABA, to connect Boc-Lys(Ac) and taxoid moieties. It has been
confirmed that the GABA linker undergoes facile lactamization after Boc-Lys(Ac) is
removed by HDAC and CTSL in cancer cell to release free drug. Chemical synthesis
and biological evaluation of Boc-Lys(Ac)-GABA-taxoids for their cancer cell specific
potency against various cancer cell lines will be presented.
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Synthesis and DNA binding of novel Pd-(II) curcuminoids
Kristen Flynn2, s0891052@monmouth.edu, Mary Easop2, Stephanie BellingerBuckley1, Jonathan J. Rochford1, jonathan.rochford@umb.edu, Max Lamberto2,
massimilianolamberto@gmail.com. (1) Dept. of Chemistry, University of Massachusetts
Boston, Boston, Massachusetts, United States (2) Chemistry and Physics, Monmouth
University, Long Branch, New Jersey, United States
Over the past 20 years the reverse transcriptase enzyme telomerase has become a
very important target in the development of novel anticancer therapeutics due to its
over-expression in 80-85% of cancer cell types. One of the strategies used for
telomerase inhibition involves the folding of telomeric DNA into stable G-Quadruplex
structures by small molecules. We here report the synthesis of novel Pd (II) curcuminoid
complexes and their preliminary binding studies to telomeric DNA. These molecules
represent a very promising class of potential anticancer drugs.
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Design and regio-selective synthesis of folate-thapsigargin conjugates for cancer
therapy
Kevin Y. Wang, kw6543@gmail.com, Christopher P. Leamon, Iontcho R. Vlahov.
Endocyte Inc, West Lafayette, Indiana, United States

Thapsigargin (TG) is a sesquiterpene lactone first isolated from Thapsia garganica. This
natural product exhibits strong effect on cellular calcium homeostasis and prompted
intense research demonstrating that TG is a non-competitive inhibitor of the
sarco/endoplasmic reticulum calcium ATPase (SERCA). Binding of TG to the SERCA
pump locks the transmembrane segments of the pumps and prevents the changes of
conformation needed for proper function. Consequently the pump triggers a cascade
reaction resulting in cell apoptosis, suggesting TG might be a potential anti-tumor agent.
Several TG pro-drugs have been reported and the most advanced is undergoing Phase
II clinical trials. Here we report the design and regio-selective synthesis of two
thapsigargin conjugates for folate-receptor-mediated targeted therapy of cancer. The
synthesized molecules consist of targeting ligand folic acid, a carbohydrate-based
spacer system for improved pharmacokinetics, a disulfide-based self-immolative linker
system, and TG as payload.
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Pheophorbide-a conjugates with cancer-targeting moieties for targeted
photodynamic cancer therapy
Hyun You2, hyun@gist.ac.kr, Seung-Hwa Kwak1, Young-Hwan Jung1, Tae-Kyun Kim1,
Borum Son1, Ji Yeon Park1, Soo-Jeong Choi1, Lee Sun-mi2, Pyeonghwa Jeong2, Hyojin
Ko1, Yong-Chul Kim2,1. (1) School of Life Sciences, GIST, Gwangju, Korea (the
Republic of) (2) Department of Medical System Engineering (DMSE), GIST, Gwangju,
Korea (the Republic of)
Pheophorbide-a, a non-selective photosensitizer, was conjugated with cancer-targeting
moieties, such as folic acid, the CRGDLASLC peptide, the cRGDfK peptide and
leuprorelin, for the purpose of targeted photodynamic cancer therapy. The cellular
uptake of pheophorbide-a conjugates in cancer cells overexpressing the corresponding
receptors of the targeting moieties was largely enhanced compared with that in the
receptor-negative cells. In the study of in vitro photodynamic activity and selectivity of
pheophorbide-a conjugates in the receptor-positive and receptor-negative cells, a
pheophorbide-a conjugate, (14) with an αvβ6 ligand (CRGDLASLC) exhibited the highest
selectivity in the positive FaDu cells. Targeted PDT with 14 induced cell death through
apoptosis and morphological apoptosis-like characteristics. These results suggest that
pheophorbide-a conjugate 14 could be utilized in selective photodynamic therapy for
oral cancers primarily expressing the αvβ6 receptor.
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On the cytotoxic activity of Pd(II), Pt(II) and Ru(II) complexes of N, N-disubstituted
-N-acyl thioureas
Alzir Batista1, daab@ufscar.br, Angelica Graminha1, Ana M. Plutin2, Anislay Alvarez2,
Eduardo Castellano3. (1) Federal University of Sao Carlos, Sao Carlos, Brazil (2)

Universidad de La Habana, Habana, Cuba (3) University of Sao Paulo, Sao Carlos,
Brazil
Acyl thiourea derivatives have been increasingly important and cytotoxicity studies
using HeLa cancer cell line have demonstrated that some platinum acyl thioureas
complexes show cytotoxic behavior, with the antiproliferative effects being dependent
on the nature/type of the substituent in the acyl thiourea ligand [1-3]. Recently we
published a paper containing a series of Pd(II) complexes with N,N-disubstituted- N´acyl thioureas, which exhibited good activity as antitumor agents against tumor cells.
Thus, here we will present novel complexes and new results involving Pd(II), Pt(II) and
Ru(II) complexes containing acyl thiourea as ligands and their cytotoxicity against tumor
cell lines, such as A549 and DU-145. The influence of the structure of the N,Ndisubstituted- N´-acyl thiourea ligand in the cytotoxicity of the complexes will be also
discussed.
1. C. Sacht, M. S. Datt, S. Otto, A. Roodt, J. Chem. Soc., DaltonTrans., 2000, 727-733.
2. C. Sacht, M. S. Datt, S. Otto, A. Roodt, J. Chem. Soc., Dalton Trans., 2000, 45794586.
3. C. Sacht, M. S. Datt, Polyhedron 19, 2000, 1347-.1354.
4. A.M. Plutín, R. Mocelo, A. Alvarez,R.Ramos, E.E. Castellano, M.r. Cominetti, A.E.
Graminha, A.G. Ferreira, A.A. Batista. J. Inorg. Biochem., 134, 2014, 76-82.
Acknowledgements — To FAPESP (2014/105167), Capes, and CNPq for financial
support.
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Establishment of a strategy, “choice based change”, in mode of inhibition:
Development of imidazo[1,2-a]pyridines/pyrazines as novel topoisomerase IIα
catalytic inhibitors
Suyog M. Amrutkar1, suyogamrut@gmail.com, Sankar K. Guchhait2, Uttam C.
Banerjee1. (1) Department of Pharmaceutical Techonology (Biotechnology), National
Institute of Pharmaceutical Education and Research, S.A.S. Nagar, S.A.S. Nagar
(Mohali), Punjab, India (2) Department of Medicinal Chemistry, National Institute of
Pharmaceutical Education and Research, S.A.S. Nagar, Punjab, India
DNA topoisomerase is ubiquitous enzyme involved in DNA replication and transcription.
Therapeutic success of hTopoIIα-targetting drugs, such as doxorubicin, etoposide,
amsacrine and ellipticine recognized the importance of this enzyme in anticancer drug
discovery. In our endeavor of target based drug discovery by applying rational structural
modulation, synthesis and various in vitro assays, we have established a strategy of
“choice-based change” in catalytic mode of inhibition of hTopoIIα. Various relevant diand tri- substituted derivatives of imidazo[1,2-a]pyridines/pyrazines were synthesized. In
comparison to etoposide, these compounds exhibited potent catalytic inhibition of
hTopoIIα without showing DNA intercalation. 6-Arylated derivatives of

imidazopyridines/pyrazines ligands were found to be selective inhibitors of hTopoIIα,
without showing TopoI inhibition and DNA binding. Interestingly, the parent C6 nonarylated imidazopyridines (patented by our research group) acted as ATP-competitive
inhibitors; while C6-arylated derivatives attenuated etoposide enhanced DNA cleavage
similar to merbarone and exhibited no ATP-competitive inhibition, demonstrating a
switch in mode of inhibition by rational structural modulation from inhibition of ATPhydrolysis to the DNA-cleavage stage of catalytic cycle of the enzyme. A set of residues
(Mg2+, TOPRIM, TyrB805, and ArgB804) important for interaction in merbarone-binding
domain has been explored for the ﬁrst time. Present work will prompt the rational
structural modulation studies of known hTopoIIα-based drugs/agents toward “choicebased change” in mode of action for rapid drug discovery.
References:
Amrutkar SM; et al., ACS Med. Chem. Lett. (accepted)
DOI:10.1021/acsmedchemlett.5b00040. (Editor has considered this article as a high
quality work and selected it for featuring as cover art image for April 2015 issue of ACS
Med Chem Lett.)
Baviskar, AT; et al., J. Med. Chem. 2011, 54, 5013−5030.
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Synthesis and biochemical evaluation of fluorinated 9-amino acridone derivatives
on human type II topoisomerase
Cosmas O. Okoro, cokoro@tnstate.edu. Chemistry, Tennessee State Univ, Nashville,
Tennessee, United States
The 9-aminoacridone core is present in a number of natural as well as semi-synthetic
compounds. Some analogs, such as amsacrine display potent anticancer activity, and is
currently used in the clinic. A common feature of these compounds is that they target
human type II topoisomerases. Beyond their critical physiological functions,
topoisomerase IIa and IIb are the primary targets for some of the most active and widely
prescribed anticancer drugs currently in clinical use. These agents kill cells by
increasing levels of covalent topoisomerase II-cleaved DNA complexes (i.e., cleavage
complexes) that are normal, but fleeting, intermediates in the DNA strand passage
reaction. Most clinically relevant drugs act by inhibiting the ability of the type II enzymes
to ligate cleaved DNA molecules. When the resulting enzyme-associated DNA breaks
are present in sufficient concentrations, they can trigger cell death pathways. Anticancer
drugs that target type II enzymes are referred to as topoisomerase II poisons because
they convert these indispensable enzymes to potent physiological toxins that generate
DNA damage in treated cells. We have synthesized the 9-amino, 7-Chloro derivative
and evaluated it as topoisomerase II poison in collaboration with the Osheroff laboratory
at Vanderbilt School of Medicine. Preliminary data showed that the above compound
acted as a poison of human topoisomerase IIα. The compound enhanced enzymemediated DNA cleavage approximately 6 fold (similar to levels seen with established
anticancer drugs, such as amsacrine and etoposide), in a concentration dependent

manner. The synthesis and structure activity relationship study of novel analogs of the
above lead compound will be presented.
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Design and development of quinazolinone natural products based novel dual
topoisomerase inhibitors
Sivappa Rasapalli, srasapalli@umassd.edu, VamshiKrishna Sammeta, Enkhjargal
Tsogtgerel, etsogtgerel@umassd.edu. University of Massachusetts Dartmouth, North
Dartmouth, Massachusetts, United States
The development of innovative chemotherapeutic treatments for cancer has made great
strides within the last few decades. Of these, the inhibitor development for the two
enzymes that play the biggest role in the uncoiling and recoiling process i.e.,
topoisomerase I and topoisomerase II, was base for developing novel antineoplastic
drugs. To name some recognizable drugs, the topoisomerase I inhibitors are
camptothecin and its derivatives. Topoisomerase II inhibitors include doxorubicin,
etoposides and mitoxantrone. One of the characterized mechanisms associated with
resistance against individual topo interactive agents is a decreased level or activity of
the target enzyme. Since the topo-I enzyme function is essential to very basic cell
survival requirements such as DNA replication, transcription, and repair processes,
commonly a decreased activity of topo-I is compensated for by topo-II. A solution to the
problem of multidrug resistance and effective treatment is to develop dual inhibitor of
both topo-I and topo-II. The dual targeting would result in its high efficacies. We have
developed novel scaffolds for dual inhibitors topo I & II by integrating the structural
requirement of both the inhibitors. We mainly used make the hybrids of camptothecin,
luotonin, rutaecarpine, calothrixin etc which have been proven drugs individually in the
clinic with mitoxantrone. Synthesis and activity details will be presented.
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Efforts toward chiral non-nucleoside reverse transcriptase inhibitors (NNRTIs):
Asymmetric synthesis and biological evaluation
Xin Han, 785536078@qq.com. School of Pharmaceutical Sciences, Wuhan University,
Wuhan, Hubei, China
Nowadays the chiral synthesis is used as effective tool in the developments of new
drugs because chiral molecules interact with the proteins in different ways due to their
diverse spatial conformations. Asymmetric synthesis is an attractive and eco-friendly
method for the synthesis of chiral molecules which has been applied in medicinal
chemistry widely in the last decade. Currently, although eﬀorts on the development of
novel small molecules as reverse transcriptase inhibitors (RTIs) based on the indole
scaﬀold are greatly intensified and aiming at the chiral research of small molecules as

RTIs is largely unmet. In consideration, design and synthesis of novel chiral antivirus
agents is urgently required, in particular chiral anti-HIV agents.
Based on our previous work, a series of novel and recyclable chiral squaramide
organocatalysts have been developed, among those, a robust and recyclable C3symmetric cinchonine-squaramide catalyst (CSCS) has been identified and successfully
applied to asymmetric Michael addition, Fridel-Crafts reaction, halolactonization etc.
The resulting chiral compounds, including indole and halolactone derivatives turned out
to be potent non-nucleoside reverse transcriptase inhibitors (NNRTIs) with nanomolar
potency in a HIV-1IIIB/TZM-bl indicator cell culture system. The SARs of these indole
derived NNRTIs have shown that the chirality plays a key role on the anti-HIV-1 activity,
in most cases, the R-enantiomer is found to be a better HIV-1 inhibitor than the
corresponding S-enantiomer and racemic mixture, while the S-enantiomer is
preponderant conformation in bioactivity of halolactone derived NNRTIs. The
mechanism of these anti-HIV agents has also been proposed with the help of time-ofaddition assay and computer-aided drug design. Some other chiral bioactive ligands, for
example, antienterovirus / antienteroviral agents were also being designed, synthesized
and evaluated in our lab. Therefore, our work lay the foundation for new anti-HIV or
antivirus drug development.

Chiral small molecules as anti-HIV agents
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Small molecule inhibitors of the transcription factor LSF
Jessica Biagi1, jmbarnes@bu.edu, Ulla Hansen3, Scott Schaus2. (1) Chemistry, Boston
University, Boston, Massachusetts, United States (3) Biology, Boston University,
Boston, Massachusetts, United States
Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and the
second leading cause of cancer mortality. Despite the prevalence of HCC, there is only
one FDA approved drug, which extends life by only 2-3 months. The transcription factor
LSF has been shown to function as an oncogene in HCC, making it a promising protein
target for HCC therapy. Although transcription factors are often deemed “undruggable”,
we have identified a family of small molecules, termed Factor Quinolinone Inhibitors
(FQIs), as specific LSF inhibitors and therefore potential HCC therapeutics. FQIs
strongly decrease cell proliferation and cause cell death in HCC cells, while showing no
effect on primary hepatocytes. FQIs have been shown to inhibit LSF DNA-binding in
vitro in an electromobility shift assay, and in cells as determined by ChIP. In
transactivation assays, FQIs were shown to specifically inhibit LSF DNA-binding activity.
Recently, cellular thermal stability assays demonstrated active FQIs specifically bind
LSF in HCC cell lysates. In addition, FQIs were shown to bind members of the closely
related LSF subfamily, but not the related Grainyhead family which bind a similar DNA
recognition sequence but has distinct transcriptional targets. In mouse xenografts, FQI
treatment resulted in growth inhibition of HCC tumors, with no visible toxicity in mice
tissue sections of internal organs, and normal liver and protein enzyme levels. Taken
together, these data confirm LSF as a druggable transcription factor and further support
development of FQIs as a HCC therapeutic.
MEDI 213
Triphenylmethanol conjugates of triptorelin as anti-lipid peroxidation agents
Samiyah Alhamed, Yousef Ahmadibeni, bebinam9@gmail.com, William Boadi.
Department of Chemistry, Tennessee State University, Nashville, Tennessee, United
States
Triptorelin, a gonadotropin releasing hormone (GnRH) agonist, is being routinely used
in treating patients with advanced symptoms of prostate cancer. The major limitations of
triptorelin therapy include its low uptake by the cells, high efflux rate as well as
resistance development, all of which significantly abrogate its bio-efficacy. Effectual
strategies to increase the cellular uptake of triptorelin are therefore being contemplated
to increase the potency of the drug. Modulating the hydrophobicity of the peptide by
addition of hydrophobic linkers is an effective approach to this end. In this study, a
number of triptorelin conjugates of tris(4-methoxyphenyl) methanol derivatives with
optimized hydrophobicity were synthesized by the reaction of 2-substituted methoxy
benzenes (e.g. 1-chloro-2-methoxybenzene, 1-bromo-2-methoxybenzene, 1-fluoro-2methoxybenzene, 1-methyl-2-methylbenzene, 1-methoxy-2-nitrobenzene) and 1,3,5trioxane followed by conjugation with triptorelin acetate in the presence of

HBTU/DIPEA/DIC in moderate yields. The efficacy of synthesized triptorelin conjugates
were evaluated using an in vitro lipid peroxidation assay. The derivatives effectively
reduced lipid peroxidation which were measured as thiobarbituric reactive substance
(TBARS) in a dose- and time-dependent manner following the Fenton’s pathway.
Overall, TBARS decreased between 20-30% for the treated samples of synthesized
conjugates compared to their respective controls. These data establishes in vitro antioxidant activities of the triptorelin conjugates of tris(4-methoxyphenyl) methanol
derivatives, indicating their potential biological efficacy.
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Triphenylmethanol conjugates of triptorelin as anticancer prodrugs
Jawzah Alnakhli1, William Boadi1, Keykavous Parang2, Amir Shirazi2, Yousef
Ahmadibeni1, bebinam9@gmail.com. (1) Department of Chemistry, Tennessee State
University, Nashville, Tennessee, United States (2) School of Pharmacy, Chapman
University, Irvine, California, United States
Triptorelin (TRP) is an anti-cancer agent used for the treatment of a wide variety of
hormone-responsive cancers, such as prostate cancer. The surge of testosterone,
known as a flare effect, is the major side-effect of cancer chemotherapy using TRP in a
combination regiment. Improving the biological activity of TRP by increasing the cellular
uptake and retention is a remedy to this end. In this study, the hydrophobicity of TRP
was optimized by using an appropriate hydrophobic linker attached to tris(4methoxyphenyl)methanol (TPM) derivatives with the expectation to improve the cellular
uptake. In this regard, a number of TRP conjugates of TPM derivatives with optimized
hydrophobicity were synthesized by the reaction of 2-substituted methoxy benzenes
(e.g. methyl 2-methoxybenzoate, 1,2-dimethoxybenzene, methoxy-2-methylbenzene,
methoxy-2-nitrobenzene, chloro-2-methxyenzene), and 1,3,5-trioxane, followed by the
conjugation with TRP and decanedioic acid in the presence of HBTU/DIPEA/DIC in
moderate yields. Comparative antiproliferative assays between TPM-TRP conjugates
and the corresponding non-covalent physical mixtures of the TPM derivatives and TRP
were performed against human acute lymphoblastic leukemia (CCRF-CEM), human
ovarian adenocarcinoma (SK-OV-3), and mouse pre adipocytes (3T3-L1) cells. TPMTRP conjugates inhibited the cell proliferation of CCRF-CEM, SK-OV-3 and 3T3-L1
cells by 55-92%, 24-73%, 37-56%, respectively, at a concentration of 10-50 µM after
24-72 h of incubation. These data suggest that TPM-TRP derivatives with optimized
hydrophobicity can be used to improve the biological activity of TRP.
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Alpha-substituted tropolones induce leukemia apoptosis
Jin Li, jin.li@uconn.edu, Eric R. Falcone, Amy C. Anderson, Dennis L. Wright, Andrew
J. Wiemer. Department of Pharmaceutical Sciences, University of Connecticut, Storrs,
Connecticut, United States

Tropolones, such as the naturally occurring monoterpene beta-thujaplicin, are
recognized as having potent growth inhibitory effects against malignant cells. We have
previously identified several alpha-substituted tropolones with nanomolar activity
against T lymphocytic leukemia cells [1]. However, the mechanisms by which
tropolones exhibit their growth inhibitory effects are not clear. Here, we evaluate the
cellular mechanisms of tropolones 1 and 2 and provide evidence that the antiproliferative effects of tropolones are caused by apoptosis as judged by staining with
annexin V and propidium iodide and western blot analysis of cleaved caspase 3 and 7
in Molt-4 cells. Moreover, pretreatment with caspase inhibitor Z-VAD-FMK could inhibit
the apoptotic effects of the tropolone. Alpha-substituted tropolones are selective and
potent inducers of apoptosis that can be potentially used for the development of new
agents targeting leukemia.
Reference:
[1] Ononye, S. N., VanHeyst, M. D., Oblak, E. Z., Zhou, W., Ammar, M., Anderson, A.
C., and Wright, D. L. ACS Med. Chem. Lett., 4(8):757-61, 2013.
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Development of photoaffinity probes for non-covalent activation of Nrf2
Benjamin G. Richardson, bricha8@uic.edu, Atul D. Jain, Terry W. Moore. Medicinal
Chemistry and Pharamacognosy, University of Illinois at Chicago, Chicago, Illinois,
United States
The transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) is the body’s
chief defense against oxidative and electrophilic stress. Under normal conditions, Nrf2 is
sequestered in the cytosol by its negative regulator Kelch-like ECH-associated protein 1
(Keap1), which polyubiquitinates Nrf2, leading to proteosomal degradation. Nrf2 has
become an important therapeutic target, as its misregulation is implicated in disease
states ranging from chronic kidney disease to multiple sclerosis. To date, all clinical
candidates advertised as Nrf2 activators have been highly electrophilic compounds,

utilizing the same mechanism found in the body to activate Nrf2. While this mechanism
of action produces the desired physiological effect, the electrophilic activators may be
non-selective. This trait brings into question the physiological role of Nrf2, as it is difficult
to pinpoint if observed effects are solely due to Nrf2 activation or activation of multiple
biological systems by reactive electrophiles. To contribute to the understanding of this
issue, we have created non-electrophilic photoprobes based on a reported naphthalenebased activator that induces Nrf2’s transcriptional activity through direct inhibition of the
Keap1/Nrf2 interaction. Through the use of proteomics studies, we have ascertained the
relative selectivity of non-electrophilic Nrf2 activators.
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Kinetic studies of organoruthenium complex as self-regenerative antioxidant
Yamin Htet, yhtet@g.clemson.edu, Andy G. Tennyson. Chemistry, Clemson University,
Clemson, South Carolina, United States
Overproduction of reactive oxygen species (ROS), also known as oxidative stress, is
linked to numerous pathological conditions ranging from complex processes such as
aging, organ transplantation, to diseases such as diabetes, rheumatoid arthritis, and
neurodegenerative diseases. Antioxidants help balance the level of ROS either by
depleting ROS or inhibiting their formation. However, recent studies of traditional
antioxidants showed reduced antioxidant activity in vivo as a result of stoichiometric
depletion of ROS. Due to their self-regenerating ability, metal based antioxidants have
emerged as a new class of promising therapeutics. This study presents the synthesis
and characterization of an organometallic complex comprising the ruthenium center.
The kinetic studies show that the Ru-centered complex can catalytically degrade
radicals as well as slow down their formation. Therefore, the aforementioned
organoruthenium complex may be useful for combating diseases associated with
oxidative stress.
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Structure based drug design approach to selective retinoic acid receptor gamma
antagonists for osteoarthritis pain
Norman E. Hughes2, neh@lilly.com, Bryan H. Norman1, Scott A. Jones1, Robert A.
Doti1, Thomas Bleisch2, Thomas J. Beauchamp1, Maria A. Torrado1, Pablo Garcia1,
Gustavo Pascual1, Gregory L. Durst1, Yong Wang1, Andrew Geiser3, Srinivasan
Chandrasekhar4, Mark Chambers1, Jennifer Oskins1, Chaohua Lin1, Chahrzad
Montrose-Rafizadeh1, Richard Zink1, Robert Barr1, Todd Page1, Lisa Adams1, Shobha
Bhattachar1. (1) Eli Lilly & Co, Indianapolis, Indiana, United States (2) Eli Lilly & Co,
Indianapolis, Indiana, United States (3) IU Health University Hospital, Indianapolis,
Indiana, United States (4) Retired, Indianapolis, Indiana, United States

All trans retinoic acid (ATRA), the natural ligand for the retinoic acid receptors (RARs),
is known to be detrimental to cartilage health and has been implicated in the breakdown
of cartilage in patients with osteoarthritis (OA). Moreover, levels of the chemically
related retinoids are elevated in the plasma and synovial fluid of OA patients. Natural
and synthetic retinoids act as RAR agonists and catabolize cartilage, block early
chodrogenesis and promote chondrocyte hypertrophy via signaling through three RAR
subtypes (RARa, b and g). It has been shown that ATRA produces and/or increases the
pain response in various animal models, including the MIA and meniscal tear models of
joint pain. RAR antagonists have been shown to improve clinical scores in the collageninduced arthritis (CIA) model. These improvements were, however, accompanied by
unacceptable adverse effects on the testes. We hypothesized that these adverse effects
are attributed to RARa, while the beneficial effects on the joints were the result of RARg
antagonism.
Following an initial lead generation effort we identified a triaryl pyrazole series as having
good potency against all RAR subtypes. Analysis of the x-ray crystal structure of a
nonselective triaryl pyrazole in RARa enabled the development of a structural model of
RAR subtype specificity. Based on insight from this model, we focused selectivity
improvements on the region of our molecules that was nearest the residue in the ligand
binding domain that was unique for the g subtype, relative to the a and b subtypes:
M272 (RARg) vs I270 (RARa) and I263 (RARb). While initial SAR investigation in this
region improved selectivity, the physical properties of this series gave rise to an
unacceptable pharmacokinetic profile. Co-optimization of potency and selectivity with
the ADMET properties led to the candidate molecule LY2955303 which demonstrated
good in vivo exposure. Further evaluation of LY2955303 in the MIA animal model of
osteoarthritis demonstrated pain efficacy.
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Development of a PET radioligand targeting the VEGFR2 receptor to image
angiogenesis
Kayleigh Brocklesby1,2, hyklb@hyms.ac.uk, Jennifer Waby3, Graham Smith2. (1) HullYork Medical School, Sutton, United Kingdom (2) Radiotherapy and Imaging, The
Institute of Cancer Reseach, London, United Kingdom (3) SoBBES, University of Hull,
Hull, United Kingdom
Introduction
In response to critical deficiencies in oxygen and nutrient supply, tumors initiate
angiogenesis to survive. This angiogenic switch is a recognized hallmark of cancer and
prime candidate for disease treatment and monitoring. Positron Emission Tomography
(PET), a minimally invasive imaging technique with high sensitivity, is ideally suited to
quantitative interrogation of receptor expression.
VEGFR2 is an attractive target as the key mediator of the angiogenic process. New
drugs such as crizotanib and cediranib target VEGFR2 either as a combination therapy
regimen or using promiscuous inhibitors targeting multiple kinases. Currently, no smallmolecule PET probes exist which can be used as a companion diagnostic for imaging

VEGFR2 expression.
Methods
Chemistry: Two focused libraries of compounds were synthesized (with Library B
proceeding via a modified Dimroth rearrangement) incorporating accessible fluorine
substitution for radiolabeling without compromising receptor binding affinity.
Biology: The candidates were assessed for VEGFR2 specific effects on proliferation,
using high (A549) and low expressing (HCT116) VEGFR2 cell lines. Chromatin
condensation visualized by DAPI (an indicator of cell death) was assessed for the lead
candidate(s).
Results
Chemistry: Two compound libraries were synthesized and fully characterized.
Biology: Cellular proliferation studies of Library A highlight potential off-target effects.
Further immunofluorescence studies validated this, through the observation of
multinucleated cells.
Conclusions
Library A demonstrated non-specific effects and is therefore unsuitable for PET
imaging. Initial biological screening of library B is currently underway.

Figure 1: Structures of Libraries A and B
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Design and synthesis of novel positron emission tomography imaging agents for
dopamine transporter
Zih-Rou Huang1, d98423003@ntu.edu.tw, Li-Te Chang1, Ya-Yao Huang2, Chyng-Yann
Shiue2, Kai-Yuan Tzen2, Ling-Wei Hsin1. (1) National Taiwan University, Taipei, Taiwan
(2) Nuclear Medicine, National Taiwan University Hospital, Taipei, Taiwan

Dopamine transporter (DAT) is responsible for the homeostasis of dopamine in synaptic
clefts and involved in many neurodegenerative and neuropsychiatric disorders,
including Parkinson’s disease, schizophrenia, attention-deficit/hyperactivity disorder,
substance abuse and depression. Positron emission tomography (PET) is a noninvasive molecular imaging techniques, which allow in vivo study of physiological and
biochemical processes in animals and human. In search for novel DAT radiotracers for
PET as tools to study the role of DAT in the etiology of various neuropsychiatric and
neurodegenerative disorders, novel fluoro-substituted derivatives of 1-[2(diphenylmethoxy)ethyl]-4-(3-phenylpropyl)piperazine (GBR12935) were synthesized
and the binding affinities for DAT, serotonin transporter (SERT) and norepinephrine
transporter (NET) were determined. A promising candidate (±)-1 (Ki = 3.0 nM, Ki ratio
SERT/DAT = 311, LogP = 3.41) was chosen for radiolabeling, and the corresponding
precussor 2 was designed and synthesized. In the presense of K2CO3 and K222,
compound 2 was reacted with n.c.a. K18F to provide 18F-labeled (±)-1 in 6% yield (EOB).
18
F-(±)-1 exhibited selective accumulation in the striatum of rat brain. Thus, 18F-(±)-1
may be utilized to study DAT-related diseases in vivo using PET.
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Synthesis of fluoroalkyl-substituted 1,4-bis[(2-aminoethyl)amino]anthraquinones
as potential PET imaging agents for P-glycoprotein function
Yu-Chien Cheng, r02423019@ntu.edu.tw, Hui-Xian Liu, Ya-Yao Huang, Pi-Hung Kao,
Chyng-Yann Shiue, Kai-Yuan Tzen, Ling-Wei Hsin. National Taiwan University, Taipei,
Taiwan
Overexpression of P-glycoprotein (P-gp), an ATP-binding cassette (ABC) transporter, is
one of the most common mechanisms to multidrug resistance (MDR), which is a major
obstacle in cancer chemotherapy. Thus, an imaging agent that could quantitatively and
sensitively measure the in vivo levels of P-gp expression and activity would be valuable
for predicting the outcome of cancer chemotherapy for individual patient, and

development of novel anti-cancer drugs and chemotherapeutic treatment strategies.
Since mitoxantrone (MX) is a well-known substrate for P-gp, a series of fluoroalkylsubstituted 1,4-bis[(2-aminoethyl)amino]anthraquinone derivatives was designed and
synthesized as potential P-gp function molecular imaging agents for positron emission
tomography (PET). Compound 1 could accumulate in P-gp-deficient cancer cells in
compare with P-gp-highly-expressed cancer cells, and it also possesses much weaker
DNA binding ability and much less cytotoxicity against cancer cells than MX. Thus,
these novel ligands demonstrated the potential to be molecular probes for P-gp
function, and 18F-labeled compound 1 was radio-synthesized for the development of
novel PET radiotracer for P-gp function.

MEDI 222
Electric field of physiological strength induced monomerization of fully metalated
ALS-linked SOD1
Yunhua Shi, Yunhua_Shi@baylor.edu, Mark J. Acerson, Erick Huntley, Bryan F. Shaw.
Chemistry and Biochemistry, Baylor University, Waco, Texas, United States
It is widely accepted that the monomerization of dimeric Cu, Zn superoxide dismutase
(SOD1) is considered to be an origin for neurotoxic oligomer formation which has been
causally linked to amyotrophic lateral sclerosis (ALS). Numerous previous experiment
data suggests that monomerization, in vitro, requires dissociation of coordinated metal
ions and reduction of an intramolecular disulfide bond. A constant external electric field
(similar to the physiological strength) provided by capillary electrophoresis was
demonstrated in this study to induce monomerization of zinc-loaded, disulfide-intact

ALS-variant A4V SOD1. A similar monomerization phenomenon is not observed in both
apo form of A4V and WT (wild type) SOD1, and the full metal-loaded WT SOD1 (Zn4SOD1). This quaternary structural change upon applied external electric field is
contradictory to the observation of the structure of SOD1 outside electric field (i.e., that
metalation promotes dimerization). Computational stimulation analysis reveals that the
SOD1 displayed as a macrodipole with antiparallel coordination between each subunits.
This antiparallel geometry is intensified upon metal coordination. We therefore
hypothesized that these intensified, antiparallel dipoles induce increasing rotational
torque, and lead to monomerization of A4V Zn4-SOD1 due to its relative weak dimer
interface. Our observation of this field-induced monomerization can greatly contribute as
one possible mechanism by which hyperexcited motor neurons might generate
increased concentrations of monomeric SOD1.

Proposed mechanism of monomerization for A4V Zn4-SOD1 in an external electric field.
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Integrated microphysiological model for drug screening for ototoxicity and
nephrotoxicity
Else M. Frohlich1, Abigail J. Spencer1, Brett C. Isenberg1, Jonathan R. Coppeta1, Mark
J. Mescher1, Albert S. Edge2, Jeffrey T. Borenstein1, Erin E. Pararas1,
epararas@draper.com. (1) C.S. Draper Laboratory, Cambridge, Massachusetts, United
States (2) Eaton Peabody Lab, Massachusetts Eye and Ear Institute, Boston,
Massachusetts, United States
We have developed a reconfigurable platform to integrate multiple in vitro
microphysiological systems, or tissue/organ models, for drug discovery and toxicity
studies. The approach here connects individual tissue/organ models that then interact
through a common fluidic network, enabling tissue interactions and pharmacokinetics in
an environment more closely mimicking in vivo studies. As a pilot study to demonstrate
the value of the platform for early stage toxicity testing, we selected a use case

involving the exposure of inner ear and kidney models to an aminoglycoside, aiming to
recapitulate the well-known problems of ototoxicity and nephrotoxicity of these
compounds when given to treat life-threatening bacterial infections. In this study, we
cultured a cochlear cell line (HEI-OC1) and human primary renal proximal tubule
epithelial cells (RPTEC) in “inner ear” and “kidney” modules, respectively, and dosed
them with gentamicin from the “plasma” module at concentrations and time scales that
mimic in vivo pharmacokinetics. In vivo, the kidney is exposed to a higher peak
concentration and a shorter half-life of gentamicin as compared to the inner ear, and the
platform capabilities allowed us to accommodate these differences. Additionally, we
varied the concentration to demonstrate dose-response profiles. Cellular responses
including cell number, morphology, and phenotype were monitored. This biomimetic
platform is a powerful instrument for toxicity testing, which, along with the tissue models,
will likely be a useful tool for investigating the cellular and molecular mechanisms
involved in aminoglycoside and other toxicities.

Example pharmacokinetic profiles of gentamicin generated in in vitro microphysiological
systems
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Fluorine scan at the active sites of rhodesain and human cathepsin L: Enhanced
binding affinity by stacking of fluorinated phenyl rings on flat dipeptide fragments
Maude Giroud1, maude.giroud@org.chem.ethz.ch, Michael Harder1, Bernd Kuhn2,
Wolfgang Haap2, Tanja Schirmeister3, Francois N. Diederich1. (1) Lab fur Org. Chemie,
ETH Zürich, Zurich, Switzerland (2) F. Hoffmann-La Roche, Basel, Switzerland (3)
University of Mainz, Mainz, Germany

Amide bonds are ubiquitously present in proteins. Exploitation of their planar π-surface
for ligand binding however remains to be further developed.[1] Harder et. al showed that
there exist some prerequisites for favorable ligand–amide bond interactions: (1)
favorable dipole moment orientation between various heterocycles and Nmethylacetamide (antiparallel alignment), and (2) reduced electron density of the
heterocycle.[2] Following these guidelines, we performed a fluorine scan of 20 inhibitors
for two cysteine proteases, rhodesain and human cathepsin L, which both feature a flat
dipeptide moiety in their respective pockets. Binding affinities were determined by
fluorescence-based assays. Because of its high electronegativity and low polarizability,
fluorine represents an ideal tool to (1) tune the electron density of benzene derivatives
without introducing steric hindrance upon H/F replacement, and (2) introduce large
dipole moment variations. We identified that multiple fluorination of the inhibitors led to
an increased binding affinity, with a 7-fold increase in comparison with non-fluorinated
derivatives, for both rhodesain and human cathepsin L, resulting in low nanomolar
inhibitors. We believe that these findings will not only be helpful to guide future
development of inhibitors of rhodesain, a target against human African trypanosomiasis,
but also to any other medicinal chemistry program whose target possesses exposed
amide bonds.

[1] S. Cotesta, M. Stahl, J. Mol. Model. 2006, 12, 436–444. The Environment of Amide
Groups in Protein–Ligand Complexes: H-bonds and Beyond.
[2] M. Harder, B. Kuhn, F. Diederich, ChemMedChem 2013, 8, 397–404. Efficient
Stacking on Protein Amide Fragments.
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Pharmacophore discovery using extended Huckel Theory

Alain Deschenes, alain.deschenes@unb.ca. Chemical Computing Group, Montreal,
Quebec, Canada
Pharmacophore models play an essential role in drug discovery. Generating
pharmacophore models which encode accurate molecular recognition features are
highly dependent on properly defined annotations. Simplistic or ill-defined
pharmacophore annotations which do not capture subtle electronic or geometric effects
lead to many inaccuracies. SMARTS patterns which are often used to specify
annotation "rules" are subject to such inaccuracies. The application of Extended Huckel
Theory (EHT) to pharmacophore annotations compensates for deficiencies observed in
"rule" based methods by taking into account electron withdrawal and resonance effects
and treating these effects in a consistent manner independent of structural depiction.
The application of the EHT approach will be further described and discussed through a
number of case studies.
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Acetylation of lysine residues in Cu,Zn WT and ALS-mutant superoxide
dismutase (SOD1) with aspirin inhibits its aggregation and promotes its amyloid
destabilization
Alireza Abdolvahabi1, alireza_abdolvahabi@baylor.edu, Yunhua Shi2, Bryan F. Shaw3.
(1) Chemistry and Biochemistry, Baylor University, Waco, Texas, United States (2) Dept
Env Science, Baylor University, Waco, Texas, United States
A protein’s net charge has long been known as a biophysical property that modulates
the rate of protein amyloidogenesis. However, the net charge of a protein has never
been scrutinized as a potential drug target to be systematically modified with small
organic drugs. Here we acetylated the lysine residues of Cu, Zn superoxide dismutase
(SOD1) with aspirin in order to increase its net negative charge by a magnitude that
significantly inhibited its amyloid formation. Two neurotoxic variants of apo-SOD1
protein, D90A and A4V (that cause amyotrophic lateral sclerosis or ALS), along with WT
protein were acetylated with aspirin at different degrees, confirmed with mass
spectrometry, and high throughput thioflavin-T aggregation assays (total of 432 assays)
were performed on acetylated and unacetylated species. The acetylation of a minimum
of 3 lysines in A4V apo-SOD1, for instance, decreased the lag time and rate of SOD1
fibrillization by ~ 5 hr and two-fold, respectively. We also peracetylated lysines in
preformed amyloid fibrils of WT and ALS-mutant apo-SOD1, which resulted in
“supercharged” SOD1 fibrils (ΔZ ≈ ~ 2 million units). These “supercharged” fibrils were
shown to be thermally destabilized by up to 20 ºC compared to unacetylated fibrils. The
results of this study strongly support the idea that the net charge of a protein can hold
promise as a new strategy in the design of therapies for protein self-assembly diseases.

(A) The net negative charge of dimeric WT SOD1 has been measured to vary (as a function of
metalation state and subcellular pH) from ~ -3.7 to ~ -12.1. Acetylation of lysine residues in
native SOD1 will increase the magnitude of net negative charge by ~ 15 to 50 %. (B)
Peracetylating lysine residues in an amyloid fibril of SOD1 (d = 15 nm, L = 2 µm) with aspirin is
theoretically expected to increase the magnitude of net negative charge by ~ 106 formal units.
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Investigating the selectivity of metalloprotein inhibitors (MPi) in the presence of
competing metalloproteins
Yao Chen, cccradle@gmail.com, Seth Cohen. Department of Chemistry and
Biochemistry, University of California- San Diego, San Diego, California, United States
Over 30% of the human proteome consists of metalloproteins, which execute a variety
of biological functions, such as matrix degradation, blood pH homeostasis, etc.
Misregulation of several metalloenzymes has been implicated in multiple diseases.
Metalloprotein inhibitors (MPi) offer an appealing approach to develop therapeutics for

the treatment of a variety of diseases, including hypertension, cancer, HIV/AIDS, and
infectious diseases. However, despite their clinical success, there is a common
misconception that MPi are less selective than other small molecule therapeutics, and
more prone to inhibit off-target metalloenzymes. There is a perception that MPi
indiscriminately target all metalloenzymes or that they strip the catalytic metal ion from
its target. We have examined the issue of MPi specificity by investigating the selectivity
of a variety of MPi against a representative panel of metalloenzymes in the presence of
competing metalloproteins, such as metallothionein. Our findings revealed that MPi
exhibited no reduction in inhibitory activity in the presence of large excesses of
competing metalloprotein (up to 50-equivalents of competing metalloprotein over the
concentration of MPi), suggesting that the competing protein is not titrating the MPi
away from its target. This study represents a rudimentary means to mimic the complex
biological milieu where other metalloproteins are present that could titrate the MPi away
from its target. This strategy is analogous to other screening assays that are performed
in the presence of plasma protein (e.g. BSA) to evaluate off-target binding through nonspecific hydrophobic interactions. The results suggested that the development of MPi
present no more risk for nonspecific activity than small molecule inhibitors of metalindependent enzymes, which should help to alleviate concerns about metalloprotein
targets, where a wealth of therapeutic possibilities await.
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Antiinfective and anticancer drugs targeting the proton motive force
Wei Zhu2, weizhu1@illinois.edu, Xinxin Feng2, Lici A. Schurig-Briccio1, Steffen Lindert3,
Jikun Li2, Yang Wang2, Noman Baig2, J. A. McCammon3, Robert B. Gennis1, Eric
Oldfield2. (1) Department of Biochemistry, University of Illinois at Urbana-Champaign,
Urbana, Illinois, United States (2) Department of Chemistry, University of Illinois at
Urbana-Champaign, Urbana, Illinois, United States (3) Department of Chemistry and
Biochemistry, University of California San Diego, La Jolla, California, United States
Uncouplers are used to treat diverse parasitic infections by targeting the proton motive
force (PMF) and there is now interest in the development of such species for the
treatment of diseases ranging from cancer to diabetes to tuberculosis. Here, we tested
a series of compounds for uncoupler activity using E. coli and Mycobacterium
smegmatis inverted membrane vesicles (IMVs) and porcine liver mitochondria. Most of
the active compounds were cationic amphipathic drugs that also inhibited M.
tuberculosis cell growth, with clofazimine being particularly active, due to charge
delocalization. There was little activity against mitochondria. Several compounds were
also prenyl synthase inhibitors and using in silico screening with molecular dynamicsbased structures we discovered that the anti-glioblastoma multiforme drug lead
vacquinol-1 was an inhibitor of tuberculosinyl adenosine synthase, involved in virulence
factor formation in M. tuberculosis, as well as an uncoupler. Since vacquinol-1 is also a
known inhibitor of M. tuberculosis cell growth, we then used similarity searches to
identify several compounds with potent M. smegmatis cell growth inhibition activity. We
used differential scanning calorimetry and EPR spectroscopy to probe drug-membrane

interactions, finding a broad range of effects. We also developed computational models
for uncoupler/cell growth inhibition activity, finding good correlations between
experimental and predicted activity.
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Potent small agonists of protease activated receptor 2
Mei Kwan Yau1, a.yau@imb.uq.edu.au, Jacky Y. Suen1, Weijun Xu1, Junxian Lim1,
Ligong Liu1, Mark Adams2, Yaowu He3, John Hooper3, Robert Reid1, David P. Fairlie1.
(1) Institute for Molecular Bioscience, The University of Queensland, Brisbane,
Queensland, Australia (2) Queensland University of Technology, Brisbane, Queensland,
Australia (3) Mater Research Institute – The University of Queensland, Translational
Research Institute, Brisbane, Queensland, Australia
Protease-activated receptors (PARs) are class A GPCRs, self activated by their newly
exposed N-terminus following cleavage by proteases. Protease-activated receptor 2
(PAR2) is one of four PAR subtypes and its N-terminus is cleaved by enzymes (e.g.
trypsin, tryptase, factor Xa/ VIIa, granzyme A) at the R36-S37 cleavage site to reveal an
activating sequence S37LIGKV (human) or S37LIGRL (rodent). Some proteases cleave
elsewhere, with the cysteine protease cathepsin S cleaving at G40-K41 and E56-T57.
PAR2 has been implicated in disease models of arthritis, inflammatory bowel disease,
asthma, cardiovascular diseases, cancers, metabolic dysfunction, hyperalgesia, viral
and bacterial infections. However, roles for PAR2 in human diseases remain uncertain,
with both pro- and anti-inflammatory properties as well as protective and pathogenic
roles reported.[1] Synthetic agonists and antagonists are therefore valuable tools for
investigating PAR2 functions in vivo.
Here we report discovery of the most potent, selective, small molecule PAR2 agonist
(MW < 500) that activate PAR2-induced intracellular calcium signaling and chemotaxis
at nanomolar concentrations.
Reference:
[1] Yau, M. K.; Liu, L.; Fairlie, D. P. Toward drugs for protease-activated receptor 2
(PAR2). J. Med. Chem. 2013, 56, 7477-7497.
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Fate of fluoroquinolones in drinking water treatment plants in China
Yongpeng Xu1, xuyongpeng@hit.edu.cn, Shiyao Liu1, Yuan Wang1, Hui Tao2, Fuyi
Cui1. (1) Harbin Institute of Technology, Harbin, China (2) Hohai University, Nanjing,
China

Fluoroquinolones (FQs) in the aqueous environment pose a threat to human health.
Drinking water treatment plants play a key role as the last barrier in eliminating FQs
from drinking water. The fates of four FQs, norfloxacin, ciprofloxacin, enrofloxacin, and
ofloxacin, in three drinking water treatment plants in China were investigated
simultaneously. The results showed that FQ contamination was serious in some areas
of China. The detected FQs were found in the 45-220 ng/L range in the Yangtze River,
Lake Taihu, Dasi Reservoir and the Songhua River. The residual concentration levels in
various surface waters showed that the drug types and quantities used in different areas
were also different. The FQ residues measured at various stages of water treatment
showed that FQs were not completely eliminated by conventional water treatment
processes. The concentrations of all detected FQs were typically at the ng/L level in the
final drinking water. The removal efficiencies attained by conventional water treatment
processes ranged from 20% to 40%, and coagulation-sedimentation played a dominant
role in this removal.
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De novo designed metalloprotein captures and stabilizes radicals
Gozde Ulas3, ulas.gozde@gmail.com, Yibing Wu2, Thomas Lemmin3, William F.
Degrado1. (1) UCSF, San Francisco, California, United States (2) Cardiovascular Res
Inst, UCSF, San Francisco, California, United States (3) University of California - San
Francisco, San Francisco, California, United States
Reactive organic radicals are ubiquitous yet transient intermediates in nature.
Establishing controlled access to the radical’s reactivity requires an understanding of
how the radical is generated and what specific proteinaceous environment is required to
guide its reactivity. The radical’s transient and highly reactive nature precludes its study
under physiological conditions, under ambient temperature and air, and in aqueous
solution. The semiquinone radical is a reactive intermediate in the electron-shuttling
redox active quinone-hydroquinone cycle essential to respiration and photosynthesis.
The ortho-semiquinone is the putative intermediate in clinically important enzymes like
the tyrosinase. Here we report a de novo designed protein that provides a bimetallic
active site to capture the semiquinone radical. The minimal protein scaffold enhances
the intermediate’s stability and renders it accessible for spectroscopic detection, all
performed in aqueous solution, in ambient aerobic environment and temperature. Our
work provides a simplified system to stabilize and investigate a protein-bound radical
cofactors under physiological conditions. We investigate the factors that lead to the
specific binding and stabilization of the otherwise transient radical.
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Using automated reagent management to dramatically improve efficiency in
library synthesis and drug discovery

Derrick Miyao, pandab55@yahoo.com. Neurocrine, San Diego, California, United
States
The process of lead optimization consists of preparing analogs of biologically active
molecules and assessing their viability as drug candidates. It is an information intensive,
iterative process that involves the design of new analogs, the synthesis and subsequent
testing in the relevant biological assays. The new analogs theoretically address the
shortcomings of the leads and if the new analogs do not satisfy the requirements for
drug candidacy, the iterative design – synthesis – screening cycle is repeated until an
acceptable candidate is identified. Minimizing the lag time between the design and the
data generation in this iterative cycle will lead to an increase in drug discovery
productivity.
There have been many advances in the area of rapid analog synthesis, such as parallel
/ combinatorial synthesis, automated reagent delivery and automated purification, but
the management of the reagents that are used in compound synthesis remains
relatively unchanged. Checking inventory, ordering, delivery and weighing the reagents
to be used in analog synthesis is an impediment to effectively employing parallel
synthesis. There have been modest improvements, such as electronic tracking of
reagent inventories using databases as well as computer assisted manual weighing
where identity and mass of reagents are stored and are available for automated
dissolution. Some groups have moved the operation to a remote site often through the
use of commercial suppliers. This eliminates the need for building the necessary
infrastructure but there is a cost in time with a 48 hour turnaround time being state of
the art, and potentially repeat shipments of the same chemicals. The objective of this
report is to minimize turn-around time by utilizing offsite commercial suppliers for bulk
delivery in conjunction with automated on site storage and retrieval using the
Matristore(Brooks).
By pre-weighing, dissovling, plating the reagents into SBS standard 96 minitube
microplates, and robotically storing the reagents, the reagent managment process has
been improved dramatically to where custom libraries can be made everyday rather
than every week. In addition to improved efficiency, the cost has drop from an
astronomical 1000 dollars per mg to a modest cost of 11 dollar per mg. Automated
storage of reagents has allowed us to improve the drug discovery process through
efficiency, and most importantly allows us to make every specific compound of interest.
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Improved synthesis of trans/cis-4-(boc-amino)-4-methyl cyclohexanol
Shuqiang Zhang, zhang_shuqiang@pharmablock.com, Lei Chen, Yuanpeng Chen,
Hui Li, Xihan Wu, Minmin Yang. Department of Research, PharmaBlock (Nanjing) RD
Co. Ltd, Nanjing, JiangSu, China
We have developed an improved route to trans-4-(boc-amino)-4-methylcyclohexanol (1)
from inexpensive ethyl 4-oxocyclohexanecarboxylate (2). Hundreds of grams of 1 could

be obtained from a single batch in 9 steps with an overall yield of 16% [figure1]. In the
same manner, cis-4-(boc-amino)-4-methylcyclohexanol (7) can be produced efficienctly.

Figure 1: Synthetic route to 1 and 7
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Design of hepatitis C virus NS3/4A protease iInhibitors with improved activity
against drug resistant variants
Akbar Ali, akbar.ali@umassmed.edu, Djadé Soumana, Kristina Prachanronarong,
Aysegul Ozen, Ashley Matthew, Linah N. Rusere, Nese Kurt-Yilmaz, Celia Schiffer.
Biochemistry and Molecular Pharmacology, UMass Medical School, Worcester,
Massachusetts, United States
Hepatitis C virus (HCV) infects an estimated 150 million people worldwide and is the
leading cause of hepatitis, cirrhosis, and liver cancer. In the last 4 years the treatment of
HCV genotype 1 infection has been revolutionized, with direct-acting antivirals (DAAs)
against essential viral proteins improving the therapeutic options and outcomes.
However, with the exception of sofosbuvir, these DAAs have poor efficacy against other
HCV genotypes and are susceptible to resistance. To develop a robust therapy, the
mechanisms underlying drug resistance and genotypic differences in diverse HCV
variants need to be revealed. We have used a multi-disciplinary approach, involving
protein crystallography, computational drug design, organic synthesis, and medicinal
chemistry, to elucidate the molecular basis of drug resistance against NS3/4A protease

inhibitors, explaining in atomic detail how and why drug resistance occurs for leading
protease inhibitors in clinical development. Based on the structural insights, we have
rationally designed new NS3/4A protease inhibitors with flexible P2 moieties that
interact with the invariant catalytic triad and avoid contacts with the S2 subsite residues.
Structure-activity exploration of the P2 quinoxaline provided inhibitors that retain low nM
potency against major drug resistant variants of HCV. More generally, understanding
the underlying mechanisms by which drug resistance occurs can be incorporated in
drug development against many quickly evolving disease targets.
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Ligand-induced binding pocket in anthrax Lethal Factor: Renewed opportunities
for drug design
Kimberly M. Maize1, maize001@umn.edu, Elbek K. Kurbanov1, Elizabeth A. Amin1,2,
Barry Finzel1. (1) Medicinal Chemistry, University of Minnesota, Minneapolis,
Minnesota, United States (2) Minnesota Supercomputing Institute for Advanced
Computational Research, Minneapolis, Minnesota, United States
Lethal Factor (LF) is the zinc metalloproteinase component of a tripartite exotoxin
produced by Bacillus anthracis that is responsible for anthrax cytotoxicity. While potent
LF inhibitors exist, none has reached the market, partly due to poor selectivity against
other zinc-binding enzymes. Design of selective matrix metalloprotease (MMP)
inhibitors presented similar obstacles. However, potent inhibitors MMP-8 and MMP-13
have been reported which take advantage of a ligand-induced expansion of the S1′
subsite (termed S1′*) and exhibit improved activity and specificity. Here, a series of
novel hydroxamate inhibitors that induce a similar S1′* extension in LF are reported. In
the known binding mode with peptide mimetics, an aromatic ring occupies the sterically
constrained S1′ pocket (A). The enzyme accommodates the conformationally restricted
hydroxamates of this series by shifting residues Lys656 and Leu677, opening the S1′*
pocket that extends to solvent (B). The methyl substituent provides a vector for growth
into S1′*. Targeting S1′* represents a renaissance for structure-based drug design for
LF.
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Targeting onchocerciasis: Development of a ligand-based pharmacophoric model
and subsequent optimization of OvCHT1 inhibitors based on the 1,2,3-triazole
ring
Alex Ducime1, alex.ducime@gmail.com, Stefano Mensa1, Piermichele Kobauri1, Major
Gooyit2, Kim D. Janda2, Donatella Boschi1, Marco L. Lolli1. (1) University of Turin,
Torino, Italy (2) Scripps Rsrch Inst, La Jolla, California, United States
Onchocerciasis, also known as river blindness, is a neglected tropical disease caused
by infection with the parasitic worm Onchocerca volvulus. About 17 to 25 million people
are infected with river blindness, mostly in developing countries including Yemen as well
as many nations in sub-Saharan Africa and Central and South America.1
Onchocerca volvulus chitinase (OvCHT1) is a larval-stage-specific chitinase that was
identified as a potential biological target for affecting nematode development.1
Compound 1 is a potent and specific OvCHT1 inhibitor with an IC50 value of 1.98 ± 0.13
µM. In the absence of any crystallographic data of OvCHT1, a scaffold hopping
approach was applied to 1 to improve its potency against OvCHT1, and the
benzyloxytriazole ring (as in compound 2) was shown to be a good scaffold able to
effectively replace the original diiodosalicylic moiety.
The pharmacological results of this work allowed for the first time the development of a
ligand-based pharmacophoric model (3), that is herein presented.
Starting from this in-silico studies, a subsequent modulation of compound 2 was then
performed to modulate the benzyloxy group at position 4, and a modification of the
phenoxy aniline portion was also investigated to further optimize its activity against
OvCHT1 and the drug-likeness of the obtained inhibitors.
The ligand-based pharmacophoric model, the synthesis and pharmacological properties

of the triazole-based OvCHT1 inhibitors are herein presente and discussed.
References
[1] A. L. Garner, C. Gloeckner, N.Tricoche, J. S. Zakhari, M.Samje, F. Cho-Ngwa, S.
Lustigman, K. D. Janda, J. Med. Chem., 2011, 54 (11), 3963–3972.
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Tether modifications of a potent series of triazine macrocycles for the inhibition
of the hepatitis C virus (HCV) entry pathway
Eric Mull, eric.mull@bms.com, Li-Qiang Sun, Qian Zhao, Guo Li, Annapurna Pendri,
Zhongxing Zhang, Zhiwei Yin, Tao Wang, Eric P. Gillis, Ying-Kai Wang, Hua Fang,
Betsy Eggers, Kevin Pokornowski, Guangzhi Zhai, Daniel Tenney, Stephen Mason, Carl
Baldick, Nicholas A. Meanwell, Paul M. Scola. Bristol Myers Squibb, Wallingford,
Connecticut, United States
Triazines represent a class of compounds which function as entry inhibitors of the
hepatitis C virus. Macrocyclization was found to be an effective approach to enhancing
genotype 1a and 1b potency while expanding genotype coverage of 2a, 2b, and 3a.
Optimization of the macrocycle size led to the identification of an early lead with EC50
values of <10 nM. Continued modification of the tether resulted in further improvement
in potency as well as HLM stability. Details of the preparation of the inhibitors as well as
the SAR of the tether modifications will be described.
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Hydroxamic acids as new anti-HCV agents
Teng Ai, Yanli Xu, Li Qiu, Robert Geraghty, Liqiang Chen, chenx462@umn.edu.
Center for Drug Design, University of Minnesota, Minneapolis, Minnesota, United States
Hepatitis C virus (HCV) infects 160-180 million people worldwide and 3.2 million people
in the United States, placing them at risk for liver diseases including chronic hepatitis,
cirrhosis and hepatocellular carcinoma. The advent of all-oral interferon-free and
ribavirin-free regimens has led to higher efficacies and shorter treatment durations.
Nevertheless, concerns over emergence of drug resistance, varied responses by
different HCV genotypes and prohibitively high cost call for new anti-HCV agents with
distinct mechanisms of action. We have discovered simple hydroxamic acids based on
the cinnamic hydroxamic acid and benzo[b]thiophen-2-hydroxamic acid core structures
as potent and non-toxic inhibitors of HCV in cell culture. Our structure-activity
relationship (SAR) studies and preliminary mechanistic investigation will be reported.
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Synthesis and SAR of a series of functionalized macrocycles as potent, pangenotypic HCV NS3 protease inhibitors
Li-Qiang Sun1, liqiang.sun@bms.com, Eric Mull1, Qian Zhao1, Eric P. Gillis1, Michael S.
Bowsher1, Kandhasamy Sarkunam2, Pulicharla Nagalakshmi2, Stanley D'Andrea1,
Zhizhen Zheng1, Xiangdong A. Wang1, Ying-Kai Wang1, Hua Fang1, Paul Falk1, Fei Yu1,
Dennis Hernandez1, Amy Sheaffer1, Susan Jenkins1, Melissa Kramer1, Nicholas A.
Meanwell1, Fiona McPhee1, Paul M. Scola1. (1) Bristol-Myers Squibb, Wallingford,
Connecticut, United States (2) Syngene International Limited, Bangalore, India
We have described the design and discovery of a series of potent acyclic isoquinolinyl
tripeptides as NS3 protease inhibitors of HCV that culminated in the identification of
recently approved asunaprevir. As part of a continuing effort toward further optimization
to generate our next generation Inhibitors of HCV NS3 against a broad range of HCV
genotypes and having a high barrier to resistance, we have designed and synthesized a
new series of uniquely functionalized macrocycles as potent, pan-genotypic HCV NS3
protease inhibitors. These antiviral agents were constructed by a multi-step synthesis
via ring closing metathesis of a key diene. Details of the synthetic approaches to this
macrocycle series and the development of key structure-activity relationships will be
described.
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2nd Generation HCV protease inhibitors: Part 2, optimization of P2*
Eric P. Gillis1, eric.gillis@bms.com, Michael S. Bowsher2, Fiona McPhee3, Susan
Jenkins4, Ying-Kai Wang5, Paul M. Scola1, Nicholas A. Meanwell2. (1) Discovery
Chemistry, Bristol-Myers Squibb, Wallingford, Connecticut, United States (3) Virology,

Bristol-Myers Squibb, Wallingford, Connecticut, United States (4) Pharmaceutical
Candidate Optimization, Bristol-Myers Squibb, Wallingford, Connecticut, United States
(5) Lead Evaluation, Bristol-Myers Squibb, Wallingford, Connecticut, United States
Currently marketed HCV NS3 inhibitors play an important role in all-oral direct-acting
antiviral combination therapy capable of curing HCV in patients. However, current
treatment leaves opportunity for further improvement in genotype coverage, dose size,
and dosing frequency. Our goal was to develop a pan-genotype NS3 protease inhibitor
that was supportive of QD dosing. A macrocyclic chemotype with multiple vectors for
optimization provided the foundation for inhibitor design. We specifically describe
efforts, using multiple chemotypes, to optimize binding in the P2* pocket. This binding
pocket is implicated in viral resistance to first generation HCV NS3 inhibitors and loss of
inhibitor potency across genotypes. Efforts culminated in a collection of potent inhibitors
that satisfied all drug candidate objectives.
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2nd Generation HCV protease inhibitors: Part 1, optimization of the P1’-P3 tether
Michael S. Bowsher2, michael.bowsher@bms.com, Eric P. Gillis2, Zhizhen Zheng2,
Ying-Kai Wang1, Fiona McPhee3, Susan Jenkins4, Paul M. Scola2, Nicholas A.
Meanwell2. (1) Lead Evaluation, Bristol-Myers Squibb, Prospect, Connecticut, United
States (2) Discovery Chemistry, Bristol-Myers Squibb, Cheshire, Connecticut, United
States (3) Virology, Bristol-Myers Squibb, Wallingford, Connecticut, United States (4)
Pharmaceutical Candidate Optimization, Bristol-Myers Squibb, Wallingford,
Connecticut, United States
Hepatitis C Virus is a global concern with approximately 170 million people infected
worldwide. It has become the leading cause of liver disease including cirrhosis and
hepatocellular carcinoma. The HCV NS3/4A protease is an essential enzyme for viral
replication and has been validated as a target for anti-HCV therapy in clinic trials.
Worldwide HCV infections illustrate a need for a pan-genotypic treatment. Our goal was
to develop a pan-genotype NS3 protease inhibitor that was supportive of QD dosing. It
was anticipated that this would require a single digit nM potency, a long HLM half-life,
and good exposure in PK. A macrocyclic chemotype provided multiple vectors for
optimization. Among these, the tether between P1’ and P3 provided a novel opportunity
to introduce functionality. We describe herein structure-based rational drug design,
synthesis and SAR of a novel series of small molecule tripeptide inhibitors of HCV NS3
protease.
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Discovery of 5-(3-((1, 3-difluoro-2-(fluoromethyl)propan-2-yl)carbamoyl)phenyl)-6(N-(2-fluoroethyl)methylsulfonamido)-2-(4-fluorophenyl)-N-methylbenzofuran-3carboxamide, the first orally bioavailable pan-genotype coverage HCV NS5B
inhibitor with sulfonamide moiety at C-6 of benzofuran core

Zhiwei Yin4, yinz@bms.com, Zhongxing Zhang4, Tao Wang1, Kyle E. Parcella1, Kyle J.
Eastman4, Katharine Grant-Young2, Kap-Sun Yeung1, Ying-Kai Wang5, Hua Fang6,
Julie Lemm4, Xiaoliang Zhuo4, Mengping Liu4, Kathy Mosure4, Rudolph Krause4, Susan
Roberts8, Matt Soars3, John F. Kadow7. (1) Bristol Myers Squibb, Wallingford,
Connecticut, United States (2) Bms-8000399 Dept 303, Bristol Myers Squibb,
Wallingford, Connecticut, United States (3) Metabolism and Pharmacokinetics, Bristol
Myers Squibb, Wallingford, Connecticut, United States (4) Bristol-Myers Squibb,
Wallingford, Connecticut, United States
5-(3-(tert-butylcarbamoyl)phenyl)-6-(N-ethylmethylsulfonamido)-2-(4-fluorophenyl)-Nmethylbenzofuran-3-carboxamide A was characterized as an HCV NS5B inhibitor that
interrupted virus replication. It showed excellent activity against a genotype 2a (EC50
5.6 nM) replicon presumably due to the presence of the C-6 sulfonamide moiety. It was
also potent against genotype 1a (EC50 8.4 nM) and 1b (EC50 5.3 nM). Compound A
was projected to have high clearance in vivo based on the in vitro T1/2 in liver
microsomes and poor absorption due to a high efflux ratio of 4.4 in a bidirectional Caco2 assay. Incorporation of F atoms in the alkyl chain of the amide moiety on the C-5
phenyl group was done with the aim of blocking a metabolic soft spot to provide
compound B which exhibited improved metabolic stability, however, the efflux ratio
remained unimproved. Further addition of a fluorine atom at the alkyl terminal position of
the C-6 sulfonamide significantly lowered the efflux ratio to 1.4 for compound C.
Correspondingly, 5-(3-((1,3-difluoro-2-(fluoromethyl)propan-2-yl)carbamoyl)phenyl)-6(N-(2-fluoroethyl)methylsulfonamido)-2-(4-fluorophenyl)-N-methylbenzofuran-3carboxamide (C) with pan-genotype coverage (EC50: 1a 1.9 nM, 1b 2.8 nM, 2a 5.9 nM,
2b 1.6 nM, 3a 2.8 nM, 4a 4.8 nM and 6a 2.7 nM), became the first compound in the
series to demonstrate oral bioavailability (F = 51%) in rats.
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Advanced Hepatitis C virus NS5B polymerase primer grip inhibitors
Kyle E. Parcella1, yanksaa23@hotmail.com, Kyle J. Eastman1, Kap-Sun Yeung1,
Katharine Grant-Young1, Juliang Zhu1, Tao Wang1, Zhongxing Zhang1, Zhiwei Yin1,
Dawn M. Parker1, Kathy Mosure1, Brett R. Beno1, Hua Fang1, Ying-Kai Wang1, Julie
Lemm1, Xiaoliang Zhuo1, Umesh Hanumegowda1, Benjamin M. Johnson1, Roy Haskell1,
Rudolph Krause1, Mengping Liu1, Chris Poronsky1, Karen Rigat1, Steven Sheriff2, Maria
Donoso1, Maria Tuttle1, Xiaohua Huang1, Nicholas A. Meanwell1, Matt Soars1, Susan
Roberts1, John F. Kadow1. (1) Bristol Myers Squibb, Wallingford, Connecticut, United
States (2) Bristol-Myers Squibb, Lawerenceville, New Jersey, United States
A class of highly functionalized 7-azabenzofurans have been identified as pangenotypic inhibitors of HCV NS5B polymerase. This class of inhibitors bind in an
allosteric site known as primer grip positioned approximately 10 Å away from the active
site. SAR studies guided by crystallographic information resulted in several advanced
compounds. A series of challenges including high human serum shift, BSEP inhibition

and poor metabolic stability were all overcome to ultimately identify BMT-I as a potential
clinical candidate. The preclinical profile and status of BMT-I will be described.
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Synthesis of 2’-C-methyl pseudouridines for the inhibition of HCV RNA
polymerase
Immaculate K. Sappy, Joseph Nunnari, Amanda C. Bryant-Friedrich, amanda.bryantfriedrich@utoledo.edu. Medicinal and Biological Chemistry , The University of Toledo,
Toledo, Ohio, United States
Studies of the structure and function of Hepatitis C Virus (HCV) RNA-dependent RNA
polymerase (RdRp) have broaden our understanding of HCV viral RNA replication and
the mechanism of action of this RNA polymerase. These findings have encouraged the
development of inhibitors of this target for antiviral therapy. Anti-HCV activity has been
shown in-vivo with C-nucleosides containing a 2’-C-methyl (Me) substituent. The
presence of the 2’-C-Me group prevents the chain elongation catalyzed by the RdRp
NS5B. To further investigate this phenomenon, the synthesis of modified
pseudouridines was performed using earlier developed strategies for the unmodified
nucleoside. By coupling of the protected pyrimidine to a likewise protected 2’-C-methylD-ribono-lactone the C-nucleoside was formed. Subsequent reduction and ring closure
generated alpha and/or beta- 2’-C-Me pseudouridines. Through the work presented
here, this modified pseudouridine synthesis was optimized and will be utilized in the
synthesis of other modifications of this naturally occuring nucleoside and evaluated for
their antiviral activity. This will include conversion to substrates suitable for the
monophosphate prodrug strategy.
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Identification of active metabolites of lithocholic acid in respect to VDR binding
Kelly A. Teske, kelly.teske@gmail.com, Jon W. Bogart, Luis Sanchez, Alexander
Arnold. University of Wisconsin Milwaukee, Milwaukee, Wisconsin, United States
The vitamin D receptor (VDR) is a nuclear hormone receptor that regulates cell
proliferation, cell differentiation, and calcium homeostasis. VDR is activated by vitamin
D metabolite, 1,25-dihydroxyvitamin D3, which induces transcription involving the
binding to coactivators. Modulation of VDR-mediated transcription has been achieved
by VDR agonists, but most of these ligands are metabolically unstable and induce
hypercalcemia. Secondary bile acids, which are known to bind VDR and modulate
transcription without inducing hypercalcemia, are the current focus of our investigations.
In order to identify a possible feed-back loop of secondary bile acids in respect to VDR,
we studied the phase 1 and phase 2 metabolites of lithocholic acid. Herein, we report
the synthesis as well as their VDR binding using biochemical and cell-based assays.
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Novel inhibitors and new chemical probes to study the protein arginine
deiminases (PADs)
Venkataraman Subramanian, venkataraman.subramanian@umassmed.edu.
Biochemistry and Molecular Pharmacology, UMass Medical School, Worcester,
Massachusetts, United States
Protein arginine deiminases (PADs) catalyze the posttranslational hydrolysis of arginine
residues to form citrulline. This obscure modification is now known to play a key role in
the etiology of multiple autoimmune diseases (e.g., Rheumatoid Arthritis, Multiple
Sclerosis, Lupus and Ulcerative Colitis) and in some forms of cancer. Among the five
human PADs (PAD1, 2, 3, 4 and PAD6), it is unclear which isozyme contributes to
disease pathogenesis. The identification of potent, selective, and bioavailable PAD
inhibitors can be used to elucidate the specific roles of each isozyme. We recently
described “tetrazole” and “imidazole” analogs as suitable backbone amide bond
bioisosteres for the parent pan PAD inhibitor Cl-amidine. These analogs are highly
potent and show modest selectivity for PAD isozymes. These analogs also exhibit
enhanced cell killing in a PAD4 expressing, osteosarcoma bone marrow (U2OS) cell
line and can also block the formation of neutrophil extracellular traps (NETs). One of the
inhibitors arrests NET formation in an MRL/lpr model of lupus mice. The enhanced cell
permeability of this inhibitor was functionalized to derive activity based chemical probes
to study the in vivo roles of PAD family of enzymes. This novel inhibitor design and new
chemical probe development will be an important step to study the in cellulo role played
by PADs.
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Discovery of novel 18 kDa tranlocator (TSPO) ligands for the treatment of
Alzheimer’s disease
TaeHun Kim1,3, kevinkim1111@gmail.com, Beoung-Geon Park3, Mohammad M. Neaz3,
Seo Yun Jung3, Jiyoun Lee2, Ae Nim Pae3,1. (1) Biological Chemistry, Korea University
of Science and Technology (UST), Daejon, Korea (the Republic of) (2) Dept of Global
Medical Science, Sungshin Womens University, Seoul, Korea (the Republic of) (3)
Center for Neuro-medicine, Korea Institute of Science and Technology (KIST), Seoul,
Korea (the Republic of)
Although certain mechanisms of Alzheimer’s disease (AD) are largely unknown, amyloid
beta (Aβ)-induced mitochondrial dysfunction has been highlighted in the
pathophysiology of AD. Aβ is implicated in the pathogenesis of AD by its interaction with
cyclophilin D (CypD), which is a component of mitochondrial permeability transition pore
(mPTP). The interaction of Aβ with CypD results in the mPTP opening, mitochondrial
swelling, and neuronal cell death. Compound that binds to the 18 kDa translocator
protein (TSPO), one of the mPTP components, recently reported as a therapeutic agent

by reversing pathology in the 3x transgenic AD mouse model. Thus, the inhibition of Aβinduced mPTP opening by potent TSPO ligands can be an effective therapeutic strategy
for the treatment of AD. Starting from the pharmacophore-based virtual screening, we
designed novel scaffolds of TSPO ligands. Then, newly synthesized thieno[2,3d]pyrimidin-4-one derived KST compounds were biologically evaluated in HT22
hippocampal cells by in vitro JC-1, ATP production, MTT, and ROS assays. Summing
up the in vitro assay results, compound KST013418 was seleceted as the best
compound. The activity of compound KST013418 was further evaluated in preclinical
AD mice models; acute AD mice model and APP/PS1 2x transgenic AD mice model.
Compound KST013418 remarkably improved learning and memory ability, which was
assessed by Y-maze spontaneous alteration test in acute AD mice model. In addition,
oral administration of compound KST013418 for one month significantly improved fearassociated learning memory, which was measured by contextual fear conditioning test
in APP/PS1 2x transgenic AD mice model. This presentation will highlight novel
therapeutic agents of AD, KST compounds, serving as modulators of Aβ-induced
mitochondrial dysfunction.
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1H-Pyrrolo[2,3-b]pyridine-6-carboxamide derivatives as 5-HT4 partial agonists
Abdul Rasheed Mohammed, rasheed@suven.com, Anil Shinde, Nirosha Madineni,
Ramkumar Subramanian, Gopinadh Bhyrapuneni, Vijay Benade, Nageswararao
Muddana, Pradeep Jayrajan, Ramakrishna Nirogi. Discovery Research, Suven Life
Sciences Ltd, Hyderabad, India
Alzheimer's disease (AD) is a neurodegenerative disease which has a higher
prevalence and incidence in older people. The need for improved AD therapies is
unmet. The 5-HT4 receptor may play a role in memory and learning. Activation of 5-HT4
receptors has been reported to modulate acetylcholine release and reduce beta amyloid
accumulation. It is postulated that activation of 5-HT4 receptors will offer improved
clinical efficacy and/or tolerability relative to acetylcholine esterase inhibitors. The 5-HT4
receptor partial agonists may be of benefit for both the symptomatic and diseasemodifying treatment for cognitive disorders associated with AD. The 1H-Pyrrolo[2,3b]pyridine-6-carboxamide derivatives as 5-HT4 partial agonists has been designed,
synthesized and their in vitro potencies established. This series of compounds showed
potent in vitro affinities towards 5-HT4 receptor when tested in CHO stable cell line
expressing human 5-HT4e receptor and reporter gene. Details of design, chemistry,
structure activity relationship and in vitro potencies will be disclosed.
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Identification of tetrahydroisoquinolines as potential antipsychotics
Edward Ofori1, edward1.ofori@famu.edu, Jagan R. Etukala1, Barbara Bricker1, Xue Y.
Zhu1, Tanise Jackson1, Xi-Ping Huang2, Bryan L. Roth2, Seth Y. Ablordeppey1. (1)

College of Pharmacy & Pharmaceutical Sciences, Florida A & M University,
Tallahassee, Florida, United States (2) Univ of North Carolina CHPL Hl, Chapel Hill,
North Carolina, United States
Schizophrenia is a debilitating disease which afflicts about 1% of the American
population. Typical antipsychotics such as haloperidol exert their activity by blocking
dopamine-2 receptors (D2R) in the brain which is hyperactive in schizophrenics. The
avid D2R blockade causes extrapyramidal side effects (EPS). Atypical antipsychotics
such as clozapine display additional binding to serotonin receptors (5-HTRs) notably 5HT1A (agonist) and 5-HT2A (antagonist) to treat both positive and some negative
symptoms with reduced EPS. However, they fail to restore the cognitive deficit which is
one of the major disabilities in schizophrenics. Therefore, there is a need to design
better agents capable of treating all the symptoms with lesser side effects.
Parenthetically, several findings indicate that 5-HT7R antagonists can potentially
reverse the cognitive impairment in schizophrenics.Having obtained a hit compound, 1(4-chlorophenyl)-4- (3,4-dihydroisoquinolin-2(1H)-yl) butan-1-one(1), with binding profile
consistent with our hypothesis, we have now synthesized several analogs which explore
the bioisosteric replacement of the chlorophenyl moiety of 1 and evaluated their binding
affinities at several CNS receptors including dopamine, serotonin, histamine and
muscarinic receptors. Compound 1 shows comparable D2R (126nM) binding to that of
clozapine (130nM), high affinity binding at 5-HT1A (8.2nM), and 5-HT7R (3.6nM).
Restricting the keto group in 1 in an indanone produced a compound which displayed a
sub-nanomolar binding affinity (0.47nM) to 5-HT7R. Integrating this observation in the
development of new agents may provide new treatment options for schizoaffective
symptoms including cognitive impairment in schizophrenia.We have identified 1 and its
indanone derivatives as potential antipsychotic leads with better multi-receptor binding
profiles. The high 5-HT7R preference gives these agents prospects in reducing cognitive
impairment in schizophrenics.
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Insights into lead optimization of protein kinase RNA-like endoplasmic reticulum
kinase (PERK) inhibitors

Manal A. Nael1, manael@go.olemiss.edu, Shuneize Slater1, Doerksen J. Doerksen1,2.
(1) Department of BioMolecular Science, Devision of Medicinal Chemistry, The
University of Mississippi, University, 38677, Mississippi, United States (2) Research
Institute of Pharmaceutical Sciences, University, 38677, Mississippi, United States
The inhibition of protein kinases is a potential therapeutic strategy to improve memory
and to slow the disease progression in Alzheimer’s disease (AD) patients. This strategy
can be used to delay the onset of the disease at presymptomatic stages. Protein kinase
RNA-like endoplasmic reticulum kinase (PERK) is a promising drug target in AD
research. In our protein structure-based drug design approach, we took into account the
active site water molecules through the analysis of the binding site near the surface of
the protein using the semi-continuum solvation theory. The use of single explicit probe
water in this approach reduced the computational expenses a great extent. We
identified the effects of active site waters on increasing or decreasing ligand-binding
affinities to the PERK enzyme. We also explored the effects of various allowed
substitutions on activity. For example, polar groups on the indole ring are
recommended.
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Design of a decapeptide for the inhibition of β-Amyloid aggregation and
disaggregation the mature fibrils
Yuan Zhi, zhiy@nankai.edu.cn, Qian Zhang, zhangqian_1989@mail.nankai.edu.cn,
Wei Wang, duruo@nankai.edu.cn, Jing Liu. Nankai University, Tianjin, China
Alzheimer’s disease (AD) is the most common form of dementia in humans. It is
generally accepted that the process of Aβ monomers aggregating to amyloid fibrils is
the significant step inducing AD. In this paper, an active decapeptide inhibitor (RR:
RYYAAFFARR) was designed to target an extended region (Aβ11–23), which contains
three important regions of Aβ. This inhibitor can target several regions through multiple
recognition and binding sites, the binding affinity would be enhanced.
The results (Fig. 1) of the ThT binding assay of Aβ, in the absence or presence of
different concentrations of RR, showed that RR strongly and effectively inhibited β-sheet
aggregation of Aβ in a dose-dependent manner. And TEM was also used to ensure the
peptide morphology (data notshown here). When Ab was incubated in the presence of
5-fold molar excess of RR, the aggregation of Ab was strongly inhibited by RR.
RR was also used to try to disaggregate the Aβ fibrils. As shown in Fig. 2a, after RR
was added into the fibrils solution, the ThT fluorescence intensity decreased rapidly. In
TEM images, it was easy to see that the mature fibrils actually disaggregated into
nanorod-like fragments (rAβ), which were about 200-250 nm long (Fig. 2b).
This image cannot currently be displayed.

ThT fluorescence assay for Aβ alone and Aβ with RR in different molar ratio (Aβ: RR= 1:1 &
1:5)
This image cannot currently be displayed.

a) ThT fluorescence assay result for Aβ fibrils disaggregated by RR for 1 to 3 days. B) and c)
TEM images of Aβ fibril disaggregation by RR for 3 days(b) for Aβ: RR= 1:1 and c) for Aβ:
RR= 1:5). Scale bars: 200 nm.
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Studying amyloid fibril formation and remodeling using fluorescently-labeled αsynuclein
Conor Haney, cmh88@pitt.edu, Rebecca F. Wissner, Christina Cleveland, E
Petersson. University of Pennsylvania, Philadelphia, Pennsylvania, United States
Our laboratory has sought to develop new methods to study the misfolding of
amyloidogenic proteins. α-Synuclein (αS) is one such amyloidogenic protein which has
been implicated in the pathogenesis of Parkinson’s Disease (PD). Due to their inherent
structural plasticity, these proteins can be difficult to characterize by traditional structural
methods. Fluorescence spectroscopy provides a powerful means to study protein
folding and misfolding in real-time. However, the requirement to generate homogenous
protein samples with one or more incorporated fluorphores can pose a significant
challenge. We have developed methods to utilize orthogonal labeling techniques to
produce homogenous labeled αS for fluorescence-based biophysical studies.
Fluorescently labeled αS can be used to detect changes in the fibrillization process in a
site-specific manner, or to detect changes in the resulting fibrils upon treatment with
exogenous small molecules. By developing a fluorescence-polarization based assay,
we have been able to distinguish differences in the kinetics of fibrillization as observed
from independent labeling positions. Additionally, disaggregation or fibril remodeling in
the presence of small molecules have been observed. A further strategy to generate
doubly-labeled αS by a combination of cysteine modification and unnatural amino acid
incorporation to provide a click chemistry handle has been explored. Homogenous
doubly-labeled αS with FRET probe pairs have been synthesized, and we use these
constructs to examine fibrillization-dependent changes in protein conformation in order
to study fibril morphology.
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Research supporting platform for academic drug discovery in Japan
Hirotatsu Kojima, kojima@mol.f.u-tokyo.ac.jp, Takayoshi Okabe, Hidenori Ichijo,
Tetsuo Nagano. Drug Discovery Initiative, The Univ of Tokyo, Tokyo, Japan

We have established and are maintaining a chemical library in the University of Tokyo,
which consists of about 220,000 compounds. Consultation, technical assistance and
chemical samples are provided to the researchers in Japan who want to begin chemical
screening with accepting our policy. Our screening facilities are open to them. We are
also collaborating with six universities with screening facilities for supporting hit
discovery and eight chemistry groups for synthesizing library samples and hit-to-lead
optimization to form a research supporting platform. More than 360 research themes
are running in the platform. We believe that the platform will contribute to cultivation of
academic research and open innovation in drug discovery.
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Dissolution behavior of amorphous formulations and its effects on f2 sensitivity
Cory Bottone, cory.bottone@merck.com. Analytical Sciences, Merck and Co., West
Point, Pennsylvania, United States

In a recent trend throughout the industry, molecular screening has produced a large
number of drug candidates which exhibit high affinity for their target but often at the
price of poor water solubility, which can lead to low bioavailability. Formulation
techniques have been developed to improve solubility of these compounds, specifically
by “enabling” them via processes such as spray drying and hot melt extrusion. During
these processes, the crystalline API is molecularly mixed with polymer to create a
stabilized amorphous form of the drug. Drug in this physical state has enhanced
solubility on the order of 2-5X over its crystalline solubility; this improves drug availability
and may offer an improved dissolution rate of the drug in-vivo, thus enhancing
exposure.
Unlike immediate release drug products, dissolution of drug from certain enabled
formulations is controlled in large part via erosion of the tablet – the physical process of
the tablet breaking apart - and not dissolution of the drug particles as is normal in the
former case. Enabled tablets formulated under an established set of parameters will
have consistent erosion times and thus consistent dissolution profiles as quantified by
the f2 similarity test. Variations of just a few minutes in the erosion time however can
lead to large fluctuations in the dissolution rate, resulting in f2 failure. These f2
differences can lead to site change or process change validation failures in
manufactured lots.
Erosion time was found to be affected by factors such as moisture, component density,
tablet hardness and porosity. Variations of only a few percent in porosity lead to large f2
variances (i.e. differences in erosion time) both within a single manufactured batch and
between tablets of different lots. Fundamental understanding of the dissolution
mechanism clarifies the sensitivity observed on the ascending part of the dissolution
curve, where the observed f2 variances are happening. Based upon this understanding,
a highly predictive model was developed to help control the fluctuations in f2 given
known moisture, hardness, and porosity. Based on this model, processing parameters
are modified during manufacture to ensure consistent erosion rates (therefore f2) even
when batches differ slightly in moisture, component density, or hardness. This predictive
power has helped control f2 in current manufactured batches to match reference
profiles and will help to greatly reduce the risk of f2 failure in the future.
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Antibody drug conjugates: History and emerging technologies
Beverly A. Teicher, beverlyteicher@aol.com. DCTD, National Cancer Institute,
Bethesda, Maryland, United States
Antibody conjugates are a diverse class of therapeutics consisting of a cytotoxic agent
linked covalently to an antibody or antibody fragment directed toward a specific cell
surface target expressed by tumor cells. The notion that antibodies directed toward
targets on the surface of malignant cells could be used for drug delivery is not new. The
history of antibody conjugates has been marked by hurdles identified and overcome.

Early conjugates used mouse antibodies, drugs that were either not sufficiently potent,
were immunogenic (proteins) or were too toxic, and linkers that were not sufficiently
stable in circulation. Four main avenues have been explored using antibodies to target
cytotoxic agents to malignant cells: antibody-protein toxin (or antibody fragment-protein
toxin fusion) conjugates, antibody-chelated radionuclide conjugates, antibody-small
molecule conjugates, and antibody-enzyme conjugates administered along with small
molecule prodrugs requiring metabolism by the conjugated enzyme to release the
activated species. Technology is continuing to evolve the protein and small molecule
components and it is likely that soon single chemical entities will be the norm for
antibody drug conjugates. Only antibody-radionuclide conjugates and antibody-drug
conjugates have reached the regulatory approval stage, and there are more than 40
antibody conjugates in clinical trials. The time may have come for this technology to
become a major contributor to improving treatment for cancer patients.
MEDI 256
Advances in drug-linker design to improve the stability, homogeneity, and
pharmacokinetics of antibody-drug conjugates
Robert Lyon, rlyon@seagen.com. Chemistry, Seattle Genetics, Sammamish,
Washington, United States
The past several years have witnessed rapid advances in the design of antibody-drug
conjugates (ADCs). As with other therapeutic classes, stability and pharmacokinetics
play a critical role in the pharmacology of ADCs. Recently, we have designed new druglinkers that maximize chemical stability and minimize off-target clearance, resulting in
ADCs with improved pharmacological properties. These novel designs overcome
previous limitations in drug loading levels, and consequently allow for the generation of
homogeneous ADCs using native IgG cysteine residues as conjugation sites.

MEDI 257
Delivery of potent cytotoxins as ADC payloads
Vishal A. Verma, vav925@gmail.com. MS 18B, Genentech, South San Francisco,
California, United States
The vast majority of ADCs approved for use and in the clinic utilize derivatives of
maytansine and auristatin. While the use of these cytotoxic agents has proven
successful, the next generation of ADCs has the opportunity to make use of additional
payloads with the potential to address current shortcomings. The identification and
evaluation of novel ADC payloads will be discussed.
MEDI 258
Design, synthesis, and evaluation of a novel class of potent DNA-alkylating
agents for use in antibody-drug conjugates (ADCs)
Michael L. Miller, michael.miller@immunogen.com. Immunogen Inc, Waltham,
Massachusetts, United States
There are currently over thirty Antibody-Drug Conjugates (ADCs) undergoing clinical
evaluation, reflecting the interest in ADCs for the treatment of cancer. Most of these
ADCs utilize a tubulin-interacting small molecule as their cytotoxic payload. In order to
continue to extend the application of ADCs to more cancer types, there has been a
strong need to develop cytotoxic payloads with other mechanisms of action. In light of
this, we have designed and synthesized a new class of potent DNA-alkylating agents,
“indolino-benzodiazepine dimers” (IGNs). These compounds are highly cytotoxic in vitro

towards cancer cell lines, with IC50 values in the picomolar range. Linkable versions of
IGN compounds have been synthesized and conjugated to monoclonal antibodies
directed against tumor-associated antigens. These antibody-IGN conjugates display
high antigen-specific potency in vitro and anti-tumor activity in vivo at non-toxic doses.
The chemical design, synthesis and preclinical data for representative IGNs and their
ADCs will be discussed.
MEDI 259
Discovery of novel linkers, payloads, and antibody-drug conjugates for the
treatment of cancer
Christopher J. O'Donnell, christopher.j.odonnell@pfizer.com. Mail Stop 220-3201,
Pfizer Inc, Groton, Connecticut, United States
Antibody drug conjugates (ADCs) are an emerging modality for the treatment of cancer.
Presently, three classes of cytotoxic payloads have been successfully employed on
these modalities in clinical settings, namely the auristatins, maytansines and
calicheamicins. This talk will focus on Pfizer’s chemistry strategy to discover and
develop new linker-payload classes and conjugation technologies that will yield more
efficacious and potentially better tolerated conjugates that we are advancing to the
clinic.
MEDI 260
Integrating physical property indices into drug design
Nicholas A. Meanwell, nicholas.meanwell@bms.com. Dept 303, Bristol Myers Squibb,
Wallingford, Connecticut, United States
Despite significant advances in preclinical profiling that have improved the triaging of
compounds, the discovery of small molecule drug candidates and their clinical
development continues to be a challenging enterprise that is associated with stubbornly
low overall success rates. Over the last decade, attention has been focused on
medicinal chemistry practices at the drug design stage with an emphasis on
understanding the underlying effect of structural changes on potency. It is believed that
a focus on enhancing potency rather than designing compounds more holistically to
address developability issues has led to an over-reliance on lipophilicity and high sp2
carbon atom count in candidate optimization. A school of thought has developed that
proposes greater awareness of physical properties in the drug design phase that relies
upon the application of efficiency indices as guideposts in decision making and the
assessment of candidate quality. This presentation will provide an overview of this field.
MEDI 261

Integrated use of chemical and biological descriptors improves the accuracy and
interpretability of toxicity prediction models
Alexander Tropsha, alex_tropsha@unc.edu. Univ of North Carolina, Chapel Hill, North
Carolina, United States
Chemical toxicity is often predicted using QSAR models relying on computed chemical
descriptors. In recent years, high throughput biological assays have been increasingly
employed to elucidate mechanisms of chemical toxicity and predict toxic effects of
chemicals in vivo. The data generated in such assays can be considered as biological
descriptors of chemicals, combined with chemical descriptors, and employed within the
QSAR modeling framework to improve the toxicity prediction accuracy. We will discuss
several approaches for integrating chemical and biological data for predicting chemical
effects in vivo and compare their performance across several data sets. We will show
that integrative approaches rank consistently among the best yet offer enriched
interpretation of models over those built with either chemical or biological data alone.
We will discuss the outlook for such interdisciplinary methods and offer
recommendations for further improvement of accuracy and interpretability of
computational models for predicting chemical toxicity.
MEDI 262
Multiparameter in vitro approaches in assessing potential risk for drug induced
liver injury in candidate drugs
Richard A. Thompson, richard.thompson@astrazeneca.com. Respiratory,
Inflammation and Autoimmunity DMPK, AstraZeneca, Molndal, Sweden
The mechanisms behind drug induced liver injury (DILI) are complex, can be
complementary and usually arise via multiple steps. An initiating step is often a
chemical insult and a study of the top 200 marketed drugs indicated that 78-86% of the
drugs associated with toxicity have a structural alert and that 62-69% have a reactive
metabolite (RM) causative factor.1 We have previously proposed a multi-parameter in
vitro approach based on the integration of chemical hazard (CVB to human hepatocytes
combined with daily dose) and cell health (cytotoxicity, inhibition of biliary efflux
transporters and mitochondrial impairment) as a risk assessment tool for adverse drug
reactions.2 The pros and cons of this type of integrated in vitro approach will be
discussed and illustrated with a study on three endothelin receptor antagonists.3 The
drugs, which were launched for the treatment of pulmonary arterial hypertension,
exhibited considerably different clinical safety profiles with ambrisentan having no DILI
warnings, bosentan an FDA black box warning for DILI and sitaxentan was withdrawn
due to idiosyncratic DILI.
(1) Stepan, A. F, et al. (2011) Structural Alert/Reactive Metabolite Concept as Applied in
Medicinal Chemistry to Mitigate the Risk of Idiosyncratic Drug Toxicity: A Perspective
Based on the Critical Examination of Trends in the Top 200 Drugs Marketed in the

United States. Chem. Res. Toxicol. 24, 1345-1410.
(2) Thompson, R. A., et al. (2012) In Vitro Approach to Assess the Potential for Risk of
Idiosyncratic Adverse Reactions Caused by Candidate Drugs. Chem. Res. Toxicol. 25,
1616-1632.
(3) Kenna, J. G., et al. (2015) Multiple compound-related adverse properties contribute
to liver injury caused by endothelin receptor antagonists. J. Pharmacol. Exp. Ther. 352,
281-290.
MEDI 263
Phosphatidylcholine affinity chromatography and link to compound promiscuity,
non-specific binding, and phospholipidosis assessment
John Reilly, john.reilly@novartis.com. Chemistry, Novartis Institute of Biomedical
Research, Cambridge, Massachusetts, United States
In this work, a high throughput chromatographic phosphatidylcholine (PC) affinity assay
has been demonstrated to offer a unique insight into the prediction of compound
promiscuity, non-specific binding and phospholipidosis-inducing potential (PLIP) of
pharmaceuticals. Results will include >1000 compound study comparing PC affinity data
to generic compound promiscuity "Target Hit Rate" assay data and the benefit of this
approach over cLogP prediction of promiscuity. Results will also be presented on how
his assay has been an extremely useful tool to predict for non-specific binding for PET
ligand tracers and comparison with known PET tracer non-specific binders and also is
useful in rank ordering compounds for phosphlipidosis assessment. This assay is a
simple HPLC methodology which can gleam some early promiscuity predictive trends at
very early stages of drug discovery projects
MEDI 264
Lipidomic fingerprints for toxic endpoint prediction
Gabriele Cruciani, gabriele.cruciani@unipg.it. Chemistry, University of Perugia,
Perugia, Italy
The world population over age 65 is increasing, together with long-term drug
treatments. Thus, side-effects of drugs must be monitored, affecting wellbeing and
healthcare costs. Many marketed or under development drugs induce lipid disorders,
constituting major risk factors for hepatic injury. Drug-induced lipid disorders are often
unpredictable in preclinical stages, and related adverse events have led to post-market
withdrawal of drugs. In particular, phospholipidosis (DIPL) and steatosis (DIST) are
considered possible alarms for early Drug Induced Liver Injury. Many biological assays
are available for risk detection, but the relationship between the drug’s chemical
structure and DIST and/or DIPL induction is still unclear. In this scenario, we are
pursuing an innovative work-flow to study the risk of DIPL and DIST in the liver, aiming
at delivering guidelines to design safer drugs. Known toxic drugs are tested in liver

matrices and untargeted lipidomic studies performed, together with application of an
innovative in silico tool to simultaneously detect lipid impairment and drug metabolism.
Drug metabolites can be tested if the parent compounds have fast metabolism. This is
unique approach is of primary importance in studying liver disorders at molecular-level.
The experimental data collected is then examined for a relationship between the nature
of the accumulated lipids and the chemical structure of drugs (or metabolites), and
guidelines to design safer drugs can be delivered, with application of drug discovery and
development at anearly stage.
MEDI 265
Chromatographic approaches for in-vitro early screening of drug-induced
phospholipidosis risk
Zhengjin Jiang1, jzjjackson@hotmail.com, John Reilly2. (1) School of Pharmacy, Jinan
University, Guangzhou, Guangdong, China (2) Chemistry, Novartis Institute of
Biomedical Research, Boston, Massachusetts, United States
Drug-induced phospholipidosis (PLD) is characterized by the excessive accumulation of
phospholipids within cells as a result of medical treatment. The development of PLD
during preclinical testing in animals is a recognized problem in the pharmaceutical
industry and can delay or abort the development process. Therefore, it is of great
interest to investigate the potential PLD risk of candidates at an early stage of the drug
discovery process. So far, PLD has been associated most commonly with cationic
amphiphillic drugs (CADs). Electrostatic and hydrophobic/hydrophilic interaction
between CADs and cellular membranes are believed to be two major contributors to
PLD. This provides a theoretical basis for in vitro or in silico physicochemical
approaches for predicting PLD risk of drugs. Chromatographic techniques are
widespread within the pharmaceutical industry and hold great promise for studying PLD
since they can effectively mimic these two interactions between drug and membrane. In
this presentation, several chromatographic approaches, including immobilized artificial
membrane chromatography (IAM), docusate sodium salt (AOT) surfactant vesicle
electrokinetic chromatography (EKC), liposome electrokinetic chromatography (LEKC)
and phospholipids containing monolithic IAM (monolithic IAM), were developed for invitro early screening PLD risk. For all four approaches, a clear statistical correlation
between the chromatographic retention parameters of tested drugs and their PLD risk
was observed. In order to investigate the effect of the negatively charged phospholipid
PS on prediction accuracy, the molar fraction of PS in both LEKC and monolithic IAM
system was varied and better prediction ability was obtained using 20% PS. Besides,
the assay based on the mixed phospholipid functionalized monolithic columns exhibited
high reproducibility and predictability compared with other non-cell based methods.
In conclusion, these chromatographic methods, exhibited lots of advantages such as
good predict accuracy, short running times, high selectivity and low cost etc., provide
interesting alternative techniques for high-throughput screening of drug candidates in
the early stages of drug discovery.

MEDI 266
Unique challenges in ophthalmic drug discovery
Christopher M. Adams, christopherm.adams@novartis.com. Global Discovery
Chemistry, Novartis Institutes for BioMedical Research Inc., Cambridge,
Massachusetts, United States
Developing new small molecule therapies for ocular diseases poses several challenges
that differentiate ophthalmology drug discovery from other disease areas. The common
use of locally applied therapies (e.g., topical drops, intravitreal injections) and the
unique anatomical barriers presented by the eye are two of the major sources of this
differentiation. This talk will focus on practical challenges associated with local delivery
targeting diseases associated with the back of the eye. Concepts highlighted will
include: translatability of in vivo models with respect to PK, efficacy, and toxicology, as
well physicochemical properties that may prove advantageous when designing a
compound for local ocular delivery.
MEDI 267
Overcoming side-effects of Rho kinase inhibitors
Olivier Defert, olivier.defert@oleamedchem.com. Medicinal Chemistry, Amakem NV,
Le Havre, France
Rho-associated, coiled coil containing protein kinase (ROCK) is a serine/threonine
kinase belonging to the AGC family. Two isoforms exist, ROCK 1 and ROCK2, that
share an overall homology of 65% (95% in kinase domain). ROCK plays an important
role in numerous cellular processes including smooth muscle cell contraction, cell
proliferation, adhesion and migration, angiogenesis and fibrosis. Consequently, ROCK
inhibitors (RKIs) are of interest for the treatment of multiple diseases including
pulmonary, gastro-intestinal and ocular diseases. However, the cardiovascular effects of
RKIs have severely hampered their development for systemic use. Amakem’s Localized
Drug Action platform aims to address this by producing biologically active compounds
that are designed to undergo metabolic inactivation towards a predictable, nontoxic
metabolite with reduced or negligible functional activity.
Topical ocular administration is usually seen as a safe approach to limit or abolish
systemic unwanted effects for the treatment of front of the eye diseases. However, the
development of RKIs for glaucoma or other ocular surface diseases has been
hampered by local side effects, particularly hyperemia (redness of the conjunctiva),
limiting their therapeutic window.
Treatment of back of the eye diseases by intravitreal administration of small molecules
is another challenge. For the treatment of back of the eye, other requirements have to
be considered. Intra-ocular injection is common practice nowadays but the frequency of
injections is an obvious limiting factor and therefore sustained release of the drug is
desired. Moreover, the quantity that can be injected inside the eye is very limited and

consequently, very potent compounds are required. However, a rapid burst release is
often seen that can lead to unwanted level of systemic concentration.
In this presentation, we will go through case studies for both front and back of the eye
showing the added value of Amakem’s Localized Drug Action approach. Additionally, a
representative example of a locally acting RKI in the gut will be briefly discussed.
MEDI 268
KAL-821, a novel and potent inhibitor of VEGFR2
Winston Ong, winston_ong@hotmail.com, Pawel Nowak, Elizabeth Enlow, Lisa
Schopf, Jim Bourassa, Hongming Chen. Kala Pharmaceuticals, Inc., Waltham,
Massachusetts, United States
KAL-821 was designed to be a selective inhibitor of VEGFR-2 for the treatment of
ocular neovascularization diseases via topical delivery. Design of KAL-821 was also
aimed to reduce inhibition of a related tyrosine kinase receptor, RET, which if strongly
inhibited can potentially result in undesirable biological events. Experimentally, the Kd of
KAL-821 against RET was reduced by ten-fold compared to related compounds.
Structural biology modeling data used in designing KAL-821 will be presented. In
addition, the proprietary Mucus-Penetrating Particle formulation used in an ocular minipig PK study and the study results will be discussed.
MEDI 269
Discovery of small molecule VEGFR-2 inhibitors with preferential ocular
distribution and retention following oral dosing
Erik L. Meredith, erik.meredith@novartis.com, Nello Mainolfi, Stephen Poor, Yubin Qiu,
Karl Miranda, James J. Powers, Donglei Liu, Fupeng Ma, Catherine Solovay, Chang
Rao, Leland L. Johnson, Nan Ji, Gerald Artman, Leo Hardegger, Shawn Hanks, Siyuan
Shen, Amber Woolfenden, Elizabeth Fassbender, Jeremy Sivak, Yiqin Zhang, Debby
Long, Rosemarie Cepeda, Vinayak P. Hosagrahara, Wendy Lee, Peter Tarsa, Fang Liu,
Karen Anderson, Ronald Newton, Peter End, Jason M. Elliott, Bruce Jaffee. Novartis
Inst for Biomed Res, Cambridge, Massachusetts, United States
The benefit of intravitreal anti-VEGF therapy in treating wet age-related macular
degeneration (AMD) has been well established. Identification of suitable VEGFR-2
inhibitors would provide alternative dosing opportunities beyond intravitreal injection. To
identify such inhibitors, we employed an in vivo screening strategy with rodent models
of choroidal neovascularization (CNV) and iterative compound design to provide novel
VEGFR-2 inhibitors. These compounds, when dosed orally, provide good efficacy and
preferential ocular tissue distribution thus minimizing systemic exposure. Weekly oral
doses of one such VEGFR-2 inhibitor had similar efficacy as and less toxicity than daily
dosing of the same compound in the CNV model.

MEDI 270
Can deuterated vitamin A be used to prevent blindness? The case of ALK-001
Leonide Saad1, leonide@gmail.com, Ilyas Washington2. (1) Alkeus Pharmaceuticals,
Inc., Cambridge, Massachusetts, United States (2) Ophthalmology, Columbia
University, New York, New York, United States
Aging, environmental factors, drugs, or genetic mutations can all compromise the
vitamin A cycle in the retina, resulting in the accelerated formation of vitamin A dimers
thought to be involved in the pathogenesis of various retinal diseases that lead to
blindness. As such, attempts to impede vitamin A dimerization have been made to
prevent vision loss. To elucidate the molecular mechanism of vitamin A dimerization, we
have developed a modified form of vitamin A that dimerizes more slowly, yet travels
smoothly through the visual cycle. Vitamin A reinforced with deuterium (C20-D3-vitamin
A) can be used as a clinically amiable tool to study how vitamin A dimers contribute to
vision loss in humans, and could become a disease-modifying therapeutics to prevent
blindness in diseases marked by abnormal patterns of vitamin A dimers, such as dry
age-related macular degeneration (AMD), Stargardt or Best disease, or other inherited
retinal conditions. Phase 2 human clinical trials of C20-D3-vitamin A (ALK-001) are now
underway.

Fig. 1. Vitamin A dimers form non-enzymatically in the retina. When vitamin A is replaced by
C20-D3-vitamin A (ALK-001), vitamin A dimers such as the A2E dimer, form several times more
slowly.
MEDI 271

Arming the immune system to fight cancer
Jane Grogan, jgrogan@gene.com. Cancer Immunology, Genentech, South San
Francicso, California, United States
Tumors constitute highly suppressive microenvironments in which infiltrating immune
effector cells are inactivated through the elaboration of inhibitory checkpoint receptors
on tumor-specific T cells, which renders these anti-tumor T cells functionally
incompetent to kill the tumor. Therapeutic strategies to re-activate anti-tumor immune
responses with antibody blockade of key T cell co-inhibitory receptors such as PD1/PD-L1 or CTLA-4 have demonstrated transformational potential in the clinic. However,
targeting a combination of receptors holds the potential to be even more effective,
making it essential to fully elucidate the individual and synergistic functions of the coinhibitory receptors that regulate anti-tumor responses. An increased understanding of
cancer immune-biology has led to the identification of other potential inhibitors in
preclinical models including, but not limited to, TIGIT, TIM-3, CD27, LAG-3, IDO.
Moreover, tumor-resident myeloid cells provide key signals that instruct the overall T
cell response and help set the stage for a suppressed or activated tumor-specific
immune response. Current research and cancer immunotherapies will be discussed,
including non-specific therapies, vaccines and monoclonal antibodies and small
molecules, as potential ways to harness the immune system to kill cancer. This
presentation will provide an overview of the biological principles of cancer
immunotherapy and the potential contributions medicinal chemists can make.
MEDI 272
Structure, mechanism, and inhibition of arginase, a binuclear manganese
metalloenzyme implicated in immune evasion
David W. Christianson, chris@sas.upenn.edu. Univ of Pennsylvania, Philadelphia,
Pennsylvania, United States
Arginase is a trimeric manganese metalloenzyme that catalyzes the hydrolysis of the
guanidinium side chain of L-arginine to form L-ornithine and urea. Our crystal structure
of the enzyme from rat liver revealed the architecture of the binuclear manganese
cluster and suggested a metal-activated hydroxide mechanism for catalysis. Our
subsequently determined structures of rat, human, and parasitic arginases complexed
with boronic acid analogues of L-arginine revealed the binding of tetrahedral boronate
anions that mimic the tetrahedral intermediate and its flanking transition states in
catalysis. Recent studies indicate that boronic acid analogues of L-arginine can be
further derivatized as α,α-disubstituted amino acids to enhance inhibitory potency.
Given that upregulated arginase activity comprises a mechanism of immune evasion,
arginase may serve as a possible target for cancer chemotherapy.
MEDI 273

Crystal structures, identification and structure-activity relationships of
imidazothiazole derivatives as indoleamine 2,3-dioxygenase 1 inhibitors
shingo tojo, shingo-tojo@ds-pharma.co.jp. Sumitomo Dainippon Pharma Co., Ltd.,
Osaka, Japan
Indoleamine 2,3-dioxygenase 1 (IDO1) is a heme-containing protein that catalyzes the
oxidative cleavage of the C2-C3 double bond of the indole in tryptophan to provide Nformyl-kynurenine. This reaction is known as the initial and rate-limiting step in the
kynurenine pathway of tryptophan catabolism in mammals. Over-expression of IDO1
has been reported in many tumor cells, and IDO1 is considered as one of the key factor
which contributes to cancer immunosuppression in tumor microenvironment. Therefore
IDO1 is considered as a promising target for the cancer immunotherapy. To find potent
IDO1 inhibitors, we determined the crystal structures of two IDO1/IDO1 inhibitor
complexes, one of which shows that Amg-1 is directly bound to the heme iron of IDO1
with a clear induced fit. We also describe the identification and preliminary optimization
of imidazothiazole derivatives as novel IDO1 inhibitors. Using our crystal structure
information and structure-activity relationships at the pocket-B of IDO1, we found a
series of urea derivatives as potent IDO1 inhibitors and revealed that generation of an
induced fit and resulting interaction with phe226 and Arg231, is essential for potent
IDO1 inhibitory activity. We believe that the results of this study are very valuable for
understanding the mechanism of IDO1 activation, which is very important for structure
based drug design to discover potent IDO1 inhibitors.
MEDI 274
Reversal of tumoral immune resistance by inhibition of tryptophan 2,3dioxygenase
Raphaël Frédérick, raphael.frederick@uclouvain.be. Louvain Drug Research Institute,
University of Louvain, Bruxelles, Belgium
Immunotherapy is a promising new strategy for cancer therapy. It consists of the
therapeutic vaccination of cancer patients to stimulate their (natural) immune system
against cancer cells. This approach, however, showed limited efficacy in vivo. Cancer
cells are actually able to develop enzymatic mechanisms allowing tumours to resist or
escape the immune rejection. Among the enzyme involved, indoleamine 2,3dioxygenase which is a cytosolic heme dioxygenase responsible for the oxidative
cleavage of the indolic ring of L-tryptophan (L-Trp) represents an important actor.
Here, we have shown that tumors may use another pathway to catabolize tryptophan
and to resist immune rejection, the notably express TDO, an unrelated heme-containing
enzyme catalyzing the same reaction as IDO and largely found in the liver. Up to now,
only a handful of compounds based on the indole or β-carboline scaffolds were reported
as possessing TDO inhibitory activity. Among these, the fluoroindole 680C91 belonging
to the 3-(2-(pyridyl)ethenyl)indole class described by the Wellcome group as combined
TDO/5-HT reuptake inhibitors for antidepressant therapy was clearly identified as the

most promising hit on TDO. Thanks to the 3D-structure of TDO we undertook the
improvement of the 680C91 compound, notably regarding its TDO inhibition properties,
solubility and pharmacokinetic (PK) properties. Over 100 derivatives were prepared by
chemical modifications and evaluated as TDO inhibitors. This allowed the establishment
of a complete SAR and led to the identification of LM10 our current lead compound on
TDO.
References : 1. Pilotte L, et al. Reversal of tumoral immune resistance by inhibition of
tryptophan 2,3-dioxygenase. Proc Natl Acad Sci U S A. 2012;109(7):2497-502. 2.
Dolusic E, et al. Tryptophan 2,3-dioxygenase (TDO) inhibitors. 3-(2(pyridyl)ethenyl)indoles as potential anticancer immunomodulators. J Med Chem.
2011;54(15):5320-34.
MEDI 275
Insights and strategies in utilizing toll-like receptor agonists as
immunotherapeutic agents
Sunil A. David, sdavid@ku.edu. University of Kansas Life Scie RCHX, Lawrence,
Kansas, United States
Toll-like receptors (TLRs) are a family of conserved pattern recognition receptors that
recognize pathogen associated molecular patterns and serve as primary sensors of the
innate immune system. An understanding of signaling mediated by TLR engagement
may offer novel immunotherapeutic strategies for the management of neoplastic
disease. Intra-tumoral injections of TLR2/6 agonists have been shown to be of value in
non-resectable pancreatic carcinomas in a small Phase I/II trial, and were characterized
by the influx of lymphocytes and monocytes in wound secretions, and abrogation of
inhibition of natural killer lymphocyte activity. A potential mechanism for immune
activation mediated via sentinel cells will be discussed. Additionally, novel strategies for
targeting immune-activating TLR agonists to secondary lymphoid organs will be
presented.
MEDI 276
Assessment and prediction of molecular toxicity: Lessons from acidic series of
NaV1.7 inhibitors
Robert I. Storer, Ian.Storer@pfizer.com. Worldwide Medicinal Chemistry, Pfizer,
Cambridge, United Kingdom
Predicting the toxicity of small molecules remains a central challenge for successful
medicinal drug design. Recent analysis suggests that this remains particularly difficult
for acidic molecules, highlighting the challenge for this ion class. This talk will describe
efforts to improve polypharmacology assessment and toxicity prediction in general with
a particular focus on acidic compounds. The evaluation of NaV1.7 inhibitors will be
discussed as a case history to illustrate the applications of in vitro methods and

Zebrafish in a retrospective manner to address pre-clinical in vivo toxicity prediction. In
addition, analysis of physicochemical trends for prediction of molecular in vivo safety will
be reviewed to aid future drug design.
MEDI 277
Novel strategy to overcome genotoxicity liabilities for the RIP2K program
Patrick Eidam, patrick.m.eidam@gsk.com. GlaxoSmithKline, Collegeville,
Pennsylvania, United States
Receptor Interacting Protein 2 Kinase (RIP2K) has been identified as a downstream
mediator of inflammatory signalling and thus implicated in numerous autoinflammatory
diseases such as Blau syndrome. A series of 2,4-diaminopyrimidines was identified
from focused screening and subsequently chosen for lead optimization. This series
displayed robust in vivo activity, broad kinase selectivity, good developability, and
exemplars were found to be negative in the GreenScreen assay, an in vitro predictor of
genotoxicity. Pre-candidate quality compounds, exemplified by GSK2532598, were
progressed to the Ames mutagenicity assay and found to be genotoxic. Examination of
the Ames results showed that positive responses occurred only in the presence of
metabolic activation (S9 fractions) and only against the TA98 strain. Literature
suggested that oxidation of the indazole moiety may give rise to a genotoxic metabolite.
We hypothesized that altering the electron density of the indazole could reduce this
metabolic activation. In collaboration with computational sciences, an in silico model of
relative HOMO energy levels was developed and used in the design of novel
compounds. Compounds were progressed to a truncated Ames panel in which they
were tested against only the TA98 strain in the presence of S9 fractions. This approach
dramatically reduced compound requirement and improved the throughput of the Ames
assay, allowing for the rapid identification of non-genotoxic compounds which have
been progressed to rodent safety assessment studies.
MEDI 278
Elevation of serum toxicity biomarkers by reduced protein clearance in the
absence of organ injury
Armin Wolf, armin.wolf@novartis.com, Yoav Timist, Francois Pognan. Preclinical
Safety, Discovery and Investigative Safety, Novartis Institutes for Biomedical Research,
Basel, Switzerland
Serum biomarkers are useful tools to monitor drug safety in preclinical and clinical
studies, however sometimes toxicity biomarker are not matching the real drug-induced
organ injuries. False interpretations of increased alanine aminotransferase (ALT) and
creatine kinase (CK) occur frequently in animals after treatment with compounds
affecting the proliferation and differentiation of Kupffer cells (KCs) by inhibiting the
macrophage colony-stimulating factor 1 (CSF1) pathway. There is indirect evidence that

the inactivation of KCs can lead to increased half-life of these proteins and thus
elevating their base line values, which can be wrongly indicating target organ toxicity. It
was the purpose of the present studies to explored the role of KCs by measuring the
clearances of intravenously injected histidine (His)-labeled recombinant enzymes ALT-1
(isoform of ALT) in rats treated with a selective CSF1R inhibitor (CSF1Ri) and that of
His-labeled CKM (CK-MM isoform) in monkeys treated by a CSF1 binding mono-clonal
antibody (CSF1 mAb). The CSF-1Ri and CSF1 mAb treatments resulted in elevations of
the endogenous serum ALT, AST or CK without causing histological lesions or
increasing target organ specific miRNAs. Inversely both compounds were leading to a
pharmacological reduction of KCs or pharmaco-dynamic (PD) effects. The elimination
kinetics of the intra venous injected His-tagged ALT1 and CKM were analyzed by noncompartmental (NCA) and a population analysis. Both analyses consistently
demonstrated significantly increased of the elimination half-lives and delayed clearance
rates of the His-tagged proteins after the CSF1Ri and CSF1 mAb treatment.
The present data strongly suggest that reduced protein clearances by KCs can increase
the basal activities of serum enzymes in rats and monkeys, which is disconnected from
drug-induced liver or muscle damages.
MEDI 279
Bromodomain and extraterminal (BET) domain inhibitors induce a loss of
intestinal stem cells and villous atrophy
Matthew Wagoner, matthew.wagoner@astrazeneca.com. Drug Safety and
Metabolism, AstraZeneca Pharmaceuticals, Waltham, Massachusetts, United States
Brd4 inhibitors are efficacious against a wide range of liquid and solid tumors
preclinically, but are dose-limited by intestinal toxicity. Here, we use transgenic 3D
intestinal organoids (“MiniGuts”) to trace the origin of this toxicity to one of two stem cell
populations in the intestine and use human, mouse and rat MiniGuts to assess the
translatability of this toxicity. Having identified a circulating biomarker of this intestinal
toxicity, we are able to track toxicity and recovery in preclinical species. We combine
these in vitro and in vivo datasets in a first-in-class in silico model of the intestine, which
we are using to optimize dose scheduling to minimize this dose-limiting intestinal
toxicity.
MEDI 280
Opportunities for integrated safety assessment - early and often
Sanjeev Thohan, sanjeev.thohan@novartis.com. Preclinical Safety, NIBR (Novartis),
Cambridge, Massachusetts, United States
Identification of toxicity risks is a key driver in the success of any drug discovery
program. As an industry, we have established comprehensive in vitro/in silico
approaches for generating “on and off target” profiles for our drug candidates. An often

overlooked opportunity to evaluate safety endpoints are the early pharmacology and
efficacy studies. These studies often entail substantial dose escalations and can be
effectively leveraged to understand the early changes with not only tissue histology but
also biomarkers without compromise to study endpoints. An integrated approach can
help us to evaluate candidate prioritization and translational relationships that can be
leveraged throughout the drug discovery process – “early and often.”
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Rational derisking of covalent enzyme inhibitors
Adam M. Gilbert, adam.gilbert@pfizer.com. Worldwide Medicinal Chemistry, Pfizer,
Groton, Connecticut, United States
There has recently been a renewed interest in the development of covalent enzyme
inhibitors as these compounds can potentially achieve complete and sustained
biological target inactivation at very low doses in vivo. However covalent inhibitors
possess potential disadvantages such as immunotoxicity if the inhibitor lacks specificity
for its intended biological target and promiscuously labels off-target proteins. In the area
of covalent kinase inhibition, many of the inhibitors contain electrophilic covalent
reactive groups (CRGs), such as α, β-unsaturated carbonyls, that are designed to
irreversibly modify active site cysteines. Fundamental to developing rationally-designed,
selective and safe covalent kinase inhibitors is a detailed understanding of the reactivity
of various CRGs with cysteine as well as methods to assess covalent body burden and
the proteomic selectivity of these compounds.
To gain insight into covalent inhibitor design and derisking, the Pfizer’s Experimental
Design Chemistry Group initiated a broad CRG/glutathione (GSH) study and a
collaboration with Professor Benjamin Cravatt (The Scripps Research Institute). Using
measured and predicted CRG kinetic reactivities with GSH combined with body burden
and competitive and click chemistry ABPP platforms, key insights into covalent inhibitor
design and derisking can be delineated
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Allosteric inhibitors of caspase-6
John A. Flygare, jflygare@gene.com. Genentech Inc, S San Fran, California, United
States
Caspase-6 is an executioner caspase that has been implicated in neurodegenerative
diseases such as Alzheimer’s disease (AD) and Huntington’s disease (HD). Caspase-6
exists in a stable dimeric zymogen form in which the active site sits in an inactive
conformation. Proteolytic cleavage of a linker region that lies across the dimer interface
of the zymogen produces two subunits which pair with an identical caspase-6 to form a
tetrameric protein with two active sites. A fragment screen was performed on this

inactive zymogen form of the enzyme that identified several series of compounds with
low molecular weights (<300 Daltons) that bound with high ligand efficiency to zymogen
but not to active caspase-6. X-ray crystal structures of these zymogen-bound fragments
showed that all the compounds bound at the dimer interface and made contact with the
cleavable linker. Two separate series were optimized into the low micromolar range.
Linking compounds from these two series resulted in compounds binding in the
nanomolar range with high ligand efficiency.

The zymogen and active form of Caspase-6
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Allosteric ligands: New twists on old ensembles
Heather Carlson, carlsonh@umich.edu. Medicinal Chemistry, University of Michigan,
Ann Arbor, Saline, Michigan, United States
HIV-1 protease has long been a workhorse for testing new computational methods.
Here, I will discuss our work in exploring the conformational landscape of apo HIV-1
protease. When we began this work, all computational studies had focused on the
closed state of the protein for drug discovery. Instead, we sought to understand the
unbiased, apo state as another conformational ensemble to target with drug design. We
identified a new binding site that is important for the transition between apo to closed
states, and allosteric inhibitors were developed to bind to that site. The talk will conclude
with our most current work targeting allosteric sites in several other proteins, including
kinases.
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Structure based design of allosteric inhibitors of hypoxia inducible factor

Uttam K. Tambar, uttam.tambar@utsouthwestern.edu. UT Southwestern Medical
Center, Dallas, Texas, United States
Structure based design is a powerful approach to discover allosteric inhibitors of
challenging biological targets that are implicated in human disease. This strategy is
most effective when it is incorporated into a multi-disciplinary program. With the aid of
chemical, biochemical, and biophysical techniques, we have developed allosteric
inhibitors of Hypoxia Inducible Factor, a transcription factor that is a key component in
the deregulated growth and remodeled metabolism of cancer cells. We describe some
of the chemical approaches developed for the synthesis of these novel allosteric
inhibitors.
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Discovery and pharmacological properties of ABL001, a novel potent and specific
BCR-ABL allosteric inhibitor
Joseph Schoepfer1, joseph.schoepfer@novartis.com, Giuliano Berellini2, Hongbo Cai3,
Giorgio Caravatti1, Stephanie Dodd4, Pascal Furet1, Geeti Gangal4, Robert M.
Grotzfeld1, A. Quamrul Hassan3, Tami Hood3, Sandra Cowan-Jacob5, Wolfgang
Jahnke5, Alice Loo3, Paul Manley1, Xavier Pellé1, Bahaa Salem1, Sreenath Sharma3,
Wenjing Zhu3, Andreas Marzinzik1, Tobias Gabriel1, Nicholas Keen3, Lilli Petruzzelli3,
Gary Vanasse3, William R. Sellers3, Andrew Wylie3. (1) Global Discovery Chemistry,
Novartis Institutes for BioMedical Research, Novartis Pharma AG, Basel, Switzerland

(2) Metabolism and Pharmacokinetics, Novartis Institutes for BioMedical Research,
Cambridge, Massachusetts, United States (3) Oncology, Novartis Institutes for
BioMedical Research, Cambridge, Massachusetts, United States (4) Chemical
Pharmaceutical Profiling, Novartis Institutes for BioMedical Research, Cambridge,
Massachusetts, United States (5) Center for Proteomic Chemistry, Novartis Institutes for
BioMedical Research, Novartis Pharma AG, Basel, Switzerland
The tyrosine kinase (TK) activity of the ABL1 protein is normally tightly regulated, with
the N-terminal cap (NCap) region of the SH3 domain playing an important role. This
involves the NCap Gly-2 residue being myristoylated and interacting with the myristoyl
binding site within the SH1 catalytic kinase domain. Chronic myeloid leukemia (CML)
results from a chromosome translocation leading to expression of the chimeric BCRABL1 oncoprotein, which lacks the NCap and has constitutively active TK activity.
Although drugs that inhibit the TK activity of the BCR-ABL oncoprotein via an ATPcompetitive mechanism are effective treatments for CML, some patients relapse due to
the emergence of drug-resistant clones, in which mutations in the SH1 domain impede
inhibitor binding. Previously it was shown that compounds such as GNF-2 can bind to
the SH1 myristoyl pocket of BCR-ABL1 and inhibit the TK activity of both the wild-type
and drug-resistant forms of the enzyme (Nature 2010;463:501).
Here we report the discovery of ABL001, a compound that mimics the role of the
myristoylated N-terminus by occupying its empty binding site, thereby restoring the
negative regulation of BCR-ABL1 kinase activity. The initial hits that led to this allosteric
ABL1 inhibitor were identified based on X-ray crystallography, NMR and molecular
modeling. The potency and pharmacological properties of these hits were dramatically
improved by careful structure-based design, culminating in the discovery of ABL001.
ABL001 is a potent, specific ABL1 kinase inhibitor and inhibits BCR-ABL1 driven cell
proliferation. In a human CML mouse xenograft model (KCL-22), ABL001 dosedependently inhibits tumor growth following oral administration at well-tolerated doses.
Furthermore, ABL001 in combination with the ATP-competitive inhibitor nilotinib,
prevents the emergence of drug resistance in vivo. ABL001 is currently being
investigated in a Phase I clinical trial in leukemia patients.
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Multimerization selective inhibitors of HIV-1 integrase
Mamuka Kvaratskhelia, kvaratskhelia.1@osu.edu. College of Pharmacy, The Ohio
State University, Columbus, Ohio, United States
The administration of highly active-antiretroviral therapy (HAART) has enabled what
was once a terminal disease into a manageable chronic infection. The success of
HAART is manifested by reduced mortality and morbidity of HIV-1 infected patients.
However, evolution of HIV-1 strains resistant to current therapies is a major clinical
problem in the fight against AIDS. Therefore, new inhibitors with novel mechanisms of
action are needed. One such mechanism being investigated by our group is to
allosterically modulate HIV-1 integrase (IN) structure. In particular, we have designed

pyridine-based small molecules that bind at the HIV-1 IN dimer interface. The x-ray
crystallography studies have revealed that the placement of a rotatable single bond
allowed two key pharmacophores: the benzimidazole ring and carboxylic acid to
optimally bridge between two IN subunits. As a result pyridine-based compounds
stabilized interacting IN subunits and promoted aberrant, higher order multimerization of
IN in vitro and in virions. The most potent compound, KF116, potently (EC50 of 0.024
µM) inhibited HIV-1 replication by interfering with the proper maturation of HIV-1 virions,
whereas KF116 at therapeutically relevant (submicromolar) concentrations had no
detectable effects on HIV-1 IN binding to its cognate cellular cofactor LEDGF/p75.
These findings have delineated the high degree of selectivity of KF116 to induce
aberrant IN multimerization during HIV-1 virion morphogenesis. Selection of HIV-1
variants under selective genetic pressure of KF116 revealed that a triple
T124N/V165I/T174I mutant was the predominant variant suggesting a complex
resistance mechanism and relatively high genetic barrier imposed by KF116.
Collectively, our findings highlight HIV-1 integrase multimerization as a plausible
therapeutic target and offer a path for designing improved inhibitors for potential clinical
use.
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Coloring outside the lines: Exploiting induced binding pockets
Daniel F. Ortwine, ortwine.daniel@gene.com. Genentech, South San Francisco,
California, United States
Structure-based drug design has typically involved blocking the active site in a protein
with an inhibitor to interfere with its mechanism based on a crystal structure of a
relevant protein/inhibitor complex. For many systems this works well, particularly when
the protein active site is relatively rigid. However, in many cases, nature has designed
proteins to be flexible in order to accomplish their tasks. Proteins often contain floppy
loops or that are exposed to solvent that may or may not be adjacent to the active site.

These loops can be important mechanistically as they contribute to the surface topology
that other proteins, cofactors, coactivators, etc. may recognize and interact with.
Allosteric inhibition sites may be present that are often cryptic and/or flexible. How does
one decide what regions of a protein to target, and what regions are not worth
pursuing? What biophysical data can be brought to bear to aid in this decision?
Considerations for targeting flexible regions of proteins will be discussed using
examples of successful exploitation of these regions in the design of potent and
selective inhibitors.
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Making it fit: Inducible pockets in drug target proteins
Brett R. Beno, brett.beno@bms.com. Computer Assisted Drug Design, Bristol-Myers
Squibb, Wallingford, Connecticut, United States
Protein conformational changes as subtle as rotation of a single amino acid side chain
or as dramatic as loop, helix, or domain movements can alter the shapes of ligand
binding pockets and/or expose occluded sites. These inducible pockets have been
identified in numerous diverse drug target proteins such as protein tyrosine
phosphatases, RNA-dependent RNA polymerases, kinases, bromodomains, and many
others. Multiple inducible pockets are present in certain proteins as well. Here, we
survey, compare, and contrast recent examples of small and large-scale protein
conformational changes that were exploited to optimize ligand potency and/or
selectivity.
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High end GPCR design: Experimental and computational insights into the key
role of waters and water network energetics for potency, selectivity, and kinetics
Jonathan S. Mason, jon.mason@heptares.com, Andrea Bortolato, Dahlia R. Weiss,
Benjamin Tehan, Francesca Deflorian. CADD, Heptares Therapeutics Ltd, Welwyn
Garden City, Herts, United Kingdom
The recent availability of X-ray protein-ligand structures for a diversity of G proteincoupled receptors (GPCRs) in multiple conformations (inactive and active) enables full
structure-based drug design (SBDD) to now be applied to this important drug target
class. Insights from these new ligand-receptor complexes for family A, B and C GPCRs
will be presented, including enlightening data for several family A and C targets with
multiple ligands crystallized, highlighting the critical role of waters, lipophilic hotspots
and water network energetics in modulating potency, selectivity and kinetics. A variety
of computational methods are used for the druggability analyses and to drive design,
including WaterFLAP and WaterMap for water networks and relative free energy
estimations and GRID for binding site energetic surveys to yield both the lipophilic
hotspots found to be key drivers for binding as well as the hotspots for hydrogen bond

donors and acceptors and other drug functional groups of interest. Waters are now
considered to be a critical 'third dimension' for SBDD (after the protein and ligand).
Examples to be shown include the rationalization of a 'magic methyl' effect. The StaR®
proteins used for much of the experimental work have been thermostabilised in a
chosen conformational state by the introduction of a small number of point mutations,
and particularly enable SBDD approaches since they are stable in detergent, can be
readily removed from their native cell membranes and purified and then used for
biophysical screening techniques, fragment screening, and crystallisation to yield X-ray
structures with both potent and weak ligands.
References:
High end GPCR design: crafted ligand design and druggability analysis using protein
structure, lipophilic hotspots and explicit water networks. Jonathan S Mason, Andrea
Bortolato, Dahlia R Weiss, Francesca Deflorian, Benjamin Tehan and Fiona H Marshall,
In Silico Pharm, 2014, 1:23.
GRID/FLAP/WaterFLAP: Molecular Discovery Ltd., Pinner, UK. www.moldiscovery.com
WaterMap: Schrödinger LLC., New York,NY. www.schrodinger.com
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Conserved water-mediated hydrogen bond network defines bosutinib's kinase
selectivity
Nicholas M. Levinson, nml@umn.edu. Pharmacology, University of Minnesota,
Minneapolis, Minnesota, United States
Kinase inhibitors are important cancer drugs, but they tend to display limited target
specificity, and their target profiles are often challenging to rationalize in terms of
molecular mechanism. Here we report that the clinical kinase inhibitor bosutinib
recognizes its kinase targets by engaging a pair of conserved structured water
molecules in the active site, and that many other kinase inhibitors share a similar
recognition mechanism. Using the nitrile group of bosutinib as an infrared probe, we
show that the gatekeeper residue and one other position in the ATP-binding site control
access of the drug to the structured water molecules, and that the amino acids found at
these positions account for the kinome-wide target spectrum of the drug. Our work
highlights the importance of structured water molecules for inhibitor recognition, reveals
a new role for the kinase gatekeeper, and showcases an effective approach for
elucidating the molecular origins of selectivity patterns.
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Multiparameter optimization of pharmaceuticals: What big data can tell us about
small groups that make a big difference?
Alexander Dossetter, al.dossetter@medchemica.com. MedChemica Limited,
Macclesfield, United Kingdom

One of the challenges for medicinal chemists when presented with a new biological
target is to rapidly solve ADMET problems in order to efficiently validate or de-validate
those targets in vivo. Multi-parameter optimization is very difficult, but recent advances
in Matched Molecular Pair Analysis (MMPA), notably its broader application by
unsupervised algorithms, have begun to provide some solutions. The process is data
hungry; it requires many matched pairs to achieve statistical significance and thus new
design rules. One approach would be to make and screen large numbers of
compounds, which would be costly and slow. Another approach is to combine and
analyse existing data from many pharmaceutical companies. These intrinsically more
diverse data sets can be encoded using only changes in structure and property. This
enables the contributing companies to share knowledge without exposing their
intellectual property or critical data. The SALT consortium has achieved this novel
approach to data sharing and has thus produced a combined repository of explicit
medicinal chemistry knowledge that all contributing companies share and use. The gain
in new Medicinal Chemistry knowledge for all the companies has been substantial in a
shorter time frame and reduced cost than would otherwise be possible by screening, but
what new chemistries did we find? Are there small structural changes that make a big
difference? What should we NOT make and what does this tell us? Results and data will
be presented from this ‘Big Data’ analysis.
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Subtle structural changes (Molecular Switches) that modulate subtype selectivity
and mode of pharmacology within GPCR allosteric modulators
Craig W. Lindsley, craig.lindsley@vanderbilt.edu. Dept of Pharmacology, Vanderbilt
University, Nashville, Tennessee, United States

This talk will describe the phenomenon of 'Molecular Switches', subtle structural
changes that modulate subtype selectivity and mode of pharmacology within GPCR
allosteric modulators. I will discuss strategies to identify these switches and how to
exploit them in the drug and tool compound development process. In additon, I will
discuss new issues relating to in vivo, CYP-mediated molecular switches that can lead
to toxicity, as well as molecular switches that engder signal bias to overcome potential
toxicity. This talk will highlight case studies across Family A (muscarinic), B
(metabotropic glutamate) and C (GLP-1) GPCRs.
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2015 Robert M. Scarborough Award for Excellence in Medicinal Chemistry:
Lessons learned at the interface of medicinal chemistry and translational biology
Paul J. Coleman, paul_coleman@merck.com. Discovery Chemistry, Merck Research
Laboratories, West Point, Pennsylvania, United States
This presentation will describe medicinal chemistry lessons learned over the course of
multiple drug discovery programs. Key scientific learnings from the development of
Integrin Antagonists, Kinesin Spindle Protein Inhibitors, Hepatitis C Protease Inhibitors,
and Orexin Antagonists (Belsomra®) will be shared, and the contributions of many
colleagues will be highlighted.
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Curing hepatitis C virus infection with direct-acting antiviral agents: The arc of a
medicinal chemistry triumph
Nicholas A. Meanwell, nicholas.meanwell@bms.com. Dept 303, Bristol Myers Squibb,
Wallingford, Connecticut, United States
Hepatitis C virus (HCV) chronically infects over 170 million people worldwide that over
the course of 25-30 years can cause significant damage to the liver. Since the discovery
of HCV in 1989, optimal therapy evolved to weekly injections of the immune stimulant
pegylated interferon-α combined with twice daily doses of the nucleoside analogue
ribavirin taken typically for 48 weeks, a regimen associated with modest cure rates and
a considerable incidence of side effects. The last few years have seen the approval of
direct acting antiviral drug combinations that effect high rates of cure after 8-24 weeks
of therapy, dependent upon the individual pathophysiological background. This
presentation will provide an overview of the development of direct-acting antiviral agents
to treat HCV and the role of medicinal chemistry and the pharmaceutical industry in
advancing small molecule drugs that for the first time in history cure a chronic viral
infection. Included will be discussion on the discovery and development of the NS3,
NS5A and NS5B inhibitors asunaprevir, daclatasvir and beclabuvir, respectively, and
the key preclinical and clinical studies in the context of the broader field of HCV drug
development.
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Chemical probes for the lysine methyltransferases G9a and EZH2
Kyle D. Konze2,3, konze@email.unc.edu, Anqi Ma3, Samantha G. Pattenden2, Jian Jin1.
(1) Icahn School of Medicine at Mount Sinai, New York, New York, United States (2)
Chemical Biology and Medicinal Chemistry, University of North Carolina at Chapel Hill,
New York, New York, United States (3) Structural and Chemical Biology, Icahn School
of Medicine at Mount Sinai, New York, New York, United States
In eukaryotic genomes, DNA is wrapped around histone proteins to form repeating units
known as nucleosomes, which are further condensed into chromosomes. This high level
of structure creates a barrier to transcription that is maintained, or reversed, via
modifications to the N-terminal tails of histone proteins. Histone lysine
methyltransferases catalyze the mono-, di-, and/or trimethylation of lysine residues
within histone tails; the methylation states of histone tails have a profound effect on
transcription. For example, polycomb repressive complex 2 (PRC2) is responsible for
regulating the methylation status of histone 3 lysine 27 (H3K27) via the catalytic subunit
EZH2 or EZH1, and trimethylated H3K27 leads to transcriptional repression. G9a and
GLP are two other methyltransferases that regulate the mono- and dimethylation of
H3K9; dimethylated H3K9 correlates with regions of decreased transcriptional activity.
These methyltransferases are of great interest because dysregulation of histone
methylation is a common event in tumorigenesis and developmental diseases.
Chemical probes that selectively inhibit the methyltransferase of interest are valuable
tools to drive further understanding of the biological function of these proteins, and
assess their potential as therapeutic targets. Here we describe the development of the
first chemical probe for G9a/GLP (UNC0638), and the first orally bioavailable chemical
probe for EZH2/EZH1 (UNC1999). We also detail the design of biotinylated analogs of
UNC0638 (UNC0965) and UNC1999 (UNC2399), which allow for selective
chemiprecipitation of G9a and EZH2, respectively. Lastly, we discuss the application of
these biotinylated tools in the chemical inhibitor-based chromatin immunoprecipitation
assay.
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Probing the mode of action of ribosomally synthesized and posttranslationally
modified peptide natural products
Patricia M. Blair2, pmblair2@illinois.edu, Doug Mitchell1. (1) Chemistry 345 RAL,
University of Illinois, Urbana, Illinois, United States (2) Chemistry, University of Illinois at
Urbana-Champaign, Urbana, Illinois, United States
Natural products isolated from bacteria, such as the ribosomally synthesized and posttranslationally modified peptide (RiPP) class, are a rich source of potential
antibacterials. Diverse post-translational modifications endow RiPPs with structural
rigidity and complexity, protection from protealytic degradation, and, in many cases,

interesting biological activities. Plantazolicin is a linear azol(in)e-containing peptide
natural product with intriguing but uncharacterized antibiotic selectivity for Bacillus
anthracis. The cyclothiazomycin class of thiopeptides has been implicated in a variety of
biological activities, although the target remains unknown. Determination of the mode of
action of these novel antibacterials could facilitate development of more efficacious
derivatives. Semisynthetic modifications of plantazolicin and cyclothiazomycin enabled
further analysis of the antibacterial properties of these two natural products. C-terminal
derivatives of plantazolicin were tolerated over N-terminal modification of the desmethyl
intermediate. Bacteria treated with the fluorescent derivatives revealed subcellular
localization of the antibacterial compounds. Selectivity in labeling of bacterial
membranes with fluorescent plantazolicin confirmed the bacterial selectivity of the
compound. N-terminal truncations of plantazolicin display more broad-spectrum
bioactivity, suggesting a different mode of action than the full-length molecule. The
lysine in cyclothiazomycin C was determined to be a suitable handle for derivatizing the
natural product with both affinity purification and fluorescent moieties. Derivatives
bearing fluorescent moieties or functionalized for affinity purification displayed
antibacterial activity and were useful in understanding the mode of action of these
RiPPs, highlighting the power of organic chemistry in understanding antibiotic activity.
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Development of irreversible tethering and its use to discover inhibitors of HECT
E3 Nedd4-1 processivity

Stefan G. Kathman1, skathman6@gmail.com, Ingrid Span1, Aaron T. Smith2, Ziyang
Xu1, Jennifer Zhan1, Amy C. Rosenzweig3, Alexander Statsyuk1. (1) Northwestern
University, Evanston, Illinois, United States (2) Dept. Molecular Biosciences,
Northwestern University, Evanston, Illinois, United States (3) Dept. of Molecular
Biosciences, Northwestern University, Evanston, Illinois, United States
The recent FDA approvals of afatinib and ibrutinib has increased the interest in
cysteine-reactive covalent inhibitors. However, there is still no good method to discover
new cysteine-reactive inhibitors for enzymes for which reversible binding scaffolds are
not known. To this end, we rationally designed a chemical system to attach a cysteinereactive electrophile to 200 drug-like fragments without significant alterations in the thiol
reactivity of the attached electrophile, ensuring that specific binding and not increased
reactivity will produce candidate inhibitors. We applied this method, which we call
irreversible tethering, to discover inhibitors of the HECT E3 ubiquitin ligase Nedd4-1, an
enzyme with no validated inhibitors. Nedd4-1 has a catalytic cysteine and a noncatalytic surface cysteine, and is implicated in viral budding, cancers, and
neurodegenerative diseases. We screened our electrophilic fragment library and
discovered two fragments which reacted with Nedd4-1 as determined by mass
spectrometry. Surprisingly, we found that these inhibitors did not react with the catalytic
cysteine of Nedd4-1, but the other surface cysteine near the non-covalent ubiquitin
binding site. This site binds to ubiquitinated substrates in order to extend the length of
the ubiquitin chain, which is known as the processivity of the ligase. Therefore, it is
essential for polyubiquitination but not monoubiquitination. The covalent fragments
reduce the binding affinity of Nedd4-1 for ubiquitin, and in vitro enzymatic assays have
shown that they inhibit Nedd4-1 polyubiquitination processivity. The X-ray crystal
structure of the most potent fragment in complex with Nedd4-1 has been solved,
demonstrating that it forms a stable covalent bond with the ubiquitin-binding site
cysteine of Nedd4-1. This structure has been used to further optimize the fragment into
a more potent inhibitor. Click chemistry and in-gel fluorescence with an alkyne-tagged
analog of this inhibitor has shown that the inhibitor reacts with Nedd4-1 in TC71 cells
with good selectivity. This inhibitor is currently being used to more closely investigate
the functions of Nedd4-1-catalyzed polyubiquitination in cellular biology. It will also be
further optimized to be used as a therapeutic for the diseases in which Nedd4-1
polyubiquitination is implicated, without disrupting the unique and essential cellular
processes dependent on Nedd4-1-catalyzed monoubiquitination.
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Integrated chemical and metagenomic approach for the discovery of a novel
class of anti-HIV lanthipeptides, the divamides
Thomas E. Smith1, tom.e.smith@utah.edu, Jason Kwan3, Christopher Pond2, Lou
Barrows2, Chris Ireland1, Eric W. Schmidt2. (1) Medicinal Chemistry, University of Utah,
Salt Lake City, Utah, United States (2) Univ of Utah, Salt Lake City, Utah, United States
(3) University of Wisconsin, Madison, Wisconsin, United States

While natural products significantly influence drug design, they are inherently complex
molecules that are both difficult to synthesize chemically and produce in sufficient yields
for biological assays. Using an innovative metagenomic approach to guide structure
elucidation, a novel class of anti-HIV lanthipeptides was discovered from a
cyanobacterial endosymbiont of the marine ascidian Didemnum molle that we have
named the divamides. Chemical clues, provided by mass spectrometry and NMR, were
used to locate the biosynthetic cluster within the metagenome, the identification of
which subsequently enabled the completion of the structure. This strategy allowed the
characterization of the peptide using less than one milligram of material. A single known
member of this class exhibits potent anti-HIV activity in live cell assays comparable or
superior to azidothymidine (AZT). We hypothesize that divamide A, which shares
significant homology with a region of the HIV-1 gp120 viral coat protein, binds to a novel
and recently described target of gp120 to prevent it from binding and infecting cells.
With the div cluster in hand we have the potential to produce these compounds
biosynthetically as well to investigate SAR by constructing and expressing analogues
within a heterologous host. A variety of different strategies for heterologous expression
are currently underway.
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Design, synthesis, and evaluation of inhibitiors targeting the iron-regulated heme
oxygenase of Pseudomonas aeruginosa

Geoffrey A. Heinzl, heinzlg@umaryland.edu, Bennett J. Giardina, Kellie Hom, Angela
Wilks, Fengtian Xue. Pharmaceutical Sciences, University of Maryland Baltimore,
Baltimore, Maryland, United States
Pseudomonas aeruginosa is an opportunistic gram-negative pathogen responsible for
many hospital-acquired infections as well as chronic lung infections in cystic fibrosis
patients. The treatment of P. aeruginosa infections is thwarted by the pathogen’s
intrinsic multi-drug resistance, including its ability to form biofilms as well as the
expression of several multi-drug efflux pumps. Targeting virulence traits will limit the
severity of an infection while lowering the selective pressure that drives mutations and
acquired drug resistance. Many virulence traits are directly controlled by iron levels via
Fur regulation. P. aeruginosa has developed sophisticated uptake systems to acquire
environmental iron through both siderophore secretion and uptake as well as heme
uptake. Up-regulation of the Phu (Pseudomonas heme uptake) system in clinical
isolates of P. aeruginosa, decreased production of pyoverdin, and increased production
of biliverdin suggests that heme becomes the major source of iron during chronic
infections. Therefore, inhibiting heme uptake will reduce virulent traits and result in
attenuated infections of P. aeruginosa as has been shown in iron-deficient models of P.
aeruginosa infections in mice. Towards this end, we focus on inhibiting the major
downstream enzyme in the bacterial heme uptake pathway of P. aeruginosa: the ironregulated heme oxygenase HemO. Previous studies conclude that HemO is required for
heme uptake and is responsible for turnover of the majority of extracellular heme.
Computational studies and docking experiments with HemO identified inhibitors of the
enzyme with activity in vitro and in vivo. Current studies further examine small-molecule
inhibitors of HemO for antivirulant development. Analogues of computationally-identified
inhibitors were synthesized and characterized by binding affinity, an in cellulo heme
oxygenase inhibition activity assay, and antimicrobial activity. Select compounds were
further analyzed in complex with HemO by 15N-HSQC NMR and for activity against
biofilms. Additionally, new compounds were designed and synthesized to take
advantage of the β-,δ- regioselectivity of the P. aeruginosa heme oxygenase with the
potential to selectively target other hemoproteins.
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Drug discovery in academia: A successful case study
Michael E. Jung, jung@chem.ucla.edu. UCLA, Los Angeles, California, United States
The process of drug discovery in academia will be discussed with several examples of
prior and ongoing collaborations, including at least one success story.
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Discovery and development of carfilzomib (CFZ) for multiple myeloma (MM)

Zhengping Wang, zwang687@gmail.com. Research, Onyx Pharmaceuticals, South
San Francisco, California, United States
CFZ is a second-generation proteasome inhibitor (PrI). It is approved in the US for
relapsed and refractory MM. In the randomized phase 3 study ASPIRE, the addition of
CFZ to lenalidomide and dexamethasone led to an 8.7 month improvement in median
progression free survival in patients with relapsed MM. The most common nonhematologic all-grade adverse events (AEs) were diarrhea (42.3%), fatigue (32.9%),
and cough (28.8%). Other AEs of interest included dyspnea (19.4%), hypertension
(14.3%), acute renal failure (8.4%), and cardiac failure (6.4%).
Preclinical studies have played an important role in understanding properties that
distinguish CFZ, a tetrapeptide epoxyketone, from the first generation PrI bortezomib
(BTZ), a dipeptide boronic acid. CFZ selectively forms an irreversible, dual covalent
morpholino adduct with the N-terminal threonine of the proteasome. BTZ, on the other
hand, forms a slowly reversible tetrahedral intermediate with the γ-OH side chain of the
N-terminal threonine. Similar reaction occurs between BTZ and serine proteases. The
lower rate of treatment-emergent peripheral neuropathy with CFZ may be partially
attributed to its high selectivity. Intravenous (IV) CFZ is rapidly and extensively
distributed, leading to persistent dose-dependent target inhibition and is rapidly and
extensively metabolized by peptidases and epoxide hydrolases. Cytochrome (CYP)
P450 enzymes play a minor role in its clearance. Exposure to CFZ is therefore unlikely
to be affected by CYP modulators. Although CFZ inhibited CYP 3A4 in vitro, it does not
cause clinically relevant drug-drug interaction when co-administered with CYP3A4
substrates due to short systemic exposure and high plasma protein binding. The
pharmacodynamic (PD) effect of CFZ correlates to the total dose rather than the
maximum peak exposure (Cmax). In rats, a 30 minute infusion of CFZ resulted in
equivalent PD in blood and tissues but a 28-fold lower Cmax and a 2-fold higher
maximum tolerated dose compared to IV bolus. An improved therapeutic window was
confirmed clinically using a slower infusion, offering potential alternative dose schemas.
In summary, CFZ is an irreversible PrI with high selectivity. It demonstrates robust and
durable clinical activity and a favorable benefit-risk profile. The lack of clinically relevant
CYP drug-drug interactions may allow greater opportunity for general use in
combination with other drugs with less cause for concern regarding drug-drug
interactions.
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Discovery and early development of AZD9291: Learnings and reflections from the
Mereside
Ray Finlay1, ray.finlay@astrazeneca.com, Mark Anderton2, Susan Ashton3, Peter
Ballard3, Paul Bethel3, Matthew Box3, Robert H. Bradbury3, Simon J. Brown3, Sam
Butterworth3, Andrew D. Campbell3, Christopher Chorley3, Nicola Colclough3, Darren
Cross1, Gordon Currie3, Matthew Grist3, Lorraine Hassall3, George B. Hill3, Daniel
James3, Michael James3, paul kemmitt3, Teresa Klinowska3, Gillian Lamont1, Scott
Lamont1, Nathaniel Martin3, Heather L. McFarland4, Martine J. Mellor3, Jonathon P.

Orme5, David Perkins3, Paula Perkins3, Graham Richmond3, Peter Smith3, Richard A.
Ward3, Michael J. Waring3, David Whittaker3, stuart wells3, Gail Wrigley1. (1) Oncology
Innovative Medicines, AstraZeneca, Cambridge, Cambridgeshire, United Kingdom (2)
Drug Safety and Metabolism, AstraZeneca, Cambridge, United Kingdom (3) Oncology
Innovative Medicines, AstraZeneca, Macclesfield, Cheshire, United Kingdom (4) Global
Medicines Development, AstraZeneca, Macclesfield, Cheshire, United Kingdom (5)
Discovery Sciences, AstraZeneca, Cambridge, Cambridgeshire, United Kingdom
AZD9291 (1) is a potent and selective oral inhibitor of both the activating and T790M
resistance mutations of the epidermal growth factor receptor (EGFR) tyrosine kinase
domain. First dose in patients with advanced non-small cell lung cancer (NSCLC) was
achieved in March 2013, and to date encouraging activity and tolerability have been
observed. AZD9291 is currently undergoing Phase II/III clinical trials in EGFR mutant
NSCLC.
This presentation will describe some key aspects of the AZD9291 discovery phase,
including reflections and learning on how the project was able to progress rapidly, whilst
also solving a number of medicinal chemistry challenges that were faced along the
journey to candidate nomination. In addition, some aspects of the early clinical
development of the compound will also be shared.

AZD9291 (1)
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Development of trastuzumab emtansine (Kadcyla®) for thetreatment of HER2positive breast cancer
Gail D. Phillips, gdl@gene.com. Genentech Inc, S San Fran, California, United States
The HER2/ErbB2 receptor tyrosine kinase is amplified/overexpressed in approximately
20% of breast cancer and predicts poor clinical outcome. Targeting HER2 with the
humanized HER2 antibodies trastuzumab (Herceptin®) and pertuzumab (Perjeta®) has
provided significant clinical benefit in patients with HER2-positive breast cancer.

Trastuzumab was approved for use, in combination with chemotherapy, for treatment of
HER2-positive early and metastatic breast cancer (mBC). The addition of pertuzumab to
trastuzumab-containing therapeutic regimens significantly improves clinical responses.
More recently, the HER2-directed antibody-drug conjugate (ADC) Trastuzumab
emtansine (T-DM1, Kadcyla®) was developed and approved as single agent treatment
for HER2-positive mBC. Antibody-drug conjugates provide a means to enhance the
potency of tumor-directed antibodies through linkage of highly potent cytotoxic drugs to
the antibody for tumor-selective delivery. Trastuzumab emtansine is comprised of
trastuzumab covalently linked to the anti-mitotic maytansinoid, DM1. Extensive
preclinical studies were performed to determine the optimal linker for trastuzumabmaytansinoid conjugates in terms of both efficacy and safety. Unlike many other ADCs,
a stable, non-cleavable linker proved superior, resulting in the selection of trastuzumabMCC-DM1 (T-DM1) for further development. The DM1 component of T-DM1 induces
mitotic arrest and apoptotic cell death. T-DM1 also retains the biologic activities of the
antibody component trastuzumab. T-DM1 shows potent anti-tumor activity in both
trastuzumab sensitive and insensitive cell line and mouse tumor models. T-DM1 has
undergone extensive testing in phase I, II and III clinical trials. Data from randomized
trials in 2nd line or later treatment settings in HER2-positive mBC patients showed TDM1 to have greater anti-tumor activity and better tolerability than the comparator
standard of care treatments.
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Sofosbuvir (Sovaldi®): A breakthrough therapy for the treatment of HCV
Michael J. Sofia, mjsofia58@gmail.com. Research & Development, OnCore
Biopharma, Inc, Doylestown, Pennsylvania, United States
Approximately 180 million individuals worldwide are infected with the hepatitis C virus.
This virus infection will ultimately lead to chronic liver disease, liver cirrhosis and
eventually hepatocellular carcinoma. The RNA dependent RNA polymerase (RdRp) is
an essential enzyme necessary for viral replication. Sofosbuvir (Sovaldi®) is a liver
targeting nucleotide prodrug that acts on the RdRp. It has become the backbone agent
in combination regimens for HCV curative therapy. In a broad genotype patient
population, sofosbuvir has demonstated cure rates in excess of 95% with no observed
resistance and a stellar safety profile. Sofosbuvir was approved by the US FDA in
December 2013 and the EU in January 2014, and since then its use has contributed to
the cure of many patients suffering from HCV. This presentation will discuss the
discovery and development of sofosbuvir as a treatment for HCV.
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Incorporation of deuterium into the corporate mindset
Thomas Gant, recondite.falls@gmail.com. Recondite Falls Discovery, Erie,
Pennsylvania, United States

The current flurry of activity in the field of therapeutic isotope incorporation, particularly
with regard to deuterium utilization, was foreseen in the 1930's. Why has this stable,
cold, readily available nucleus required so many fits and starts over the past eight plus
decades to find its way into the pharmaceutical armamentarium?
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Deuterated drugs: Challenges and opportunities for pharmacokinetic and
toxicological enhancement of medicines
Alfin Vaz, alfin.vaz@pfizer.com. Drug Metabolism, Pfizer Inc, Hartford, Connecticut,
United States
Deuterium substitution for non-exchangeable hydrogen at metabolically labile sites in
drug molecules has the potential to alter their rates of metabolism and/or metabolic
profiles. Such alterations can impact either the pharmacokinetic or toxicological profile
of drugs such that their efficacy may be enhanced by reduction of dose, dosing
frequency, or toxicity due to toxic metabolites. Achieving such gains through deuteration
requires a clear understanding of multiple facets of the systemic clearance mechanism
for a drug that include: contributions from non-metabolic processes (active and passive
bile, gut wall, and urine) and metabolism by phase II enzymes; mechanisms, and
substrate dependence of mechanisms, of the enzymes involved in carbon-hydrogen
bond oxidations. This presentation examines some fundamentals of deuterium isotope
effects in enzyme reactions and metabolic clearance; strategies used in discovery to
explore deuteration as a strategy with new chemical entities that are metabolized by
cytochromes P450, monoamine oxidases, and aldehyde oxidase; and recent patents
issued for deuterated versions of some marketed drugs.
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Deuterated drugs: An analysis of recent trends in intellectual property
Graham Timmins, gtimmins@salud.unm.edu. Pharmaceutical Sciences, University of
New Mexico, Albuquerque, New Mexico, United States
The modifications in pharmacokinetics that are at times seen upon drug deuteration
through kinetic isotope effects can provide significant benefits. These benefits have
enabled companies based around drug deuteration to develop portfolios of intellectual
property and make significant progress towards approval and marketing of deuterated
drugs. This talk will present recent trends in the prosection of newer US patents based
around drug deuteration, particularly in relation to relation 'obviousness' and how such
rejections might be countered. We will also briefly discuss the use of other isotope
effects to improve drug pharmacodynamics.
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Using deuterium-enabled chiral switching (DECS) to stabilize and differentiate
enantiomers of thalidomide analogs
Sheila H. Dewitt1, sdewitt@deuterx.com, Anthony W. Czarnik1, Vincent Jacques1,
Thomas Judge2, Lex Van der Ploeg1. (1) DeuteRx, Andover, Massachusetts, United
States (2) Kalexsyn, Inc., Kalamazoo, Michigan, United States
‘Chiral switching’, the development of the single preferred enantiomer from a racemic
mixture, emerged in the 1990s as a successful strategy to improve the therapeutic
properties of marketed drugs. Representative chiral switches include: Prilosec® to
Nexium®, Celexa® to Lexapro®, and Savella® to Fetzima®.
Today, however, numerous drugs, such as Actos®, Aricept®, Contrave®, Effient®, and
Revlimid®, are still developed and marketed with racemic active ingredients because
the enantiomers are chemically unstable and rapidly interconvert in vivo. Using DECS,
replacement of the exchangeable hydrogen at the chiral center with deuterium, we have
shown that we can stabilize enantiomers for several classes of compounds including
thalidomide analogs.
We will present results obtained with the deuterated enantiomers of CC-122, a racemic
drug currently in human clinical trials for hematological cancers and solid tumors. The in
vitro antiinflammatory and in vivo antitumorigenic activity, in a NCI-H929 mouse
xenograft model of multiple myeloma, is due almost exclusively to the stabilized (-)enantiomer of CC-122 (DRX-254, believed to be the (S)-enantiomer). By contrast, the
dramatically less potent stabilized (+)-enantiomer (DRX-255) had a negligible effect on
tumor growth and may exhibit a potential tumor growth promoting effect in the mouse
model where the stabilized enantiomers were tested.
Our results show that DECS can stabilize chiral compounds against epimerization and
clearly differentiate the beneficial and potential detrimental effects while following stated
regulatory guidance for the development of single enantiomers.

deuterated (S)-enantiomer of CC-122
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Discovery of a second generation, pan genotype NS3/4A protease inhibitor (BMS986144) for the treatment of hepatitis C
Paul M. Scola1, paul.scola@bms.com, Li-Qiang Sun1, Eric P. Gillis1, Michael S.
Bowsher1, Jie Chen1, Xiangdong A. Wang1, Sing-Yueng Sit1, Yan Chen1, Zhizhen
Zheng1, Stanley D'Andrea1, Ny Sin1, Brian Venables1, Eric Mull1, Qian Chen1,
Sarkunam Kandhasamy 7, Nagalakshmi Pulicharla 7, Sureshbabu Vishwakrishnan7,
Subba Reddy7, Ravi Trivedi6, Sarmistha Sinha6, Sankar Sivaprasad 6, Abhijith Rao6,
Salil Desai 6, Kaushik Ghosh2, Ramkumar Rajamani3, Jacques Friborg4, Steven Levine
4
, Chaoqun Chen4, Paul Falk4, Susan Jenkins5, Melissa Kramer5, Roy Haskel 5,
Kimberly Johnson 5, James Loy 5, Paul Levesque5, Jia Zhu 5, Mark Cockett4, Nicholas
A. Meanwell1, Fiona McPhee4. (1) Discovery Chemistry, Bristol-Myers Squibb,
Wallingford, Connecticut, United States (2) MMS, Biocon, Bangalore, Karnataka, India
(3) MS&D, Bristol-Myers Squibb, Wallingford, Connecticut, United States (4) Discovery
Virology, Bristol-Myers Squibb, Wallingford, Connecticut, United States (5) Discovery
PCO, Bristol-Myers Squibb, Wallingford, Connecticut, United States (6) Discover PCO,
Biocon, Bangalore, Karnataka, India (7) Discovery Chemistry, Biocon, Bangalore,
Karnataka, India
Hepatitis C (HCV) is a disease of the liver that afflicts approximately 3% of the world’s
population. Recent approval of DAA (direct acting antiviral) therapy has provided
patients with treatments that are highly efficacious and safe, while free of the side
effects intrinsic to immune modulation therapies. Despite these significant
advancements in the field, a need remains for DAA therapy that is efficacious across all
viral genotypes. Described herein is the discovery of BMS-986144, a pan genotypic
NS3/4a protease inhibitor with preclinical profile consistent with once-daily dosing.
Notably, BMS-986144 bears a deuterated functionality that was strategically employed
to resolve an off-target liability and thereby enabled the progression of this asset to the
development stage.
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Deuterium-modified drugs: Discovery and development
Scott L. Harbeson, sharbeson@concertpharma.com. Concert Pharmaceutical,
Lexington, Massachusetts, United States
Selective substitution of hydrogen atoms with deuterium (deuteration) has the unique
benefit of retaining the biochemical profile of physiologically active compounds while, in
certain instances, positively impacting their metabolic fate. In these favorable cases,
deuteration may improve the safety, efficacy, and/or tolerability of a therapeutic agent.
This technique can be applied to create first-in-class agents for new indications or to
improve drug properties in the same indication. For approved drugs with well-defined
human pharmacology, deuteration can potentially provide an efficient and accelerated
approach to differentiated, patentable new medicines.
A number of deuterium substituted agents have recently entered clinical development,

thereby showing the emerging importance of this approach. Three clinical candidates
will be presented: CTP-354 as an example of a first-in-class new agent, and
deutetrabenazine and deuterium-modified ivacaftor as examples of deuterated versions
of approved drugs. CTP-354 is a potentially non-sedating oral therapy for the treatment
of spasticity being developed by Concert Pharmaceuticals. CTP-354 is a deuterated
analog of L-838417, a preclinical compound discovered at Merck & Co. CTP-354 is a
sub-type selective GABAA modulator that lacks agonist activity at the sub-type believed
to be associated with sedation. CTP-354 has completed Phase 1 testing and shown a
pharmacokinetic profile supporting once daily dosing. Additional non-clinical testing is
underway before CTP-354 enters further clinical evaluation. Deutetrabenazine is a
deuterated version of tetrabenazine from Auspex Pharmaceuticals that has completed a
Phase 3 registration trial for the treatment of chorea associated with Huntington’s
disease. Tetrabenazine is the only FDA-approved treatment for this indication. The
rapid clinical development of deutetrabenazine has been enabled by the ability to
leverage the extensive data available for tetrabenazine. Deuterated ivacaftor is a
potential new therapy for cystic fibrosis (CF) being developed by Concert
Pharmaceuticals. Ivacaftor is the first FDA-approved treatment to target specific defects
in CF. This program has entered Phase 1 testing to compare two novel deuteriummodified analogs of ivacaftor and select the compound with the best potential for further
clinical development. The data disclosed to date for deuterated drugs have been
encouraging, with deutetrabenazine as the most advanced clinical agent.
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Discovery of selective inhibitors for lysine methyltransferases EZH2/EZH1 and
SETD8
Anqi Ma1, a.m.andrewma@gmail.com, Bowen Xu2, Doan M. On2, Wenyu Yu3, Kyle D.
Konze1, Kyle V. Butler1, Fengling Li3, Masoud Vedadi3, Peter J. Brown3, Gang G.
Wang2, Jian Jin1. (1) Department of Structural and Chemical Biology, Icahn School of
Medicine at Mount Sinai, New York, New York, United States (2) Department of
Biochemistry and Biophysics, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina, United States (3) Structural Genomics Consortium, University of
Toronto, Toronto, Ontario, Canada
Overexpression of EZH2/EZH1 and hypertrimethylation of H3K27 have been implicated
in a number of cancers. We discovered the first orally bioavailable inhibitor UNC1999,
that has high in vitro and in vivo potency for wildtype and mutant EZH2 as well as
EZH1. Because of its strong dual inhibition of EZH2/EZH1 (EZH2, IC50 < 10 nM; EZH1,
IC50 = 45 ± 3 nM; EZH2/EZH1 selectivity approximately 10-fold), UNC1999 shows much
higher efficacy (EC50 = 0.4–0.6 μM) in inhibiting growth of mixed lineage leukemia
(MLL)-rearranged leukemia cells compared with another EZH2/EZH1 inhibitor GSK126
(EZH2/EZH1 selectivity > 150-fold). UNC1999 suppresses colony-forming abilities of
MLL-rearranged leukemia cells and promotes their differentiation and apoptosis. Orally
administered treatment of a well-defined murine leukemia model bearing MLL-AF9 with
UNC1999 delays MLL-AF9-induced leukemogenicity and displays prolonged survival,

which demonstrates the promising application of this probe in the treatment of cancer.
Another important histone methyltransferase, SETD8, the sole enzyme that catalyzes
monomethylation of H4K20, has been implicated in regulating diverse biological
processes including cell-cycle progression and DNA damage response (DDR).
Dysregulation of SETD8 could cause malignant diseases such as breast cancer. After
systematic structure-activity relationship (SAR) studies, we identified the first selective,
substrate competitive inhibitor of SETD8, UNC0379, with an IC50 of 7.3 ± 1.0 μM in
radioactive methyl transfer assay and an IC50 of 9.0 μM in microfluidic capillary
electrophoresis (MCE) assay. It binds with SETD8 with a KD of 18.3 ± 3.2 μM in
isothermal titration calorimetry (ITC) and a KD of 36.0 ± 2.3 μM in surface plasmon
resonance (SPR). Ongoing optimization of UNC0379 could result in the first chemical
probe of SETD8, which will greatly help the biomedical community to further investigate
and understand the role of SETD8 in health and disease.
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Identification of PIM447, a potent and selective proviral insertion site of Moloney
murine leukemia (PIM) 1,2 and 3 kinase inhibitor in clinical trials for cancer
Matthew T. Burger1, matthew.burger@novartis.com, Gisele A. Nishiguchi1, Wooseok
Han3, Jiong Lan1, Robert Simmons1, Gordana B. Atallah1, Victoriano Tamez2, Yanchen
Zhang1, Yu Ding1, Michelle Mathur1, Kristine Muller1, Cornelia Bellamacina1, Mika
Lindvall4, Richard Zang1, Kay Huh1, Yumin Dai1, Elaine Ginn1, Alex Aycinena1, John
Langowski1, Amy Lambert1, Christine Fritsch1, Audry Kauffmann1, Estelle Pfister1, Pablo
Garcia1. (1) Novartis Institutes for Biomedical Research, Cambridge, Massachusetts,
United States (2) 4.5, Novartis Institute for Biomedical Research, Emeryville, California,
United States (3) Mail Stop 4.5, Novartis Institutes For BioMedical Research,
Emeryville, California, United States (4) Novartis Institutes for Biomedical Research,
Oakland, California, United States
Pan Proviral Insertion Site of Moloney Murine Leukemia (PIM) 1, 2 and 3 kinase
inhibitors have recently begun to be tested in humans to assess whether pan PIM
kinase inhibition may provide benefit to cancer patients. Herein, the synthesis, in vitro
activity, in vivo activity in an acute myeloid leukemia xenograft model and pre-clinical
profile of the potent and selective pan PIM kinase inhibitor PIM447 are described.
Starting from a reported aminopiperidyl pan PIM kinase inhibitor, a strategy to improve
the microsomal stability was pursued resulting in the identification of potent
aminocyclohexyl pan PIM inhibitors with high metabolic stability. From this
aminocyclohexyl series, PIM447 entered the clinic in 2012 in multiple myeloma patients
and is currently in several phase 1 trials of cancer patients with hematological
malignancies
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Discovery of indazoles and indoles as potent and selective PIM inhibitors

Bin Wu, binw@amgen.com, Hui-Ling Wang, Ryan P. Wurz, Victor Cee, Frank Chavez,
Bradley Herberich, Claire Jackson, Brian A. Lanman, Thomas Nixey, Liping H. Pettus,
Anthony B. Reed, James Laszlo, Paul Wang, Christine Sastri, Nadia Guerrero, Jeff
Winston, James R. Lipford, Matthew R. Lee, Christopher Mohr, Kristin Andrews, Yang
Xu, Yihong Zhou, Darren L. Reid, Andrew S. Tasker. Amgen Inc, Thousand Oaks,
California, United States
PIM kinases are a family of Serine/Threonine kinases in the CAMK group that are
constitutively active. PIM kinases are widely expressed and are involved in a variety of
biological processes. Over-expression of PIM kinases has been reported in
hematological and solid tumors, making it an attractive target for cancer therapy. Highthroughput screening of Amgen’s compound collection followed by focused SAR with
the aid of crystallographic information led to the discovery of substituted indole 1 and
indazole 2, both of which demonstrated potent inhibitory activity against all PIM isoforms
and showed favorable kinase selectivity profiles.
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Discovery of potent, orally bioavailable protease-activated receptor 4 antagonists
Anne Marinier1, anne.marinier@umontreal.ca, Jacques Banville1, Eileen Bird2, Mario
Callejo1, Daniel H. Deon1, Laurence Dubé1, Marc Gagnon1, Mary R. Giancarli2, Julia
Guy1, Tim Harper2, Patrick Y. Lam2, Jean-François Lavallée1, Michael R. Lawrence2,
Alain Martel1, Michael M. Miller2, Harold R. O’Grady2, Shoshana L. Posy2, Scott E.
Priestley2, Roger Rémillard1, Edward Ruediger1, François Tremblay1, Carol A. Watson2,
Pancras C. Wong2, Jing Yang2, Michel Bouvier1, Dietmar Seiffert2, Ruth R. Wexler2. (1)
Institute of Research in Immunology and Cancer, Université de Montréal, Montreal,
Quebec, Canada (2) Cardiovascular Research, Bristol-Myers Squibb, Hopewell, New
Jersey, United States

Protease-activated receptor 4 (PAR4) is a thrombin receptor expressed in human
platelets, whose role in thrombosis and hemostasis is incompletely defined. Using a
rabbit polyclonal antibody, we have demonstrated the antithrombotic efficacy of PAR4
inhibition in a guinea pig model. Subsequently, we identified an imidazothiadiazole lead
structure with PAR4 antagonist activity by high throughput screening. Optimization of
the potency and pharmacokinetic properties of a series of imidazothiadiazoles resulted
in discovery of UDM-001651, a potent, selective, and orally bioavailable PAR4
antagonist. Importantly, UDM-001651 blocks α-thrombin-mediated platelet aggregation
and attenuates arterial thrombosis in a cynomolgous monkey model.
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Perturbation of the c-Myc/Max coiled-coil protein-protein interaction with
synthetic α-helix mimetics
Kwan-Young Jung1, Huabo Wang2, Peter Teriete3, Nicholas D. Cosford3, Edward
Prochownik2, Steven Fletcher1, sfletche@rx.umaryland.edu. (1) Dept of
Pharmaceutical Sciences, University of Maryland School of Pharmacy, Baltimore,
Maryland, United States (2) Rangos 5124, Childrens Hospital of Pittsburgh of UPMC,
Pittsburgh, Pennsylvania, United States (3) Cancer Center, Sanford-Burnham Medical
Research Institute, La Jolla, California, United States
The rational design of inhibitors of the basic helix-loop-helix-zipper (bHLH-ZIP)
oncoprotein c-Myc is hampered by a lack of structure in its monomeric state. We have
designed novel, low-molecular-weight, synthetic alpha-helix mimetics that recognize
helical c-Myc in its transcriptionally active coiled-coil structure in association with its
bHLH-ZIP obligate partner Max. According to electrophoretic mobility shift assays, these
compounds perturb the heterodimer’s binding to its canonical E-box DNA sequence
without causing protein-protein dissociation, heralding a new mechanistic class of
“direct” c-Myc inhibitor. This model was corroborated by additional biophysical methods
including NMR spectroscopy and surface plasmon resonance. Several compounds
demonstrated a 2-fold or greater selectivity for c-Myc/Max heterodimers over Max/Max
homodimers with IC50 values as low as 5.6 μM. Finally, these compounds inhibited the
proliferation of c-Myc-overexpressing cell lines in a concentration-dependent manner
that correlated with the loss of expression of a c-Myc-dependent reporter plasmid
despite the fact that c-Myc/Max heterodimers remained intact.
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Trifluoromethyl oxazines as highly potent and selective beta-secretase inhibitors
that are efficacious in vivo
Yuan Cheng2, yuancheng66@yahoo.com, May Xue2, Ted Judd2, Patricia Lopez5, Jon
Low2, Ana Minatti2, Wenyuan Qian1, Qingyian Liu6, Ning Chen2, Wenge Zhong3,
Longbin Liu7, Albert K. Amegadzie1, Shannon Rumfelt2, Robert M. Rzasa3, Michael D.
Bartberger2, Kui Chen2, Dean Hickman8, Adrian Nanez9, Helming Tan10, Laurie Volak8,

Paul Wen11, Douglas Whittington4, Stephen Wood11, Jennifer R. Allen12. (1) AMGEN
Inc., Thousand Oaks, California, United States (2) Therapeutic Discovery, Amgen,
Newbury Park, California, United States (3) MS 29 2 C, Amgen Inc, Thousand Oaks,
California, United States (4) Amgen Inc., Cambridge, Massachusetts, United States (5)
Therapeutic Discovery, Amgen, Thousand Oaks, California, United States (6)
Therapeutic Discovery, Amgen , Camarillo, California, United States (8)
Pharmacokinetics & Drug Metabolism, Amgen, Thousand Oaks, California, United
States (9) Discovery Toxicology, Amgen, Thousand Oaks, California, United States (10)
Pharmaceutics R&D, Amgen, Thousand Oaks, California, United States (11)
Neuroscience, Amgen, Thousand Oaks, California, United States
Alzheimer’s Disease (AD) is the most common neurodegenerative disorder and the
leading cause of dementia in the elderly. Accumulation of b-amyloid (Ab) in the brains of
AD patients is believed to be a key pathogenic event. Ab is produced via sequential
proteolysis of amyloid precursor protein (APP) by b-secretase (BACE1) and gsecretase. BACE1 is responsible for the initial cleavage of APP and is believed to be
the rate limiting step in Ab production. Thus, the development of BACE1 inhibitors to
lower Ab peptide formation represents an attractive therapeutic approach for the
treatment of AD. In this presentation we describe the optimization of a series of brainpenetrant BACE1 inhibitors derived from a trifluoromethyl oxazine scaffold. Specific
exploration of the P1 region of the scaffold defined a unique structure activity
relationship (SAR) for in vitro BACE1 potency. Further application of structure-based
design in tandem with control of physicochemical properties led to a series of potent
lead BACE1 inhibitors that were highly selective over CatD and BACE2 and reduced
CSF and brain Ab40 levels significantly when administrated orally to rats. The
pharmacokinetic and toxicology profiles of these leads will also be discussed.
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Discovery of brigatinib (AP26113), a phosphine oxide-based, potent, orally active
inhibitor of anaplastic lymphoma kinase and clinically relevant mutants
Weisheng Huang1, wei-sheng.huang@ariad.com, Feng Li1, Lisi Cai2, Yongjin Xu1, Sen
Zhang1, Scott Wardwell1, Yaoyu Ning1, Anna Kohlmann1, Tianjun Zhou1, Yihua Emily
Ye1, Xiaotian Zhu1, Narayana I. Narasimhan1, Tim Clackson1, Victor M. Rivera1, David
C. Dalgarno1, William C. Shakespeare1. (1) ARIAD Pharmaceuticals, Cambridge,
Massachusetts, United States (2) Ariad, Quincy, Massachusetts, United States
Phosphorus, despite its abundance in the human body, is rarely found in drug
molecules, with clinical utility limited to a few phosphonic or bisphosponic acid-based
medicines and several phosphonate or phosphate-containing prodrugs. Concerns about
poor cell penetration, low oral bioavailability, or biological instability have limited
application of these functional classes in drug design. In our efforts to discover
pharmaceuticals with novel functionality, we introduced a neutral, stable phosphine
oxide moiety as a unique hydrogen-bond acceptor in the design of anaplastic lymphoma
kinase (ALK) inhibitors. Crizotinib, the first approved ALK inhibitor, has demonstrated

impressive clinical benefit in EML4-ALK fusion-positive (ALK+) NSCLC patients. Drug
resistance, however, emerges rapidly and point mutations within the kinase domain
have been identified as a major resistance mechanism. To identify more potent ALK
inhibitors with pan-inhibitory activity against crizotinib-resistant ALK mutants, we
designed and tested a series of phosphine oxide-based compounds culminating in the
identification of the clinical candidate brigatinib. Brigatinib exhibited 10-fold greater
potency than crizotinib against ALK+ ALCL and NSCLC cell lines, and effectively
inhibited clinically relevant crizotinib-resistant mutants. Brigatinib displayed ~100-fold
increased selectivity for ALK+ cells over ALK-negative cell lines while maintaining
selectivity over insulin receptor tyrosine kinase receptors. Consistent with the in vitro
profile, brigatinib demonstrated oral efficacy in multiple ALK+ mouse models including
Karpas-299 (ALCL), H3122 (NSCLC), and Ba/F3 cells expressing crizotinib resistant
mutants including G1269S and L1196M. Finally, brigatinib exhibited excellent drug-like
properties including high cell permeability and solubility, moderate cross-species protein
binding, and inactivity toward major cytochrome P450 iso-enzymes and hERG ion
channels. Medicinal chemistry efforts leading to the discovery of this potent pan-ALK
inhibitor, including design strategy, chemical series evolution, and DMPK optimization
will be presented. Currently, brigatinib is the most clinically advanced phosphine oxidebased drug candidate, and is currently in a global phase 2 registration trial
(NCT02094573) in patients with locally advanced or metastatic NSCLC who test
positive for the ALK oncogene and were previously treated with crizotinib.
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Discovery of URAT1 inhibitors for the treatment of gout
Robert M. Owen, robert.owen@pfizer.com. Worldwide Medicinal Chemistry, Pfizer,
Cambridge, United Kingdom
This presentation will provide a case history covering initial hit-ID through lead
optimisation to compound selection for a new series of inhibitors of the URAT1 solute
carrier for the treatment of gout. The medicinal chemistry design strategy, in vitro SAR,
in vivo PK and safety will be disclosed for the first time. Some key themes and
transferrable science that will be discussed are outlined below:
Solute carriers: General classification, structural features, function, druggability and
promiscuity
Gout as a disease: Existing treatments, role of URAT1 transporter in management of
uric acid excretion and known uricosuric agents
Clinical application of URAT1 inhibitors past and present
Strategy for hit-ID and medicinal chemistry for hit-to-lead and lead optimisation including
physical property based optimisation for a novel acidic series
Lead compounds: in vitro safety and ADME profiling plus in vivo PK and preclinical
safety
Discussion around acidic small molecule PK and safety prediction
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Impact of historical synthetic methodologies on medicinal chemistry: Where have
all the new reactions gone?
Dean G. Brown, dean.brown@astrazeneca.com, Jonas Boström. AstraZeneca
Pharmaceuticals, Waltham, Massachusetts, United States
In a recent publication (J. Med. Chem. 2015, 58, 2390) we highlighted the impact of
historical synthetic preferences on reagent selection, even though novel methods and
diverse reagents are more accessible now than in previous decades. Here we present
data on historical trends in synthetic chemistry applied within drug discovery from 19842014 by mining and analyzing the medicinal chemistry literature. The data shows that
out of today’s top-20 most frequently used synthetic reactions in medicinal chemistry,
none were discovered within the last twenty years, and only one per following decade
(Buchwald-Hartwig -1994, Suzuki - 1984, Sonogoshira -1975). The remainder (85%)
represent reaction types known for well over half a century. This suggests an inherent
high bar of impact for novel and modern synthetic procedures in drug discovery, due to
a number of possible reasons which will be discussed. Furthermore, a large percentage
of currently deployed chemistry originates from 3 dominant synthetic procedures (amide
bond formation, Suzuki coupling and SNAr2 type reactions). We will elaborate on the
reasons why, and the impact of such heavy reliance on only a few reaction types on the
diversity of screening libraries as well as HTS output. It is concluded that an urgent
need exists for chemoselective and robust reaction types which can handle polar
functional groups without protecting group manipulation.
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GPCRs in heart failure
Paul Insel, pinsel@ucse.edu. Pharmacology, UC San Diego, La Jolla, California,
United States
G protein-coupled receptors (GPCRs), the largest receptor gene family in humans and
other mammals, are also the largest class of targets for approved drugs. Antagonists of
certain GPCRs (e.g., β-adrenergic receptors, angiotensin receptors) are commonly
used to treat heart failure. But are there other GPCRs that contribute to the
pathophysiology of heart failure and might be useful therapeutic targets? To begin to
answer this question, my colleagues and I have used an unbiased “GPCRomic”
approach to identify the complement of GPCRs expressed by cardiac cells and
subsequent studied to define the functional role of newly recognized GPCRs. A key
focus has been GPCRs expressed by cardiac fibroblasts as possible targets for the
fibrosis that contributes to heart failure, in particular diastolic heart failure. We
discovered that protease activated receptor-1 (PAR-1) is the highest expressed GPCR
by adult cardiac fibroblasts (of rats, mice and humans) yet no prior data existed on the
functional role of PAR-1 receptors in these cells. We found that PAR-1 has pro-fibrotic
actions and is thus a potential target to treat cardiac fibrosis in heart failure. These

findings validate use of a GPCRomic approach to identify novel GPCRs as therapeutic
targets for heart failure and likely for other cardiovascular diseases.
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Targeting the angiotensin II type I receptor with a b-arrestin biased ligand: A
novel therapeutic approach to the treatment of acute heart failure
Michael Lark, mlark@trevenainc.com. Trevena Inc., King of Prussia, Pennsylvania,
United States
There have been no drugs recently approved for the treatment of acute heart failure
(AHF), leaving physicians with limited options to treat patients suffering from this lifethreatening disease. AHF patients present to the hospital with compromised cardiac
performance and significant fluid overload leading to extreme fatigue and shortness of
breath, likened to the sensation of drowning. The ideal therapy for AHF would improve
measures of short- and long-term morbidity, providing much needed reductions in
incidences of worsening of heart failure during hospitalization, the length of hospital
stay, re-hospitalization and/or mortality rates, all while preserving patients’ cardiac and
renal performance. The renin angiotensin system (RAS) plays a central role in the
pathophysiology of heart failure and has been successfully targeted for the treatment of
chronic heart failure with angiotensin converting enzyme inhibitors, angiotensin receptor
blockers (ARBs) and mineralocorticoid receptor antagonists. Unfortunately, no drugs
targeting this pathway have been successfully developed for the treatment of AHF. The
angiotensin II type I receptor (AT1R), a G protein coupled receptor, is a key member of
the RAS and regulates cardiac and renal performance, cardiac tissue integrity and
vasodilation. Preclinical pharmacokinetics and receptor and animal pharmacology data
suggest that the novel b-arrestin biased peptide ligand, TRV027, has optimal properties
to treat patients with AHF. Unlike ARBs, TRV027 binds to the AT1R and stimulates
AT1R-mediated b-arrestin recruitment, thereby increasing cardiac contractility and
stimulating cardioprotective signaling, while blocking AT1R-mediated G protein coupling
which produces systemic vasodilatation and enhances renal perfusion in animal
models. Early clinical studies demonstrated safety, tolerability, pharmacokinetics, and
pharmacodynamics to support study in AHF patients. TRV027 is currently being studied
in the 620 patient Phase 2b BLAST-AHF trial.
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Human iPSCs for cardiac drug discovery
Joseph C. Wu, joewu@stanford.edu. Medicine, Stanford University School of Medicine,
Stanford, California, United States
Heart disease is the most significant cause of morbidity and mortality in the
industrialized world. While the use of human induced pluripotent stem cell (iPSCs) in
regenerative medicine is a long-term goal, a growing body of studies has shown

promising results in the fields of drug discovery, development, and toxicity screening.
Specifically, recent technological advancement has enabled the generation of patientspecific and disease-specific human induced pluripotent stem cell-derived
cardiomyocytes (iPSC-CMs) in vitro. These iPSC-CMs carry all the genetic information
from the individuals from whom they are derived and hence may be an ideal platform for
elucidating disease modeling, drug screening, and cell therapy. Here I will discuss
recent advances in this technology in the cardiovascular field.
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Discovery and SAR evolution of ROMK inhibitor sub-classes toward identification
of our clinical development compound
Alexander Pasternak3, alexander_pasternak@merck.com, Haifeng Tang2, Reynalda
De Jesus3, Shawn Walsh4, Aurash Shahripour3, Yuping Zhu3, Nardos Teumelsan3, Lihu
Yang4, Emma Parmee3, Birgit Priest5, John Felix6, Brande Thomas-Fowlkes8, Swensen
Andrew8, Gregory J. Kaczorowski1, Maria Garcia7, Adam Weinglass4, Magdelana
Alonso-Galicia6, Xiaoyan Zhou4, Lee-Yuh Pai8, Caryn Hampton8, Jodie Kunkel8, Olga
Price8, Melba Hernandez8, Charlie Gill8, Maya Dajee4, Kashmira Shah8, Joseph
Metzger8, Michael Forrest4, James Ormes3, Mengwei Hu3, Karen Owens8, Koppora
Samuel8, Randy Miller8, Vincent Tong9, Thomas Bateman8, Sophie Roy4, Kathleen
Sullivan4. (1) Kanalis Consulting, Edison, New Jersey, United States (2) K15-1-A111,
Merck, Kenilworth, New Jersey, United States (3) DPS, Merck & Co., Inc, West Point,
Pennsylvania, United States (4) Cardiometabolic diseases, Merck & Co., Inc,
Kenilworth, New Jersey, United States (5) Lilly, Indianapolis, Indiana, United States (6)
Personal, Rayway, New Jersey, United States (8) Drug Metabolism, Merck & Co., Inc.,
Kenilworth, New Jersey, United States (9) Drug Metabolism, Theravance, San
Francisco, California, United States
ROMK is a member of the inward rectifier family of potassium channels expressed in
two regions of the kidney: the thick ascending loop of Henle (TALH) and the cortical
collecting duct (CCD). At the TALH, ROMK participates in potassium recycling across
the apical membrane and is essential for function of the furosemide-sensitive
Na+/K+/2Cl- co-transporter, the rate-determining step for sodium reuptake in this part of
the nephron. At the CCD, ROMK provides a pathway for potassium secretion that is
tightly coupled to sodium uptake through the amiloride-sensitive epithelial sodium
channel. Selective inhibitors of ROMK are expected to represent a new class of
diuretics predicted to act at multiple sites in the nephron, with a potential for greater
efficacy and reduced urinary potassium excretion versus standard-of-care (SOC)
diuretics. Loop diuretics remain an integral component of the HF treatment regimen;
however, they frequently lose efficacy as HF worsens, particularly when renal
dysfunction is present. Furthermore, loop diuretics are subject to the diuretic breaking
phenomenon, and to high intra-patient variability in volume status and diuretic
requirement. Our hypothesis is that by increased efficacy and improved
physicochemical/pharmacokinetic properties, ROMK inhibitors may provide more
sustained and less variable diuresis, resulting in decreased hospitalization rates versus

SOC loop diuretics.
This presentation will detail SAR evolution from early leads to distinct sub-classes of
ROMK inhibitors, ultimately leading to identification of our clinical compound and
backup series. Lessons learned towards improving potency, selectivity over hERG, and
poor initial pharmacokinetics will be highlighted. Preclinical pharmacology data will
provide insights into ROMK PK/PD relationships. Evidence suggesting the possibility of
improved efficacy under conditions of renal impairment, and added benefits for ROMK
inhibition at the CCD will be described. Overall, these data will inform on how ROMK
inhibitors may differentiate from SOC diuretics.
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Soluble guanylate cyclase (sGC) stimulator vericiguat as a potential treatment for
heart failure
Markus Follmann, markus.follmann@bayer.com. Global Drug Discovery, Bayer
Healthcare, Wuppertal, Germany
Nitric oxide (NO) is a key signaling molecule that is involved in the regulation of a
variety of biological and physiological processes in mammals. Organic nitrates (such as
glyceryl trinitrate) and other NO-donor or nitrovasodilator drugs that release NO by
spontaneous decomposition or bioconversion activate soluble guanylate cyclase (sGC)
which converts guanosine triphosphate (GTP) to cyclic guanosine monophosphate
(cGMP). Such drugs have a long and distinguished heritage in the treatment of
cardiovascular disease. However, they have a number of limitations and innovative
approaches are needed to realize the full potential of the NO/sGC/cGMP -signaling
pathway.
Recently a novel drug class, sGC stimulators, has been discovered. sGC stimulators
share a dual mode of action, they stimulate sGC directly and enhance sensitivity of sGC
to low levels of bioavailable NO. The most advanced compound in this class, riociguat,
recently gained approval for pulmonary arterial hypertension (PAH) and chronic
thromboembolic pulmonary hypertension (CTEPH). Vericiguat, a second-generation
sGC stimulator with optimized properties is currently undergoing PhIIb studies in heart
failure patients with reduced or preserved ejection fraction (HFrEF and HFpEF). The
lead discovery and optimization history of vericiguat and the structural activity
relationship within this class are presented.
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Omecamtiv mecarbil the first, selective, small molecule activator of cardiac
myosin
Bradley P. Morgan, bmorgan@cytokinetics.com. Cytokinetics Inc., Moraga, California,
United States

The lifetime risk of a person developing heart failure (HF) is approximately 1 in 5 and
the mortality risk from heart failure is worse than some cancers. Systolic HF occurs
when the heart’s ventricles have become too weak to contract and pump enough blood
to meet the body’s needs. One strategy to treat systolic HF is to improve cardiac
contractility by increasing the force with which the heart contracts. Current drug
mechanisms that increase cardiac contractility indirectly do so through second
messenger signaling systems and are associated with higher rates of mortality. To
avoid these limitations, our approach is to selectively increase cardiac contractility by
exploiting a novel mechanism that acts directly on the contractile apparatus of cardiac
muscle downstream of where current drugs act. This approach may offer a novel and
potentially useful treatment for systolic HF. This lecture describes the discovery and
development of omecamtiv mecarbil, a drug candidate currently in clinical trials for the
potential treatment of both acute and chronic systolic HF.
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Discovery of a TARP gamma-8 dependent AMPA receptor antagonist (TDAA) for
the treatment of epilepsy
Kevin M. Gardinier1, kmgardinier@lilly.com, Doug Gernert1, Warren J. Porter1, Jon
Reel3, Paul L. Ornstein2, Kevin Burris1, Chunjin Ding1, Scott Gleason1, Prashant Desai1,
Steven Swanson1, Jeff Witkin1. (1) Eli Lilly Co, Indianapolis, Indiana, United States (2)
College of Pharmacy, Roosevelt University, Schaumburg, Illinois, United States (3)
Carmel, Indiana, United States
Transmembrane AMPA Receptor Regulatory Proteins (TARPs) are auxiliary subunits of
AMPA receptors that modulate pharmacology and trafficking of AMPA receptors. TARP
gamma-8 is predominantly expressed in hippocampus and relatively absent in
cerebellum. This regional localization enables selective targeting of forebrain and not
hindbrain excitatory synaptic transmission. We will describe our efforts to identify the
first known AMPA receptor antagonist that is dependent on the presence of TARP
gamma-8, shows efficacy in multiple preclinical models of epilepsy, and does not cause
motor impairment at efficacious exposures.
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Discovery of triazole aldosterone synthase inhibitors with in vivo activity in
Rhesus monkeys
Scott B. Hoyt1, scott_hoyt@merck.com, Whitney Petrilli1, Clare London1, Jim Tata1,
Qingzhong Hu5, Lina Yin5, Chris van Koppen5, Rolf W. Hartmann4, Mary Struthers1,
Tom Wisniewski6, NIng Ren1, Charlene Bopp1, Andrea Sok1, Tian-Quan Cai1, Sloan
Stribling1, Lee-Yuh Pai1, Xiuying Ma1, joseph Metzger7, Andreas Verras1, Daniel R. Mc
Masters2, Qing Chen1, Elaine Tung1, Wei Tang1, Gino Salituro1, Nicole Buist1, Joe
Clemas1, Gaochao Zhou1, Jack Gibson1, Carrie A. Maxwell1, Mike Lassman1, Theresa
McLaughlin1, Jose Castro-Perez1, Daphne Szeto1, Gail Forrest1, Richard Hajdu1, Mark

Rosenbach1, Yusheng Xiong3. (1) Merck & Co., Rahway, New Jersey, United States (2)
Structural Chemistry, Merck & Co., Inc., Brookline, Massachusetts, United States (3)
K15-MW110, Merck Co Inc, Kenilworth, New Jersey, United States (4) Saarland
University, Saarbruecken, Germany (5) Pharmaceutical and Medicinal Chemistry,
Saarland University and Helmholtz Institute for Pharmaceutical Research Saarland
(HIPS), Saarbrucken, Germany
Aldosterone is a steroid hormone that promotes increased blood pressure, inflammation
and fibrosis. The final three steps of its biosynthesis are catalyzed by aldosterone
synthase (CYP11B2). A closely related enzyme, CYP11B1, catalyzes the biosynthesis
of cortisol, an important regulator of glucose metabolism. Small molecule inhibitors of
CYP11B2 such as LCI-699 have recently been shown to lower aldosterone levels and
blood pressure in the clinic, thus validating this mechanism as a treatment for
hypertension. LCI-699, which inhibits CYP11B2 with only modest, 4-fold selectivity vs.
CYP11B1, also produces an undesired impairment of cortisol response, presumably as
result of CYP11B1 inhibition. More selective inhibitors of CYP11B2 are thus desired as
treatments for hypertension.
This talk will outline the discovery and hit-to-lead optimization of a triazole series of
CYP11B2 inhibitors. These efforts culminated in the identification of compound 1, a
potent CYP11B2 inhibitor that displays high selectivity vs. related CYPs, good
pharmacokinetic properties in rat and rhesus, and good physical properties. In a rhesus
pharmacodynamic model, compound 1 displays dose-dependent aldosterone lowering
efficacy, with maximal reductions in plasma aldosterone of >95%, and no apparent
effect on cortisol levels.
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Fragment-based drug discovery of potent and selective CYP121 inhibitors for
tuberculosis
Madeline Kavanagh1, mek36@cam.ac.uk, Anthony G. Coyne1, Guy G. James1, Kirsty
McLean2, Sean A. Hudson1, Luis Pedro de Carvalho3, Andrew W. Munro2, Christopher

Abell1. (1) Department of Chemistry, University of Cambridge, Cambridge, United
Kingdom (2) Manchester Interdisciplinary Biocentre, University of Manchester,
Manchester, United Kingdom (3) MRC National Institute for Medical Research, London,
United Kingdom
Tuberculosis is a re-emerging global epidemic. Antibiotic resistance and co-morbidity
with HIV/AIDS mean that there is an urgent need for new drugs with novel mechanisms
of action. Cytochrome P450s (P450s) have been identified as novel drug targets for
tuberculosis. P450s are over-represented in the genome of Mycobacterium tuberculosis
(Mtb), have low homology to human enzymes and catalyse unique biochemical
reactions that are essential for bacterial survival, host infection and drug resistance. We
have used a fragment-based approach to develop inhibitors of CYP121, an essential
Mtb P450. Fragment screening using a range of biophysical techniques resulted in the
crystallisation of 6 hits with CYP121.1 Synthetic merging of 1 improved binding affinity
more than 100-fold (2, Kd= 15 μM) but reduced ligand efficiency (LE = 0.23).2 Retrofragmentation of 2 allowed the inherent binding affinity and group efficiency of individual
structural motifs to be assessed.3 Stepwise reconstruction provided insight into
cooperative binding contributions of different aromatic rings and enabled the selection of
more LE scaffolds for subsequent elaboration. Fragment growing of selected scaffolds
produced two distinct compound series which exploited different binding modes.
Rational incorporation of a metal-binding functional group resulted the most potent
CYP121 inhibitors 3 that have been described to date (Kd = 33 nM), which do not rely
on a promiscuous imidazole heterocycle for binding. Selectivity for Mtb P450s over
human homologues was achieved by exploiting binding interactions with residues in the
distil active site. Lead compounds also exhibited high selectivity (1000-fold) for CYP121
over other Mtb P450 isoforms. The binding properties of lead compounds were
characterised using X-ray crystallography, UV-Vis spectrophotometry, mass
spectrometry and isothermal titration calorimetry.3 This presentation will outline our
fragment screening approach and the design of CYP121 inhibitors by deconstruction
and rational fragment growing. Further optimisation of these inhibitors will hopefully
provide novel treatment options for tuberculosis.
1

Hudson, S. et al., Angew.Chem.Int.Ed., 2012, 51(37):9311-9316; 2Hudson, S. et al.,
ChemMedChem., 2013, 8, 1451-1456, 3Kavanagh, M. E. et al., J.Med.Chem., in
preparation
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Disruption of the HCV NS5A replication complex through a novel synergy
mechanism
Makonen Belema1, makonen.belema@bms.com, Piyasena Hewawasam1, Yong Tu1,
Ningning Xu1, Omar D. Lopez1, Xiangdong A. Wang1, John F. Kadow1, Arun k. Gupta2,
Indasi kumar2, Suresh Punugupati2, Frederic Moulin1, Michelle Nophsker1, Melissa
Kramer1, Benjamin M. Johnson1, Ying-Kai Wang1, Jin-Hua Sun1, Donald O'Boyle1,
Robert Fridell1, Chunfu Wang1, Susan Roberts1, Mengping Liu1, Karen Rigat1, Peter
Nower1, Julie Lemm1, Mark Cockett1, Nicholas A. Meanwell1, Min Gao1. (1) BristolMyers Squibb Co., Wallingford, Connecticut, United States (2) Syngene International
Limited, Banglore, Karnataka, India
NS5A inhibitors are critical components of a promising set of HCV therapies that have
been approved for marketing recently. During mode of action studies, we discovered a
unique class of NS5A-targeting molecules, such as Syn-395, which lacked meaningful
HCV antiviral activity but was able to significantly resensitize the inhibitory potency of
the HCV NS5A inhibitor daclatasvir toward various NS5A resistant mutants. For
example, the EC50 of daclatasvir toward resistant mutant GT-1aY93N was enhanced
from 339 nM to 0.13 nM when titrated in the presence of 40 nM of Syn-395, a molecule
which by itself exhibited a GT-1aY93N EC50 of ≥197 nM. Aspects of the discovery and
optimization effort that uncovered this novel synergistic interaction on the NS5A protein,
along with results from combination studies with alternate classes of HCV inhibitor that
revealed the mechanism’s potential, signifying a broader implication for such an
approach, will be discussed.
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Discovery of soluble epoxide hydrolase inhibitors through DNA-encoded library
technology (ELT)

Yun Ding1, yun.x.ding@gsk.com, Svetlana L. Belyanskaya2, Jennifer L. DeLorey3,
David Israel1, jeffrey a. messer1, barry a. morgan4, steven skinner1, Matthew A. Clark5,
john w. Cuozzo5. (1) GlaxoSmithKline, Waltham, Massachusetts, United States (3)
Tedor Pharma Inc., Cumberland, Rhode Island, United States (4) Baylor college of
medicine, Houston, Texas, United States (5) X-chem, Waltham, Massachusetts, United
States
Inhibition of the enzyme soluble epoxide hydrolase (sEH) has recently emerged as a
new approach to treat cardiovascular disease. Inhibitor 1 based on a 1,3,5-triazine
chemotype was discovered through affinity selection against a DNA-encoded small
molecule library. A structure and activity relationship study led to explansion of the
original 1,4-cycloalkyl series to aniline, piperidine, quinoline, aryl-ether, benzylic and
amide derivatives. One of the series, the 1,3-cycloalkyl chemotype (3), has led to the
discovery of the clinical candidate (GSK2256294). In this presentation we will describe
the successful application of ELT technology to the identification of highly potent sEH
inhibitors, which led to the clinical candidate GSK2256294.
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Discovery of 6-((3H-imidazo[4,5-b]pyridin-2-yl)methyl)-3-(2,4,6-trifluorobenzoyl)1H-pyrrolo[2,3-c]pyridin-7(6H)-one (MK2684): A potent inhibitor of MAP/MAPKAP2
(MK2) for the treatment of asthma
Kevin D. Dykstra2, kevin_dykstra@merck.com, Meng-Hsin Chen1, Ginger Yang1, Hiroo
Koyama1, Dan Miller1, Soumya Sahoo1, Peter T. Meinke2, Stephen J. O'keefe3, Peter
Gray3, Shiow-Ling Chiu3, Gene Porter3, Julie DeMartino3, Denis Zaller3, Christopher
Tan4, Deborah Slipetz4, Ed Corley3, Todd Nelson4, Hongshi Yu4, Brian Farrer4, Maria
Madeira3, Bindhu Karram3, Karen Owens4, Kaushik Mitra4, Glen Miller5, Ravi P.
Nargund1. (2) Discovery Chemistry, Merck & Co, Rahway, New Jersey, United States
(3) Immunology, Merck & Co, Rahway, New Jersey, United States (4) Pharmacology,
Merck & Co, Rahway, New Jersey, United States (5) Preclinical Development and
Safety Assesment, Merck & Co, West Point, Pennsylvania, United States
P38a mitogen-activated protein kinases are important regulators of pro-inflammatory
cytokines affecting IL1-b and TNFa leading to inflammatory diseases such as
rheumatoid arthritis (RA), chronic obstructive pulmonary disease (COPD) and asthma.
A number of small molecule canonical p38 inhibitors have been developed in order to
block pro-inflammatory cytokine production, but despite modest efficacy in early clinical
trials, none have advanced to phase III, due in part to tachyphylaxis associated with
transient inhibition of CRP. It is possible that downstream effectors that selectively
inhibit specific p38a pathways may make better drug targets and provide a mechanism
to minimize the potential for tachyphylaxis.. p38a/MAPKAPK2 (MK2) is believed to be
an essential pathway toward the inhibition of pro-inflammatory cytokines and could
avoid transient inhibition of CRP. In an effort to indentify a selective small molecule
inhibitors of the p38a/MAPKAPK2 (MK2) complex, a novel class of substrate selective
modulators (SSMs) was discovered that selectively regulate pro-inflammatory cytokine
production for the treatment of mild to severe asthma. MK2684 was identified as potent
and selective substrate modulators (SSMs) of p38a MAP/MAPKAP2 (MK2) and
demonstrated efficacy in an LPS challenge lung model, in addition to exhibiting the
requisite safety criteria, pharmacokinetic, and physical properties to be selected as an
inhaled agent for moderate to severe asthma. The SAR and biological properties of the
p38a MAP/MAPKAP2 (MK2) inhibitors will be presented.
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Highly selective non-covalent inhibitors of EGFR T790M resistance mutants: HTS
hits to candidate-quality molecules
Emily J. Hanan1, hanan.emily@gene.com, Marian C. Bryan1, Daniel Burdick1, Bryan
Chan1, Emily Chan1, Yuan Chen1, Charles Eigenbrot1, Richard Elliott2, Robert Heald2,
Timothy P. Heffron1, Philip Jackson2, Jamie Knight2, Hank La1, Michael Lainchbury2,
Shiva Malek1, Sam Mann2, Hans E. Purkey1, Gabriele Schaefer1, Stephen Schmidt1,
Eileen Seward2, Steve Sideris1, Lily Shao1, Shumei Wang1, Siew Kuen Yeap2, Ivana
Yen1, Christine Yu1. (1) Genentech, Inc., South San Francisco, California, United States
(2) Argenta, Harlow, United Kingdom

Activating mutations in the epidermal growth factor receptor (EGFR) characterize a
subset of non-small cell lung cancers (NSCLC) with exquisite sensitivity to tyrosine
kinase inhibitors like erlotinib or gefitinib. However, after an initial dramatic response,
patients harboring these mutations progress within 8-14 months on therapy.
Approximately 60% of acquired resistance to these agents is driven by a single
secondary mutation within the EGFR kinase domain, specifically substitution of the
gatekeeper residue threonine-790 with methionine (T790M). Addressing this unmet
medical need requires agents which can target both of the most common double
mutants: T790M/L858R and T790M/del(746-750). Due to dose-limiting toxicities
associated with inhibition of wild-type EGFR (wtEGFR), we sought inhibitors of T790Mcontaining EGFR mutants with selectivity over wtEGFR. A novel series of non-covalent
pyridinyl-aminopyrimidine inhibitors of EGFR was identified using high-throughput
screening. X-ray crystal structures with EGFR revealed an unusual binding mode which
conferred selectivity for inhibition of T790M double mutants over wtEGFR and kinases
in general. Structure and physicochemical property guided optimization was used to
selectively increase potency delivering compounds with low nM affinity and excellent
drug-like properties. The optimized compounds show strong inhibition of pEGFR and
proliferation in T790M EGFR-driven cell lines, with selectivity over wtEGFR-driven cell
lines, and up to 100% tumor growth inhibition in xenograft models of cell lines harboring
the T790M mutation. These results suggest that these pyridinyl-aminopyrimidine
inhibitors have the potential to benefit NSCLC patients who have developed resistance
to first-generation EGFR inhibitors due to the acquisition of the T790M mutation, without
the skin rash and gastrointestinal toxicity associated with wild-type EGFR inhibition.
MEDI 333
Strategies for the discovery of novel nonsteroidal mineralocorticoid receptor
antagonists
Agustin Casimiro-Garcia, agustin.casimiro-garcia@pfizer.com, David W. Piotrowski,
Kentaro Futatsugi, Kun Song, Shaughnessy Robinson, Catherine M. Ambler, Graciela
B. Arhancet, Tereece Banks, Mary E. Banker, Carine Boustany-Kari, Cuiman Cai,
Xiangyang Chen, Rena Eudy, David Hepworth, Catherine Hulford, Sandra M. Jennings,
Paula Loria, Marvin J. Meyers, Donna N. Petersen, Neil Raheja, matthew sammons,
Natalia J. Schmidt, Li She, Derek Vrieze, Liuqing Wei. Pfizer Inc, Cambridge,
Massachusetts, United States
There is an increased interest in the discovery of new nonsteroidal mineralocorticoid
receptor antagonist (MRAs) possessing adequate potency and selectivity as potential
therapeutic agents for the treatment of hypertension, heart failure, and diabetic
nephropathy. This next generation of nonsteroidal MRAs may have the potential to
provide improved end-organ protection and reduced risk of electrolyte balance when
compared to the current steroidal MRAs. A research program seeking novel
nonsteroidal MRAs was pursued at Pfizer, delivering a number of clinical candidates
including PF-03882845 that was advanced into clinical studies for the treatment of
diabetic nephropathy. Different medicinal chemistry strategies were pursued to further

build upon this novel MRA, including: (a) following up with a relatively similar scaffold
with specific goals of improving selectivity and biopharmaceutical properties that
ultimately delivered compounds with excellent potency and >500-fold selectivity for MR
over other NHRs; (b) pursuing novel leads that offered higher selectivity over other
NHRs by minimizing interactions with the steroid A-ring region of the receptor and
targeting specific regions of MR to build potency, such strategy delivered potent and
selective MRAs in a completely differentiated scaffold; and (c) a comprehensive virtual
screening campaign that utilized a diverse set of methods to identify several promising
series of nonsteroidal MRAs characterized by chemical novelty and tractability, good
MR potency, and selectivity over related NHRs. This presentation will describe these
strategies, the challenges, and the lessons learned from this work.
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Discovery of brain penetrant adaptor associated kinase (AAK1) inhibitors as a
potential novel treatment for neuropathic pain
Richard A. Hartz1, richard.hartz@bms.com, Vijay Ahuja2, Carolyn D. Dzierba1, Walter
Kostich1, Susheel Nara3, Vijayakumar CM3, Amy Easton1, Clotilde Bourin1, Linda
Bristow1, Jeffrey Brown1, Lisa Hunihan1, Michael Gulianello1, Ryan Westphal1,
Ramkumar Rajamani1, Susan Kiefer2, Dan Camac2, Jodi Muckelbauer2, Matt Pokross2,
Kaushik Ghosh3, Randi Brown2, Neha Surti2, Jonathan Lippy2, Ramesh Padmanabha1,
Kim Esposito1, James Grace1, Dawn Parker1, Kimberley A. Lentz2, Brian Hamman4,
Jason Allen4, Kevin Baker4, Gui-lan Ye4, Lanthorn Lanthorn4, Katerina Savelieva4, Brian
Zambrowicz4, Sreenivasulu Pattipati3, Manoj Dokania3, Saravanan Elavazhagan3,
Kumaran Dandapani3, Joanne J. Bronson1, John E. Macor2. (1) Bristol-Myers Squibb,
Wallingford, Connecticut, United States (2) Bristol-Myers Squibb, Princeton, New
Jersey, United States (3) Syngene International Limited, Bangalore, India (4) Lexicon
Pharmaceuticals, Princeton, New Jersey, United States
Effective treatment of chronic pain, in particular neuropathic pain, is a significant unmet
medical need. Gabapentin and pregabalin are currently two commonly prescribed drugs
to treat neuropathic pain. However, both of these drugs have limited efficacy and are
associated with dose limiting side-effects, such as dizziness, drowsiness and fatigue. To
look for potential novel therapeutic targets we utilized a mouse gene knock-out
approach combined with evaluation of pain behavior. We identified adaptor associated
kinase 1 (AAK1), also known as AP2-associated protein kinase 1, as a potential novel
therapeutic target for neuropathic pain. AAK1 is a member of the Ark1/Prk1 family of
serine/threonine kinases and plays a role in modulating receptor endocytosis. AAK1 had
not previously been associated with neuropathic pain. It was found that AAK1 knock-out
mice exhibit reduced pain behavior in the Formalin assay for persistant pain and a
reduced neuropathic pain response (mechanical allodynia) in the Chung model for
neuropathic pain without producing motor side effects. Synthesis and structure-activity
relationship (SAR) studies of a series of aryl amide-based AAK1 inhibitors led to the
identification of a brain penetrant, AAK1-selective compound that was active in the
formalin assay and the Chung model in mice as well as the chronic constriction injury-

induced thermal hyperalgesia and mechanical allodynia models in rats. In a mouse
pharmacodynamic marker assay, dose dependent inhibition of phosphorylation in the
brain of AAK1 substrate mu-2 was observed. These results provided pharmacological
proof-of-concept, demonstrating that the reduced pain response in AAK1 knock-out
mice observed in the Chung model for neuropathic pain could be recapitulated with a
small molecule, thus potentially providing a novel method for the treatment of
neuropathic pain. The aryl amide-based chemotype SAR along with the in vitro profile
and in vivo pain model results will be described.
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Targeted covalent inhibitors vs. reactive drug metabolites: A risk-benefit
perspective
Thomas A. Baillie, tbaillie@uw.edu. School of Pharmacy, University of Washington,
Seattle, Washington, United States
The metabolism of drugs and other foreign compounds to chemically reactive
intermediates that covalently modify cellular marcomolecules has been implicated as
one general mechanism of xenobiotic-induced toxicity, although it is recognized that
some reactive electrophiles appear to be benign while others are not. The factors that
determine the toxicological potential of a given reactive species are poorly understood,
and this limitation in our knowledge has hampered the development of predictive
models of toxicity. Based on safety concerns associated with the covalent modification
of proteins by reactive drug metabolites, the pharmaceutical industry has been reluctant
to develop drugs which interact with their biological targets through covalent bond
formation, although a number of such agents have been shown retrospectively to act via
this mechanism and have proved to be safe and effective therapeutics. Recently, the
first targeted covalent inhibitors specifically designed to silence their respective protein
targets have reached the marketplace with indications in the field of oncology. In this
presentation, the characteristics of targeted covalent inhibitors will be compared and
contrasted with those of reactive drug metabolites, and some general principles will be
discussed that may guide the rational design of covalent drugs.
MEDI 336
Exploring the kinome with selective and promiscuous chemical probes
Jack W. Taunton, jack.taunton@ucsf.edu. MC 2280 Genetech Hall RM N512F, UCSF,
San Francisco, California, United States
Quantifying drug/target engagement in living cells is a challenging problem for which
new chemical methods are needed. This issue is especially critical for kinase inhibitors,
which may target any one of 500 structurally related enzymes. Here, I will describe our
efforts to develop chemical probes that form a covalent bond with either a noncatalytic
cysteine or the catalytic lysine of multiple protein kinases in living cells.

MEDI 337
Discovery of rociletinib (CO-1686), a mutant-selective covalent inhibitor of EGFR
Deqiang Niu, dniu@celgene.com. Medicinal Chemistry, Celgene Avilomics Research,
Lexington, Massachusetts, United States
Non-small cell lung cancer (NSCLC) patients with activating epidermal growth factor
receptor (EGFR) mutations initially respond well to EGFR tyrosine kinase inhibitors
(TKI), such as gefitinib and erlotinib. Unfortunately, most patients develop resistance
due to a secondary mutation at T790M (the gatekeeper mutation) within exon 20 of
EGFR. This mutation accounts for approximately 60% of all resistance cases. Although
second generation irreversible TKIs (e.g. afatinib, dacomitinib, neratinib) are more
potent against the T790M mutation, their high potency against wild type EGFR results in
dose-limiting toxicities. Through structure based drug design and extensive structure
activity relationship (SAR) efforts, we identified a series of irreversible compounds that
selectively and potently inhibit both EGFR T790M and the initial activating EGFR
mutations (e.g. DelE746-A750), and importantly, are wild type EGFR sparing. These
compounds have the potential to effectively treat first- and second-line NSCLC patients
with EGFR mutations without causing wild type EGFR related toxicities. The design
strategy and SAR leading to the discovery of CO-1686 (rociletinib) will be discussed.
MEDI 338
Covalent inhibition of Mcl-1 through modification of a non-catalytic lysine side
chain
Gizem Akçay, Gizem.Akcay@astrazeneca.com, Neil Grimster, Michelle L. Lamb, Alex
Hird, Qibin Su, Brian M. Aquila. Oncology Chemistry Innovative Medicines, AstraZeneca
R&D Waltham, Medford, Massachusetts, United States
Myeloid cell leukemia 1 (Mcl-1) has emerged as a key resistance factor in human
cancers by antagonizing signals that would normally induce tumor cell death. Restoring
apoptotic signals by inactivating Mcl-1 protein interactions has the potential for
widespread utility in cancer treatment1. We have developed the first covalent inhibitors
for Mcl-1; a target proven difficult to inhibit utilizing traditional medicinal chemistry
strategies. Our approach involves modifying an indole-acid based Mcl-1 inhibitor with
boronic acid carbonyl warheads to covalently target an un-activated lysine side chain.
Our covalent binders exhibit improved potency in comparison to non-covalent
congeners as demonstrated in biochemical and cell based assays. In addition, we have
identified Lys234 as the key residue involved in covalent modification by point mutation,
mass spectrometry and FRET based binding experiments. This, to our knowledge, is
the first report of selective targeting of a non-catalytic lysine residue to disrupt a proteinprotein interaction. These covalent binders will be useful as a starting point for the
development of therapeutically relevant Mcl-1 inhibitors and as probes to interrogate
Mcl-1 dependent biological phenomena.

Reference
Lessene, G., Czabotar, P.E., Colman, P. M. (2008) Bcl-2 family antagonists for cancer
therapy Nat. Rev. Drug Discovery, 7, 989-1000.
MEDI 339
Discovery and development of CC-292, a covalent inhibitor of BTK
Russell C. Petter, rpetter@celgene.com. Medicinal Chemistry, Celgene Corporation,
Summit, New Jersey, United States
Bruton’s tyrosine kinase (BTK) plays an important role in signal transduction responsible
for B cell activation and proliferation. Several groups have pursued inhibitors of BTK as
therapeutic agents for the treatment of B cell-mediated pathologies such as lymphomas
and autoimmune disorders. This lecture will focus on the discovery and development of
CC-292, a covalent, irreversible inhibitor of BTK that has entered clinical trials. CC-292
and other targeted covalent kinase inhibitors will provide a basis for the discussion of
more general inferences about irreversible inhibitors.
MEDI 340
Reducing proteome reactivity of irreversible inhibitors of EGFR T790M
John C. Kath, john.c.kath@pfizer.com. Pfizer Inc, San Diego, California, United States
Emergence of a secondary T790M gatekeeper mutation is the predominant mechanism
of erlotinib/gefitinib drug resistance in EGFR mutant lung cancer. The T790M resistance
mutant has been a subject of intense interest and several irreversible small molecule
inhibitors have recently entered the clinic. A core principle in our pursuit of irreversible
T790M inhibitors was to minimize proteome-wide reactivity by focusing on increased
inhibitor binding affinity for T790M and decreased reactivity of the warhead. These
efforts led to a pair of development candidates which both show considerably reduced
proteome-wide reactivity relative to earlier inhibitors.
MEDI 341
Discovery of CFG920, a dual CYP17/CYP11B2 inhibitor, for the treatment of
castration resistant prostate cancer
Christoph Gaul2, christoph.gaul@novartis.com, Prakash Mistry2, Henrik Moebitz2, Mark
Perrone2, Bjoern Gruenenfelder2, Nelson Guerreiro2, Wolfgang Hackl2, Peter Wessels2,
Estelle Berger2, Mark G. Bock3, Saumitra Sengupta1, Venkateshwar Rao1, Murali
Ramachandra1, Thomas Antony1, Kishore Narayanan1, Samiulla Dodheri1, Aravind
Basavaraju1, Shekar Chelur1. (1) Aurigene Discovery Tech Ltd, Bangalore,

KARNATAKA, India (2) Novartis, Basel, Switzerland (3) Novartis, Boston,
Massachusetts, United States
Metastatic prostate cancer generally responds to androgen deprivation therapy with
medical or surgical castration, but eventually patients progress despite testosterone
continuing to be at castration levels. This disease state is termed castration resistant
prostate cancer (CRPC). Recently it has been shown that CRPC remains dependent on
androgen receptor (AR) signaling and that androgens from the adrenal glands as well
as from de novo intratumoral synthesis are important sources of AR activation in CRPC.
A key enzyme involved in the synthesis of these AR ligands, testosterone and 5αdihydrotestosterone, is 17α-hydroxylase/17,20-lyase (CYP17). Abiraterone acetate
(Zytiga), a steroidal, irreversible inhibitor of CYP17, has shown survival benefit in CRPC
patients, and has been approved for treatment of post chemotherapy CRPC.
We will disclose for the first time the discovery of CFG920, a non-steroidal, potent,
reversible inhibitor of CYP17 and CYP11B2 (aldosterone synthase). The clinical
candidate is orally bioavailable, has an excellent physicochemical profile, no food effect
risk, and predicted low human exposure variability. In addition, CYP11B2 inhibition by
CFG920 leads to reduction in plasma aldosterone levels, potentially reducing the
mineralocorticoid excess adverse effects observed with selective CYP17 inhibitors.The
medicinal chemistry aspects of the program will be highlighted and include a discussion
of hit generation approaches, CYP selectivity design principles and strategies to
overcome auto-induction of metabolism.
MEDI 342
Inventing INCB24360 (epacadostat), an indoleamine-2,3-dioxygenase-1 (IDO1)
inhibitor for immuno-oncology
Andrew P. Combs, acombs@incyte.com. Chemistry, Incyte Corporation, Wilmington,
Delaware, United States
Immunotherapy agents, such as anti-CTLA-4, anti-PD1 and anti-PDL1 mAbs, have
provided unprecedented clinical efficacy in a broad range of tumor types and paved the
way for a new paradigm in cancer treatment through inhibition of innate mechanisms
subverted by tumors to suppress the immune response. Indoleamine-2,3-dioxygenase-1
(IDO1) is an immunotherapy target due to its role in regulating local T-cell response. In
this presentation, I will focus on Incyte’s data centric, medicinal chemistry decision
making process that culminated in the invention of epacadostat, a first-in-class, potent,
selective and orally bioavailable small molecule IDO1 inhibitor. The novel molecular
structure provides yet another example of a “rule-of-5 breaking” clinical candidate. Initial
clinical proof-of-concept was demonstrated in combination with anti-CTLA-4
(ipilimumab) in melanoma patients. Phase II clinical trials designed to explore the use of
epacadostat in combination with other immunotherapy agents are on-going.
MEDI 343

Discovery of AG-221: A first-in-class inhibitor of IDH2 mutant enzymes for the
treatment of acute myelogenous leukemia
Jeremy M. Travins4, jmtravins@gmail.com, Jeffrey Saunders4,2, Francesco G.
Salituro4,3, Janeta V. Popovici-Muller4, Katharine Yen5, Kimberly Straley5, Erica
Hansen5, Fang Wang5, Stefan Gross6, Lenny Dang6,5, Hua Yang7, Luke Utley7, Yue
Chen7, Lee Silverman8, Sam Agresta1, Michael Su1, Scott A. Biller1. (1) Agios
Pharmaceuticals, Cambridge, Massachusetts, United States (2) Ember Therapeutics,
Watertown, Massachusetts, United States (3) Sage Therapeutics, Cambridge,
Massachusetts, United States (4) Department of Chemistry, Agios Pharmaceuticals,
Cambridge, Massachusetts, United States (5) Department of Biology, Agios
Pharmaceuticals, Cambridge, Massachusetts, United States (6) Department of
Biochemistry, Agios Pharmaceuticals, Cambridge, Massachusetts, United States (7)
Department of Drug Metabolism and Pharmacokinetics, Agios Pharmaceuticals,
Cambridge, Massachusetts, United States (8) Department of Pharmacology and
Toxicology, Agios Pharmaceuticals, Cambridge, Massachusetts, United States
Somatic point mutations in the metabolic enzymes isocitrate dehydrogenase 1 and 2
(IDH1 and IDH2) confer gain-of-function activity in cancer cells, resulting in
accumulation of the oncometabolite, R-2-hydroxyglutarate (2-HG). High levels of 2-HG
result in epigenetic changes and impaired cellular differentiation. IDH mutations have
been identified in a spectrum of solid tumors and hematologic malignancies. This
presentation will describe the discovery of AG-221, a first-in-class, oral, potent,
reversible, selective inhibitor of the IDH2 mutant enzyme. AG-221 has demonstrated
early evidence of antitumor activity with an acceptable safety profile in a Phase 1 clinical
trial in patients with AML and other advanced hematologic malignancies, harboring an
IDH2 mutation.
MEDI 344
Discovery of AMG 337, a potent and selective inhibitor of c-Met with high
unbound exposure and robust, extended in vivo antitumor activity
Alessandro Boezio, alessandro.boezio@gmail.com, Brian K. Albrecht, David Bauer,
Steven F. Bellon, Christiane M. Boezio, Martin A. Broome, Deborah M. Choquette,
Katrina W. Copeland, Isabelle Dussault, satoko Hirai, Richard T. Lewis, Min-Hwa
Jasmine Lin, Julia Lohman, Jingzhou Liu, Emily A. Peterson, Michele Potashman,
Karen Rex, Roman Shimanovich, Yohannes Teffera, Douglas Whittington, Karina
Romero, Jean-Christophe Harmange. AMGEN Inc., Cambridge, Massachusetts, United
States
The receptor tyrosine kinase c-Met and hepatocyte growth factor (HGF), its endogenous
ligand, are implicated in several cellular processes relevant to cancer, including cell
proliferation, cell migration, and invasive growth. Deregulation of the c-Met/HGF
pathway can lead to tumorigenesis and metastasis. Amplification of the MET gene, the
overexpression of c-Met and/or HGF, and constitutive activation conferred by sequence

mutations are some of the mechanisms of deregulation that have been found in human
cancers. The potential blockade of both ligand-dependent and ligand-independent
activity of c-Met by an ATP-competetive small molecule inhibitor acting via the
intracellular kinase domain is an appealing strategy for the treatment of cancer. We
previously reported the discovery of potent, orally active c-Met inhibitors, however, each
series suffers from its own unique liabilities. Efforts to improve upon these inhibitors led
to the discovery of a series of c-Met inhibitors leading to AMG 337. This presentation
will describe the design, synthesis, pharmacokinetics and in vivo efficacy of this class of
compounds. AMG 337 is currently in Phase 2 clinical trials for the treatment of cancer.
MEDI 345
Tissue selective androgen receptor modulators (SARMs): A path to a clinical
candidate
Eugene L. Chekler, piatnits@gmail.com. Pfizer, Concord, Massachusetts, United
States
A novel series of Selective Androgen Receptor Modulators (SARMs) which shows
excellent biological activity and physical properties is presented. High quality SARM
compounds have been identified using structure based design to derive potent anabolic
agents using an assay predictive of androgenic activity (N/C termini interaction assay),
and by designing chemical matter in good property space. Representative compounds
demonstrate diminished activity in promoting the intramolecular interaction between the
AR carboxyl (C) and amino (N) termini which proved to be useful as a biomarker to
decouple undesired androgenic responses from anabolic activity. In castrated rats, the
daily administration of a lead compound shows anabolic activity by increasing levator
ani muscle weight. Minimal effects were observed on the prostate, and seminal vesicles
along with minimal effects repressing circulating luteinizing hormone (LH) levels. A lead
compound completed 3 month IND enabling studies in rats and dog, and demonstrated
no off-target adverse effects. Dose-dependent exaggerated pharmacology of AR was
the only finding across species and correlated well with the level of endogenous
testosterone. Phase I dosing is complete, and exposures are in the range of predicted
human efficacious concentrations. Appropriate safety profile was observed at the
predicted human efficacious concentration level which enables first-in-patient study.
MEDI 346
Discovery of IKur inhibitor BMS-919373 and selection as a clinical candidate
Heather Finlay1, heather.finlay@bms.com, Prashantha Gunaga3, James A. Johnson1,
John Lloyd1, Ji Jiang1, James Neels1, Ashok Kumar3, Naveen Dhondi3, Abhisek
Banerjee3, Stephen Johnson1, Anjaneya Chimalakonda1, Sandhya Mandlekar1,
sivaprasad putlur3, Ajay Saxena3, Harinath Sale3, Dezhi Xing1, Rodney Smith1, James
Hennan1, Paul Levesque1, Ruth R. Wexler2. (1) Bristol Myers Squibb, Princeton, New

Jersey, United States (2) Discovery Chemistry, Bristol-Myers Squibb, Princeton, New
Jersey, United States (3) BBRC, Bangalore, India
Atrial fibrillation (AF) is a disease which continues to increase in prevalence and despite
significant advances in anti-coagulation therapy to reduce the risk of stroke,
maintenance of normal sinus rhythm continues to be an area of unmet need. The
potential to further improve the quality of life by reducing AF burden through targeting
inhibition of atrial specific ion channels such as IKur is compelling from pre-clinical in
vivo models, however, clinical proof of concept has not been established. Throughout
the pharmaceutical industry, identification of IKur inhibitors with acceptable profiles to
advance to phase I studies has been challenging. This disclosure will highlight the
discovery, optimization and profile of the phenylquinazoline series leading to the clinical
candidate BMS-919373.
MEDI 347
Wnt pathway inhibitors – indazoles
Kai Schiemann1, Kai.Schiemann@merck.de, Aurélie Mallinger2, Dirk Wienke1,
Christina Esdar1, Oliver Poeschke1, Michael Busch1, Felix Rohdich1, Suzanne A.
Eccles2, Richard Schneider1, Florence Raynaud2, Paul Czodrowski1, Djordje Musil1,
Daniel Schwarz1, Julian Blagg2. (1) Merck KGaA, Merck Serono, Darmstadt, Germany
(2) The Institute of Cancer Research, Cancer Research UK, London, United Kingdom
WNT signaling is frequently deregulated in malignancy, particularly in colon cancer, and
plays a key role in the generation and maintenance of cancer stem cells. Here we report
the discovery and optimization of an indazole series identified from an HTS screen on a
defined biochemical target with activity on a cell-based reporter assay of the WNT
pathway. We disclose X-ray co-crystal structures with the biochemical target and
medicinal chemistry optimization to increase potency, improve physicochemical
properties and oral pharmacokinetics. In addition, the selectivity and off-target profiles
will be shown. Evidence for in vivo activity after oral dosing in a solid human tumor
xenograft model will be demonstrated.
MEDI 348
Discovery and modulation of carbonyl interactions in bioactive small molecules
Robert W. Newberry2, rnewberry@chem.wisc.edu, Ronald T. Raines1. (1) Department
of Biochemistry, University of Wisconsin - Madison, Madison, Wisconsin, United States
(2) University of Wisconsin-Madison, Madison, Wisconsin, United States
Conformations of organic molecules can be guided by a variety of intramolecular,
noncovalent interactions. We have shown that a previously unappreciated force, termed
the n-to-pi* interaction, can bias the conformations of organic molecules by encouraging
attraction between carbonyl groups. These interactions can have energies similar to

those of some hydrogen bonds and have been implicated in biopolymer folding. Here,
we describe the discovery of a key n-to-pi* interaction within N-acyl homoserine
lactones, which are principal mediators of quorum sensing phenomena in Gramnegative bacteria. We then characterize two distinct strategies for modulating this
interaction that are amenable to both small molecules and polymeric materials,
especially proteins.
MEDI 349
Rapid elaboration of fragment hits as inhibitors of DsbA, a novel antibacterial
target
Jamie S. Simpson1, Jamie.Simpson@monash.edu, Brent Plumb1, Andreas Kany1,
Luke A. Adams1, Bradley C. Doak1, Mansha Vazirani1, Mark Mulcair1, Olga Ilychova1,
Kieran Rimmer1, Martin J. Scanlon1,2. (1) Medicinal Chemistry, Monash University,
Parkville, Victoria, Australia (2) Australian Research Council Centre of Excellence for
Coherent X-ray Science, Monash University, Parkville, Victoria, Australia
Fragment-based drug discovery has become well accepted as an approach to
identifying hits for development into therapeutic leads. Despite this, a major bottleneck
is the chemistry required to elaborate a small and weakly binding fragment hit into a
molecule of sufficient potency to allow biological validation and progression into hit-tolead status. Our approach seeks to increase the speed at which initial fragment hits can
be made more potent through the synthesis of targeted lead libraries, and the
application of Surface Plasmon Resonance (SPR) based off-rate screening, an
approach which allows for the screening of crude reaction mixtures.1
We illustrate this approach using DsbA, a bacterial oxidoreductase responsible for the
formation of disulfide bonds in many excreted bacterial proteins and peptides.2 Many of
these proteins are required to establish an infection, and DsbA is now well established
as a master regulator of bacterial virulence.3,4
We recently disclosed our initial progress towards inhibitors of DsbA using fragment
based drug discovery (FBDD) methods.5 Preliminary SAR for our original fragment hits
against DsbA was established through compound purchase and limited synthetic
chemistry, generating compounds which showed activity in enzyme and cell-based
activity, and gave x-ray crystal structures. We now describe our progress in the rapid
elaboration of these fragment hits into more potent inhibitors. Targeted lead libraries
were generated based on these compounds, and their relative affinity evaluated by offrate screening, leading to significant improvements in affinity.
(1) Murray, J. B. et al. Off-Rate Screening (ORS) by Surface Plasmon Resonance. an
Efficient Method to Kinetically Sample Hit to Lead Chemical Space in Unpurified
Reaction Products. J Med Chem 2014, 140212113535003.
(2) Heras, B. et al. DSB Proteins and Bacterial Pathogenicity. Nat Rev Microbiol 2009,
7, 215–225.

(3) Kadokura, H. et al. Protein Disulfide Bond Formation in Prokaryotes. Annu Rev
Biochem 2003, 72, 111–135.
(4) Dutton, R. et al. Bacterial Species Exhibit Diversity in Their Mechanisms and
Capacity for Protein Disulfide Bond Formation. Proceedings of the National Academy of
Sciences 2008, 105, 11933–11938.
(5) Adams, L. A. et al. Application of Fragment-Based Screening to the Design of
Inhibitors of Escherichia Coli DsbA. Angew Chem Int Edit 2015, 54, 2179–2184.
MEDI 350
Discovery and optimization of potent, selective, and in vivo efficacious BCATm
inhibitors
Hongfeng Deng1, hongfeng.x.deng@gsk.com, Jingye Zhou2, Flora Sundersingh1, Jeff
Messer1, Don Somers3, Arthur Beljean3, Svetlana L. Belyanskaya1, Ryan Bingham3,
Emily Blazensky1, Eric Boursier4, Jing Chai1, Paul Carter3, Chun-wa Chung3, Alain
Daugan4, Yun Ding1, Eric N. Humphries1, Chris Kollmann1, Sarah E. Smith3, Nerina
Dodic4, Nicolas Ancellin4. (1) Platform Technology and Science, GlaxoSmithKline,
Waltham, Massachusetts, United States (2) Lilly, Shanghai, China (3) Medicines
Research Centre, GlaxoSmithKline, Stevenage, United Kingdom (4) Centre de
Recherche, GlaxoSmithKline, Les Ulis, France
Mitochondrial branched-chain amino acid aminotransferase (BCATm) is an important
metabolic regulator. To identify BCATm inhibitors suitable for in vivo study, DNA
Encoded Library Technology (ELT) was used to affinity screen more than 14 billion
drug-like compounds, which identified several series of BCATm inhibitors with both
biochemical and cellular activities. Subsequent optimization led to the discovery of a
highly potent and selective compound 1-((1R,3S)-3-(5-bromothiophene-2carboxamido)cyclohexyl)-N-methyl-2-(pyridin-2-yl)-1H-benzo[d]imidazole-5carboxamide (1) with good PK properties (pIC50, 7.3 and 7.0 for enzyme and cell activity
respectively; T1/2, 2.5 h; AUC, 6206 ng.h/mL; F%, 28%). X-ray structure revealed that 1
binds to the active site of BCATm via multiple H-bond and van der Waals interactions.
After oral administration, 1 raised mouse blood levels of all three branched chain amino
acids as a consequence of BCATm inhibition. Compound 1 is a valuable tool for in vivo
evaluation of BCATm as a therapeutic target for metabolic diseases.
MEDI 351
Modifications to the A- and C-rings of EGCG for improved Hsp90 inhibition
Anuj Khandelwal, a615k375@ku.edu, Brian Blagg. Medicinal Chemistry, The
University of Kansas, Lawrence, Kansas, United States
Green tea manifests a number of beneficial biological activities, including anti-cancer
activity. EGCG, the principal component of green tea, mediates these biological
properties by a variety of mechanisms. One mechanism of action is antagonism of the

aryl hydrocarbon receptor (AhR). Recently, it was shown that EGCG blocks AhRmediated transcription by binding to the C-terminus of Hsp90, and not through direct
binding to the AhR. Structure-activity relationship studies on the B- and the D-rings of
EGCG has led to ~50 fold improvement in efficacy and resulted in the omission of
redox-active functionalities. In this work, modifications on the A-, and the C-ring were
conducted. The C-ring analogs probed areas of the binding pocket that remain
inaccessible by novobiocin, another C-terminal inhibitor of Hsp90. The A-ring analogs
suggested the potential for overlapping binding sites between EGCG and novobiocin.
These novel EGCG analogs were evaluated for anti-proliferative activity against both
MCF-7 and SKBr3 breast cancer cell lines. Inhibition of Hsp90 by these analogues was
confirmed through western blot analyses, and led to the development of EGCG analogs
with improved efficacy.

MEDI 352
Small molecule inhibitors of the CaaX protease Rce1 disrupt Ras localization
Idrees Mohammed3, Shahienaz Hampton3, Louise Ashall3, Emily R. Hildebrandt1,
Robert Kutlik1, Surya P. Manandhar1, Brandon J. Floyd1, Jonathan K. Dozier2, Mark D.
Distefano2, Walter Schmidt1, Timothy M. Dore3,1, timothy.dore@nyu.edu. (1) University
of Georgia, Athens, Georgia, United States (2) Univ of Minnesota, Minneapolis,
Minnesota, United States (3) NYU Abu Dhabi, Abu Dhabi, United Arab Emirates
The CaaX endoprotease Ras converting enzyme (Rce1) is an ER-localized, membranebound protein that cleaves the peptide bond between the C and aaX portion of the
CaaX motif. The activity of Rce1 is crucial for proper targeting of the CaaX protein Ras
to the plasma membrane, where it is responsible for transmitting signals to activate

signaling pathways that regulate cell proliferation, cell cycle progression, and apoptosis.
Dysregulation of these pathways due to activating mutations of Ras are common in 30%
of all cancers, 70% or all solid tumors, and 90% of pancreatic tumors. Ras possesses
the CaaX structural motif: a C-terminal tetrapeptide sequence with the amino acid
cysteine (C), two aliphatic amino acids (aa), followed by one of several amino acids (X,
Met in Ras). Activation of Ras occurs by three post-translational modifications:
attachment of an isoprenoid to the cysteine thiol by a farnesyl transferase (FTase),
proteolytic cleavage of the last three amino acids by Rce1, and addition of a methoxy
group to the C-terminal cysteine by an isoprenylcysteine carboxyl methyltransferase
(ICMT). Failure of the proteolysis step causes the mislocalization and dysfunction of
Ras, making Rce1 a potential target for cancer therapy. Through in vitro screening in a
proteolysis assay, we have discovered several small-molecule inhibitors of Rce1. Hit
expansion and SAR studies have improved IC50 values to less than 5 μM. These
compounds are the first to mislocalize GFP-tagged H-Ras, N-Ras, and K-Ras in a
human cell line. The discovered inhibitors provide a means for exploring the role of
Rce1 in the regulation of Ras and other CaaX proteins and determining the potential of
Rce1 as a target for cancer therapy.

(A) Inhibitor structure and modifications for SAR. (B) Mislocalization of EGFP-HRas in
HCT116 cells through inhibition of Rce1. Left: no inhibitor. Right: 25 μM inhibitor. Scale bars:
10 μm.
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Antimalarial drug discovety: Lapatinib re-optimization as a case study of
expedited drug discovery using target repurposing
Naimee Mehta1, mehta.nai@husky.neu.edu, Patricia J. Lee2, Susan E. Leed2, Richard
J. Sciotti 2, Michael P. Pollastri1. (1) Department of Chemistry & Chemical Biology,
Northeastern University, Waltham, Massachusetts, United States (2) Walter reed army
institute, Silver Spring, Maryland, United States

Neglected and tropical diseases affect a large proportion of the world's population and
represent a significant unmet medical need, primarily due to low financial incentives for
costly and risky drug discovery efforts. Streamlined drug discovery approaches are
therefore needed, and, with this in mind, our laboratory implements a “Target
Repurposing” approach that can reduce resource requirements for drug discovery. We
identify classes of essential parasite targets that have human homologs previously
pursued for drug discovery, and reuse existing knowledge and established chemical
inhibitors for these human targets. Applying this approach we recently reported
discovery of highly potent anti-malarial compounds derived from lapatinib, an approved
tyrosine kinase inhibitor. Although highly active, these compounds display poor
physicochemical properties. Our ongoing efforts to optimize activity and
physicochemical properties for this disease will be discussed, and promising new lead
compounds for malaria will be presented.
MEDI 354
Design and synthesis of a novel series of γ-secretase modulators: Cyanoindoles,
moving toward a better drug-like space?
Adriana I. Velter, ivelter@its.jnj.com, François Bischoff, Michel De Cleyn, Harrie
Gijsen, Gregor Macdonald, Daniel Oehlrich, Frederik Rombouts, Michel Surkyn, Sven
Van Brandt, Chiara Zavattaro, Nigel Austin, Marc Mercken. Janssen Research &
Development, Beerse, Belgium
γ-Secretase modulation represents an alternative approach for finding potential disease
modifying anti-Alzheimer’s drugs.[i] In contrast to γ-secretase inhibitors, modulators
cause a product shift from the longer amyloid isoforms to shorter, more soluble and less
amyloidogenic isoforms, without inhibiting NOTCH proteolytic processing. We have
previously reported the design and synthesis of several chemical series of in vitro and in
vivo potent γ-secretase modulators (GSM).[ii] In general, the reported GSM series are
highly aromatic and lipophilic. Many GSMs possess an N-(hetero)aryl-imidazole moiety
which, while crucial for optimal potency, could be responsible for undesired properties
such as drug-drug interaction liabilities and cardiovascular safety side-effects. Our
search for chemical series with improved physico-chemical properties led to the
identification of a novel chemical class of GSM, the cyanoindoles (1). This work
describes the design, synthesis and current status of (1).

Oehlrich, D.; Berthelot, D. J.-C. Gijsen, H.J.M. J. Med. Chem. 2011, 54, 669-698
[ii] (a) Bischoff, F.; Berthelot, D.; De Cleyn, M.; Macdonald, G.; Minne, G.; Oehlrich, D.;
Pieters, S.; Surkyn, M.; Trabanco, A. A.; Tresadern, G.; Van Brandt, S.; Velter, I.; Zaja,
M.; Borghys, H.; Masungi, C.; Mercken, M.; Gijsen, H. J. M. J. Med. Chem. 2012 55,
9089; (b) Oehlrich, D., Rombouts, F. J. R.; Berthelot, D.; Bischoff, F. P.; De Cleyn, M.;
Jaroskova, L.; Macdonald, G; Mercken, M; Surkyn, M; Trabanco, A. A; Tresadern, G;
Van Brandt, S.; Velter, A. I.; Wu, T.; Gijsen, H. J. M. Bioorg. Med. Chem. Lett. 2013, 23,
4794; (c) Velter, A. I.; Bischoff, F.; Berthelot, D.; De Cleyn, M.; Oehlrich, D..; Jaroskova,

L.; Macdonald, G.; Minne, Pieters, S.; Rombouts, F.; Van Brandt, S.; Van Roosbroek,
Y.; Surkyn, M.; Trabanco, A. A.; Tresadern, G..; Wu, T.; Borghys, H.; Mercken, M;
Masungi, C.; Gijsen, H. J. M Bioorg. Med. Chem. Lett. 2014, 24, 5805.
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Discovery and synthesis of substituted amino-pyrimidines as inhibitors of 5lipoxygenase-activating protein (FLAP) for the treatment of inflammatory disease
Wendy K. Eccles, weccles2004@yahoo.com, Jonathan Blevitt, Leon Chang, Kevin
Coe, Shelby Crawford, Aimee De Leon-Tabaldo, Daniel DiSepio, James P. Edwards,
Anita Everson, Mark Feinstein, Michael D. Hack, Natalie Hawryluk, Krystal Herman,
William Jones, John M. Keith, Suzie Kim, Tatiana Koudriakova, Paul Krawczuk, Alec D.
Lebsack, Jing Liu, Rosa Luna-Roman, Neelakandha S. Mani, Kelly McClure, Patricia
McGovern, Steven P. Meduna, marcos milla, Navin Rao, Michele Rizzolio, Mark Rosen,
Brian Scott, Kia Sepassi, Judy Skaptason, Mandana Tootoonchi, Xiaohua Xue, jian
Zhu. Janssen Pharmaceutical R&D, San Diego, California, United States
Leukotrienes (LTs) are known to play a role in inflammatory immune response. 5lypoxygenase activating protein (FLAP) is an integral nuclear membrane protein that
selectively transfers arachidonic acid (AA) to 5-lypoxygenase (5-LO), initiating the
synthesis of leukotriene A4 (LTA4). LTA4 is then converted to LTB4 and LTC4 which can
activate G protein-coupled receptors leading to an immune response. It has been
shown that the inhibition of FLAP will reduce the production of LTB4 and LTC4, offering
a potential therapy for the treatment of inflammatory disease. This presentation will
describe a series of substituted amino-pyrimidine, select structure activity relationships
(SAR), and their differentiation from known FLAP inhibitors.
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Design and development of palladium-labile bioorthogonal prodrugs

Asier Unciti-Broceta, Asier.Unciti-Broceta@igmm.ed.ac.uk. Cancer Research UK
Edinburgh Centre, University of Edinburgh, Edinburgh, United Kingdom
The heterogeneity and capacity to evolve in response to therapies of many cancers limit
the clinical efficacy of targeted therapies. In this context the non-selective activity of
chemotherapeutics becomes an advantage. Nonetheless, due to chemoresistance and
dose-limiting side effects, most cytotoxic drugs eventually become ineffective to latestage tumours. To tackle those difficult-to-treat cancers, improved chemotherapeutic
strategies beyond the one-pill paradigm are mandatory.
To reduce systemic side effects of chemotherapy while increasing drug levels in the
tumour, my lab has recently developed a novel prodrug activation strategy that is
independent from intrinsic biological activators [1]. The approach consist of using
surgically-implanted palladium (Pd) devices to activate systemically-administered drug
precursors at the location of the device (e.g. inside a tumour), thus providing sitespecific control of chemotherapy and the mitigation of systemic adverse effects.
Contrary to biolabile prodrugs, whose activation relies on metabolic pathways, an
efficient Pd-activated prodrug therapy would be entirely dependent on the presence of
this metal and therefore the prodrug would remain intact in distant tissues and organs.
Based on the drug’s mode of action and the remarkable catalytic properties and
biocompatibility [1-5] of Pd0 (see Fig A,B), my lab designs masking strategies with 3
purposes: (i) eliminating drug’s pharmacological properties; (ii) minimizing prodrugs’
susceptibility to cleavage by hydrolytic enzymes; and (iii) rendering them “cleavable” by
Pd catalysis. In this talk I will present the chemical strategies developed by us in the
search for bioorthogonal prodrugs whose bioactivity can be exclusively modulated by
heterogeneus Pd chemistry (Fig C) [1,4,5].
Key references:
[1] Weiss et al. Nat Commun 2014, 5, 3277; [2] Yusop, Unciti-Broceta et al. Nat Chem
2011, 3, 241; [3] Unciti-Broceta et al. Nat Protocols 2012, 7, 120; [4] Weiss et al. J Med
Chem 2014, 57, 5395-5404; [5] Weiss et al. Sci Rep, 2015, in press.

Figure. A) Pd-resins do not affect embryo development. B) Local in vivo activation of a
profluorophore by heterogeneous Pd catalysis [1]. C) Bioorthogonal restoration of drugs’
bioactivity in the presence of Pd [1,5].
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Pharmacophore-based design of novel oxadiazoles as selective sphingosine-1phosphate (S1P) receptor agonists with in vivo efficacy
Anna Quattropani1, anna.quattropani@asceneuron.com, Wolfgang Sauer4, Stefano
Crosignani1, Jerome Dorbais1, Patrick Gerber1, Jerome Gonzalez1, Delphine Marin1,
Mathilde Muzerelle1, Fanny Beltran2, Anthony Nichols2, Katrin Georgi3, Manfred
Schneider3, Pierre-Alain Vitte5, Valerie Eligert5, Laurence Novo-Perez5, Jennifer
Hantson5, Sebastien Nock5, Susanna Carboni5, Adriano L. Soares de Souza5, JeanFrançois Arrighi5, Ursula Boschert5, Agnes Bombrun1. (1) Chemistry Department, Merck
Serono S.A., Geneva, Switzerland (2) Lead Discovery Technologies, Merck Serono
S.A., Geneva, Switzerland (3) Early ADME, Merck Serono S.A., Geneva, Switzerland
(4) Computational Chemistry, Merck Serono S.A., Geneva, Switzerland (5)
Pharmacology/Neuroimmunology, Merck Serono S.A., Geneva, Switzerland
Sphingosine-1-phosphate (S1P) receptor agonists have shown promise as therapeutic
agents for multiple sclerosis (MS) due to their regulatory roles within the immune,
central nervous system, and cardiovascular system. We will present the design and
optimization of novel [1,2,4]oxadiazole derivatives as selective S1P receptor agonists,
with the support of a pharmacophore model. The structure-activity relationship
exploration was carried out on the three dominant segments of the series: modification

of the polar head group (P), replacement of the oxadiazole linker (L) with different fivemembered heterocycles, and the use of diverse 2,2'-disubstituted biphenyl moieties as
the hydrophobic tail (H). All three segments have a significant impact on potency, S1P
receptor subtype selectivity, physicochemical properties, and in vitro absorption,
distribution, metabolism, excretion and toxicity (ADMET) profile of the compounds. From
these optimization studies, a selective S1P1 agonist, N-methyl-N-(4-{5-[2-methyl-2'(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}benzyl)glycine (1), and a dual S1P1,5
agonist, N-methyl-N-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3yl}benzyl)glycine (2), emerged as frontrunners. These compounds distribute
predominantly in lymph nodes and brain over plasma and induce long lasting decreases
in lymphocyte count after oral administration. When evaluated head-to-head in an
experimental autoimmune encephalomyelitis (EAE) mouse model, together with the
marketed drug fingolimod, a pan-S1P receptor agonist, S1P1,5 agonist 2 demonstrated
comparable efficacy while S1P1-selective agonist 1 was less potent. Compound 2 is not
a prodrug, and its improved property profile should translate into a safer treatment of
relapsing forms of MS.
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Synthesis, in vitro and in vivo evaluation of tetrahydroquinolines featuring a
diverse set of polar substitutions at the 6 position as mixed efficacy mu opioid
receptor/delta opioid receptor ligands
Aaron Bender1, ambender@umich.edu, Nicholas W. Griggs2, Jessica P. Anand2, Emily
M. Jutkiewicz2, John R. Traynor2, Henry I. Mosberg1. (1) Department of Medicinal
Chemistry, University of Michigan, Ann Arbor , Michigan, United States (2) Department
of Pharmacology, University of Michigan , Ann Arbor , Michigan, United States

Although opioid analgesics like morphine are currently the accepted standard of care for
the clinical treatment of pain, these compounds are often problematic because
tolerance and dependence can quickly develop. Morphine, like many other clinical
opioids, is selective for the mu opioid receptor (MOR). It has been shown that
compounds with affinity for both MOR and the delta opioid receptor (DOR) can reduce
the undesired side effects associated with MOR selective ligands, namely dependence
and tolerance. We have previously reported a small series of mixed efficacy MOR
agonist/DOR antagonist opioid ligands featuring a tetrahydroquinoline (THQ) scaffold,
and showed the promise of this series as effective analgesics after intraperitoneal
administration in mice. We here discuss expanded SAR of the pendant region of these
compounds at the 6 position, utilizing a second-generation asymmetric synthesis, and
focus in particular on the incorporation of heteroatoms into this side chain. These
analogues provide new insight into the binding requirements for this scaffold at MOR,
DOR, and the kappa opioid receptor (KOR), and several significantly improve upon the
overall MOR agonist/DOR antagonist profile of our previous compounds in vitro. In vivo
data for selected compounds in mice will also be reported.
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Structure activity relationships of various N-substitutions on mixed-efficacy μopioid receptor (MOR) agonist/ δ-opioid receptor (DOR) antagonist
peptidomimetics
Aubrie Harland2, aharland@umich.edu, Aaron Bender2, Nicholas W. Griggs3, Jess P.
Anand4, Emily M. Jutkiewicz5, John R. Traynor6, Henry I. Mosberg1. (1) University of
Michigan, Ann Arbor, Michigan, United States (2) Medicinal Chemistry, University of
Michigan, Ypsilanti, Michigan, United States (3) Pharmacology, University of Michigan,
Ann Arbor, Michigan, United States

Several studies have shown the utility of a mixed-efficacy, bifunctional µ-opioid receptor
(MOR) agonist/ δ-opioid receptor (DOR) antagonist because this profile offers MORmediated analgesia, but with a reduced risk of tolerance and dependence. We have
previously reported a series of peptidomimetics that incorporates a tetrahydroquinoline
(THQ) core, which when N-acetylated, better balances the affinity at MOR and DOR
and reduces affinity at KOR. In an effort to explore further this region of the receptor
binding pocket and determine the optimal R-group on the THQ nitrogen, we have
synthesized a series of N-substituted THQ analogues that incorporate various aliphatic,
cyclic, aromatic, acidic, and basic functionalities. Through this synthetic campaign we
are able to empirically probe and “map” the region of the binding pocket where the Nsubstitutions interact and define the steric and electronic requirements and limitations.
Preliminary data suggest that although the in vitro profiles are similar, an acyl moiety is
preferable to a strictly aliphatic moiety as it is less susceptible to oxidation in solution
and in ambient atmosphere. Additionally, we have found that increasing the length of an
acyl chain, or incorporating branched or cyclic acyl chains can slightly increase DOR
affinity, but also increase DOR efficacy. With this synthetic campaign, not only is it our
goal to optimize our peptidomimetic scaffold to create an improved MOR agoinst/DOR
antagonist ligand, but to also explore SAR across all three receptors.
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Discovery of potent and efficacious aminopyridines as inhibitors of
phosphodiesterase 10A
Paul E. Harrington1, paulharrington1234@yahoo.com, Kelvin Sham4, Shannon
Rumfelt1, Ning Chen7, James Falsey6, Robert M. Rzasa3, Matthew R. Kaller2, Essa H.
Hu5, Kristin Andrews1, Samer Chmait1, Xiaoning Zhao1, Carl Davis1, Ji Ma2, Jianxia
Shi1, Dianna Lester-Zeiner1, Jean Danao1, Jessica Able1, Christopher Biorn1, Madelyn
Cueva1, Santosh Talreja1, Thomas Kornecook1, Hang Chen1, Amy Porter1, Randall
Hungate2, James Treanor1, Jennifer R. Allen8. (1) AMGEN Inc., Thousand Oaks,
California, United States (2) Amgen Inc, Thousand Oaks, California, United States (3)
MS 29 2 C, Amgen Inc, Newbury Park, California, United States (4) Amgen Inc MS
291B, Newbury Park, California, United States (5) Medicinal Chemistry, Amgen Inc.,
Camarillo, California, United States (6) MS 29-2-C, Amgen, Inc. , Thousand Oaks,
California, United States (7) Amgen, Thousand Oaks, California, United States (8)
Amgen, Newbury Park, California, United States
Phosphodiesterase 10A (PDE10A) is a member of the phosphodiesterase (PDE) family
of enzymes and is expressed predominately in the medium spiny neurons of the
striatum. The PDE10A enzyme is responsible for hydrolyzing the phosphodiester bond
in cyclic guanosine monophosphate (cGMP) and cyclic adenosine monophosphate
(cAMP), thus forming GMP and AMP. PDE10A has generated considerable interest for
the treatment of neurological disorders such as schizophrenia and Huntington's disease.
We recently reported the discovery of AMG 579, our PDE10A inhibitor clinical
candidate. Although AMG 579 has a very favorable profile, we sought to improve the
aqueous solubility and circumvent the formulation challenges that were encountered in

the development of AMG 579. The keto-benzimidazole portion of AMG 579 was
replaced with an aminopyridine leading to improved aqueous solubility at the expense of
PDE10A potency. Gains in PDE10A activity were realized by substitution on the
aminopyridine ring. An X-ray co-crystal structure of the human PDE10A catalytic
domain with a substituted aminopyridine revealed that it occupied a similar conformation
as the corresponding keto-benzimidazole. Select compounds were profiled in an in vivo
rat LC-MS/MS target occupancy (TO) assay.
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Modifying native and fibrillar SOD1 by small anhydrides inhibits fibrillization and
destabilizes its amyloid forms
Sanaz Rasouli1, Sanaz_rasouli@baylor.edu, Alireza Abdolvahabi2, Yunhua Shi2, Bryan
F. Shaw3. (1) Biomedical Studies, Baylor, Waco, Texas, United States (2) Chemistry
and Biochemistry, Baylor University, Waco, Texas, United States
Approximately 160 different missense mutations in Cu, Zn superoxide dismutase
(SOD1) have been linked to familial cases of amyotrophic lateral sclerosis (ALS). These
mutations are shown to trigger misfolding and subsequent aggregation of SOD1 protein.
It is well known that the net charge of a protein (Z) affects its rate of aggregation into
high-molecular weight fibrils, however, the net charge of a protein has not been
investigated as a potential medicinal target that could be manipulated with a small
molecule drug. In this study, we prove the hypothesis that “supercharging” WT and
ALS-mutant apo-SOD1 through acylation of lysines in both native and fibrillar forms
would inhibit its aggregation and enhance defibrillization of its fibrillar forms. We reacted
lysines in apo-SOD1 with six different anhydrides which would add multiple negative
charges to the protein (ranging from ΔZ = 1-6). These anhydrides were able to modify
WT and D90A apo-SOD1 with varying degrees of acylation, confirmed with mass
spectrometry. High throughput thioflavin-T aggregation assays were performed on both
acylated and unacylated proteins in replicates of > 30 to measure the effects of
“supercharging” on kinetics of apo-SOD1 fibrillization. For instance, acylating native WT
apo-SOD1 with pyromellitic dianhydride (~ 3 modifications, ΔZ = -24 per SOD1 dimer)
almost completely dampened SOD1 fibrillization compared to unmodified protein. This
effect was not due to stabilization of SOD1 tertiary structure (ΔTm = -6 ºC), and was
merely due to charge effects. We believe that the results of this study are valuable
evidences for establishing the protein’s charge as a plausible and easily accessible drug
target in treating amyloid-linked neurodegenerative diseases.

(A) Modifying WT apo-SOD1 with pyromellitic dianhydride (PMDA) completely inhibits its
aggregation. (B) General strategy for modification of fibrilar SOD1 with different anhydrides.
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Novel asymmetric total synthesis of (+)-tetrabenazine and (+)-αdihydrotetrabenazine
Hao-Yu Hsieh1, zarck104@hotmail.com, Li-Te Chang1, Yi-Lin Liu1, Ling-Wei Hsin1,2. (1)
School of Pharmacy, National Taiwan University, Taipei, Taiwan (2) Molecular Probes
Development Core, Molecular Imaging Center, National Taiwan University, Taipei,
Taiwan
Huntington’s disease (HD) is a genetic neurodegenerative disorder. Racemic
tetrabenazine ((±)-TBZ) is the only drug approved by USFDA to treat HD associated
chorea. 11C-Labeled (+)-a-dihydrotetrabenazine (11C-(+)-α-DTBZ) has been used as an
in vivo molecular imaging agent for vesicular monoamine transporter 2 (VMAT2) with
positron emission tomography. Therefore, efficient method for the preparation of
optically pure TBZ derivatives is crucial for the development of novel VMAT2 ligands as
potential therapeutic or diagnostic agents. Here, a concise asymmetric total synthesis of
(+)-TBZ and (+)-α-DTBZ is presented. Coupling of chiral aldehyde 1 with 6,7-dimethoxy1-methyl-3,4-dihydroisoquinoline 2 yielded enamine 3. The chirality of C-11b of TBZ
was formed by catalytic asymmetric reduction of enamine 3 using Noyori’s catalyst.
After a sequence of functional group transformation, an N-Boc-protected mesylate 5
was afforded. The piperidone ring of (+)-TBZ was constructed via a one-pot TFAinitiated deprotection and intramolecular cyclization of mesylate 5. (+)-α-DTBZ was
prepared by stereoselective reduction of (+)-TBZ using NaBH4.
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TAAR1 agonists as antidiabetic agents: Discovery and characterization of (S)-4[(ethyl-phenyl-amino)-methyl]-4,5-dihydro-oxazol-2-ylamine (RO5166017)
Roger D. Norcross1, roger.norcross@roche.com, Guido Galley1, Katrin Groebke
Zbinden1, Dietrich Türck2, Susanne Mohr3, Marius C. Hoener4, Susanne Raab5, Sabine
Sewing5. (1) Medicinal Chemistry, Pharma Research & Early Development, F.
Hoffmann-La Roche Ltd, Basel, Switzerland (2) Pharmaceutical Sciences, Pharma
Research & Early Development, F. Hoffmann-La Roche Ltd, Basel, Switzerland (4)
Neuroscience Research, Pharma Research & Early Development, F. Hoffmann-La
Roche Ltd, Basel, Switzerland (5) Cardiovascular & Metabolism Research, Pharma
Research & Early Development, F. Hoffmann-La Roche Ltd, Basel, Switzerland
Trace amine-associated receptor 1 (TAAR1) was identified in 2001 as a receptor for
endogenous trace amines including p-tyramine and b-phenylethylamine, which are
metabolites of amino acids with structural similarity to biogenic amines. Initial research
focused on TAAR1 function in the brain, in which TAAR1 is expressed in specific areas
where it modulates monoaminergic neurotransmission. TAAR1 thus emerged as a novel
target for treatment of psychiatric disorders such as schizophrenia. TAAR1 is also
expressed in the periphery, especially in stomach, duodenum and pancreas, but little is
known about the physiological effects of TAAR1 activation in these tissues. Trace
amines have limited suitability as pharmacological tools for probing TAAR1 function,
due to low selectivity against monoaminergic receptors and transporters and short in
vivo half-lives due to degradation by monoamine oxidases (MAOs).
We sought novel TAAR1 agonists having good selectivity and favourable in vivo
pharmacokinetic properties, which would be suitable for investigating the effects of
TAAR1 activation in animal models of metabolic disease. Through screening a set of
known adrenergic ligands, the alpha 2A adrenergic receptor agonist S18616 was found
to have considerable activity at TAAR1 and was selected for medicinal chemistry
optimization. Modifying the linker region of S18616 afforded good selectivity for TAAR1
over adrenergic receptors. A further series of iterative variations optimizing selectivity
and ADME properties then led to (S)-4-[(ethyl-phenyl-amino)-methyl]-4,5-dihydrooxazol-2-ylamine (RO5166017).
RO5166017 exhibits high affinity and functional activity at mouse, rat, cynomolgus and
human TAAR1 in vitro, is selective against a panel of >100 pharmacological targets,
and is not a substrate for MAOs. RO5166017 has drug-like physicochemical properties,
low binding to plasma proteins, and is orally bioavailable in mice having a plasma halflife of several hours. RO5166017 normalized glucose excursion in an oral glucose
tolerance test in mice, suggesting that TAAR1 agonists may be useful for treatment of
type 2 diabetes.
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Structural identification of the metabolites of a potent OXE receptor antagonist
Shishir Chourey3, schourey2012@my.fit.edu, Qiuji Ye3, Hussam W. Alhamza3,
Chintam N. Reddy3, Rui Wang4, Sylvie Gravel5, Chantal Cossette5, Irina

Slobodchikova1, Dajana Vuckovic1, William S. Powell5, Joshua Rokach2. (1) Chemistry
and Biochemistry, Concordia University, Montreal, Quebec, Canada (2) Florida Inst of
Tech, Melbourne, Florida, United States (3) Chemistry, Florida Institute of Technology,
Melbourne, Florida, United States (4) Chemistry , Florida Institute of Technology ,
Melbourne, Florida, United States (5) McGill University Hospital Centre Research
Institute, Montreal , Quebec, Canada
5-Oxo-ETE is the most powerful eosinophil chemoattractant among lipid mediators. Its
actions are mediated by a selective receptor known as OXE-R. Its potent effects on
eosinophil migration suggest that it can play an important role in allergic asthma.
Recently, we reported a highly potent OXE-R antagonist 1, IC50 = 18 nM. Initial
pharmacokinetics study of 1 in cynomolgus monkeys showed high levels of 1 in the
plasma along with several polar metabolites (Fig 1A). Identification of these metabolites
is important as it can guide us to develop compounds with reduced metabolic
susceptibility. Here we report the structural identification of the metabolites of 1 using
LC-MS and cochromatography with standards that were prepared by total synthesis.
We identified the ω-1 hydroxy (2) and ω-1 oxo (3) compounds by cochromatography
and LC-MS as the major plasma and microsomal metabolites of 1 (Fig 1B). In addition,
smaller amounts of the ω-carboxy (4) and ω-hydroxy (5) compounds were identified.
The activities of these compounds in blocking 5-oxo-ETE-induced Ca++ mobilization was
determined. The presence of a polar group at the end of the alkyl side chain
dramatically reduced antagonist potency (Fig 1B).

Figure 1: Identification of the in vivo metabolites of 1. (A) Reversed-phase HPLC of an 4h
plasma sample after administration of 1 to monkeys by oral gavage (30 mg/kg). (B) All products
were identified by LC-MS and cochromatography with synthetic standards.
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Orai inhibitors: Novel pyrazoles with improved lipophilic efficiency vs. potent 7azaindole series
Bernat Vidal, bernat.vidal@almirall.com, Cristina Esteve, Silvia Gual, Laura Vidal,
Sonia Sentellas, Irene Jover, Raquel Horrillo, Jorge De Alba, Montserrat Miralpeix,
Gema Tarrason, Jacob Gonzalez. Almirall, Barcelona, Spain
Calcium Release-activated calcium (CRAC) channels are present in B and Tlymphocytes, NK cells, macrophages, DC and mast cells among the immune cells.
CRAC channels are activated through Orai, the pore forming unit of the CRAC channel
in the plasma membrane. CRAC channels play a central role in short term processes
such as degranulation, and long term processes involving gene transcription through
NFAT to produce lipid mediators, Th1, Th2, and Th17 cytokines, matrix
metalloproteinases, all of which participate in the pathogenesis of autoimmune and
inflammation-based diseases.
We have recently disclosed a series of 7-azaindole based Orai inhibitors that displayed
good oral biovailability and good efficacy in a rat model of allergen induced asthma,
inhibiting the number of eosinophils in BALF. High lipophilicity of our lead compounds
(cLogP>4, lipE<2.6) precluded further progression of this series.
In this poster we will disclose the evolution of the 7-azaindole series towards a series of
novel pyrazoles with improved lipophilic efficiency (cLogP<4, lipE>3).
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Fragment-based discovery of the first known inhibitors of PHGDH
Nathan O. Fuller, nathan.fuller@astrazeneca.com. Chemistry Innovation Center,
AstraZeneca, Somerville, Massachusetts, United States
The enzyme 3-phosphohydroxyglycerate dehydrogenase (PHGDH) is a tumour
metabolism target with clear linkage to in vivo tumourgenesis in aggressive breast
cancer and human melanoma. Given the interest in the role of PHGDH in potentially
driving tumour proliferation and in tumourgenesis we wanted to explore whether the
target was druggable with small molecules. As part of our hit finding strategy, an X-ray
screen using the AstraZeneca X-ray fragment library containing 384 compounds was
carried out. Multiple ligand efficient binders were identified, and the rich structural output
enabled structure-based design strategies to greatly improve binding affinity in both
biophysical and biochemical assays. The optimization of an indole fragment hit into a
series of nM PHGDH inhibitors will be discussed.
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Novel acylureidoindolin-2-one derivatives as dual Aurora B/FLT3 inhibitors for
treatment of acute myeloid leukemia
Kuen-Da Wu3, lowkeyed@hotmail.com, JiaRong Liu1, Sheang Tze Fung3, Yi-Hsun Ho3,
Kuang-Jui Wang3, Guan-Yun Chen3, Ajit D. Jagtap3, Ji-Wang Chern2. (1) School of
Pharmacy, NTU, Taipei City, Taiwan (2) Natl Taiwan Univ Sch Pharma, Taipei, Taiwan
(3) National Taiwan University, Taipei, Taiwan
Acute myeloid leukemia (AML) most commonly result from constitutively activated FmsLike Tyrosine kinase-3 (FLT3), which prominently occurs as internal tandem
duplications (ITDs) within the juxtamembrane domain. Mutant FLT3 represents an
attractive target for AML therapeutics. Several FLT3 inhibitors viz. sunitinib, dovitinib,
midostaurin, lestaurtinib, tandutinib, and quizartinib are now under clinical investigation.
However, these agents are vulnerable to resistance-conferring secondary point
mutations in the FLT3 kinase domain (KD).1-2 Perusal of literature suggests that dual
inhibition of Aurora/FLT3 could be an effective strategy to overcome FLT3-inhibitor
resistance.3 Recently, RNAi studies have demonstrated that inhibition of Aurora B, more
than Aurora A, has an antiproliferative and pro-apoptotic effect on acute leukemia cells
indicating Aurora B as a more promising target for the treatment of AML.4 In this
context, we synthesized a series of 6-acylureido derivatives containing a 3-(pyrrol-2ylmethylidene)indolin-2-one scaffold as potential dual Aurora B/FLT3 inhibitors by
replacing the ureido moiety of 6-arylureidoindolin-2-one based multi-kinase inhibitors.
Structure-activity-relationship studies identified (Z)-N-(2-(pyrrolidin-1-yl)ethyl)-5-((6-(3(2-fluoro-4-methoxybenzoyl)ureido)-2-oxoindolin-3-ylidene)methyl)-2,4-dimethyl-1Hpyrrole-3-carboxamide (J21475) as an inhibitor of the kinases Aurora B and FLT3 (IC50
= 0.4 nM and 0.5 nM, respectively). Moreover, J21475 had great affinity for FLT3
variants (Kd range, 0.8 -160 nM). In accordance with its enzymatic activity, J21475
demonstrated potent cytotoxicity against FLT3-ITD+ AML cells viz. MV4-11 and MOLM13 (IC50< 2.5 nM). J21475 dose-dependently inhibited signaling pathways downstream
of Aurora B and FLT3 in high-throughput dot blot assays using MOLM-13 cells.
Additionally, induction of cell cycle arrest at the G2M phase and apoptosis was
observed in MOLM-13 cells treated with J21475. This compound demonstrated the in
vivo efficacy in subcutaneous MOLM-13 xenograft model. J21475 (20 mg/kg, ip, qd) not
only significantly shrank tumor volume (> 90%) but also reduced the mortality of
MOLM13 tumor-bearing mice. These results support the rational for the development of
dual Aurora B/FLT3 inhibitors. Design, synthesis and structure activity relationship
(SAR) exploration of this series of compounds will be presented.
MEDI 368
Potential prodrugs of the tetrahydrofuran containing annonaceous acetogenins
for tumor targeting
Patricia Gonzalez2, pgonzalez@gc.cuny.edu, Amanda Ramdular1,
amanda.ramdular@gmail.com, David R. Mootoo2. (1) Chemistry, Hunter College, New

York, New York, United States (2) Chemistry, Hunter College and The Graduate
School, City University of New York , New York, New York, United States
Cancer remains a major health challenge despite major advances in early detection,
diagnosis, and treatment. There is a demand for targeted cancer therapies that are toxic
to tumors and non-toxic to non-cancerous tissues. However while there are many
targets, we have very few bullets. In this vein, this study looks to develop a new
molecular platform for targeting compounds to cancer cells. This is based on the
tetrahydrofuran containing annonaceous acetogenins (THF-AGE’s), a relatively
untested family of potently cytotoxic agents that are active against a broad range of
tumors, including multi-drug resistant strains. Although THF-AGE's exhibit high
selectivity for certain tumors, they are generally too cytotoxic for clinical application.
Strategies for targeting THF-AGE’s to tumors may lead to a new line of wide-spectrum
clinical agents. The synthesis of 2 and 3, potential prodrugs of the THF–AGE 4deoxyannomontacin 1, will be described. These analogues may show high tumor
specificity through targeting of prostate specific membrane antigen (PSMA), which is
overexpressed on prostate tumors, and tumor specific carbohydrate receptors,
respectively.

Prodrugs of the tetrahydrofuran containing annonaceous acetogenins
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Synthesis and biological evaluation of novel 6-substituted pyrrolo[2,3d]pyrimidines as targeted antifolates
Aleem Gangjee1, Lalit Golani1, lalitkumargolani@gmail.com, Adrianne Wallace 2,
Carrie O'Connor2, Larry H. Matherly3. (1) Grad Sch Pharm Sciences, Duquesne

University, Pittsburgh, Pennsylvania, United States (2) wayne state university , Detroit,
Michigan, United States (3) wayne state university, Detroit, Michigan, United States
Reduced folates are essential cofactors for the biosynthesis of purines and pyrimidines.
Since humans do not synthesize folate, it is necessary to obtain these cofactors from
dietary sources. In mammals, three specialized systems exist that mediate membrane
transport of folates and antifolates across biological membranes. These include the
reduced folate carrier (RFC), the primary route for the uptake of folates and antifolates
in mammalian cells, folate receptors (FRs) α and β, and the proton-coupled folate
transporter (PCFT). Whereas RFC is ubiquitously expressed, FRs and PCFT show a
narrower pattern of tissue expression. Toxicity of clinically used antifolates is attributed
in part, to their lack of selectivity for tumor cells over normal cells due to RFC transport.
Antifolates with tumor-specific FR and/or PCFT drug uptake would circumvent major
toxicities of currently used antifolates. Our three carbon atom chain analog AGF17 had
shown 25-fold greater selectivity for FR transport over RFC with excellent cell inhibitory
activity against KB human tumor cells (IC50 = 1.8 nM). On the basis of results with
AGF17, three novel analogues, AGF233 with regioisomeric replacement of para C10 to
meta C10, AGF220 with oxygen in place of carbon at C10 of AGF233 and AGF256 with
nitrogen in place of carbon at C10 of AGF233 were designed and synthesized. This
simple regioisomeric and isosteric replacement of carbon with heteroatoms in the bridge
provides compounds with different chain lengths, angles, conformations and extra
hydrogen bond donors and/or acceptors compared to the parent carbon chain
analogues. AGF17 had shown low levels of inhibitory activity toward the growth of a
Chinese hamster ovary (CHO) cell line (PC43-10) expressing human RFC (IC50 = 648
nM), however the analogues AGF233, AGF220 and AGF256 were inactive in the CHO
cell line expressing RFC transport at concentrations up to 1000 nM. However, AGF233,
AGF220 and AGF256 were active in inhibiting a CHO cell line (RT16) expressing
human FRα (IC50s of 60.29, 30.33 and 15.9 nM, respectively). AGF233, AGF220 and
AGF256 were also potently inhibitory toward KB tumor cells (IC50s of 2.61, 13.14 and
14.8 nM, respectively). Thus AGF233, AGF220 and AGF256 are potential analogues
for further preclinical studies and analogue design.
MEDI 370
Discovery of novel amide bridged pyrrolo[2,3-d]pyrimide classical antifolates with
selective uptake by FR and PCFT over RFC: A practical way to aminomethylate
pyrrolo[2,3-d]pyrimidines through the Mannich reaction
Aleem Gangjee1, Weiguo Xiang2, xiangw@duq.edu, Adrianne Wallace 3, Carrie
O'Connor4, Larry H. Matherly5. (1) Grad Sch Pharm Sciences, Duquesne University,
Pittsburgh, Pennsylvania, United States (2) Medicinal Chemistry, Duquesne University,
Pittsburgh, Pennsylvania, United States (3) Department of Oncology, Wayne State
University, Detroit, Michigan, United States
In the era of personalized drugs, an ideal antitumor agent only kills the tumor cells and
has little damage to normal cells. The reduced folate carrier (RFC) is ubiquitously

expressed in mammalian cells as the primary folates uptake transporter. However,
some tumors overexpress folate receptors (FRs). The proton coupled folate receptor
(PCFT) is another folate uptake transporter which functions best at an acidic pH
environment such as that found in certain solid tumors. We demonstrated that
antifolates which were selectively transported by FR and/or PCFT over RFC can be
used as targeted antitumor agents. In this paper, we report the discovery of a novel
series of targeted classical antifolates with an amide bridge between the pyrrolo[2,3d]pyrimidines scaffold and the terminal glutamic acid. Among them, AGF238 with a
methylene amide phenyl in the bridge, was selectively transported by FRα (IC50=1.72
nM in R16 Chinese hamster ovary (CHO) cells) and PCFT (IC50=40 nM in R2/PCFT4
CHO cells) over RFC. This compound was also found to exhibit highly potent antitumor
activity (IC50=0.6 nM in KB human tumor cells).
We synthesized our target compounds through the intermediate 6-aminomethyl
pyrrolo[2,3-d]pyrimidines, which could be prepared by a Mannich reaction. However,
direct Mannich reaction on pyrrolo[2,3-d]pyrimidines resulted in a highly polar and
organic solvent-insoluble 6-aminomethyl pyrrolo[2,3-d]pyrimidine product, which made
purification impractical. Here, we report a scalable and practical way to aminomethylate
the pyrrolo[2,3-d]pyrimidines.
MEDI 371
Design of hydrogen bond induced conformational constriction for improved
selectivity and activity in classical antifolates
Aleem Gangjee2, Manasa P. Ravindra1, punaharavindram@duq.edu, Larry H.
Matherly3. (1) Medicinal Chem, Duquesne Univ, Pittsburgh, Pennsylvania, United States
(2) Grad Sch Pharm Sciences, Duquesne University, Pittsburgh, Pennsylvania, United
States (3) Wayne State University School of Medicine, Detroit, Michigan, United States
The two major obstacles in cancer chemotherapy are toxicity due to non-selective
uptake and tumor resistance of clinically used antifolates including pemetrexed (PMX).
Currently marketed antifolates suffer from dose-limiting toxicity due to their transport by
the ubiquitously expressed reduced folate carrier (RFC). We have reported a series of
6-substituted pyrrolo[2,3-d]pyrimidine classical antifolates that are selectively taken up
by folate receptors (FR) and inhibit FR expressing tumor cells (KB and IGROV1) at subnanomolar IC50 values. The target enzyme inhibited was glycinamide ribonucleotide
formyl transferase (GARFTase) in purine bio-synthesis. As an extension of the SAR, we
now explore the role of conformational restriction in the glutamate sidechain induced by
designed intramolecular hydrogen bonding, for increased selectivity and potential
multiple-enzyme inhibitory activity. A series of classical 6-substituted pyrrolo[2,3d]pyrimidines with a variety of hydrogen bonding substituents on the side chain
(het)aromatic ring, were designed and synthesized that resulted in increased potency
and selectivity for target enzymes and tumor cells. The synthesis and in vitro evaluation
of these compounds as substrates for folate transporters- RFC, FR and the proton
coupled folate transporter (PCFT) and as inhibitors of KB tumor cells (IC50) due to
inhibition of one or more of the following, GARFTase, aminoimidazole carboxamide

ribonucleotide formyl transferase (AICARFTase), thymidylate synthase (TS) and
dihydrofolate reductase (DHFR) enzymes, will be presented and discussed.
MEDI 372
Identification and preliminary structure–activity relationships of novel pyrrolidinyl
pyrimidine inhibitors of the Bcl-2 family of antiapoptotic proteins
Scott Breining1, sbreining@asinex.com, Alexander Shirokov5, Ramon JimenezMoreno2, Olga Roberts2, Anna Rzepiela3, Valeriy Kochubey4. (1) Medicinal Chemistry,
Asinex USA, Winston Salem, North Carolina, United States (2) Biology, Asinex USA,
Winston Salem, North Carolina, United States (3) Pyxis Discovery, Delft , Netherlands
(4) Medicinal Chemistry, Asinex Ltd., Moscow, Russian Federation (5) Synthetic
Chemistry, Asinex USA, Winston Salem, North Carolina, United States
Myeloid cell leukemia 1 (Mcl-1) protein, a member of the Bcl-2 family of proteins which
also includes Bcl-2 and Bcl-xL, is overexpressed in many cancers, allowing evasion of
the usual apoptotic process. Mcl-1 upregulation has also been implicated in the
resistance of cancer cells to therapies targeting Bcl-2 and Bcl-xL. Recent reports of
small molecules targeting the Mcl-1 protein have prompted us to share our preliminary
results in identifying novel inhibitors of Mcl-1 based on a pyrrolidinyl pyrimidine scaffold.
SAR developed around a Bcl-xL screening hit obtained from our proprietary compound
libraries allowed us to identify key features of interaction and shift activity away from
Bcl-xL, which has been associated with dose-limiting thrombocytopenia in the clinic. A
number of hits were generated with low micromolar IC50’s for Mcl-1 and/or Bcl-2. While
the moderate affinity and ligand efficiency indicate that these molecules are not
exploiting all available opportunities for binding, they may serve as a starting point for
further elaboration to enhance potency, selectivity and physicochemical properties.

MEDI 373
Electrophilic modification of Hsp70 by sesquiterpene lactones
Andrew S. McGowan, mcgowaan@dickinson.edu, Myungsun Shin, Rebecca E.
Connor. Department of Chemistry, Dickinson College, Carlisle, Pennsylvania, United
States
Parthenolide, an electrophilic sesquiterpene lactone found in the feverfew daisy
(Tanacetum parthenium), has been shown to have both anti-cancer and antiinflammatory properties. Recent interest in parthenolide and similar sesquiterpene
lactones has been generated by the increased sensitivity of leukemic cells over normal
cells to these compounds. Parthenolide contains an exocyclic α,β-unsaturated carbonyl
within its lactone ring that has been shown to covalently modify nucleophilic sites
present within proteins. This functional site may be responsible for why parthenolide,
along with other endogenous electrophiles, induces the heat shock system in
mammalian cells. In order to examine this effect, we have synthesized alkyne-bearing,
bio-orthogonally active parthenolide derivatives for use with affinity-based proteomics.
We have shown that these derivatives covalently modify heat shock protein 70 (Hsp70)
in vitro. We are identifying the specific sites of modification on Hsp70 using MALDITOF. We are also using the affinity-based approach to identify heat shock related
protein targets of the parthenolide derivatives in the leukemic cell line, THP-1. These
sites can then be examined to elucidate how each residue contributes to Hsp70 activity
in the presence of electrophiles.
MEDI 374
Solution stability of quaternary ammonium salts as prodrugs
Tarek A. Zeidan, tarek.zeidan@alkermes.com, Carlos Sanrame, Julius F. Remenar.
Alkermes Inc, Waltham, Massachusetts, United States
Solution stability of quaternary ammonium salts as prodrugs of four active
pharmaceutical ingredients was investigated in different media. Prodrugs with variable
fatty acid tail length and substitution on the α-carbon of the fatty acid were selected for
this study. The hydrolysis rates of prodrugs in aqueous buffer and rat plasma are
typically studied to assess the viability of prodrugs as shelf-stable molecules that
convert to the active drug in vivo. In rat plasma, the rate of hydrolysis decreases as
more substitution (steric hindrance) is introduced to the α-carbon of the fatty acid.
Interestingly, in aqueous buffer, the stability of prodrugs is primarily dependent on the
tail length (lipophilicity) of the fatty acid rather than on the steric bulk at the α-carbon;
increasing the lipophilicity of the tail results in faster hydrolysis rate. These unexpected
results lead to the investigation of the stability in heat-denatured plasma to distinguish

between enzymatic activity and the effect of protein binding on rate of hydrolysis. In this
case, the stability of the prodrugs increases as a function of the lipophilicity.
MEDI 375
Amphiphilic self-assembly of chitosan/ATP coordinated iron(III) system for drug
delivery
Karim Fhayli2, karim.fhayli@kaust.edu.sa, Haneen Omar1, Basem Moosa1, Niveen M.
Khashab1. (1) KAUST, Thuwal, Saudi Arabia (2) king abdullah university of science and
technology-KAUST-, Thuwal, Saudi Arabia
Superamphiphiles are formed by non-covalent interactions or dynamic covalent bonds
of either small molecules or polymers. A controlled drug delivery system based on
iron(III) coordinated chitosan-ATP superamphiphiles encapsulating anti-cancer drug
doxorubicin is presented. The release of doxorubicin can be initiated by three triggers
namely transferrin, alkaline-phosphatase (ALP), and pH.

MEDI 376
Exploting bioorthogonal chemistry to refill drug delivery devices
Yevgeny Brudno1,4, brudnospam@gmail.com, Rajiv Desai4,1, Brian Kwee1,4, Neel S.
Joshi2, Michael Aizenberg3, David J. Mooney1,4. (1) 319 Pierce Hall, Harvard University,
Cambridge, Massachusetts, United States (2) School of Engineering and Applied
Sciences, Harvard University, Cambridge, Massachusetts, United States (3) Wyss
Isntitute, Harvard University, Somerville, Massachusetts, United States (4) 203-11F
CLSB, Wyss Institute - Harvard University, Boston, Massachusetts, United States
Local drug delivery depots have significant clinical utility, but there is currently no
noninvasive technique to refill these systems once their payload is exhausted. Inspired
by the ability of nanotherapeutics to target specific tissues, we hypothesized that bloodborne drug payloads could be modified to home to and refill drug delivery systems. To
address this possibility, we have developed bioorhtogonal- and nucleic-acid-based
methods for selective disease targeting by small molecules and nanoparticles. We
demonstrate the utility of this system through repeated drug refilling and release in a
cancer model as well as selective drug homing in lower limbischemia and osteomyelitis.
These results suggest a new paradigm for drug delivery: repeated and controlled
release of drugs at a local site and this advance is expected to have applications in
refilling drug depots in cancer therapy, wound healing, and drug-eluting vascular grafts
and stents.

MEDI 377
Gemcitabine pro-drugs as a self-assembling, intra-tumoural drug delivery
platform for the treatment of gastric and pancreatic cancers

Kathryn Skilling1,3, paxks@nottingham.ac.uk, Barrie Kellam2, Marianne Ashford3,
Tracey D. Bradshaw4, Maria Marlow5. (1) University of Nottingham, Nottingham, United
Kingdom (3) AstraZeneca, Cheshire, United Kingdom
Progress in the field of low molecular weight gelators (LMWGs) is motivated by the
attractive self-assembling properties and associated mechanical strengths of the
hydrogels that they form making them ideal for use in drug delivery. Many examples of
gelators exist whose primary purpose is to act as a drug delivery vehicle; however there
are no known examples of gelators that self-assemble in response to the non-covalent
interactions provided by the drug itself. We have recently developed a series of low
molecular weight gemcitabine prodrugs that we are able to formulate into a hydrogels
using minimal external manipulation and that we propose could be used as an intratumoural drug delivery platform for gastric and pancreatic adenocarcinomas, eliminating
the need for large systemic doses and reducing associated side effects.
Here we present a series of amphiphilic gemcitabine pro-drugs generated via
modification of the primary amine of the cytosine nucleobase. (Figure 1) Each of the
enzyme/pH cleavable pro-drugs was evaluated for growth inhibition in MiaPaCa-2 and
MKN-7 cell lines. Additionally the gelation of each pro-drug was evaluated and we noted
that the hydrogels containing even a single amide functionality were able to form
mechanically stable gels in a minimal amount of ethanol.

Figure 1: a) structure of gemcitabine prodrug b) TEM image showing cross-linked nanofibrillar network of gemcitabine pro-drug and (inset) vial inversion of gemcitabine prodrug in water (with φEtOH 0.05).
MEDI 378
Formulation of insulin for oral dosing

Jamie Catalano, jcatalano@mail.niagara.edu, J F. McArthur, J. Hughes, Lawrence
Mielnicki, M. P. McCourt. Chemistry Dept, Niagara Univ, Niagara Univ, New York,
United States
Diabetes is a lasting condition that causes high blood sugar levels that are potentially
fatal if left unmanaged. Type 1 diabetes requires treatment with daily insulin hormone
injections, while Type 2 diabetes usually requires treatment with insulin as the disease
progresses. Injection of insulin is therefore the main combatant against this disease.
Unfortunately a daily intramuscular injection regimen can be painful and tedious while
daily subcutaneous injection, manually or via a pump, is a less efficient delivery mode.
Orally available insulin would be a positive development against diabetes that would
allow patients to avoid the downsides of injection. However, orally dosed insulin has not
been developed yet due to insulin’s inabilities to survive both the acidic environment of
the stomach, as well as be absorbed through the intestinal membrane. Other work from
this laboratory describes the development of a neutral lipid based vesicle (the
cholestosome), that uses naturally occurring lipids, for delivery of problematic
therapeutics. Insulin dose is limited by solubility in aqueous buffer. The present study
therefore was undertaken to develop higher dose insulin formulations for cholestosome
encapsulation. Variations in insulin concentration, pH and ionic strength were
systematically tested for effects on encapsulation efficiency in order to optimize insulin
dose. Formulations were encapsulated and characterized for size, insulin and lipid
content.
MEDI 379
Increasing the bioavailability of parthenolide derivatives for the treatment of
chronic lymphocytic leukaemia
Daniel T. Payne1, DXP854@bham.ac.uk, Xingjian Li1, Louise Male1, Angelo
Agathanggelou2, John S. Fossey1. (1) Dept of Chemistry, University of Birmingham,
Birmingham, United Kingdom (2) School of Cancer Sciences, The University of
Birmingham, Birmingham, West Midlands, United Kingdom
Parthenolide, despite having high activity in vitro against chronic lymphocytic leukaemia
(CLL), has low bioavailability in vivo. Therefore, herein we will discuss the modification,
utilising a 1,4-conjugate addition, of parthenolide affording the amino derivatives. These
appear to show a higher level of bioavailability, whilst maintaining activity again CLL.
Furthermore in vivo studies have been carried out and showing a reduction in cancer
cell proliferation. The additional benefit of these compounds appearing to be orally
available makes them a promising non-invasive treatment. To date there are no
treatments available for CLL, with only palliative care currently offered, meaning a cure
is highly desirable.
Furthermore, the reversibility of this conjugate addition will be discussed giving insight
into the potential pro-drug characteristic of the amino derivatives. Finally, this work

details the development of an improved large scale extraction procedure to obtain
parthenolide from the herb feverfew.

MEDI 380
Development of peptidomic assays for profiling, discovery, and testing of
structure-activity relationship for endogenous peptides from the synovial fluid as
novel modulators for the T cell-mediated immunity
Cristina C. Clement1,3, clement.cristina624@gmail.com, Aniuska Becerra3, Halima
Moncrieffe4, Lawrence Stern3, Laura Santambrogio2. (1) Pathology Chemistry, Albert
Einstein Coll Med CUNY, Bronx, New York, United States (2) Albert Einstein College of

Medicine, Bronx, New York, United States (3) Biochemistry and Molecular
Pharmacology, University of Massachusetts Medical School, Worcester,
Massachusetts, United States (4) Division of Rheumatology, Cincinnati Children's
Hospital Medical Center, Cincinnati, Ohio, United States
Juvenile idiopathic arthritis (JIA) is the most common chronic condition seen by pediatric
rheumatologists. Herein, we present the development of peptidomics assays coupled
with high resolution nanoLC-MS/MS on LTQ/Orbitrap Velos mass spectrometer aimed
to characterize the endogenously processed peptides from the SF of children with JIA
and control patients. The SF peptidome was fractionated by ultrafiltration and peptides
with MW<5 kDa were sequenced by HCD/ETD nanoLC Orbitrap-ESI-MS/MS or CID
nanoLC LTQ-ESI-MS/MS. All the endogenous peptides from SF were screened in silico
for their potential binding affinity for MHC-II molecules (HLA-DR1 haplotype). The
preliminary results established a structure-activity relationship for novel peptides
epitopes derived from transthyretin (TTHY) which were found only in the SF from JRA
patients. Some TTHY-derived peptides epitopes showed a high binding affinity for the
recombinant MHC-II (DR-1) (Kd 58 nM for 2HN-KCPLMVKVLDAVRGSPAIN-COOH) as
determined by a competition fluorescence polarization assay. Moreover, the same
peptides were able to stimulate the spleen-derived T-cells to proliferate in response to
the immunization of humanized DR1 (+) mice with the same peptides. These data
support the necessity for developing of high throughput (HTS) peptidomic assays for
profiling of endogenous peptides from different biological fluids which in turn would
enable the discovery new peptides-drugs modulators of different biological functions
and pathological conditions.
MEDI 381
Simplified Brasilicardin A analog does not inhibit T-cell proliferation
Brian T. Chamberlain1,2, brian.t.chamberlain@gmail.com, Kayvan Niazi2,3, Michael E.
Jung1,2. (1) Department of Chemistry and Biochemistry, University of California, Los
Angeles, Los Angeles, California, United States (2) California NanoSystems Institute,
University of California, Los Angeles, Los Angeles, California, United States (3)
NantWorks, LLC, Culver City, California, United States
Brasilicardin A (BraA) is a complex natural product with potent immunosuppressive, as
well as cytotoxic, bioactivity. Medicinal investigation of these properties is hampered by
a low-yielding fermentation process and no total or relay synthesis to date. We have
synthesized a BraA analogue in which the challenging central core is substituted with a
more accessible tetralin core. The ability of this compound to suppressive human T-cell
proliferation upon CD3/CD28 activation was evaluated. While authentic BraA inhibited
T-cell division with an IC50 of 65 nM, the simplified BraA analogue did not display any
activity up to 100 μM. Thus, we have shown that merely approximating the distance of
the BraA sugar and amino-acid sidechain is insufficient to achieve immunosuppressive
bioactivity.

MEDI 382
Synthesis and SAR studies of benzyl ether derivatives as potent orally active
S1P1 agonists
Takashi Tsuji, tsuji.takashi.y3@daiichisankyo.co.jp. Medicinal Chemistry Research
Laboratories, Daiichi Sankyo Co. Ltd, Shinagawa, Tokyo, Japan
Sphingosine 1-phosphate (S1P), as a bioactive sphingolipid, interacts with the five
membered S1P family (S1P1-S1P5) of G-protein coupled receptors and plays a role in a
wide range of physiological processes such as cell differentiation, morphogenesis and
motility. Among the S1P family, S1P1 modulators have been especially focused on as a
suppressor of autoimmunity by affecting lymphocyte trafficking. Indeed, FTY720
(fingolimod), one of S1P1 modulators, was launched as an orally available therapeutic
agent for multiple sclerosis in 2010. Although FTY720 showed strong lymphopenia
activity, it had been reported some adverse effects such as bradycardia, which is
implicated by S1P3 agonistic activity of phosphorylated active metabolite (FTY720-P)
and demonstrated in not only animal studies but also its clinical trials. In addition,
FTY720-P was known to have quite a long half-life, thereby showing a long duration of
the lymphocyte trafficking effect.
We report herein the synthesis and structure–activity relationships (SAR) of a series of
benzyl ether compounds to acquire both shorter half-life and less S1P3 agonistic activity
than fingolimod, which should lead to manageable and safer immunosuppressive
agents. From the structure-activity relationships (SAR) studies, the installation of
substituents onto the central benzene ring of 2 was revealed to potently influence the
S1P1 and S1P3 agonistic activities, in particular, an ethyl group on the 2-position
afforded satisfactory S1P1/S1P3 selectivity. These changes of S1P1 and S1P3 agonistic
activities caused by the alteration of substituents on the 2-position were reasonably
explained by a docking study using an S1P1 X-ray crystal structure and S1P3 homology
modeling. We found that compound 2b (R1 = 2-Me) and 2e (R1 = 2-Cl) had a potent in
vivo immunosuppressive efficacy along with acceptable S1P1/S1P3 selectivity, and
confirmed that these compounds had less in vivo bradycardia risk through the
evaluation of heart rate change after oral administration of compounds (30 mg/kg, p.o.)
in rats.

MEDI 383
Design and synthesis of heterocyclic S1P receptor modulators
Feng Li1, lifeng@snu.ac.kr, Hyunkyung Cho2, Chaemin Lim1, Ji Woong Choi3, Sanghee
Kim1. (1) Seoul National University, Seoul, Korea (the Republic of) (2) Seoul National
university, Seoul, Korea (the Republic of) (3) College of Pharmacy, Gachon University,
Incheon, Korea (the Republic of)
Sphingosine 1-phosphate is a sphingolipid metabolite that now recognized to possess a
broad range of important biological activities through binding on the 5 G-protein coupled
receptors (S1P1–5). Due to importance of the S1P receptor activities, many research
groups devoted effort to develop S1P receptor modulators. The first generation
modulator is FTY 720 which was approved to treat relapsing remitting multiple
sclerosis.1 However, to elucidate remarkable functions of S1P receptor various
modulators are necessary. We applied rational design of novel S1P receptor modulators
based on the X-ray crystal structure of S1P receptor. Various heterocyclic analogues
were designed and synthesized. Among the analogues, several compounds were
revealed to act as agonist or antagonist for S1P receptor with selectivity. Also they
showed in vivo therapeutic effects on various diseases.
1. Brinkmann, V. et al. Fingolimod (FTY720): discovery and development of an oral drug
to treat multiple sclerosis. Nature Rev. Drug Discov. 2010, 9, 883–897.
MEDI 384
Synthesis and biological activity of hydroxymethylbutenyl diphosphate mimics
for T-cell activation
Rebekah R. Shippy1, Rocky J. Barney2, Ashley M. Kilcollins3,
ashley.kilcollins@uconn.edu, Jin Li3, Chia-Hung C. Hsiao3, Andrew J. Wiemer3, David
F. Wiemer1. (1) Department of Chemistry, Univ of Iowa, Iowa City, Iowa, United States

(2) Department of Chemistry, Western Wyoming Community College, Rock Springs,
Wyoming, United States (3) Department of Pharmaceutical Sciences, University of
Connecticut, Storrs, Connecticut, United States
(E)-4-Hydroxy-3-methyl-but-2-enyl diphosphate (1, HMBPP) is an intermediate in
bacterial biosynthesis of isoprenoids, and can be viewed as the final stage before the
non-mevalonate pathway merges with the pathway for isoprenoid biosynthesis found in
mammals. This compound activates a subset of human T cells known as γδ T-cells, and
because of this activity it has been described as a phosphoantigen. This compound is
believed to function through binding to the protein butyrophilin 3A1 although a detailed
mechanism of action is as yet elusive. Closely related phosphonates (2) also can serve
as agonists of this protein, and may be able to stimulate an immune response that
would be useful for treatment of infections or malignancies. We recently have reported
that derivatives of compound 2 which can be viewed as prodrugs (e.g. 3 and 4)
demonstrate dramatically increased potency vis-à-vis the parent phosphonate,
presumably because they enhance cellular uptake. We have prepared a number of
additional variations on these structures and determined their ability to stimulate γδ Tcells. The details of these syntheses and the biological activity of the new analogues will
be presented.

MEDI 385
c-Met inhibitors from hit to lead: Discovery and optimization of a series of
pyridazin-4(1H)-ones
Kathryn Lipford, kathryn_lipford@merck.com, Michael Altman, Matthew H. Daniels,
Danielle Falcone, Yudith I. Garcia, David J. Guerin, Susan E. Hill, Gary Marshall,
Ekundayo Osimboni, Laura Surdi, Catherine White, Kevin J. Wilson, Jonathan R.
Young. Merck Research Laboratories, Boston, Massachusetts, United States
Selective inhibitors of c-Met, an intracellular receptor tyrosine kinase and known
oncogene, could have utility as monotherapy or in combination with other targeted
therapies for the treatment of human cancers, specifically for a variety of tumors
showing dysregulated c-Met activity. In recent years, a number of reports have emerged
describing a novel binding mode of certain c-Met-specific inhibitors to inactive c-Met,
supported by X-ray structures of protein-inhibitor complexes. Building further on these

disclosures, a virtual screen of chemical scaffolds against a model of the unactivated
conformation of c-Met was performed. The scaffolds were then scored and translated by
the chemistry team into synthetically feasible targets. Ultimately, a pyridazin-4(1H)-one
core produced a moderately active hit (1, IC50 = 810 nM), which was rapidly transformed
into a highly selective lead (2, IC50 = 43 nM) with a promising pharmacokinetic profile.
Further optimization, focusing on improving potency while maintaining selectivity and in
vivo profile, provided inhibitors with nanomolar cellular activities that were suitable for
further development.

MEDI 386
Novel class of hsp90 inhibitors that are designed to be soluble and synthetically
accessible
Yen Chin Koay, z3435801@unsw.edu.au. School of Chemistry, Kensington, New
South Wales, Australia
Heat shock protein 90 (hsp90) is an oncogenic protein which is responsible for the
folding, maturation and stabilization of client proteins that are involved in cancer
progression. Hsp90 is overexpressed in cancerous cells, where the total cellular protein
level of hsp90 elevates to 3-6% as compared to 1-2% in normal cells. Classical hsp90

monotherapy uses hsp90 inhibitors that bind to the N-terminal ATP-binding domain of
hsp90. This inhibitory binding event triggers a survival mechanism in cancer cells
involving the accumulation of multiple heat shock proteins (hsps). The accumulated
hsps often facilitate drug resistance through multiple mechanisms. Herein we describe
the development of a class of cyclic pentapeptides that modulate hsp90 without
inducing the accumulation of hsps. Our first lead compound, SM145, showed promising
anti-cancer activity, targeted hsp90 and did not caused the drug-induced accumulation
of hsps in treated cells. Despite its promising anti-cancer potency, SM145 is
synthetically challenging to make and its hydrophobicity has limited its potential as
viable drug candidate. We addressed the challenges in synthesis by substituting a
biphenyl moiety in place of the benzylated phenyl serine, which reduces synthetic
complexity and increases the yields dramatically. Also, we enhanced the
physiochemical properties over parent SM145 through the incorporation of a
heterocyclic side chain in the amino acid chains. We identified two new lead
compounds, SM253 and SM258, consist of a thiazole side chain, demonstrated
improved potency and solubility relative to SM145. These compounds bound to hsp90
and did not cause hsps to accumulate. We also demonstrated that SM253 and SM258
show high differential selectivity between normal cells and cancer cells. Thus, SM253
and SM258 are the novel new leads that overcomes a major resistance mechanism
associated with the current clinical inhibitors.
MEDI 387
Binding mode studies of lenvatinib to VEGFR2 and FGFR1
Megumi Ikemori-Kawada1, m-kawada@hhc.eisai.co.jp, Kiyoshi Okamoto1, Anja
Jestel2, Konstanze v. Konig2, Yasuhiro Funahashi1, Akihiko Tsuruoka1, Atsushi Inoue1,
Junji Matsui1. (1) Eisai Co., Ltd., Tsukuba-shi, IBARAKI, Japan (2) Proteros
biostructures GmbH, Martinsried , Germany
Lenvatinib is an oral multikinase inhibitor that selectively inhibits vascular endothelial
growth factor receptors (VEGFR1-3) and other proangiogenic and oncogenic pathwayrelated receptor tyrosine kinases including fibroblast growth factor receptors (FGFR1-4),
the platelet-derived growth factor receptor (PDGFR) α, KIT, and rearranged during
transfection (RET).
To further illustrate lenvatinib’s potent inhibition of the VEGFR2, we conducted a kinetic
interaction analysis of lenvatinib with VEGFR2 and X-ray analysis of the crystal
structure of VEGFR2−lenvatinib complexes. These results suggest that lenvatinib is
binding in a different and distinct mode “Type V” to the VEGF2 receptor compared to
other approved VEGFR2 kinase inhibitors. In VEGFR2, the lenvatinib binding site
comprises both the ATP region and its neighboring allosteric region without inducing a
DFG-out conformation.
The FGFR family represents a target of interest in oncology. Induced fit docking studies
were carried out for lenvatinib with the FGFR1 crystal structure, and energy stable
solutions were obtained. Considering the simulation results, lenvatinib has the potential
to also bind at the FGFR1 ATP binding site in the unique binding mode “TypeV”.

These results indicate that lenvatinib binds to both VEGFR2 and FGFR1 by a distinct
binding mode.
MEDI 388
Structurally defined multivalent αMHC-II nanobody-drug conjugate: Synthesis
and in vivo activity against A20 murine lymphoma model
Tao Fang, fangtao@msn.com, Hidde Ploegh. Whitehead Institute for Biomedical
Research, Massachusetts Institute of Technology, Cambridge, Massachusetts, United
States
Nanobodies (VHHs), camelid-derived antibody fragments devoid light chain with their
antigen binding sites reduced to a single domain, offer several advantages over mAbs
that dominated current antibody-drug conjugate market. Due to the small format
(~15KDa), VHHs are less immunogenic, easily expressed in E. coli. and can readily
penetrate solid tumor. We have screened a VHH, VHH7, against murine class II MHC
with binding affinity within low nM range. VHH7 is also rendered sortaging ready that
enabled the site-specific protein labeling. By combining sortaging with strain-promoted
alkyne-azide cycloadditions, we prepared multivalent VHH7-DM1 conjugate and tested
its efficiency on murine lymphoma model A20. In-vitro cytotoxicity assay demonstrated
at least 10-fold selectivity over MHC-II negative cell lines, while the conjugate remained
its cytoxocity against malignant A20 at low nM range showing efficient internalization
and antigen processing. In-vivo tests on localized and metastasized models showed
recession of tumor burdens. Translation of this construct to another VHH, VHH4,
recognizing human MHC-II will provide promising opportunities for treating human B-cell
lymphoma.
MEDI 389
Second-generation synthetic α-helix mimetics based on a 2,6,9-tri-substituted
purine potently disrupts the Mcl-1–Bim protein–protein interaction
Maryanna E. Lanning1, mlanning@umaryland.edu, Steven Fletcher2. (1) University of
Maryland Baltimore, Baltimore, Maryland, United States (2) Dept of Pharmaceutical
Sciences, University of Maryland School of Pharmacy, Baltimore, Maryland, United
States
The upregulation of the anti-apoptotic Bcl-2 proteins (Bcl-2, Bcl-xL, and Mcl-1) leads to
the evasion of apoptosis, which is a hallmark of cancer. Furthermore, the
overexpression of Mcl-1, in particular, has been linked with chemoresistance to current
cancer therapies. Mcl-1’s immortalizing role is manifested through the sequestration of
the Bcl-2 pro-apoptotic α-helical BH3 domains, including Bim and Noxa. This occurs
through a hydrophobic groove composed of binding pockets p1 through p4. We have
previously designed a purine-based synthetic α-helix mimetic that targets the
hydrophobic p2, p3 and p4 pockets on the surface of Mcl-1, and captures Arg263

through a salt bridge. Given the knowledge that the p2 pocket is important for furnishing
potent Mcl-1 inhibitors, we have designed second-generation, purine-based helix
mimetics to interrogate the p2 pocket further.
MEDI 390
Discovery, validation, and SAR of a novel series of diaminopyridines as Mcl-1
antagonists
Alex Hird, alexander.hird@astrazeneca.com, Steven Kazmirski, Matthew Belmonte,
Kevin Embrey, Andrew D. Ferguson, Eric Gangl, David Hargreaves, Martin Packer,
Timothy W. Pontz, Philip Rawlins, Paul Secrist, Nancy Su, Xiaolan Zheng. AstraZeneca,
Lexington, Massachusetts, United States
Mcl-1 is an anti-apoptotic protein in the Bcl-2 family. Tumors with elevated Mcl-1 protein
levels resulting from gene amplification or loss of E3 ligase FBXW7 display Mcl-1
dependence. Elevated Mcl-1 is also associated with drug resistance in haematological
malignancies (CLL, MM, DLBCL) and abrogation of Mcl-1 function in preclinical models
relieves intrinsic and acquired resistance to chemotherapy and targeted agents in these
and solid tumors. However, Mcl-1 has proven challenging to target, with many literaturereported compounds possessing off-target activities which clouds the understanding of
the biological function of Mcl-1.
An affinity-based screen of a DNA-encoded library revealed a novel series of
diaminopyridines as antagonists of Mcl-1. These molecules have been verified as true
binders through isothermal calorimetry, 2D NMR and surface plasmon resonance. A
crystal structure with Mcl-1 indicates the molecules occupy the BH3 binding groove,
displacing other BH3 peptides (e.g., Bim) and forming a polar interaction with Arginine
263.
Structure-activity relationships indicated that the hits from the DNA-encoded library
were already highly optimized, although a ten-fold improvement in biochemical potency
could be made. Modifications to the substituents could be accommodated to maintain
potency and improve drug-like properties. As such, this novel series represents a new
scaffold for further optimization towards an in vivo probe.
MEDI 391
Progress towards more potent and cell-active Mcl-1 inhibitors: Pro-drug and
bioisosteric optimization of first-generation salicylates
Lijia Chen1, lijiachen@umaryland.edu, Steven Fletcher2. (1) Pharmaceutical Sciences,
University of Maryland Baltimore, Baltimore, Maryland, United States (2) Dept of
Pharmaceutical Sciences, University of Maryland School of Pharmacy, Baltimore,
Maryland, United States

The Bcl-2 protein family is a key regulator of apoptosis, and the evasion of apoptosis is
a hallmark of cancer. The overexpressions of the anti-apoptotic Bcl-2 proteins Bcl-2,
Bcl-xL and Mcl-1 are frequently observed in human cancers in bone marrow, lung,
pancreas, ovary and lymph nodes. ABT-263, a potent Bcl-2/Bcl-xL inhibitor, is currently
in clinical trials. However, many cancers are able to develop resistance to ABT-263
through up-regulating their Mcl-1 expression levels to compensate for the inhibition of
Bcl-2/Bcl-xL. Therefore, there is an urgent need to discover inhibitors targeting Mcl-1 as
well as Bcl-2/Bcl-xL. Exploitation of the p2 pocket on Mcl-1 has been proposed to be the
most promising strategy to generate both potent as well as selective inhibitors. We have
previously designed and synthesized selective Mcl-1 inhibitors using a novel salicylate
scaffold. Here, we have optimized the structure of our Mcl-1 inhibitors using
complementary prodrug and bioisostere strategies to improve their binding affinities and
cell activities in multiple human cancer cell lines.
MEDI 392
Design and synthesis of dual inhibitors of the MDM2-p53 and MDMX-p53 proteinprotein interactions
Santosh Adhikari1, santoshadhikari27@gmail.com, Celine Cano1, Bernard T. Golding1,
Ian R. Hardcastle1, Suzannah J. Harnor1, Claire Jennings2, John Lunec2, Stephanie M.
Myers1, D R. Newell2, Judith Reeks2, Andrew Shouksmith1, Sue Tudhope2, Steve R.
Wedge2, Elaine Willmore2, Anita Wittner2, Yan Zhao2, Roger J. Griffin1. (1) Newcastle
Cancer Centre, Northern Institute for Cancer Research, School of Chemistry, Newcastle
University, Newcastle Upon Tyne, Non-US/Canada, United Kingdom (2) Newcastle
Cancer Centre, Northern Institute for Cancer Research, Paul O’Gorman Building,
Newcastle University, Newcastle Upon Tyne, Non-US/Canada, United Kingdom
In many human cancers, the function of the tumor suppressor protein p53 is inhibited by
the overexpression of MDM2 or MDMX. Modulation of MDM2-p53 and MDMX-p53
interactions is therefore an attractive strategy for anticancer drug discovery. A number
of small molecule inhibitors of the MDM2-p53 interaction have been reported to date
and several have entered clinical trials. Although MDM2 and MDMX have a high
sequence homology, most of the small molecule MDM2 inhibitors show significantly
lower binding affinity towards MDMX.
We identified a series of 2,4-aminothiazoles including compound 1 with modest
inhibitory activity against the MDM2-p53 and MDMX-p53 interactions. The series was
extended to the previously reported pyrrole series (Med. Chem. Commun., 2013, 4,
1297–1304), which led to the discovery of compound 2 with low micromolar dual
inhibition of MDM2/MDMX and SAR investigations were conducted.
An ELISA was used to examine potency against MDM2-p53 and MDMX-p53. Although,
the assay gave results in agreement with literature values for some inhibitors of the
MDM2-p53 interaction, the potencies of the dual inhibitors RO-2443 and RO-5963
(PNAS, 2012, 109, 11788-11793), were around 1000-fold lower than reported.

Therefore, an HTRF assay was developed, which provided IC50 values comparable to
the reported values for inhibition of MDM2-p53 and MDMX-p53 by RO-5963. Cocrystallisation, using three different constructs of MDMX, was attempted using 15
compounds.

MEDI 393
Design and synthesis of metabolically stabilized pironetin analogs for drugresistant ovarian cancers
Sara K. Coulup1,2, sara.coulup@gmail.com, David S. Huang1,2, Henry L. Wong1,2,
Natalia Y. Tretyakova1, Gunda I. Georg1,2. (1) Medicinal Chemistry, University of
Minnesota, Minneapolis, Minnesota, United States (2) Institute for Therapeutics
Discovery and Development, Minneapolis, Minnesota, United States
The natural product pironetin displays potent cytotoxic activity against ovarian cancer
cells both sensitive and resistant to the first-line chemotherapeutics paclitaxel and
cisplatin. Literature suggests that pironetin covalently binds to α-tubulin, whereas all
tubulin-binding agents currently approved by the FDA target β-tubulin. α-tubulin is
therefore an attractive alternative drug target that would address the critical need for
new treatments for drug-resistant ovarian cancers. Despite the potent in vitro activity,
only one in vivo study is reported. In this study, mice were injected i.p. with P388 murine
leukemia cells and injected with 6.3 mg/kg pironetin into the same cavity as the tumor
cells. This study resulted in severe weight loss and only marginal activity despite the
high dose, suggesting poor pharamcokinetic/pharmacodynamic properties. We have
shown that pironetin has a short half-life in human and mouse liver microsomes and
hypothesized that a key reason for its marginal in vivo efficacy is rapid metabolism to a
less active agent that displays off target toxicities. Using human liver microsomes and
LC-MS/MS, we identified the major metabolite and confirmed the identity through semi-

synthesis. These findings and the potential of metabolically stable pironetin analogs as
novel anti-tubulin agents for drug-resistant ovarian cancers shall be reported herein.
MEDI 394
Heparin based glycomics research using SPR biosensors
Fuming Zhang2, zhangf2@rpi.edu, Robert J. Linhardt1. (1) Chemistry, Rensselaer
Polytechnic Institute, Albany, New York, United States (2) Department of Chemical and
Biological Engineering, Rensselaer Polytechnic Institute, Watervliet, New York, United
States
Heparan sulfate (HS) and heparin are members of the glycosaminoglycan (GAG) family.
These are anionic, polydisperse, linear polysaccharides that are often highly sulfated.
Many physiological and patho-physiological processes can be modulated through
protein-heparin/HS interactions including: blood coagulation, cell growth and
differentiation, host defense, viral infection, lipid transport and metabolism, cell-to-cell
and cell-to-matrix signaling, inflammation, Alzheimer’s disease and cancer. Surface
plasmon resonance (SPR) is a powerful biosensor technique used to measure
biomolecular interactions in real-time and a label-free environment. SPR spectroscopy
has been successfully used for quantitative modeling of heparin-protein, and biological
evaluation of glycotherapeutics (such as heparin and low molecular weight heparins) in
our lab. This presentation reports SPR studies on the interactions between heparin and
proteins and the application of SPR in glycomics study.
MEDI 395
Structure-activity relationship in the evaluation the antioxidant capacity of diaryl
hydrazones
William Horton, william.horton001@umb.edu, Rekha Tulsan, Nandor Kugyela, Bela
Torok, Marianna Torok. U Mass Boston, Dorchester, Massachusetts, United States
The development of a new class of small molecule antioxidant compounds is described.
The core structure is based on the diaryl hydrazone scaffold that has been predicted to
possess various resonance structures and thus at least a partially delocalized electron
structure. Substituted derivatives of this core structure were synthesized using a variety
of aromatic aldehydes and phenylhydrazines and were characterized by mass
spectrometry and NMR spectroscopy. In order to assess their radical scavenging
effects, the compounds were evaluated in multiple assays, utilising in-situ generated
superoxide (O2·-) radicals or commercially available stable free radicals, such as 2,2diphenyl-1-picrylhydrazyl (DPPH·) and 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS·+). Well-known antioxidants, including ascorbic acid, resveratrol and trolox
were used as positive controls in these assays.
Several novel diaryl hydrazones appeared to be effective radical scavengers and could
thus potentially aid in the treatment of human diseases associated with oxidative stress.

MEDI 396
Systematic study of the influence of small substituents on lipophilicity,
membrane permeability, and metabolic stability: A matched molecular pairs
analysis of four drugs
Jorge Peiró3, peiro.jorge@gmail.com, Mads Clausen2, Morten Jorgenson1. (1) Division
of Medicinal Chemistry, H Lundbeck As, Copenhagen Valby, Denmark (2) Technical
University of Denmark, Kgs Lyngby, Denmark (3) Chemistry, Technical University of
Denmark, Kgs. Lyngby, Denmark
The applications of medicinal chemistry rules and guidelines for drug discovery have
been of increasing importance since the seminal publication of the Lipinski´s “rule-offive” in 1997.1 For the development of those rules, many Structure-Activity-Relationship
(SAR) and Structure-Property-Relationship (SPR) studies have been performed on
large compound collections of “Big Pharma” organizations, leading to similar conclusion
overall.2
The objective of this project was the synthesis of a series of analogues of four drugs
(moclobemide 1c, chloropyramine 2c, leflunomide 3g and chlorpropamide 4c), which
differ by the nature of small substituents in the para position of the benzene ring, and
the evaluation of the influence of the different substituents on various physicochemical
and pharmacokinetic properties. Systematic influence on lipophilicity (LogP and
LogD7.4), membrane permeability (PappA-B), and metabolic stability (Clint) was studied
using Matched Molecular Pairs Analysis (MMPA) as a tool. The selected substituents
were the H substituent, the halogens F, Cl, and Br, the CH3 and OCH3 groups and their
fluorinated counterparts CHF2, CF3, OCHF2 and OCF3.
The introduction of Cl and Br increased lipophilicity compared to the H. Subtitution of H
by F did not significantly influence the lipophilicity and metabolic stability. CHF2
produced a slightly decreased lipophilicity while CF3, OCHF2 and OCF3 analogues were
more lipophilic compared to their CH3 and OCH3 counterparts. An increased metabolic
stability for all fluorinated analogues in the case of chloropyramine series was observed.
The influence of the substituents on membrane permeability was found to be series
dependent and no systematic correlation was observed.
1
2

Lipinski, C. A. et al. Adv. Drug Deliv. Rev. 1997, 23, 3-25.
Waring, M. J. Expert Opin. Drug Discov. 2010, 5, 235-248.

MEDI 397
Synthesis and evaluation of 2,3-dihydrobenzofuran-3(2H)-one-7-carboxamide
derivatives as poly(ADP-ribose)polymerase-1 inhibitors

Uday Kiran Velagapudi1, uk.velagapudi@gmail.com, Aaditya Bhatt2, Tanaji T. Talele1.
(1) Pharmaceutical Sciences, St. John's University, Queens, New York, United States
(2) Amneal Pharmaceuticals, Piscataway Township, New Jersey, United States
Our previous studies indicated that 3-oxo-2,3-dihydrobenzofuran-7-carboxamide
pharmacophore (5, IC50 = 16.2 μM) is an excellent scaffold for obtaining low nanomolar
inhibitors of poly(ADP-ribose)polymerase-1 (PARP-1). In an effort to improve the activity
of scaffold 5, a fluoro substitution was made on the 5-position of the phenyl ring
obtaining 5-fluoro-3-oxo-2,3-dihydrobenzofuran-7-carboxamide 6 which imparted a
three-fold improvement in the activity with an IC50 of 5.1 μM. This substitution was
accomplished by modifying our previous synthetic approach to an elegant scheme with
reduced number of synthetic steps and improved overall yields. Meanwhile, an
extended analog of 5, 2-{4-[2-(4-methylpiperazin-1-yl)ethanesulfonylamino]benzylidene}-3-oxo-2,3-dihydrobenzofuran-7-carboxamide 7 (IC50 = 0.079 μM) was
established as PARP-1/2 selective inhibitor in a screening assay against 13 PARP
isoforms. Replacing the ethanesulfonylamide linker with propyloxy-2-ol, we developed
compound 11 to explore the adenine pocket of PARP-1, with enhanced activity (IC50 =
0.035 μM) while maintaining PARP-1/2 selectivity. Additionally, both compounds 7 and
11 were found to be poor substrates of ABCB1 and ABCG2. Further optimization of
these derivatives along with detailed SAR will be discussed.
MEDI 398
Identification and optimization of 2,3-dihydrobenzo[b][1,4]dioxine-5-carboxamide
as PARP-1 inhibitors
Xuwei Shao, shaoxuwei@gmail.com, Steven Pak, Bhargav Patel, Uday Kiran
Velagapudi, Tanaji T. Talele. Pharmaceutical Sciences, St. John's University, Queens,
New York, United States
Pharmacological inhibitors of the poly(ADP-ribose) polymerase (PARP) family of
enzymes are a novel class of anticancer drugs targeting the DNA repair activity of
PARP-1, the principle member of PARP family. Our lead scaffold, 2,3dihydrobenzo[b][1,4]dioxine-5-carboxamide (IC50 = 5.79 µM), was identified by a
combined approach that involved pharmacophore modeling and virtual screening of
Maybridge compound library. The optimization of this scaffold will be discussed based
on the following two approaches: (i) introduction of substituents such as amino and
fluoro at 7- and 8- positions, and (ii) modification of the dioxin portion of the scaffold to
extend the inhibitor binding into the adenine pocket of PARP-1.
MEDI 399
Process development of 6-amino-2,2-dimethyl-2H,3H,4H-pyrido[3,2-b][1,4]oxazin3-one

Aihua Xia, xia_aihua@pharmablock.com, Hui Li, Xihan Wu, Minmin Yang. Department
of Research, PharmaBlock (Nanjing) RD Co. Ltd, Nanjing, JiangSu, China
A practical and efficient synthesis of 6-amino-2,2-dimethyl-2H,3H,4H-pyrido[3,2-b]
[1,4]oxazin-3-one (1) was described. In the presence of K2CO3, treatment of 2aminopyridin-3-ol (2) with 2-bromo-2-methylpropionic acid ethyl ester yielded 2,2dimethyl-2H,3H,4H-pyrido[3,2-b][1,4]oxazin-3-one (3), which was nitrated to provide
2,2-dimethyl-6-nitro-2H,3H,4H-pyrido[3,2-b][1,4]oxazin-3-one (4) in excellent yield.
Subsequent reduction of 4 by hydrazine hydrate in the presence of FeCl3/C afforded the
title compound 1 in 80% yield. This protocol was successfully applied to kilogram-scale
production of compound 1 with an overall yield of 67%.[figure1]

Figure 1: Preparation of compound 1
MEDI 400
Design, synthesis, and development of small-molecule modulators of paxillin that
inhibit proliferation of ARPE-19 cells exposed to growth factors
Bilal A. Aleiwi, baleiwi@uthsc.edu, Jordan J. Toutounchian, Charles R. Yates, Duane
D. Miller. Pharmaceutical Sciences, University of Tennessee Health Science Center,
Memphis, Tennessee, United States
Proliferative vitreoretinopathy (PVR) is a serious complication that can result in vision
loss and is commonly seen in patients recovering from rhegmatogenous retinal
detachments (RRD). Breaks in the retina or holes serve as a mechanism that allows
cells derived from the retinal pigment epithelium, neural retina and extracellular matrix
to “mislocalize” or invade the vitreous space. In severe cases, anatopistic cells coalesce
into membranous structures that then physically adhere to the retina. Focal adhesion
(FA) proteins Src and FAK have been shown to be required for contractile cellular
responses that trigger secondary retinal detachment – the cause of vision loss in PVR.
Src-mediated activation of both FAK and scaffold protein, paxillin are required for
cellular growth, migration and adhesion under growth factor activation. In this study, we
investigate the role of focal adhesion (FA) protein paxillin in coordinating the RPE
response to growth factors. We have designed a phenotypic screen to identify smallmolecule modulators of paxillin that inhibit proliferation of ARPE-19 cells exposed to

growth factors.
Human retinal pigment epithelial cells, ARPE-19 were treated with serum-free or serumcontaining (15% fetal bovine serum) medium for 24 hours and were measured for
cellular proliferation using the water-soluble tetrazolium salt, WST-1 reducing assay.
Five compounds (BA - 118, 155, 165, 175 and 184) at 1.0 or 0.1 µM in DMSO vehicle
(0.01%) were added to wells containing FBS and incubated for 24 hours at 37°C. WST1 reagent was added to each well and incubated for 2 hours at 37°C. Using a microplate
reader, proliferation was measured at an absorbance wavelength of 440 ηm. Data
represent mean absorbance values normalized to serum-free control wells ± SEM; n =
6.
ARPE-19 cells exposed to 15% serum experienced significant growth (*P < 0.00001)
compared to serum-free conditions. Of the five compounds tested, BA-117 was
identified as being the most potent (#P < 0.001).
MEDI 401
Can strong solvents like DMSO and NMP be used as injection solvents in
reversed-phase flash chromatography?
John R. Bickler, bob.bickler@biotage.com. Biotage, LLC, Hampstead, North Carolina,
United States
Synthesis reactions are often conducted using DMSO and other highly-solvating
solvents (NMP, DMF) because their high boiling points allow for higher reaction
temperatures. Retrieving the synthetic products from the solvent through evaporation,
however, is nearly impossible and back extraction can be challenging.
Chromatographic purification should be an ideal method but because of these solvent’s
great solvation properties they can cause issues with loading capacity, retention, and
separation. In this poster we will provide guidelines to using strong, high boiling solvents
as injection solvents in reversed-phase flash purification.
MEDI 402
Organic amine flash purification using a novel stationary phase
John R. Bickler, bob.bickler@biotage.com. Biotage, LLC, Hampstead, North Carolina,
United States
Organic amine purification by normal-phase flash chromatographic methods on silica
usually requires a polar solvent with amine modifiers. Though this can work it can be
problematic to optimize the separation resulting in poor product purity and lower than
desired yields.
A novel media from Biotage helps improve organic amine purification by eliminating the
need for added base modifiers. In this poster we will show how this unique flash

cartridge can replace purification methods using silica cartridges and DCM/MeOH/NH3
solvent systems.
MEDI 403
Synthesis and biological evaluation of 1H-benzimidazole-5-carbohydrazides
derivatives, as oxidative stress promoters
Ms Silvia Patricia Melchor-Doncel de la Torre1, spin_mco@hotmail.com, M.
Geovanni Santiago-Martínez2, Elizabeth Lira-Silvia2, Ricardo Jasso-Chávez2, Citlati
Vázquez2, Zabdi González-Chávez2, Emma Saavedra2, Rocio Nieto3, Lilián YépezMulia4, Cesar Mendoza-Martínez1, Francisco Hernández-Luis5. (1) Pharmacy, UNAM,
Mexico City, Mexico City, Mexico (2) Biochemestry, National Institute of Cardiology Ignacio Chávez, Mexico City, Mexico city, Mexico (3) Unit of Medical Research on
Infectious and Parasitic Disesases, Centro Médico Nacional Siglo XXI, IMSS, Mexico
City, Mexico city, Mexico (4) Unit of Medical Research on Infectious and Parasitic
Disesases, Centro Médico Nacional Siglo XXI, IMSS, Mexico City, Mexico (5)
Pharmacy, UNAM, Mexico City, Mexico
Twelve new benzimidazole derivatives were synthesized and their in vitro activity
against epimastigotes forms of Trypanosoma cruzi was assessed. Two compounds (6
and 7), which possess phenolic compounds in their structures, proved to be the most
active in inhibiting culture growth with IC50 values lower than Benznidazole (reference
drug, IC50=40µM). Furthermore, cytotoxicity was evaluated using murine macrophages
and compounds (6 and 7) were not toxic at a concentration 20 times that of its IC50
against T. cruzi. Additionally, the capacity of 6 to induce oxidative stress was evalueted.
For this purpose, Euglena gracilis a unicellular flagellate protist, was used. The results
of antioxidant enzyme (glutathione reductase), total thiols and malondialdehyde
suggested that the reduction of viability of E. gracilis could be attributed to the
production of oxidative stress.

MEDI 404
Protein and monoclonal antibody functionalization utilizing continuous flow
microreactor technology
Meaghan M. Sebeika1, sebeika.m@husky.neu.edu, Nicholas G. Gedeon1, Sara E.
Sadler2, Graham B. Jones1. (1) Chemistry, Northeastern University, Malden,
Massachusetts, United States (2) Chemistry, Northeastern University, Boston,
Massachusetts, United States
Interest in the field of antibody-drug conjugates (ADCs) has grown tremendously over
the past decade, due to an increased number of clinical trials and the approval of
AdcetrisTM and KadcylaTM by the FDA. The increasing depth of this field necessitates
robust chemistries which allow selective and efficient functionalization of the antibody
cores for introduction of appropriate linkers, spacers and drug payloads. Under
conventional bioconjugation conditions, product heterogeneity often results, and the
drug-to-antibody ratios (DAR) are inconsistent. We have therefore investigated the
superior heating and mixing capabilities of continuous flow microreactor technology to
expedite and facilitate such processes. Flow methodology was used to efficiently
conjugate small molecule probes such as succinimidyl fluorobenzoate (FSB) to reagent
proteins and the chimeric monoclonal antibody infliximab (RemicadeTM). Our preliminary
results suggest it to be a viable strategy for antibody-drug conjugation.
MEDI 405
Facilitating antibody drug conjugate linker synthesis using solid phase synthetic
techniques
Jessica R. McCombs, jessica.mccombs@gmail.com. Pharmaceutics and
Pharmaceutical Chemistry, University of Utah, Salt Lake City, Utah, United States
Due to the clinical successes of monoclonal antibody therapies, antibody drug
conjugates (ADCs) have quickly emerged as an exciting new class of
biopharmaceuticals. Advances in bioconjugate chemistry enable the facile synthesis of
a diverse body of ADCs, with each synthetic scheme aimed at increasing efficacy.
Enzymatically cleavable linkers paired with self-immolative spacers have gained
popularity due to their ability to release a parent drug from the linker within the
lysosome. In the race to develop new ADCs, it is clear that variations in linker chemistry
and bioconjugation can affect the distribution and number of regioisomers; thereby
altering potency.
Due to the unique profile of each disease state, each ADC will require an individually
tailored linker-drug combination. In order to quickly evaluate several linker systems in
parallel, we have developed a solid phase approach to quickly assemble linkers based
on the enzymatically cleavable dipeptide phenylalanine-lysine. In this method,
phenylalanine-lysine is immobilized on a chlorotrityl resin via the side chain of the
lysine. The resulting dipeptide features both a free N and a free C terminus that can be

used to attach various chemical handles and drugs, respectively. Using this synthetic
method, enzymatically cleavable linkers featuring thiol or maleimide handles are
modified with pendant drugs such as gemcitabine and geldanamycin. To demonstrate
the ease in synthesis, various spacers can also be incorporated. The resulting druglinkers are then conjugated to model antibodies by thiol-ene chemistry either with
SMCC derivitized lysines or cysteine groups liberated by mild reduction of antibody
disulfide linkages. The resulting ADC products are characterized using ESI-MS paired
with proteolitic degradation mapping to assess the number and location of conjugation.
Our solid phase method provides a modular platform to rapidly evaluate combinations of
drug and conjugation handles to reveal the most efficacious construct for a given target.
MEDI 406
Bridge and click conjugation strategies: A new paradigm in the synthesis of
porphyrin antibody-drug conjugates
Francesca Bryden1, f.bryden@hull.ac.uk, Antoine Maruani2, Huguette Savoie1, Mark
Smith2, Stephen Caddick2, Vijay Chudasama2, Ross W. Boyle1. (1) Department of
Chemistry, The University of Hull, Hull, United Kingdom (2) Department of Chemistry,
University College London, London, United Kingdom
The exploitation of the exquisite targeting ability of antibodies in combination with the
cytotoxic action of anti-cancer agents is an area of growing popularity, with the recent
approval of antibody-drug conjugates (ADCs) brentuximab vedotin and trastuzumab
emtansine reaffirming the clinical applicability of this targeting strategy. While all current
clinical ADCs utilize a chemotherapeutic agent as the treatment modality, photodynamic
therapy (PDT) offers an alternative method of cytotoxic action, allowing effective tumour
destruction while minimising damage to healthy tissue.
The majority of currently available photosensitizer-functionalised ADCs utilise lysine
conjugation technology, which is not optimal for the generation of clinically relevant
products due to the generation of a heterogeneous mixture of products. An alternative
to this is a site-selective and stoichometrically controlled functional re-bridging of native
interchain disulfides, which allows selective conjugation to antibodies without loss of
structural integrity. In this work, functional disulfide re-bridging was combined with
bioorthogonal “click” reactions to deliver a bioconjugation methodology which is mild,
facile and highly selective. This methodology allows for attachment of a single porphyrin
per disulfide bridge in a regiospecific and stoichiometric way, while increased binding
ratios can be obtained through facile attachment of porphyrin-dendron units without loss
of stoichiometric and structural control.
To this end, these novel bioorthogonal conjugation strategies have been successfully
combined with the proven targeting efficacy of the clinically approved antibody
Herceptin to generate a number of HER2-targeting porphyrin ADCs. Analysis of these
conjugates has confirmed the excellent levels of control over both the site and
stoichiometry of bioconjugation provided by this approach, while the in vitro and in vivo

biological investigation of these conjugates has demonstrated the potential of these
structures as both powerful and selective therapeutic agents.
MEDI 407
Amino acid efflux as a surrogate measure of the inhibition of plasmodial
hemoglobin endocytosis by mefloquine and related antimalarials
Maryam Ghavami1, mghavami@vt.edu, Christie Dapper2, Seema Dalal2, Priscilla M.
Krai2, Michael Klemba2, Paul R. Carlier1. (1) Department of Chemistry, Virginia Tech,
Blacksburg, Virginia, United States (2) Department of Biochemistry, Virginia Tech,
Blacksburg, Virginia, United States
Malaria is caused by an infection from a protozoan parasite (genus Plasmodium) and
causes almost 600,000 deaths and 2,000,000 incidences of disease annually.
Mefloquine (MQ) is among the drugs used for both malaria prophylaxis and treatment.
As a prophylactic drug, MQ has numerous advantages, including activity against all
human malaria parasite species, slow mean systemic clearance, and relative safety in
pregnancy. However MQ’s association with psychiatric side effects have reduced its
appeal and motivated development of analogs that retain its favorable characteristics
while eliminating its CNS liabilities.
To identify such molecules it would be helpful to develop a convenient mechanismbased screen. The mechanism of MQ’s parasiticidal action is unknown, but may be due
to inhibition of endocytosis of erythrocyte hemoglobin that occurs at the trophozoite
state. As direct assays of hemoglobin uptake are not sufficiently robust, we explored the
measurement of leucine efflux from the parasite into the culture medium, since
hemoglobin proteolysis is the dominant source of effluxed leucine. Application of this
assay to a series of MQ analogs (±)-1 showed a good correlation of leucine efflux
inhibition IC50 values to growth inhibition EC50 values, consistent with the proposed
mechanism of action.

MEDI 408
In vitro evaluation of imidazo[4,5-c]quinolin-2-ones as gametocytocidal
antimalarial agents
Myunghoon Kim1, thehoonie@hotmail.com, Wei Sun1, Xiuli Huang1, Takeshi Tanaka3,
Williamson Kimberley2, Wei Zheng1, Wenwei Huang1, Paresma R. Patel1. (1) National
Center for Advancing Translational Sciences, National Institutes of Health, Rockville,
Maryland, United States (2) Department of Biology, Loyola University, Chicago, Illinois,
United States (3) National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland, United States
We recently reported a screen identifying small molecule gametocytocidal antimalarial
agents. Of these compounds, one of the most potent was the mTOR inhibitor Torin 2
with an IC50 of 8 nM against gametocytes. Given the structural similarity of imidazo[4,5c]quinolin-2-ones to Torin 2, these scaffolds were of interest as potential
gametocytocidal antimalarial agents. Described here is the establishment of a structure
activity relationship of imidazo[4,5-c]quinolin-2-ones as antimalarial agents focused on
gametocytocidal activity. A number of imidazo[4,5-c]quinolin-2-ones are described with
asexual antimalarial and gametocytocidal activity in the nanomolar range.
MEDI 409
Identification of 2-aminomethylphenol antimalarials with potent in vitro and in
vivo activity against Plasmodium blood stages
Gavin D. Heffernan1, gavin.heffernan@jacobus-pharmaceutical.com, David P.
Jacobus1, Peter Krasucki1, Kurt W. Saionz1, Guy Schiehser1, Hong-Ming Shieh1, Wenyi
Zhao1, Arba Ager2, Marina Chavchich3, Geoffrey Birrell3, Dennis Shanks3, Michael
Edstein3. (1) Jacobus Pharmaceutical, Princeton, New Jersey, United States (2)
University of Miami, Miami, Florida, United States (3) Australian Army Malaria Institute,
Enoggera, Queensland, Australia
Worldwide, more than 3 billion people are at risk of being infected with malaria and it
was estimated the disease was responsible for 584,000 deaths in 2013. Although the
treatment of malaria has been revolutionized by the widespread adoption of artemisinincombination therapies, the emergence of Plasmodium falciparum resistant to
artemisinins highlights the need for the development of new antimalarial agents. A 2aminomethylphenol, WR 194,965, originally developed by the US Military Malaria
Research Program, was selected as the starting point of a program to identify novel
long-acting antimalarials. Although WR 194,965 exhibited potent in vitro activity in
antimalarial assays using two P. falciparum lines, the chloroquine-sensitive D6 line (IC50
= 30 nM), and the chloroquine-resistant W2 line (IC50 = 28 nM), a potential liability

precluding the further development of this compound was the observed hERG current
inhibition (IC50 = 1.1 uM; Figure). A comprehensive structure-activity relationship (SAR)
study was undertaken using the 2-aminomethylphenol scaffold of WR 194,965, with the
aim of reducing the hERG activity while maintaining or improving antimalarial potency.
Replacement of the chlorophenyl ring with a trifluoromethyl substituted pyridine or
pyrimidine ring led to significantly reduced hERG inhibition and increased antimalarial
activity. Two advanced analogs from this series, JPC-3186 and JPC-3210, possessed
potent in vitro activity against the W2 line of P. falciparum (IC50 = 9 and 8 nM,
respectively), and both compounds inhibited hERG current by less than 20% at 10 uM
in a manual patch clamp assay. Additionally, JPC-3210 exhibited exceptional in vivo
efficacy in a mouse malaria model, the modified Thompson test. Complete survival of
mice infected with P. berghei was observed with an oral dose of 4 mg/kg/day for 3 days.
These two compounds, along with additional analogs identified from this SAR study, are
currently being evaluated in preclinical safety models.

MEDI 410
Trypanosoma brucei growth inhibitors: High-throughput screening hit exploration
Lisseth Silva1, silva.li@husky.neu.edu, Rosario Diaz2, Carlos Cordon-Obras2, Domingo
Rojas-Barros2, Miguel Navarro2, Michael P. Pollastri1. (1) Department of Chemistry &
Chemical Biology, Northeastern University, Boston, Massachusetts, United States (2)

Instituto de Parasitología y Biomedicina "López-Neyra" Consejo Superior de
Investigaciones Cientificas, Granada, Spain
Neglected tropical diseases (NTDs) affect over one billion people worldwide. These
diseases are neglected because they affect areas with poor financial conditions and do
not attract research investment from for-profit institutions, as they cannot recover
research and developmental costs. Human African trypanasomiasis (HAT) is a
neglected disease caused by the parasite Trypanosoma brucei. Current treatments for
HAT have severe limitations in terms of toxicity and dosing regiments, and therefore
new drug discovery efforts are needed. Protein kinase signaling cascades play an
important role in a variety of indications, including inflammation, and cancer, and have
received intense focus in the pharmaceutical industry. Importantly, homologous
enzymes have been found to be important targets involved in cellular signaling in
infectious parasites such as T. brucei, which has attracted attention to these parasitic
kinases as attractive drug targets. In collaboration with GlaxoSmithKline, we performed
a high-throughput screen (HTS) of 46,688 kinase-targeted inhibitors, testing against
T.brucei cell cultures. From this set, 797 compounds showed good potency and
selectivity over human HepG2 cells. Hit-to-lead optimization is ongoing, with a goal to
improve potency and physicochemical properties of these hit compounds in order to
discover new therapeutics for HAT. Our compound triage results and progress in
pursuing a high-priority cluster of azaindole-based trypanosomal growth inhibitors will
be presented, directed at the optimization of a promising class of hit compounds
identified in this HTS campaign.
MEDI 411
Synthesis and tripanocidal activity of novel substituted N-(1H-benzimidazole-2yl)-1H-benzimidazole carboxamides
Alicia Hernandez Campos2, hercam@unam.mx, Pedro J. Trejo3, Lilián Yépez-Mulia4,
Alfredo Téllez-Valencia5, Rocío Nieto-Meneses6, Rafael Castillo-Bocanegra1. (1)
Farmacia, Div De Estudios De Posgrado, Mexico, Mexico (2) Unam Facultad De
Quimica, Mexico, Mexico (3) Departamento de Farmacia, Universidad Nacional
Autónoma de México, Mexico City DF, Mexico (4) Unidad de Investigación Médica en
Enfermedades Infecciosas y Parasitarias, IMSS, Mexico city, Mexico (5) Facultad de
Medicina y Nutrición, Universidad Juárez del Estado de Durango, Durango, Mexico (6)
Departamento de Parasitología, Instituto Politécnico Nacional, Escuela Nacional de
Ciencias Biológicas, Mexico city, Mexico
Protozoa infections constitute a serious public health problem worldwide affecting
millions of people mainly in developing countries. Among the diseases, Chagas or
American trypanosomiasis, caused by the protozoal hemoflagellate Trypanosoma cruzi,
is considered one of the most neglected. Available treatment for American
trypanosomiasis is limited. Additionally, adverse effects and toxicity of drugs also often
result in the discontinuation of treatments. These facts justify the urgent need to develop
new and effective antiparasitic drugs. With this precedent, in this work a series of six

novel N-(benzimidazol-2-yl)-5(6)-benzimidazole carboxamides (15–20) were prepared
via a convergent methodology. The novel compounds were evaluated in vitro against
two strains of Trypanosoma cruzi (NINOA and INC5). The evaluations show that most
of the compounds have higher antiprotozoal activity than the drugs of choice
benznidazole and nifurtimox, and low cytotoxicity. In order to determine the possible
mechanism of action of these compounds, inhibitory activity assays were also
performed on recombinant T. cruzi triosephosphate isomerase enzyme.
MEDI 412
Targeting methionyl tRNA synthetase from Trypanosoma brucei for the discovery
of orally and CNS available therapeutics to treat Sleeping Sickness
Zhongsheng Zhang1, Cho Yeow Koh1, Sayaka Shibata1, Ranae M. Ranade2, John R.
Gillespie2, Sharon A. Creason2, Christophe L. Verlinde1, Wim G. Hol1, Frederick S.
Buckner2, Erkang Fan1, erkang@u.washington.edu. (1) Department of Biochemistry,
University of Washington, Seattle, Washington, United States (2) Department of
Medicine, University of Washington, Seattle, Washington, United States
Sleeping Sickness is a devastating and neglected infectious disease caused by the
protozoan pathogen Trypanosoma brucei that affects more than 60 million people in the
sub-Sahara Africa area. The disease can progress in two stages with the parasites
circulating in host blood at the early stage and invading into brain at the late stage.
Currently available drugs are inadequate due to high cost of certain treatment options,
toxicity, and emerging resistance. As a consequence, the development of new
therapeutics to treat T. brucei infection is in urgent need and that would require new
drugs to be orally and CNS available. The T. brucei parasite encodes a single methionyl
tRNA synthetase (MetRS), which was shown to be a tractable target for drug discovery
against bacterial or protozoan infections including T. brucei infection. Although there are
potent inhibitors of bacterial MetRS that are also potent against the T. brucei MetRS
enzyme and the whole cell, many of the known MetRS inhibitors do not yet possess
good oral or CNS bioavailability. In this report, we show that specific, but not random,
fluorination of known classes of MetRS inhibitors not only preserves potent activities
against the parasite MetRS and the whole organism, but also improves exposure of the
compounds into the blood and brain after oral administration in mice. The top
compounds in this study can also cure T. brucei infected mice in an acute disease
model, and are excellent lead compounds for further development as drugs for treating
Sleeping Sickness.
MEDI 413
Assay for ligand binding to helix 69 rRNA
Hyosuk Seo, hseo@chem.wayne.edu, Christine S. Chow. Chemistry, Wayne State
University, Detroit, Michigan, United States

Due to the rise of antibiotic resistance, there is a need for discovery of new targets and
development of novel drugs. In a previous study, phage display was used to select a
peptide binding to helix 69 (H69), an rRNA motif located in the B2a intersubunit bridge
of the bacterial ribosome. Helix 69 shows different conformations in 50S subunits and
70S ribosomes, which can be altered by changing buffer conditions or temperature of
the system. One of the selected peptides binds with moderate affinity to H69 in the
conformation found in 50S subunits. Several methods were used to monitor peptideRNA interactions, such as a fluorescent intercalator displacement (FID) assay,
electrospray ionization mass spectrometry (ESI-MS), and surface plasmon resonance
(SPR) under different buffer systems. In addition, gold nanoparticles (AuNP) with ideal
photo-induced energy transfer (PET) properties were used to develop an assay for
screening ligands against H69. With this assay in hand, current studies are in progress
to screen small-molecule binding to H69.
MEDI 414
6-Substituted pyrido[3,2-d]pyrimidines as dihydrofolate reductase inhibitors and
potential anti-opportunistic agents
Aleem Gangjee1, Khushbu S. Shah1, shahk@duq.edu, Vivian Cody2. (1) Grad Sch
Pharm Sciences, Duquesne University, Pittsburgh, Pennsylvania, United States (2)
Hauptman-Woodward Institute, Buffalo, New York, United States
Pneumocystis jirovecii (pj), formerly identified as Pneumocystis carinii (pc) causes
Pneumocystis pneumonia (PCP), which is the most common life-threatening
opportunistic infection in immuno-deficient patients suffering with AIDS, undergoing
chemotherapy or organ transplant procedures. With the advent of highly active
antiretroviral therapy (HAART), PCP rates have been reduced significantly.
Unfortunately, it still remains a serious infection in 30-40 % of immunocompromised
patients if their CD4 cell count drops below 50. While classified as a fungus,
Pneumocystis jirovecii (pj), does not respond to antifungal treatments. The
recommended therapeutic approach for the treatment PCP is trimethoprim (TMP) sulfamethoxazole (SMX), but due to sulfonamide allergies and increasing drug-resistant
strains, in many cases the use of TMP-SMX is not a viable option. The second line
treatment involves potent, but non-selective DHFR inhibitors such as trimetrexate
(TMQ) and piritrexim (PTX) which cause myelosuppression and require coadministration of leucovorin increasing the cost of therapy. Thus, there is a significant
unmet clinical need for new anti-infective agents as reported by the Centers of Disease
Control and Prevention and the World Health Organization to overcome the threat of
drug-resistant strains. We synthesized a series of 6-substituted pyrido[3,2-d]pyrimidines
that are selective and potent inhibitors of pjDHFR. The synthesis and biological
evaluation of analogs designed to optimize selectivity and potency for pjDHFR over
humanDHFR will be discussed and presented.
MEDI 415

Synthesis and in vitro trichomonicidal and anti-Candida activity of some phenyl2H-indazole derivatives
Jaime Pérez-Villanueva1, qjaimepv@hotmail.com, Teresita Sainz-Espuñes 1, Lilián
Yépez-Mulia2, Olivia Soria-Arteche1, Raúl Gutiérrez-Lucas1, Miguel Cortés-Gines1,
Gloria I. Pineda-Liceaga1, Dante B. Estrada-Castro1. (1) Departamento de Sistemas
Biológicos, Universidad Autónoma Metropolitana Unidad Xochimilco, Mexico, D.F.,
Mexico (2) Unidad de Investigación Médica en Enfermedades Infecciosas y
Parasitarias, Instituto Mexicano del Seguro Social, Mexico, D.F., Mexico
Trichomonas vaginalis and Candida albicans are two of the principal etiological agents
of vaginitis. According to the World Health Organization (WHO), more than 170 million
new cases of trichomonosis are estimated annually worldwide. Infection can cause
severe inﬂammation of the genital tract which has been associated with preterm labor,
low-birth weight, sterility, cervical cancer and predisposition to HIV infection. On the
other hand, it is known that 75% of women have at least one vaginal yeast infection at
some point in their lives. Vaginal infection by C. albicans can cause severe vaginal
itching. As part of our efforts to find new trichomonicidal and anti-Candida agents, we
report the synthesis and biological evaluation of fourteen 2-phenyl-2H-indazole and 2,3diphenyl-2H-indazole derivatives. 2-Phenyl-2H-indazole derivatives were synthesized
using the Cadogan reaction, whereas 2,3-diphenyl-2H-indazole derivatives were
prepared by palladium catalyzed arylation of 2-phenyl-2H-indazole. In vitro evaluations
against T. vaginalis revealed some active compounds having IC50 in the nanomolar
range. Also, some compounds showed promising activity in preliminary antifungal
assays against C. albicans using the Kirby-Bauer method.

MEDI 416
Synthesis, antiprotozoal activity, and structure-activity relationships of novel 1methyl-2-(methylthio)-1H-benzimidazole-5-carboxamide derivatives: Identification
of new selectivity compounds

Paulina Flores Carrillo4, linafloresc@gmail.com, Rodrigo Aguayo-Ortiz2, Rafael
Castillo-Bocanegra1, Pedro J. Trejo3, Lilián Yépez-Mulia5, Alicia Hernandez Campos3.
(1) Farmacia, Div De Estudios De Posgrado, Mexico, Mexico (2) Pharmacy, National
Autonomous University of Mexico, Mexico, Mexico (3) Departamento de Farmacia,
Universidad Nacional Autónoma de México, Mexico City DF, Mexico (4) Farmacia,
Universidad Nacional Autónoma de México, Distrito Federal, Mexico (5) IMSS, Distrito
Federal, Mexico
A series of six new 1-methyl-2-(methylthio)-1H-benzimidazole-5-carboxamide
derivatives (1–6) was synthesized and in vitro tested against the protozoa Giardia
intestinalis, Trichomonas vaginalis and Entamoeba histolytica. Experimental evaluations
showed IC50 values in the nanomolar range for all tested compounds, some of them
showed higher activity than the drugs of choice for these protozoosis. Additionally, a
chemoinformatic study was used to compare the synthesized compounds with the
previously studied SAR of 91 benzimidazoles and with novel Nitazoxanide-Nmethylbenzimidazole hybrids recently synthetized by our group. The results obtained
allowed us to identify 1 and 3 as two prominent selective compounds against T.
vaginalis and G. intestinalis, respectively.
MEDI 417
New triple action drugs for ESKAPE pathogens
Dan Utic1, utic@mail.usf.edu, Dr. Edward Turos1, Dr. Lindsey Shaw2, Renee Fleeman2.
(1) Chemistry, University of South Florida, Tampa, Florida, United States (2) CMMB,
University of South Florida, Tampa, Florida, United States
ESKAPE pathogens represent a major human health concern. The World Health
Organization identifies antimicrobial resistance as one of the greatest threats facing
mankind in the 21st century. Three drugs having antimicrobial activity were recombined
into one drug. Initial results indicate a triple action drug may be more active against
ESKAPE pathogens than single action drugs.
MEDI 418
Structure-activity relationship studies of SB-443342 (NEU-1053), a potent inhibitor
of Trypanosoma brucei proliferation
William G. Devine1, devine.wi@husky.neu.edu, Domingo Rojas-Barros3, Carlos
Cordon-Obras3, Miguel Navarro3, Michael P. Pollastri2. (1) Chemistry and Chemical
Biology, Northeastern University, Malden, Massachusetts, United States (2) Department
of Chemistry & Chemical Biology, Northeastern University, Waltham, Massachusetts,
United States (3) Instituto de Parasitología y Biomedicina “López-Neyra”, Consejo
Superior de Investigaciones Científicas, Granada, Spain

African sleeping sickness is neglected tropical disease infecting an estimated 30,000
people with an additional 70 million at risk. In the later stage of the disease, the parasite
crosses the blood brain barrier causing neurological damage and eventually death.
Recognizing the wide breadth of kinase targets present in T. brucei, we desired to
explore a large collection of kinase targeted chemotypes. In collaboration with the
OpenLab at GlaxoSmithKline, a high throughput screen was conducted on 42,444
kinase targeted compounds against T. brucei in a cell based assay. The results showed
137 compounds that were potent (<1 µM), selective (>100x vs. HepG2), and acted in a
rapidly cidal manner. A singleton hit compound, SB-443342 (NEU-1053) displayed subnanomolar potency, good pharmacokinetic properties, and in vivo efficacy in a mouse
model of HAT. The structure-activity relationship exploration of this chemotype will be
described, with an eye toward elucidating the important structural motifs, maintaining
antiparasitic potency and efficacy, and improving physicochemical properties.
MEDI 419
Development of small molecule C. jejuni PglD inhibitors: New tools to investigate
the roles of protein glycosylation in bacterial virulence
Joris De Schutter1,2, joris.deschutter@mail.mcgill.ca, Cristina Y. Zamora1,2, Barbara
Imperiali1,2. (1) Department of Biology, Massachusetts Institute of Technology,
Cambridge, Massachusetts, United States (2) Department of Chemistry, Massachusetts
Institute of Technology, Cambridge, Massachusetts, United States
The study of microbial pathogens has demonstrated the prevalence of highly modified
saccharides as constituents of bacterial N- and O-linked glycoproteins, which interact
with the infected host and are intimately associated with the virulence of many medically
significant Gram-negative bacteria, including Acinetobacter baumannii, Neisseria
gonorrhoea, and Campylobacter jejuni. Therefore, inhibitors of bacterial protein Nglycosylation may suppress pathogenic virulence. As the targeted pathways are not
essential for survival, this tactic will likely evade the rapid resistance emergence which
plaguing antibiotics and potentially introduce new therapeutic approaches to address
infectious diseases.
We are specifically targeting C. jejuni PglD, a carbohydrate acetyl transferase involved
in the early steps of N-glycan assembly, which recognizes a highly modified sugar
substrate only found in bacteria. The typical prokaryotic topology (including a lefthanded β-helix) and lack of any mammalian homologues also makes this an attractive
potential therapeutic target.
We screened an extensive fragment library against C. jejuni PglD and identified
promising hits, which were further developed into potent small molecule inhibitors (IC50
< 200 nM). We are currently optimizing our compounds into effective inhibitors of
bacterial of N-glycosylation, and applying them as tools to investigate virulence
mechanisms and pathogenicity.
Synthesis, SAR and biophysical characterization will be presented.

MEDI 420
Copper-binding sequence in the antimicrobial peptide ixosin is essential for its
bactericidal and oxidative activity
Mark Daben Libardo2, mark.libardo@uconn.edu, Alfredo M. Angeles Boza1. (1)
University of Connecticut, Storrs, Connecticut, United States (2) Chemistry, University
of Connecticut, Storrs, Connecticut, United States
Several Antimicrobial Peptides have now been shown to have a non-lytic mechanism of
action. An example of which are the Histatins from Human Saliva, which are currently
thought to induce oxidative damage against fungi. Histatins contain a copper-binding
sequence capable of producing Reactive Oxygen Species (ROS) upon complexation
with Cu2+. A perusal of the antimicrobial database reveals ~40 AMPs containing the
Amino Terminal Copper and Nickel (ATCUN) Binding Unit. We sought out to determine
whether the oxidative damage might be a universal feature of ATCUN-containing AMPs.
In this study, a series of analogs of Ixosin (GLHKVMREVLGYERNSYKKFFLR) were
designed to determine whether the ATCUN motif is essential for its oxidative activity.
We found that the H3A mutant is as active as the WT peptide, while complete removal
of the ATCUN Motif yields up to a 4-fold decrease in activity against a wide panel of
microbes. Derivatives containing the ATCUN Motif were found to be bactericidal
whereas the ones lacking it were mostly bacteriostatic. This activity was found to be
highly dependent on oxygen as bacterial survival dramatically increased when cells
were incubated with Ixosin under hypoxic conditions, suggesting that ROS may be
involved in its activity. Confocal Microscopy revealed membrane localization of Ixosin
and its derivatives and biochemical assays confirm occurence of lipid peroxidation at
MIC. The ROS formed by Ixosin possibly potentiates the activity of classical AMPs by

perturbation of membrane lipid structure. Overall we believe that the ATCUN motif
confers the peptide ability to oxidatively damage microbes on top of the peptide’s
traditional AMP action due to its capability to directly produce ROS. The activity of
Ixosin also sheds some light on the interplay between ATCUN-containing and nonATCUN-containing AMPs and their possible synergy in the innate immunity.
MEDI 421
Microwave-assisted one-pot synthesis of novel fluorinated
octahydroquinazolinone derivatives as antibacterial agents
Cosmas O. Okoro, cokoro@tnstate.edu. Tennessee State Univ, Nashville, Tennessee,
United States
Octahydroquinazolinones represent attractive scaffolds that exhibit potent activity
against staphylococcus aureus, Escherichia Coli, and pseudomonas aeruginosa. In
addition, they also display calcium antagonist activity. Current methods for the synthesis
of octahydroquinazolinone derivatives suffer from a number of drawbacks, such as the
use of hazardous solvents and reagents, prolonged reaction time, low product yields
and use of expensive catalyst. The primary objective of this work is to explore
microwave-assisted multicomponent method for a facile synthesis of novel fluorinated
octahydroquinazolinone derivatives under solvent-free conditions. Urea and thiourea
motifs will be incorporated into each molecule in order to study their effects on
antibacterial activity. The trifluoromethyl group is often used to reduce in vivo
metabolism of potential drugs, in addition to improving cellular membrane permeability
(LogP). The synthesis, structure determination, and in vitro antibacterial activity will be
presented.
MEDI 422
Investigation of the mechanism of action of oxazolidinones
Bilyana Koleva1, koleva.b@husky.neu.edu, James B. Aggen2, Penny J. Beuning1. (1)
Chemistry and Chemical Biology, Northeastern University, Malden, Massachusetts,
United States (2) Chemistry and Chemical Biology, Northeastern University, Boston,
Massachusetts, United States
The need to develop broad spectrum antibacterial agents is urgent as multidrug
resistant bacteria have emerged in hospitals and communities worldwide. The number
of efficacious antibiotics is diminishing because bacteria develop mechanisms to confer
resistance. Oxazolidinones work by interfering with protein translation and are mainly
active against gram-positive bacteria. Linezolid, marketed under the trade name
Zyvox®, was the first FDA-approved oxazolidinone for the treatment of pathogenic
gram-positive bacteria. However, soon after its implementation in the clinic, linezolidresistant strains were reported which further emphasizes the need for novel
antibacterial agents. Optimizing the properties of oxazolidinones to be able to penetrate

the lipopolysaccharide layer of gram-negative bacteria while maintaining their target
potency is one focus of this work. The rational lead optimization campaign based on the
linezolid scaffold involves keeping a low molecular weight (MW <400 Da), and high
polarity (clog D <1) to allow passage through the porins and to be able to escape the
bacterial efflux pumps. The goal is to determine the mechanism of action of
oxazolidinones in order to provide insight into the development of the next-generation
oxazolidinones. We aim to determine the effect of oxazolidinones on the translation
function of ribosomes, defining which step of translation is inhibited and determining the
binding site of oxazolidinones on the ribosome. Our preliminary data suggest that the
novel oxazolidinone compounds are able to inhibit protein translation in the context of
an in vitro transcription and translation assay better than or equivalent to linezolid. In
addition, the compounds inhibit growth of both gram-positive and gram-negative
bacteria and the minimum inhibitory concentrations required are lower or on par with
linezolid.
MEDI 423
Exploration of structure-activity relationship of oxadiazole antibiotics
Derong Ding2, dingderongus@yahoo.com, Edward Spink2, Zhihong Peng2, Marc
Boudreau2, Mark Suckow1, Mayland F. Chang2, Shahriar Mobashery2. (1) Univ Notre
Dame, Notre Dame, Indiana, United States (2) Dept of Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, Indiana, United States
A novel class of Oxadiazole antibiotics was discovered through in silico docking and
scoring against the crystal structure of a penicillin-binding protein. They impair cell-wall
biosynthesis and display activities against the Gram-positive bacterium Staphylococcus
aureus including methicillin-resistant S. aureus (MRSA), vancomycin-resistant and
linezolid-resistant S. aureus. The structure-activity relationship of this type antibiotic was
investigated and biological evaluation demonstrated that some compounds exhibit
remarkable in vitro and in vivo antibacterial activity. This class of antibiotics hold
promise in treatment of infections by MRSA.
MEDI 424
Structure-activity and metabolomics insights into a thiophene family of M.
tuberculosis Pks13 inhibitors
Divya Awasthi1, timkee@gmail.com, Michael J. Szymonifka1, Pradeep Kumar1, Kyu Y.
Rhee3, David Alland1, Joel S. Freundlich1,2. (1) Division of Infectious Disease,
Department of Medicine, and the Ruy V. Lourenco Center for the Study of Emerging
and Reemerging Pathogens, Rutgers University, Jersey City, New Jersey, United
States (2) Department of Pharmacology & Physiology, Rutgers University – New Jersey
Medical School, Newark, New Jersey, United States (3) Division of Infectious Diseases,
Department of Medicine and Department of Microbiology and Immunology, Weill
Medical College of Cornell University, New york, New York, United States

Pks13, a type 1 polyketide synthase, plays an important role in mycolic acid
biosynthesis, which is an essential component of the mycobacterial cell envelope.
Pks13 links meromycolic acid and carboxyacyl chains via a Claisen-type condensation,
resulting in α-alkyl β-ketoacyl chains critical to the structure of M. tuberculosis fatty
acids. We have identified potent whole-cell active thiophene-based compounds
targeting M. tuberculosis Pks13. Herein we present the synthesis of a small library of
analogs to explore the structure-activity relationships and provide insight into the fate
and effect of these compounds within M. tuberculosis cells via metabolomics studies.
MEDI 425
Ldtmt2 inhibitors for the potential treatment of tuberculosis
Jimmy Franco, jfranco37@gmail.com. Chemistry and Biochemistry, Merrimack
College, Andover, Massachusetts, United States
Tuberculosis (TB) remains an epidemic problem. It is estimated that in 2013, 9 million
people contracted TB and that 1.5 million died from TB. TB still remains the second
most lethal single infectious agent, behind HIV/AIDS. Thus our research aims to identify
new chemotherapy agents for the treatment of tuberculosis, which is caused by the
bacterial pathogen Mycobacterium tuberculosis. Recent work has shown that the
enzyme L,D-transpeptidase (Ldtmt2), is responsible for the non-classical peptidoglycan
cross-linking in M.tb and its resistance to penicillin. Thus the inhibition of Ldtmt2 causes
M.tb to become sensitive to penicillin and vancomycin treatments.
Therefore, we have recently used AutoDock Vina to conduct a large virtual screen of
Ldtmt2, in order to identify potential inhibitors. Using a colourimetric assay we have been
able to identify several inhibitors against Ldtmt2. Furthermore we have shown that the
identified inhibitors of Ldtmt2 demonstrate a synergetic effect with ampicillin in inhibiting
the growth of M. Smegmatis, a known surrogate for M.tb.
MEDI 426
Structure-activity relationships of 1,6-diazabicyclo[3.2.1]octane analogs as βlactamase inhibitors
Shu-Wei Yang1, shu-wei.yang@merck.com, Jianping Pan1, Yuriko Root1, Elizabeth
Smith1, Jing Su1, Xin Linghu2, Victoria M. Sprague3, Giovanna Scapin4, Li Xiao5, Artjohn
Villafania6, Priya Dayananth6, Rumin Zhang6, Asra Mirza7, Duane E. Demong1, Michael
W. Miller1, Alex Therien7. (1) Discovery Chemistry, Merck Research Laboratory,
Kenilworth, New Jersey, United States (2) Discovery Process Chemistry, MRL,
Kenilworth, New Jersey, United States (3) Biocatalytic Chemistry, MRL, Rahway, New
Jersey, United States (4) Structural Chemistry, MRL, Kenilworth, New Jersey, United
States (5) Computational Modeling & Informatics, MRL, Kenilworth, New Jersey, United
States (6) In vitro Pharmacology, MRL, Kenilworth, New Jersey, United States (7)
Department of Anti-infectious Disease, MRL, Kenilworth, New Jersey, United States

The rise of multidrug resistant Gram-negative (G(-)) bacteria has caused a tremendous
threat to human health. The main mechanism of antibiotic drug resistance is derived
from the production of β-lactamases (BLs) by these resistant strains. BLs deactivate the
major class of β-lactam antibiotics to avoid disruption of the bacterial cell wall and cell
death. β-Lactamase inhibitors (BLI) restore the efficacy of β-lactam antibiotics against
the resistant strains. The combination of β-lactams and BLIs, such as Augmentin, has
demonstrated restoration of the original spectrum of β-lactams against the resistant
strains. However there are hundreds of known BLs, categorized into four classes (A, B,
C, and D). The clinically used BLIs only inhibit class A BLs, which only deactivate
penicillins and early cephalosporins. There is an unmet medical need for the treatment
of serious bacterial infections, caused by the resistant G(-) bacterial strains that produce
other classes of BLs, for instance AmpC.
MK-7655 is a potent BLI currently under development in Phase II clinical trial, in
combination with imipenem and cilastatin (or Primaxin®) for the treatment of severe
bacterial infections. MK-7655 inhibits both class A and C BLs (e.g. Amp C and KPC-2).
It effectively restored imipenem’s activity against imipenem-resistant Pseudomonas and
Klebsiella strains. To further extend the spectrum of the bacterial coverage, analogs
based on MK-7655 were further explored. With enzyme structure-guided drug design,
our SAR development aimed to improve the inhibitory activity against various BLs and
their rescue of the antibacterial activity of imipenem against several resistant G(-)
strains. The synthesis and SAR of these analogs will be presented.

MEDI 427
Is there a role for the amino terminal copper and nickel binding motif in
antimicrobial peptides?
Alfredo M. Angeles Boza, alfredo.angeles-boza@uconn.edu. University of
Connecticut, Storrs, Connecticut, United States
The structure-activity relations of ixosin, an antimicrobial peptide derived from salivary
glands of the hard tick Ixodes sinensis, were investigated. Ixosin is the first member of a
new family of antimicrobial peptides from ticks that lack cysteine residues in its primary
structure. Analysis of key residues in ixosin allowed us to determine the factors that

promote its efficient antimicrobial activity. Ixosin structural properties were correlated
with their antimicrobial activities. As in many other antimicrobial peptides, amphipathicity
and hydrophobicity play a key role in the activities of ixosin. In addition, the structureactivity studies of native and modified peptides revealed the key role of the Amino
Terminal Copper and Nickel (ATCUN) motif in the sequence; the loss of this motif
transforms ixosin from a bactericidal agent to a bacteriostatic peptide at its MIC.
Particularly, the bactericidal activity is the result of the production of reactive oxygen
species (ROS) by ixosin. The overall findings suggest that naturally-occurring
antimicrobial peptides take advantage of the ability of the ATCUN motif to produce ROS
to potentiate their bactericidal activities.

MEDI 428
Non-racemic antifolates stereo-selectively recruit alternate cofactors and
overcome resistance in S. aureus
Santosh K. Keshipeddy1, keshipeddy@gmail.com, Stephanie Reeve1, Amy C.
Anderson2, Dennis L. Wright1. (1) Dept. Of Pharmaceutical sciences, University of
Connecticut, Storrs Mansfield, Connecticut, United States (2) School of Pharm, Univ of
Conn, Storrs Manfld, Connecticut, United States
While antifolates such as Bactrim (trimethoprim-sulfamethoxazole; TMP-SMX) have
played an important role in treating community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA), resistance-conferring mutations, specifically F98Y
of dihydrofolate reductase (DHFR), have arisen and compromise continued use. In an
attempt to extend the lifetime of this important class, we have developed a class of
propargyl-linked antifolates (PLAs) that exhibit potent inhibition of the enzyme and
bacterial strains. Probing the role of the configuration at the single propargylic
stereocenter in these inhibitors required us to develop a new approach to non-racemic
3-aryl-1-butyne building blocks by the pairwise use of asymmetric conjugate addition
and aldehyde dehydration protocols. Using this new route a series of non-racemic PLA
inhibitors were prepared and shown to possess potent enzyme inhibition (IC50 values <

50 nM), antibacterial effects (several with MIC values < 1 µg/mL) and to form kinetically
stable ternary complexes with both wild-type and resistant mutants. Unexpectedly,
crystal structures of a pair of individual enantiomers of 27 in the wild-type DHFR
revealed that the single change in configuration of the stereocenter drove the selection
of an alternative NADPH cofactor, with the minor α-anomer appearing with R-27.
Remarkably, this cofactor switching becomes much more prevalent when the F98Y
mutation is present. The observation of cofactor site plasticity leads to a postulate for
the structural basis of TMP resistance in DHFR and also suggests design strategies that
can be used to target these resistant enzymes.

MEDI 429
Design and synthesis of a series of novel heteroaryl benzenesulfonamides as
carbonic anhydrase II inhibitors
Victoria Cochran1, August Dao1, Laura Gullett1, Jawad Hoballah1,
jawadhoballah@college.harvard.edu, Efrain Castro Narro1, Eefra_507@hotmail.com,
Mary-Grace Reeves1, marygracereeves@college.harvard.edu, Ruth Saganty1, Gemma
Siddall1, Zach zinsli1, Austin Scharf1, Ryan Spoering1, Ramani R. Ranatunge2. (1)
Harvard University, Cambridge, Massachusetts, United States (2) Chemistry, Harvard
University, Lexington, Massachusetts, United States
Carbonic anhydrase II (CAII) is an enzyme critical for cytosolic metabolism, as it
catalyzes the reversible hydration of carbon dioxide. Its overexpression has been
conclusively related to numerous diseases such as glaucoma, epilepsy, obesity, and
cancer, and inhibitors of CAII, specifically benzenesulfonamide inhibitors, have already
been shown to be therapeutically effective in some of these disorders. In this work, we
designed and synthesized a series of novel heteroaryl benzenesulfonamides
incorporating substituted benzoxazoles, benzimidazoles, and benzothiazoles. All of
these polar-hydrophobic heteroaryl inhibitors were designed to maximize interactions
with both the hydrophilic and hydrophobic faces of the CAII active site. The primary
synthetic route utilized a two-step amide coupling reaction followed by acid-catalyzed
cyclization. A secondary synthetic pathway proceeded via a Weinreb amide
intermediate and cyclization in the presence of a Lewis acid. Our synthetic routes
significantly enhanced overall yields. Here we disclose the syntheses and structureactivity relationship (SAR) of these heteroaryl benzenesulfonamide inhibitors.
MEDI 430
Optimization of a series of PDE10A inhibitors: Introduction of structural
complexity leads to improved selectivity
Michael Ochse2, michael.ochse@abbvie.com, Herve Geneste1, Sean C. Turner3,
Juergen Dinges4, Katja Jantos2, Karla Drescher5, Berthold Behl3, Loic Laplanche3, AnaLucia Relo3, Clarissa Jakob4. (1) GGRC - Bau 11, AbbVie, Ludwigshafen, Germany (2)
Medicinal Chemistry, GGRC, AbbVie Deutschland GmbH & Co. KG, Ludwigshafen,
Germany (3) AbbVie GMBH Co Kg, Ludwigshafen, Germany (4) AbbVie, Waukegan,
Illinois, United States (5) AbbVie, Ludwigshafen, Germany
Selective inhibition of Phosphodiesterase 10A (PDE10A) is described as an approach to
treat brain-mediated diseases, for example Schizophrenia or Huntington’s disease. A
high-throughput screening (HTS) campaign resulted in the discovery of several potent
PDE10 inhibitors. Hit-to-lead optimization supported by X-ray crystallography and
structure-based design led to more selective molecules. Pharmacokinetic properties
were optimized by conformational restriction in a critical linker position. These changes
helped to overcome microsomal clearance issues and in vitro CYP 3A4 inhibition.

Disclosures:
All authors are employees of AbbVie. The design, study conduct and financial support
for this research were provided by AbbVie. AbbVie participated in the interpretation of
data, review and approval of the publication.
MEDI 431
D-473, a novel triple dopamine, serotonin and norepinephrine transporters
blocker as new generation orally active antidepressants: Characterization in in
vitro and in vivo pharmacological and behavioral assays
Aloke K. Dutta2, adutta@wayne.edu, Soumava Santra1, Omar Mabrouk3, Tamara
Antonio4, Maarten Reith4. (1) Dept of Pharm Chem, Wayne State University, Detroit,
Michigan, United States (2) pharmaceutical Sciences, Wayne State University, Troy,
Michigan, United States (3) University of Michigan, Ann Arbor, Michigan, United States
(4) New York University, New York, New York, United States
There is a significant unmet need for much more improved therapy for depression, as
large numbers of depressed people, an estimated 30% or greater, are still refractory to
the current existing therapies. Besides these, slow onset of action of the current
therapies along with other associated side effects indicate an unmet need for better
improved therapy for treatment of major depressive disorder (MDD). In the current
pharmacotherapy of depression, a dopaminergic component has not been included in
spite of existence of evidences pointing to a strong dopaminergic component in
depression. Triple monoamine reuptake inhibitors (TRIs) have been implicated in
generation of potent antidepressant activity with possible lowering of side effects profile.
The underlying involvement of dopaminergic system in depression prompted our efforts
to develop triple reuptake inhibitors, which are expected to produce strong
antidepressant effects in addition to the treatment of anhedonia which is a prevalent
untreated symptoms in MDD. For this purpose in our drug development effort, we have
demonstrated the design and synthesis of novel asymmetric trisubstituted and
disubstituted pyran derivatives as inhibitors of monoamine transporter systems in the
CNS. Extensive structure activity relationship studies led to identification of two lead
orally active TUIs, D-473 and D-578. The drug D-473 exhibited good brain penetration
and produced efficacious activity in an animal model of depression under oral
administration. The optimal efficacy dose in the forced swim test did not produce any
locomotor activation. Microdialysis experiment demonstrated that systemic
administration of D-473 elevates extracellular level of the three monoamines DA, 5-HT,
and NE, indicating in vivo blockade of all three monoamine transporters by D-473.
Cytochrome P450 isoform enzymes inhibition in human liver microsomes for D-473
indicates potential for non drug-drug interaction. Supported by MH 084888 (AKD).
MEDI 432

Metabolic studies of drug candidates for neurological disorders and asthma
based on GABAA receptor subtype selective ligands using mass spectrometry
Revathi Kodali4, kodali@uwm.edu, Margaret L. Guthrie3, Michael M. Poe5, Michael
Rajesh Stephen4, Rajwana Jahan4, Charles W. Emala6, James M. Cook1, Douglas
Stafford4, Alexander Arnold2. (1) Univ of Wisconsin, Milwaukee, Wisconsin, United
States (2) University of Wisconsin Milwaukee, Milwaukee, Wisconsin, United States (3)
Chemistry & Biochemistry, University of Wisconsin Milwaukee, Milwaukee, Wisconsin,
United States (4) Chemistry and Bio-Chemistry, University of Wisconsin-Milwaukee,
Milwaukee, Wisconsin, United States (5) Chemistry and Biochemistry, University of
Wisconsin-Milwaukee, Milwaukee, Wisconsin, United States (6) Anesthesiology,
Columbia University, New York, New York, United States
Development of pre-clinical experimental models to understand the in-vivo metabolic
performance of a drug is gaining importance in new drug discovery. GABA-ergic drugs
are historically used for the treatment of neurological disorders such as neuropathic
pain, schizophrenia and anxiety but recently have shown to treat asthma. In the present
study, an in-vitro microsomal assay was designed to evaluate the metabolic stability of
GABAA receptor subtype selective ligands using microsomes and S9 fractions of human
and mouse liver extracts. A LC-MS/MS method was developed to quantify the amount
of drug degrading over a period of time using verapamil as internal standard. Herein, we
will report the development, analysis and standardization of a liver microsome stability
assay using the Shimadzu LCMS-8040 triple quadrupole instrument at the Milwaukee
Institute for Drug Discovery.
MEDI 433
Design and regiospecific synthesis of 3-substituted β-carbolines as a GABAA
subtype selective agents for the treatment of alcohol abuse
Veera Venkata Naga Phani Babu Tiruveedhula2, tiruvee2@uwm.edu, Kaitlin T.
Warnock3, Harry L. June3, Xenia Simeone4, Margot Ernst4, Marjorie Gondre-Lewis3,
James M. Cook1. (1) Univ of Wisconsin, Milwaukee, Wisconsin, United States (2)
Chemistry and Biochemistry, University of Wisconsin-Milwaukee, Milwaukee,
Wisconsin, United States (3) Department of Psychiatry and Behavioral Science, howard
university college of medicine, Washington , Washington, United States (4) Department
of Molecular Neuroscience, Medical University of Vienna, Vienna, Austria
Alcohol abuse is known to mediated, in part, by GABAA receptors. GABAA receptors are
the major inhibitory chloride ion channels while γ-aminobutyric acid (GABA) is the
endogenous ligand for this system in the central nervous system. Alcoholism plays a
significant role in public health concerns impacting physical and mental well-being,
family structure and occupational stability. β-Carboline-3-carboxylate-t-butyl ester [βCCt]
and 3-propoxy-β-carboline hydrochloride [3PBC·HCl] function as mixed benzodiazepine
receptor agonist-antagonists, and they preferentially bind at the benzodiazepine GABAA
α-1 receptor. Results have shown that systemic and direct infusion of βCCt or 3-

PBC·HCl into the ventral pallidum produces remarkably selective reduction in alcohol
responding in alcohol preferring (P) and high alcohol drinking (HAD) rats. The ligands
were also weakly anxiolytic in these genetic rat lines but not anxiolytic in normal rats.
This indicates that these types of β-carbolines may represent a non-addicting treatment
for human alcoholics. Initially βCCt and 3-PBC were synthesized via a 5 step (35 %
yield) and 8 step (8 % yield) protocol, respectively. In an attempt to replace these time
consuming syntheses, a new route involving 2 steps was developed. This new route
involved a palladium catalyzed Buchwald-Hartwig coupling, and an intramolecular Heck
reaction as key steps. The later reaction led to two regioisomeric β- and d- carbolines.
Regioselective synthesis of β-carbolines was achieved by simply changing the chlorine
position from the benzene ring to the pyridine ring. This 2-step protocol decreased the
number of steps, eliminated the unwanted regioisomer and improved the overall yields.
Using this protocol a number of 3-substituted β-carbolines analogs were synthesized.
Among these analogs, 3-ISOPBC·HCl appeared to be a potential lead anti-alcohol (selfadministration) agent active against binge drinking in maternally deprived (MD) rats.
The development, application of this synthetic route and in vivo studies will be
presented.
MEDI 434
Alkoxy substituted bicyclic pyrimidine modulators of gamma secretase
Yunhui Zhang1, zhangy@bms.com, Kai Xie1, Stephen E. Mercer1, Alan Lin1, Jeremy
Toyn1, Michael Ahlijanian1, Kimberley A. Lentz1, John E. Macor2, Lorin A. Thompson1,
Richard E. Olson1, Kenneth M. Boy1. (1) Bristol Myers Squibb, Wallingford, Connecticut,
United States (2) L12-06, Bristol-Myers Squibb, Princeton, New Jersey, United States
Bicyclic pyrimidine gamma-secretase modulators developed in our laboratory have
robustly lowered Abeta42 in the CNS of preclinical species, one of which advanced into
in phase 1 clinical studies. A key feature of that class of compounds is the aryl E-ring. In
this poster we describe our efforts to replace the aryl ring with alkoxy substituents, with
the aim of increasing polarity. The SAR leading to potent (ABeta 1-42 IC50 = 7-15 nM)
and efficacious gamma-secretase modulators with improved free-fraction and lower
CYP 3A4 inhibition will be presented.

MEDI 435
Synthesis, SAR and biological evaluations of novel bicyclic pyrimidines as
Gamma-secretase modulators
Li Xu1, li.xu1@bms.com, Dmitry S. Zuev1, Kenneth M. Boy1, Lorin A. Thompson1, Jason
Guernon1, Yunhui Zhang1, Yong-Jin Wu1, Jianliang Shi1, Jeremy Toyn1, Jere E.
Meredith1, Catherine Burton1, Charles Albright1, Kimberley A. Lentz1, James Grace1,
Rex Denton1, John Morrison1, Richard E. Olson1, John E. Macor2. (1) Bristol Myers
Squibb, Wallingford, Connecticut, United States (2) Bristol Myers Squibb, Princeton,
New Jersey, United States
Alzheimer’s Disease (AD) is a debilitating neurodegenerative disorder characterized by
gradual loss of cognitive skills and is the most prevalent cause of dementia. Currently,
the amyloid cascade hypothesis postulates that the build up of Abeta1-42 and its
oligomers in the brain causes damage to neurons, leading to the onset of the disease.
Abeta1-40 and Abeta1-42 are formed via the processing of Amyloid Precursor Protein
(APP) by the proteases, beta-secretase and gamma-secretase. Gamma-secretase
modulators (GSM’s) shift the processing of APP to form shorter, less toxic, species of
Abeta. Our group has identified a series of novel bicyclic pyrimidine GSMs. The
synthesis, biological evaluations, and SAR of these novel bicyclic pyrimidines will be
presented.
MEDI 436
Reaction optimization affords scalable synthesis of a fluorinated pyridopyrazine
gamma secretase modulator
John M. Humphrey, john.m.humphrey@pfizer.com, Christopher am Ende, Todd W.
Butler, Manjinder S. Lall, Cory M. Stiff, Martin Pettersson, Eddie Yang. Pfizer Global
Research Development, Cambridge, Massachusetts, United States

Gamma secretase modulators (GSMs) hold considerable promise for the treatment of
Alzheimer’s disease. We have recently disclosed a series of pyridopyrazine-1,6-dione
GSMs, highlighting the strategic use of fluorine in aligning potency with metabolic
stability and other favorable pharmacological properties. The lead compound in this
effort, possessing two chiral centers and four fluorine atoms, presented challenges for
replacement of the initial milligram-scale synthesis with one capable of providing
decagram quantities of API for advanced investigation. An intensive reaction and route
optimization effort was initiated at the medicinal chemistry level with the aim of enabling
a scalable synthetic sequence to support in vivo studies. These efforts will be covered in
detail.
MEDI 437
Accelerating the transition from drug discovery to FIH studies: Case examples in
medicinal chemistry reaction and route optimization
Eddie Yang2, John M. Humphrey1, john.m.humphrey@pfizer.com. (1) MS 220-3231,
Pfizer Inc, Groton, Connecticut, United States (2) Neuroscience, Pfizer, Groton,
Connecticut, United States
Organic synthesis occupies a central role in medicinal chemistry research and is often
the rate limiting step on the path to first in human (FIH) studies. In this context,
synthesis enables the delivery of API across the drug discovery continuum from initial in
vitro assays through in vivo profiling, toxicological safety studies, and finally the FIH
milestone. While the existence of synthetic bottlenecks can hinder progression towards
FIH, the application of a focused reaction optimization effort within the Discovery
framework, with guidance from Process R&D, can remove these bottlenecks to facilitate
production of bulk API for early toxicological studies through FIH. This presentation will
cover in detail reaction optimization efforts undertaken at Pfizer for a number of projects
within Neuroscience with the aim of developing scalable routes to facilitate the transition
to regulatory bulk synthesis.
MEDI 438
Synthetic optimization of MDW941 enables the development of a high content
glucocerebrosidase assay
Christopher am Ende2, christopher.amende@pfizer.com, Paula Loos2, Peter Buckett2,
Mercedes Beyna2, Samuel Hasson2, Lewis Rose2, Shawn Hallowell2, David Gebhard2,
Regis Doyonnas2, Matthew Calabrese2, Joel Schwartz2, Antonia F. Stepan1, Zdenek
Berger2, Christine Oborski2, Warren Hirst2. (1) Neuroscience Medicinal Chemistry,
Pfizer, Brookline, Massachusetts, United States (2) Pfizer Inc. , Mystic, Connecticut,
United States
Insufficient glucocerebrosidase (GBA) function is associated with an increased risk of
developing Parkinson’s disease. Since restoration of GBA activity has potential as a

disease modifying therapy, the GBA team required a method to delineate active GBA
enzyme. Derivatization of cyclophellitol, a known irreversible inhibitor of GBA, has led to
the development of the fluorescently labeled activity-based probes, MDW933 and
MDW941 originally reported by the Overkleeft laboratory at Leiden University. Using
these probes, we developed a high-content, whole cell assay to determine GBA levels
in Gaucher patient fibroblasts. Furthermore, we designed a shorter, higher yielding
synthetic sequence to access MDW933 and MDW941.
MEDI 439
Acrylamide compounds as potent and selective histamine H3 receptor ligands
Ramakrishna Nirogi, nvsrk@suven.com, Anil Shinde, Abdul Rasheed Mohammed,
Laxman Kota, Vinaykumar Tiriveedhi, Sangram Saraf, Ramkumar Subramanian,
Gopinadh Bhyrapuneni, Vijay Benade, Nageswararao Muddana, Pradeep Jayrajan.
Discovery Research, Suven Life Sciences Ltd, Hyderabad, India
Alzheimer's disease (AD) affects 24 million people worldwide and its prevalence is
projected to double over the next 20 years. The histamine H3 receptor plays a critical
role in the negative neuromodulation of neurotransmitters involved in cognitive function.
H3 receptor antagonists/inverse agonists have been shown to exert pro-cognitive effects
in pre-clinical animal models.
A structural class of acrylamide compounds as histamine H3 antagonist has been
designed and validated as potent, selective and brain penetrant H3 antagonist. The
series have acceptable ADME properties and activity in preclinical models of cognition,
showed excellent receptor occupancy and activity in microdialysis assay. Details of
design, chemistry, structure activity relationship and efficacy data will be disclosed.
MEDI 440
Discovery of biaryl acyl sulfonamides as selective and highly efficient NaV1.7
inhibitors
Erin DiMauro, edimauro@amgen.com. Medicinal Chemistry, Amgen, Cambridge,
Massachusetts, United States
Over the past 5 years, several groups have reported potent and selective Nav1.7
inhibitors possessing common pharmacophoric features that include a heteroaryl
sulfonamide head group in combination with a lipophilic aromatic tail group. More
recently, reports of similar lipophilic aromatic tail groups in combination with an acyl
sulfonamide head group have emerged. The acyl sulfonamide moiety is also reported to
confer high levels of selectivity over Nav1.5 and potentially bestows an alternative
pharmacokinetic profile. Beginning with commercially available carboxylic acids that met
selected pharmacophoric requirements in the lipophilic tail, a parallel synthetic approach
was applied to rapidly generate the derived acyl sulfonamides. A 10 uM biaryl acyl
sulfonamide hit from this library was elaborated, using an approach that optimized for

potency and selectivity with attention to physicochemical properties. The resulting leads
are highly potent, ligand and lipophilic efficient, selective over Nav1.5 and hERG, and
demonstrate good oral bioavailability in rats and mice. Furthermore, these acyl
sulfonamide leads may offer ADME advantages over the published heteroaryl
sulfonamide Nav1.7 inhibitors in that they are devoid of CYP2C9 inhibition and CYP3A4
induction. In a mouse open field activity study, selected leads demonstrate no effect on
basic movements or rearing at plasma concentrations 30-fold in excess of the Nav1.7
IC50, and are anticipated to be quality tools for probing the target coverage requirements
for efficacy in various preclinical rodent models of acute and chronic pain.
MEDI 441
Synthesis and medicinal chemistry of cyathane diterpenoid inspired scaffolds
Alexis L. Courtney3, alexislc@bu.edu, Rachel Rosen2, Aaron B. Beeler1. (1) Boston
Univ, Boston, Massachusetts, United States (2) Boston University, Columbia, Missouri,
United States (3) Chemistry, Boston University, Plaistow, New Hampshire, United
States
Alzheimer’s disease (AD) is the leading cause of dementia affecting the population. In
recent years, nerve growth factor (NGF) has been considered a possible target for AD
therapy. Thus, there is a significant interest in the development of small molecules that
induce NGF production or neuronal differentiation. Cyathane natural products have
been shown to stimulate the synthesis of NGF and neurite outgrowth in neuronal cell
lines.
Using comparisons of biological data from the literature for various members of the
cyathane diterpenoid class (1), we have utilized field based QSAR to develop a
preliminary pharmacophore model (2). Based on this information we have targeted the
[7,6]-fused ring system for medicinal chemistry efforts. Our synthesis of the putative
pharmacophore skeleton relies on a Buchner ring expansion as the key step to rapidly
access the [7,6]-fused ring system (5). Subsequent chemical modification of the scaffold
affords analogues which are evaluated for neurotrophic activity.

MEDI 442
mGluR3 PAM: A novel approach to neuroprotection in Parkinson's disease, from
HtL to in vivo proof of concept
Ismet Dorange, idorange@domaintherapeutics.com. Medicinal Chemistry, DOMAIN
Therapeutics, Illkirch, France
It was shown that LY379268, an mGluR2/3 agonist reference compound, (Battaglia et
al. 2003) induced neuroprotection in an in vitro and in vivo preclinical model whereas
mGluR2 activation displayed the opposite effect. There is a certain degree of correlation
between this neuroprotective role and an increased production of neurotrophic factors
such as GDNF and TGF-b. Selective mGluR3 activation can therefore represent a novel
approach to neuroprotection in PD (Durand 2013).
GPCR allosteric modulators (AM) constitute a novel class of small molecules able to
modulate the endogenous ligand activity when bound to its receptor. AMs bring two
main advantages in terms of drug discovery as compared to orthosteric ligands: 1) A
more tractable chemistry (for peptide, lipid and class C GPCRs) and 2) an easier
access to selective agents.
At Domain Therapeutics, a novel family of submicromolar mGluR3 positive allosteric
modulators (PAMs) was discovered. These small molecules do not show activity for the
closely related mGluR2 subtype. After chemical optimization and characterization in
neurotrophic factor production and neuroprotection models, suitable candidates for in
vivo evaluation in PD models were obtained. This poster gives an account of the project
progression.
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Design, synthesis, and evaluation of CDK5 inhibitors with improved solubilities
Yogesh Sonawane, yogesh.sonawane@unmc.edu, Sandeep Rana, Gregory Hollis,
Margaret Taylor, Jacob Contreras, Amarnath Natarajan. Eppley Institute for Research in
Cancer, University of Nebraska Medical Center, Omaha, Nebraska, United States
CDK5 is a member of the cyclin dependent kinase family. It has been implicated in the
progression of neurodegenerative disorders such as Alzheimer’s and in proliferative
diseases such as Cancer. CDK5 inhibitor CP-668863 is a hydrophobic molecule and as
a consequence has low aqueous solubility that is detrimental to preclinical development
as a cancer therapeutic. Through an iterative process we have designed CP-668863
analogs that are equipotent but have improved predicted solubility. Here we will present
the strategy used for the synthesis of the above analogs, their kinetic and
thermodynamic solubilities, their biological activities and the structure activity
relationship.
MEDI 444
Frequent hitters revisited
Petra Schneider, petra.schneider@pharma.ethz.ch. Department of Chemistry and
Applied Biosciences, ETH Zurich, Zürich, Switzerland
We present a comprehensive update on the concept of 'frequent hitters' in drug
discovery and design. From flag lists published in the late 1990s, mainly by
pharmaceutical companies like Amgen [1], Vertex [2] and Glaxo Wellcome [3], a recent
publication referring to frequent hitters as PAINS (pan-assay interference compounds)
[4] has received a lot of recognition in the medicinal chemistry community. We compiled
the different published flag lists and compared their capabilities to recognize frequent
hitters and unwanted structures from various reference datasets, including synthetic
drugs and natural products. Revisiting own previous efforts to define and develop a
computational scheme for identifying frequent hitters [5] we present an updated
technique for characterizing compounds in terms of their likeliness to posses features of
'frequent hitters' or 'privileged structures'.
[1] Rishton, G.M. (1997) Reactive compounds and in vitro false positives in HTS. Drug
Discovery Today 2, 382-384.
[2] Walters, P.M., Stahl, M.T., Murcko, M.A. (1998) Virtual screening – an overview.
Drug Discovery Today 3, 160-178.
[3] Hann, M., Hudson, B., Lewell, X., Lifely, R., Miller, L., Ramsden, N. (1999) Strategic
pooling of compounds for high-throughput screening. J. Chem. Inf. Comput. Sci. 39,
897-902.
[4] Baell JB, Holloway GA (2010) New substructure filters for removal of pan assay
interference compounds (PAINS) from screening libraries and for their exclusion in
bioassays. J. Med. Chem. 53, 2719-2740.
[5] Roche O, Schneider P, Zuegge J, Guba W, Kansy M, Alanine A, Bleicher K, Danel

F, Gutknecht EM, Rogers-Evans M, Neidhart W, Stalder H, Dillon M, Sjögren E, Fotouhi
N, Gillespie P, Goodnow R, Harris W, Jones P, Taniguchi M, Tsujii S, von der Saal W,
Zimmermann G, Schneider G. (2002) Development of a virtual screening method for
identification of 'frequent hitters' in compound libraries. J. Med. Chem. 45, 137-142.
MEDI 445
Encoded library technology (ELT): An emerging platform for target validation and
hit identification
Christopher P. Davie, cdavie@gmail.com, Ghotas Evindar,
ghotas.x.evindar@gsk.com, Christopher C. Arico-Muendel, Svetlana L. Belyanskaya,
Kenneth E. Lind, Jeff Messer, Christopher B. Phelps, Christine P. Donahue.
GlaxoSmithKline, Waltham, Massachusetts, United States
DNA-encoded chemical libraries represent an up-and-coming strategy for significantly
enhancing compound collections used for screening and ligand identification against
therapeutic targets of interest. GlaxoSmithKline (GSK) has established Encoded Library
Technology (ELT) as a platform that utilizes this strategy to identify small molecules for
both target validation and medicinal chemistry progression. Recently, GSK’s Alternative
Discovery & Development division has made this platform accessible to academic
researchers through Discovery Partnerships with Academia (DPAc,
www.dpac.gsk.com), which seeks to establish integrated partnerships with academic
institutions via collaborations and Discovery Fast Track Challenges
(www.openinnovation.gsk.com). Using these approaches, we have established well
over 40 academic partnerships over the past three years to pursue early drug discovery
and translate innovative research into medicines that benefit patients. Herein we
provide an overview of the ELT platform and its utility in conjunction with highthroughput screening (HTS), fragment screening, and focused screening as well as an
overview of the DPAc initiative.
MEDI 446
Discovery of novel selective ER subtype ligands by multimodeling and in silico
screening
Wenhai Huang1, cyj@zju.edu.cn, Wenhua Wei1, Yewei Yang1, Tao Zhang1, Wenting
Du2, ddwwtt@163.com, zhengrong shen1. (1) Zhejiang Academy of Medical Sciences,
Hangzhou, China (2) Zhejiang Medical College, Hangzhou, China
ERα and ERβ regulate different sets of gene expression, and have different ligand
responses, which make the estrogen tissue-specific. Therefore, ER subtype-selective
ligands could improve the target-site selectivity and decrease the off-target effect. In
order to discover the selective estrogen receptor ligands with novel scaffold, in this
work, 3D Pharmacophore models of ERα ligands and ERβ ligands were established by
using Discovery Studio 4.0 software package. The best pharmacophore hypothesis of

two models (Hypo 1 and Hypo 2), both of which are consisted of four features (two
hydrogen bond acceptor and two hydrophobic chemical features), has the correlation
coefficient of 0.959 and 0.966 respectively, suggesting that the highly predictive
pharmacophore models were successfully obtained. Hypo 1 and Hypo 2 were also
ascertained by three validation methods, the results of which demonstrated the good
predictive ability of the pharmacophore models (R=0.936 and 0.879; enrichment factor
at 2% are 16.2 and 8.4; area under concentration-time curve of the receiver operating
curve are 0.88 and 0.91). Hypo 1 and Hypo 2 were then employed for virtual screening
and ten hits had been found as potent candidate leads. Based on their ERα/ERβ
binding affinity results by fluorescence polarization technology, two of these leads, AH262/34334025 (AH) and AG-670/08803023 (AG) with novel scaffolds had been
identified as selective estrogen receptor α ligands. A molecular docking study was also
performed, which provides the explanation of estrogen receptor subtypes preference for
AH (ERα:0.9μM;ERβ:-) and AG (ERα:1.1μM;ERβ:-). AH and AG exhibited similar
docking energy to ERα (△GAH=-34.21kcal/mol, △GAG=-27.74kcal/mol). When docking to
ERβ, a significant increase of the docking energy could be observed (△GAH=11.49kcal/mol, △GAG=43.89kcal/mol). Compound AH could be further optimized as
selective ERα leads due to its novel scaffold and low molecular weight.

a, b) The binding pattern of AH and AG into the ERα; c, d) The binding pattern of AH and AG
into the ERβ
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Using a combined cheminformatic and bioinformatic approach to address
proteolytic stability challenges in peptide-based drug discovery

Alexander S. Bayden1, alexander@bayden.net, Joseph Audie1,2, David J. Diller1. (1)
CMDBioscience, Inc., Hamden, Connecticut, United States (2) Department of
Chemistry, Sacred Heart University, Fairfield, Connecticut, United States
We have created models to predict cleavage sites for several human proteases. Rather
than representing sequence patterns around the potential cleavage sites through series
of flags, with each flag representing one of the 20 standard amino acids, we first
represent each amino acid by its calculated properties. For individual amino acid
descriptors, we use validated cheminformatic descriptors, such as molecular weight,
logP, and polar surface area. The cleavage-site-specific descriptors are then calculated
from the individual amino acid descriptors for the residues surrounding a potential
cleavage site. The key advantage of this approach is that it allows one to do meaningful
calculations with nonstandard amino acids for which little or no data exists and allows
for natural generalization as more data on nonstandard amino acids becomes available.
Further we demonstrate how protease crystal structures can enrich these sequencebased models beyond the available proteolysis data.
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Targeting specific interactions to improve binding properties of EGFR-kinase
ligands
Alain Ajamian, aajamian@chemcomp.com. Chemical Computing Group, Montreal,
Quebec, Canada
The epidermal growth factor receptor (EGFR) is implicated in many cancers, and its
kinase activity is the target of commercial anti-cancer agents such as Tarceva and
Iressa. However, despite their effectiveness, EGFR kinase inhibitors often show only
moderate antiproliferative activity against certain tumour types in the clinic. Resistance
to EGFR inhibitors is mediated by mutation in the ATP site and often through activation
of the MAPK pathways by other receptor tyrosine kinases. This inspired the

investigation of agents directed not only at EGFR kinase but also at divergent targets
such as Src kinase or DNA, with the purpose of producing single compounds termed
“combi-molecules”, with greater potency than the single EGFR inhibitor. A structurebased drug design modeling program, combined with PDB data-mining, protein
structural fingerprints and pharmacophore searches was used to help identify and
characterize linkers for connecting EGFR-binding moieties to DNA and Src targeting
functionalities. The resulting compounds showed EGFR inhibitory potency in the low
micromolar to nM range and retained significant activity against their divergent targets.
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Distributed drug discovery: Collaborative target repurposing accelerates
identification of new leads for neglected tropical diseases
Michael P. Pollastri, michael.pollastri@gmail.com. Department of Chemistry &
Chemical Biology, Northeastern University, Boston, Massachusetts, United States
Drug discovery for neglected tropical diseases receives a share of research and
development investment that is disproportionately low compared to the overall health
burden to society. As a result, streamlined approaches to identification of new lead
compounds is needed. With an eye towards meeting the targeted product profiles for
new antiparasitic agents, we have undertaken a pragmatic approach to lead discovery
that we call “target repurposing,” primarily focused on assessment and reoptimization of
classes of phosphodiesterase and kinase inhibitors established for other indications
(such as cancer and inflammation). As with any drug discovery program, prosecution of
these programs relies on broad integration of various disciplines; in the case of such a
program for NTDs, these disciplines are most frequently spread across multiple
institutions. Our progress in lead discovery for NTDs will be reported, highlighting both
aspects of the medicinal chemistry and the unique collaborative framework that we have
employed to accomplish this work, combining efforts between academia and industry.
Finally, a model for wider collaboration will be presented, with an invitation for wider
collaboration in this area.
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In silico methods in fragment-based drug design — a Protein Kinase B case study
Carsten Detering, detering@biosolveit.com. BioSolveIT Inc, Bellevue, Washington,
United States
Computational tools are invaluable in the process of identifying high-quality fragment
hits. In this talk we will elucidate how to fast-track fragment hit discovery with
BioSolveIT's cutting edge in silico solutions using Protein Kinase B as an example.
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Discovery of phenylalanine derived diamide inhibitors of FXIa
Leon M. Smith1, leon.smith@bms.com, Michael J. Orwat1, Zilun D. Hu1, Wei Han2,
Cailan Wang1, Karen Rossi2, Kumar B. Pabbisetty1, Joseph Luettgen2, Jeffrey Bozarth2,
Steven Sheriff2, Joseph Myers2, Paul Morin2, Mimi L. Quan1, Ruth R. Wexler1, Donald
Pinto1. (1) Discovery Chemistry, Bristol-Myers Squibb, Princeton, New Jersey, United
States (2) Bristol Myers Squibb, Princeton, New Jersey, United States
Factor XI, a serine protease of the intrinsic blood coagulation pathway, is activated to
FXIa by thrombin, Factor XIIa, or FXIa itself. Factor XIa amplifies thrombin generation
leading to stable fibrin clot formation. Targeted FXIa inhibition is supported by the
observation that human FXI deficiency (hemophilia C) exhibits a mild bleeding
phenotype. Subjects with high Factor XI plasma levels are at increased thrombosis risk,
whereas subjects with severe FXI deficiency have shown a reduced incidence of
ischemic stroke. Direct, active-site inhibitors of Factor XIa show robust antithrombotic
efficacy with no bleeding liability in rabbit models of thrombosis and hemostasis. A
recent clinical study demonstrated that administration of a FXI-directed antisense
oligonucleotide prevented thrombosis and appeared safe with respect to bleeding.
Together, this evidence suggests that FXIa inhibition could block pathologic thrombus
formation while preserving normal hemostasis. Recently, our labs disclosed a novel
series of phenylimidiazoles possessing neutral P1 groups. In this presentation, we
describe the utility of these neutral P1 groups in a phenylalanine diamide chemotype.
Optimization by modifying the portions of the chemotype that interact with S2 prime, S1,
and S1 prime regions of the enzyme led to the discovery of novel FXIa inhibitors with
single digit nanomolar potency and selectivity against relevant serine proteases.
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Lead optimization studies on PAR-1 antagonist F16618
Wei-qiang Tan1, tlong958@163.com, Li Wang1, Li-ming Gao1, Yu-zhen Feng1, Huan
Cui1, Jian-shuo Shi1, Yi-zhen Tang1, Li-qun Jiang2, Yan Xia1. (1) Qingdao Technological
University, Qingdao, China (2) HD Biosciences, Shanghai, China
Vorapaxar, approved in May of 2014 by the FDA, is a thrombin receptor (or protease
activated receptor-1, PAR-1) antagonist and represents a new class of antithrombotic
medicines. Clinical trials have demonstrated that vorapaxar has added therapeutic
effects above the standard treatment with aspirin or clopidogrel. However, clinical trials
also found vorapaxar to have intracranial bleeding side effects for certain patients.
Besides, vorapaxar has a complex molecular structure, making it difficult to optimize
and improve. We are interested in F16618 as a structurally simpler PAR-1 antagonist
lead. F16618 is reported by Pierre Fabre to have good in vitro and in vivo activities and
pharmacokinetic properties. In this study we report PAR-1 antagonist activities and liver
microsome stabilities of several series of F16618 analogs, certain SAR trends, and
implications for our effort to find improved PAR-1 antagonists.
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Synthetic cardiolipin based nanoparticles to manage excess cholesterol and its
metabolism for coronary heart diseases
Ru Wen1, soso2012@uga.edu, Shanta Dhar2. (1) University of Georgia, Athens,
Georgia (2) Chemistry, University of Georgia, Athens, Georgia, United States
Coronary heart disease (CHD) is the most common cause of worldwide death due to
the building up of plaque inside the coronary arteries. The plaque is formed by
accumulation of cholesterol and lipid. The cholesterol is linearly associated with the risk
of CHD. High density lipoproteins (HDLs), which carry ~20% of the total plasma
cholesterol, are responsible for the reverse cholesterol transport (RCT) from periphery
issues to the liver for excretion. Cardiolipin (CL) is an anionic phospholipid
predominantly located in the inner mitochondrial membrane (IMM), and also in outer
mitochondrial membrane (OMM), and contact sites between IMM and OMM. CL is
required for structural stability/integration of membranes, optimal function of many
mitochondrial enzymes in respiratory chain, and bioenergetics metabolism system.
Specifically, CL participates in the mitochondrial cholesterol side chain cleavage by
optimizing the function of the enzyme cytochrome P-450scc1, and translocation of
cholesterol from OMM to IMM,2 which is the rate-limiting step for steroidogenesis.3
Therefore, cardiolipin is introduced as the lipid component for the preparation of
mitochondria targeted synthetic HDL mimicking nanoparticles4 (NPs). We hypothesized
that the synthetic HDL mimicking NPs will participate in the RCT process to remove
excess intracellular cholesterol. The construction, optimization, and mechanism of this
new generation of mitochondria targeted cardiolipin containing HDL mimicking NPs will
be presented.
References:
1. Houtkooper, R.; Vaz, F., Cardiolipin, the heart of mitochondrial metabolism. Cellular
and Molecular Life Sciences 2008, 65 (16), 2493-2506.
2. Fobker, M.; Voss, R.; Reinecke, H.; Crone, C.; Assmann, G.; Walter, M.,
Accumulation of cardiolipin and lysocardiolipin in fibroblasts from Tangier disease
subjects. FEBS letters 2001, 500 (3), 157-162.
3. Gasnier, F.; Rey, C.; Graverand, M.-P. H. L.; Louisot, P.; Benahmed, M., Hormone-

induced changes in cardiolipin from leydog cells: Possible involvement in
intramitochondrial cholesterol translocation. IUBMB Life 1998, 45 (1), 93-100.
4. Marrache, S.; Dhar, S., Biodegradable synthetic high-density lipoprotein
nanoparticles for atherosclerosis. Proc Natl Acad Sci USA 2013, 110 (23), 9445-9450.
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Discovery of the hydantoin based MMP-12 inhibitor drug candidate AZD3342 for
the treatment of COPD
Magnus Munck af Rosenschold, magnus.munckafrosenschold@astrazeneca.com.
RIA Medicinal Chemistry, AstraZeneca, Molndal, Sweden
Chronic Obstructive Pulmonary Disease (COPD) is estimated to be the fourth leading
cause of death worldwide by 2030. COPD is characterized by progressive lung
destruction – emphysema, caused by proteases where Matrix Metalloproteinase-12
(MMP-12) and Neutrophil Elastase (NE) are among the most significant. AstraZeneca
has a long standing interest focused on targeting MMP-12 and NE. Here we briefly
describe our MMP-12 lead identification efforts leading to discovery of the first
hydantoin based class of MMP inhibitors. The hydantoin zinc-binding group afforded
significantly improved drug-properties compared to the classical zinc-binding groups
such as hydroxamic acid, formyl-hydroxylamine and carboxylic acid. This enabled rapid
discovery of our first MMP-12 inhibitor candidate drug AZD3342 progressed into Phase
I clinical trials showing excellent human pharmacokinetic properties.
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Benserazide, the first allosteric inhibitor of Coxsackievirus B3 3C protease
Bo-Kyoung Kim1, kbky9872@gist.ac.kr, Seung-Hwa Kwak1, Young-Hwan Jung1, TaeKyun Kim1, Borum Son1, Ji Yeon Park1, Soo-Jeong Choi1, Jeong-Hyun Kim1, JoongHeui Cho3, Pyeonghwa Jeong2, Yong-Chul Kim1,2. (1) School of Life Sciences, GIST,
Gwangju, Korea (the Republic of) (2) Department of Medical System Engineering
(DMSE), GIST, Gwangju, Korea (the Republic of) (3) New Drug Development Center
(NDDC), Daegu-Gyeongbuk Medical Innovation Foundation (DGMIF), Daegu, Korea
(the Republic of)
Coxsackievirus B3 is the main cause of human viral myocarditis and cardiomyopathy.
Virally encoded Coxsackievirus 3C protease (3Cpro) plays an essential role in viral
proliferation. Benserazide (4) was discovered as a novel inhibitor (IC50 = 2.4 µM) from a
screening of a drug library targeting Coxsackievirus 3Cpro using a FRET-based enzyme
assay. Benserazide, whose chemical structure has no electrophilic functional groups,
was characterized as a non-competitive inhibitor in an enzyme kinetic study. A
molecular docking study with Benserazide and its analogues indicated that a novel
putative allosteric binding site was involved in interactions in which a 2,3,4-

trihydroxybenzyl moiety is a key pharmacophore for the enzyme’s inhibitory activity. It is
suggested that the putative allosteric binding site may be applied in therapeutic
strategies.
MEDI 456
Engineering natural sidechains from leucine and isoleucine into “stapling” amino
acids to inhibit the estrogen receptor/coactivator interaction
Terry W. Moore, twmoore@uic.edu, Thomas Speltz. Medicinal Chemistry and
Pharamacognosy, University of Illinois at Chicago, Chicago, Illinois, United States
One well developed approach for constraining peptides into alpha-helical conformations
is to chemically install an all-hydrocarbon “staple” via ring closing metathesis of two
non-natural alkene-containing amino acids. An implication when incorporating a
chemical staple is that the introduced alkyl chain—meant to be just a constraint—can
itself interact with hydrophobic regions on the target protein’s surface and augment the
affinity and selectivity characteristics of the amino acid residues from the natural
sequence. An example of this has been seen in a crystal structure of a stapled peptide
derived from steroid receptor coactivator 3 (SRC3) that binds to the estrogen receptor.
In this example the hydrocarbon staple interacts with the receptor in place of isoleucine
and leucine residues. We hypothesized that enhanced selectivity and potency could be
achieved by better reproducing the natural binding surface of SRC3. Asymmetric
syntheses using Schollkopf’s bis-lactim methyl ether were used to prepare leucine and
isoleucine analogs integrating stapling functionality. These were incorporated into
peptide sequences from the steroid receptor coactivators using solid-phase peptide
chemistry. Time-resolved fluorescence resonance energy transfer experiments were
used to determine the extent of competitive inhibition of the estrogen
receptor/coactivator interaction. These new stapling amino acids may be used to inhibit
interaction of the estrogen receptor/coactivator or of other protein-protein interactions.

MEDI 457
Optimization of tetrahydronaphthalene inhibitors of Raf with selectivity over
hERG
Shih-Chung Huang, sampson.huang@mpi.com, Sharmila Adhikari, Roushan Afroze,
Katherine Brewer, Emily F. Calderwood, Jouhara Chouitar, Dylan B. England, Craig
Fisher, Katherine M. Galvin, Jeffery Gaulin, Paul D. Greenspan, Sean J. Harrison, MiSook Kim, Steven P. Langston, Li-Ting Ma, Saurabh Menon, Hirotake Mizutani,
Mansoureh Rezaei, Michael D. Smith, Dong Mei Zhang, Alexandra E. Gould. Takeda
Pharmaceuticals International Co., Cambridge, Massachusetts, United States
Structural investigations of a biaryl ether scaffold identified tetrahydronaphthalene Raf
inhibitors with good in vivo efficacy; however these compounds had affinity toward the
hERG potassium channel. Herein we describe our work to eliminate this hERG activity
via alteration of the substituents on the benzoic amide functionality. The resulting
compounds have improved selectivity against the hERG channel, good PK properties
and potently inhibit the Raf pathway in vivo.
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Design, synthesis, and SAR of 2-acetamido-3-pyrrolidinepropanamide derivatives
as urotensin-II receptor antagonists
Ajay Soni1, Aditi Agarwal1, aditi.agarwal.pp@dsin.co.in, Subham Saha1, Manoj Das1,
Kalyankar R. Shripati 1, Shelly Aeron1, Biswajit Das1, Ian Cliffe1, Ruchi Tandon2, Rakesh

K. Singh2, Reena Sodhi2, Sunanda G. Dastidar2, Shashi K. Singh2, Sandeep Sinha2, Raj
k. Shriumalla2, Vinod P. Semwal3, Shinji Marumoto4, Takahiro Nagayama4. (1)
Medicinal Chemistry, Daiichi Sankyo India Pharma Private Limited, Gurgaon, Haryana,
India (2) Department of Pharmacology, ; Daiichi Sankyo India Pharma Private Limited,
Gurgaon, Haryana, India (3) Department of Pharmacokinetic and metabolism, Daiichi
Sankyo India Pharma Private Limited , Gurgaon, Haryana, India (4) R&D Division,
Daiichi Sankyo Co. Ltd., Tokyo , Japan
Human urotensin-II (hU-II) is a cyclic undecapeptide ligand that plays an important role
in cardiovascular homeostasis. Nonpeptidic U-II receptor antagonists have the potential
to treat metabolic and cardiovascular disorders such as renal failure, diabetes, and
chronic heart failure. The present work describes the preparation and SAR profile of 2{N-[(2,4,5-trichlorophenoxy)acetyl]-N-methylamino}-3-pyrrolidinepropanamides (I) as
novel and potent U-II receptor antagonists. An activity optimization study examining the
effect of N-substituents on the propanamide led to the identification of N-carboxyalkyl-2{N-[(2,4,5-trichlorophenoxy)acetyl]-N-methylamino}-3-pyrrolidinepropanamides (II) as
potent U-II receptor antagonists with improved ADME and PK profiles.

MEDI 459
CYP3A4-specific inhibitors: Rational design of simpler analogs
Parminder Kaur, kaurp6@wpunj.edu. Chemistry, William Paterson University, Wayne,
New Jersey, United States
CYP3A4, the most abundant drug metabolizing enzyme, has the tendency to interact
with a wide range of molecules. These molecules at times can act as inhibitors of
CYP3A4. Although inhibition can have serious side effects but in case of CYP3A4 it has
its own benefits. In the present study, we have been focusing on the structural aspects
of the inhibitors and have designed and synthesized a series of simpler analogs using a
systematic study of various structural aspects such as backbone of the main peptide
chain, nature of the side groups etc. on the potency of inhibitors.
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4-Dibenzocyclooctynol as a fluorescent probe for sodium azide detection
Ke Wang1, kwang10@gsu.edu, Frederic J. Friscourt2, Chaofeng Dai1, Lifang Wang1,
Yueqin Zheng1, Geert-Jan Boons2, Siming Wang1, Binghe Wang1. (1) Dept of Chem,
Georgia State University, Atlanta, Georgia, United States (2) Complex Carbohydrate
Research Center, Athens, Georgia, United States
Sodium azide is a colorless, tasteless, odorless, and salt-like solid, and is widely used in
automobile airbags, airplane escape chutes, pest control, agriculture, and research
laboratories. Because of azide’s environmental concerns and reported cases of azide
poisoning, there is an interest for the development of its rapid detection. We have
developed a simple, sensitive and quantitative inorganic azide detection method, which
induces fluorescent changes upon azide recognition. The method takes advantage of
the ability for a 4-dibenzocyclooctynol derivative to react with azide and then turn on
upon addition. Quantitative analysis can be achieved in the linear range of 2-100 µM.
MEDI 461
New agonists of the Keap1 – Nrf2 pathway: A potential solution for oxidative
stress related diseases
Ludovic Deny3,4, ludovic.deny@usherbrooke.ca, Guillaume Belanger1, Eric Marsault2,
Martin V. Richter5, Hussein Traboulsi5. (1) Departement de Chimie, Universite de
Sherbrooke, Sherbrooke, Quebec, Canada (2) Dept of Pharmacology, Universite de
Sherbrooke, Sherbrooke, Quebec, Canada (3) Chemistry, Université de Sherbrooke,
Sherbrooke, Quebec, Canada (4) Pharmacology, Université de Sherbrooke,
Sherbrooke, Quebec, Canada (5) Medecine, Université de Sherbrooke, Sherbrooke,
Quebec, Canada
The Keap1/Nrf2 pathway is an essential component of the cell’s antioxidant defense
and possesses a therapeutic potential for diseases involving oxidative stress such as
cancers, diabetes or neurodegenerative disorders (Suzuki, Trends in Pharmacol. Sci.
2013). Keap1 is a cytosolic chaperone protein that sequesters the Nrf2 (Nuclear factor
erythroid-related 2-like 2) transcription factor in the cytosol, preventing the transcription
of genes associated with the ARE (Antioxidant Response Element). Keap1 is a
cysteine-rich protein whose nucleophilic thiols can be modulated with small molecules.
In this respect, Nazarov acceptors (see scheme) have raised our interest, based on the
reasoning that a compound able to react with more than one cysteine could be highly
potent and selective. Herein, we present a series of compounds aimed at understanding
the synergy between two acceptors. We have identified the relative position (tether
length and rigidity) of the electrophilic centers as a key parameter in activity. We
strongly believe our study will help in the understanding of the Keap1/Nrf2 pathway.
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Discovery of novel LPA1 antagonist: design synthesis and SAR studies
Masahiko Terakado, terakado@ono.co.jp, Kazuya Hashimura, Motoyuki Tanaka,
Masaki Asada, Hideyuki Ueda, Naoki Matsunaga, Keisuke Hirai, Masahiro Ikura, Hiroshi
Kohno, Hidehiro Suzuki, Hiroshi Saga, Shinji Nakade, Haruto Kurata, Maruyama Toru,
Yoshikazu Takaoka, Takuya Seko, Hiromu Habashita. ONO Pharmaceutical Co., Ltd.,
Osaka, Japan
Lysophosphatidic acid (LPA) is a class of bioactive phospholipids which exerts a wide
range of physiological and pathophysiological responses. These biological effects of
LPA are mediated through G protein coupled receptors (GPCRs). Six LPA receptors
(LPA1-6) have been identified and characterized so far. LPA1/2/3 (previously known
EDG-2/4/7) belong EDG-family with high homology. Of which, we have reported that
LPA induces the contraction of the urethra via LPA1 receptor (Nakade et al,
WO2002062389), expecting to be a remedy of benign prostatic hypertrophy. We
conducted high throughput screening campaign against LPA1 and identified hit
compound. This presentation will describe lead optimization, detailed SAR and in vivo
efficacy of novel class of LPA1 antagonist.
MEDI 463
Development of EP2 antagonists for anti-inflammation and neuroprotection
therapy
Thota Ganesh, tganesh@emory.edu, Jianxiong Jiang, Raymond Dingledine.
Pharmacology, Emory University, Atlanta, Georgia, United States
Neuroinflammation is a key player in a variety of chronic central nervous system
diseases, including epilepsy and Alzheimer’s disease (AD). Induction inflammatory
mediators, activation of microglia and astrocytes, upregulation of inducible
cyclooxygenase-2 (COX-2) are key hall-marks of neuroinflammation. COX-2 inhibitors
were tested in several chronic neuroinflammatory disease models such as epilepsy, AD
and amyotrophic lateral sclerosis (ALS), but the results are not encouraging. However,
COX-2 inhibitors proved to be efficacious in reducing the pain and severity of the

disease in patients with osteoarthritis.
Recently two COX-2 drugs, Vioxx® and Bextra® have been withdrawn from the United
States market due to cardiovascular side effects. COX-2 catalyzes the synthesis of five
prostanoids (PGD2, PGE2, PGF2, PGI2 and TXA2) which activate 11 prostanoid
receptors (DP1, DP2; EP1, EP2, EP3 and EP4; FPa and FPb; IP; TPa and TPb).
Studies have confirmed that the side effects by the COX-2 drugs are due to the
inhibition of the prostanoid receptor IP, downstream of COX-2 signaling. Thus the future
anti-inflammatory therapy should be targeted through a specific prostanoid synthase
enzyme or prostanoid receptor, such as EP2. The EP2 receptor has emerged as an
important target, mediating majority of the proinflammatory effects of COX-2 in a variety
of chronic neurodegenerative as well as peripheral disease models. Thus, we have
recently identified and developed a novel class of EP2 antagonists. A lead compound in
this class, with a modest plasma and brain pharmacokinetics, blunted the inflammation
and neurodegeneration in a mouse and rat models of status epilepticus (see Figure 1,
for partial results) and improved the overall health of rodents after status epilepticus. We
have conducted lead optimization studies on the TG6-10-1 scaffold and identified
several compounds with suitable drug-like properties. We will present EP2 antagonism
as a novel anti-inflammatory strategy in comparison to generic COX-2 inhibition, our
current lead optimization approaches with brief structure activity relations ships and the
proof of concept data in status epilepticus models.
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Development of 8-phenylisoquinolines as potential therapeutic agent for
inflammatory bowel disease
Ying-ying Chen, r02423006@ntu.edu.tw, Zih-Rou Huang, Chia-ying Yang, Ya-Yao
Huang, Chyng-Yann Shiue, Kai-Yuan Tzen, Ling-Wei Hsin. National Taiwan University,
Taipei, Taiwan
The 5-HT7 receptor is the most recently identified member in the 5-HT receptor family.
The 5-HT7 receptor is expressed in both the CNS and the peripheral tissues, mainly be
found in colon, ileum, and stomach. It has been reported to play as a key role in many
GI functions mediated by 5-HT, including secretion and peristalsis. The blockage of 5HT signaling by a selective 5-HT7 receptor antagonist alleviated immune cell activation
and subsequent inflammation in GI tract. Therefore, 5-HT7 receptor has been suggested
as a potential therapeutic target for gastrointestinal inflammatory condition, such as
inflammatory bowel disease (IBD). IBD is an idiopathic disease caused by a
dysregulated immune response to host intestinal microflora and resulted in inflammatory
damage in the digestive tract. As an ideal drug candidate for IBD, the compound is
required to display minimum BBB penetration, and selectively target on GI tract. Here,
we report the synthesis of a series of 8-phenylisoquinoline derivatives as highly potent
and selective 5-HT7 receptor ligands. These ligand demonstrated potent anti-IBD effect
in IBD-mice model. The in vivo distribution of these novel 5-HT7 receptor ligands was
studied by using non-invasive positron emission tomography (PET). In summary, these
novel 5-HT7 ligands are promising candidates for the development of novel therapeutic
agents for the treatment of IBD.
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Design and synthesis of selective 5-HT7 receptor antagonists for the treatment of
inflammatory bowel disease
Kevin Blattner1, tuf28307@temple.edu, Daniel J. Canney1,2, Rong Gao1, John C.
Gordon1, Benjamin E. Blass1, Magid Abou-Gharbia1, Mercy Ramanjulu1, George C.
Morton1. (1) Moulder Center for Drug Discovery Research, Temple University School of
Pharmacy, Philadelphia, Pennsylvania, United States (2) Pharmaceutical Sciences,
Temple School of Pharmacy, Philadelphia, Pennsylvania, United States
Inflammatory bowel disease (IBD) is a devastating disease that affects 1.4 million
Americans. IBD patients suffer from life altering symptoms as a result of severe, chronic
inflammation of the gastrointestinal tract. Current treatments mitigate symptoms with no
effect on disease progression. Failure to halt disease progression leads to treatment
failure and surgical procedures become the only option. Recent literature has
demonstrated a connection between the 5-HT7 serotonin receptor and IBD progression.
It has been shown that suppressing 5-HT7 activity decreases inflammation associated
with IBD. In the dextran sulfate sodium (DSS) induced mouse model of IBD, the
application of a highly-selective 5-HT7 antagonist, SB-269970, significantly reduced
disease severity. Similar results were demonstrated in 5-HT7 knock-out mice.

Importantly, these studies have given life to the notion that selective 5-HT7 antagonists
could provide novel treatment options for IBD with the capacity to halt disease
progression. Currently, our lab is investigating a novel series of arylpiperazinyl
butyrolactones that are being investigated for the treatment of IBD as 5-HT7 antagonists.
The synthesis, biological activity and in vitro ADME of this series will be discussed.
MEDI 466
Study of the structure-activity relationship of the 5-OXE receptor antagonists
leading to an improved potency
Qiuji Ye2, qye2012@my.fit.edu, Shishir Chourey3, Nagendra Reddy Chintam2, Hussam
W. Alhamza2, Rui Wang2, Sylvie Gravel4, Chantal Cossette4, William S. Powell4, Joshua
Rokach1. (1) Florida Inst of Tech, Melbourne, Florida, United States (2) Chemistry,
Florida Institute of Technology, Melbourne, Florida, United States (3) Chemistry ,
Florida Institute of Technology , Melbourne, Florida, United States (4) Centre for
Translational Biology, McGill University Hospital Centre Research Institute, Montreal,
Quebec, Canada
Arachidonic acid (AA) is converted to biologically active metabolites by different
pathways, the most important of which is initiated by 5-lipoxygenase (5-LO). 5hydroxyeicosatetraenoic acid (5-HETE) is the major product of the 5-LO pathway in
human leukocytes, and it is oxidized into 5-oxo-6, 8, 11, 14-eicosatetraenoic acid (5oxo-ETE) under oxidative stress. 5-oxo-ETE is the most powerful eosinophil
chemoattractant and could be an important mediator in eosinophilic disorders such as
asthma. In order to design an OXE receptor antagonist to prevent eosinophil migration
to the lung during a late phase asthma attack, we have conducted a detailed structureactivity study on the 5-oxo-ETE molecule to understand the essential functional groups
that are required for the OXE receptor to recognize its substrate. The resulting data
suggests that the 5-oxovalerate group is a requisite to the activity, and we have
discovered a lead compound, which contains a 5-oxovalerate substituent, as a potent
OXE receptor antagonist. In order to prevent the 5-oxovalerate substituent from any
potential metabolism by β-oxidation, we modified the substituent by adding bulky groups
to its 3-position. We found out that any addition of bulky groups to the 5-oxovalerate
moiety reduce potency. In contrast, addition of a single methyl group leads to an
improved potency. Based on some models we constructed, it appears that the S-isomer
of the mono-methylated compound will have less interference with the receptor, and will
further improve the potency.
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Structure-based design, synthesis, and crystallographic studies of novel HIV-1
protease inhibitors with enhanced backbone interactions
Heather L. Osswald2, hosswald@purdue.edu, Cuthbert Martyr2, Arun K. Ghosh2,
Johnson Agniswamy1, Yuan-Fang Wang1, Masayuki Amano3, Irene Weber1, Hiroaki
Mitsuya3,4. (1) Georgia State University, Atlanta, Georgia, United States (2) Chemistry,
Purdue University, West Lafayette, Indiana, United States (3) Kumamoto Univeristy,
Honjo, Kumamoto, Japan (4) National Cancer Institute, National Insitutes of Health,
Bethesda, Maryland, United States
Structure-based design, synthesis, and biological evaluation of a series of very potent
HIV-1 protease inhibitors will be described. Based on the X-ray structures of darunavirbound wild type and mutant HIV-1 proteases, we have incorporated a range of
functionalities on the bis-THF ligand in an effort to improve ligand-binding site
interactions. These substituents have been specifically designed to make interactions in
the flap region of HIV-1 protease. A number of inhibitors displayed very potent enzyme
inhibitory and antiviral activity. Our structure-activity studies indicated that the
stereochemistry at the substituted center, the nature of substituents, and the size of the
alkyl chain are important factors in maintaining the inhibitor’s potency. A number of
inhibitors were evaluated against a panel of multidrug-resistant strains of HIV-1 variants.
A high resolution X-ray structure of inhibitor-bound HIV-1 protease has been determined
and the structure revealed important molecular insight into the ligand-binding site
interactions. These results will be presented.
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Boronic acid analogs of anti-HIV therapies: Synthesis and biological evaluation

Sarah J. Burke1, sburke0922@gmail.com, James M. Gamrat1, John W. Tomsho2. (1)
Chemistry & Biochemistry, University of the Sciences, King of Prussia, Pennsylvania,
United States (2) Department of Chemistry and Biochemistry, University of the Sciences
in Philadelphia, Philadelphia, Pennsylvania, United States
Boronic acids and their derivatives have recently emerged as biologically interesting
moieties, with increased attention in their use as pharmaceutical agents. To date the
FDA has approved two drugs containing boron atoms: Velcade®, a peptidyl boronic
acid treatment for multiple myeloma, and KerydinTM, an oxaborole-containing antifungal.
The purpose of this work is to provide further insights into boronic acids as a medicinally
relevant functional group, specifically as phosphate isosteres. To this end, we created a
library of boronic acid analogs of nucleoside monophosphates and phosphonates for
examination as antiviral agents. These analogs were synthesized through substitution
reactions between nucleobases and boron-containing alkyl halides, which were initially
difficult to obtain. We therefore developed comparatively high yielding procedures (6592%) of potassium haloalkyltrifluoroborate salt (TFBS) electrophiles through
hydroboration of commercially available haloalkenes with dichloroborane, followed by
treatment of the crude hydroboration products with potassium hydrogen difluoride. A
hexaethyldisiloxane byproduct that hinders the isolation of boronic acids and esters was
identified and easily removed in this procedure. Biological evaluation of these
compounds as human and viral (hepatitis, herpes) kinase substrates and/or inhibitors is
ongoing in our lab. Assessment of these compounds as HIV reverse transcriptase and
viral DNA polymerase inhibitors is also being examined.
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Isolation and characterization of an immune complex of Imprime PGG, a cancer
immunotherapeutic agent
Kyle S. Michel, kmichel@biothera.com, Michael E. Danielson, Nandita Bose, Lindsay
R. Wurst, Adria B. Jonas, Anissa S. Chan, Diane E. McMurray, Ben C. Harrison, Katie
E. Ertelt, Richard M. Walsh, Blaine T. Rathmann, Steven M. Leonardo, Paul M. Will,
Andrew S. Magee. Biothera, Saint Paul, Minnesota, United States
Immune complex isolation and characterization is a challenging area of pharmaceutical
research. Here, we disclose our efforts to better understand an immune complex formed
between Imprime PGG, antibodies, and complement proteins. Imprime PGG is a
soluble yeast-derived beta-glucan immunomodulator that is currently being developed
as a cancer immunotherapeutic drug. Imprime PGG is in phase 3 and multiple phase 2
clinical trials in combination with a therapeutic monoclonal antibody (e.g. bevacizumab
or cetuximab). Previous research demonstrated that Imprime PGG forms an immune
complex with anti-beta-glucan antibodies, specifically IgG and IgM, present in the serum
of healthy donors and oncology patients. This immune complex activates the classical
complement pathway, leading to opsonization of Imprime PGG by iC3b to form a threepart complex that subsequently binds to the receptors CR3 and FcγR on innate immune
effector cells (e.g. neutrophils and monocytes). The goal of this study was to isolate or

assemble this three-part complex in pure form, free of contaminating components (i.e.,
albumin, other antibodies, etc.) Anti-beta-glucan antibodies were isolated from serum or
commercial sources of immunoglobulin. These antibodies were then recombined with
pure Imprime PGG and the complexes were characterized. The biological activity of the
immune complexes in terms of their ability to bind immune cells in various conditions
will be discussed. In summary, the information learned while isolating and purifying this
immune complex will provide a better understanding of Imprime PGG’s mechanism of
action, enhancing Imprime PGG development.
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RNA-based immuno-stimulatory liposomal spherical nucleic acids for antigen
presenting cell activation
Chenxia Guan2, cmguan@u.northwestern.edu, Natalia Chernyak3, Chad A. Mirkin1. (2)
Chemical and Biological Engineering, Northwestern University, Evanston, Illinois, United
States (3) Chemistry, Northwestern University, Evanston, Illinois, United States
Immuno-modulatory spherical nucleic acids (SNAs) have shown great promise in
activating and suppressing toll-like receptor (TLR) 9 for applications in anti-tumor
immunity and autoimmune diseases. In addition to TLR 9, there are three other
endosomal TLRs (3, 7, and 8), which are responsible for recognizing double and single
stranded RNA. Since various antigen-presenting cells (APCs) have differential TLR
expression levels, targeting multiple TLRs can activate more types of immune cells, and
also synergistically improve tumor eradication in vivo.
Currently, potent small molecule TLR 7/8 agonists (i.e. resiquimod) are limited to topical
applications due to significant toxicity caused by off-targeting effects and systemic
immune activation. On the other hand, RNA-based TLR 7/8 agonists, while specific, can
be easily degraded by nucleases and lack an efficient means of cellular uptake. This
project focuses on using liposomal SNAs to activate TLR 3, 7 and 8 via RNA immunostimulatory oligonucleotides. Due to their dense oligonucleotide shell, SNAs exhibit
increased interactions with cell surface proteins resulting in high cellular uptake in
virtually all cell lines while localizing mainly in endosomal compartments, decreased
activity of endonucleases on the nanoparticle surface due to a high local salt
concentration, and also no cytotoxicity. As a result, SNAs are perfectly suited to act as
single-entity RNA agonists for activating APCs.
We show that these RNA based immuno-stimulatory SNAs (IS-SNAs) exhibit over 30fold increase of secreted NF-kB in murine macrophages compared to the free strand
delivered using a cationic transfection agent (no activation was seen with just the free
stand). In addition, treatment of mouse dendritic cells with RNA-based IS-SNAs in the
presence of model tumor antigen improves the rate of antigen presentation, which is an
important step in immunizing against cancer. This observation sets the foundation for
the development of novel RNA-SNA based antitumor vaccines.
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Design, synthesis, and SAR of a novel series of heterocyclic phenylpropanoic
acids as GPR120 agonists
Xuqing Zhang2, xzhang5@its.jnj.com, Chaozhong Cai2, Michael P. Winters3, Zhihua
Sui4, Yuanping Wang5, Wen Yan6, Celia Jenkinson7, Joseph Gunnet9, James Leonard8,
William V. Murray1. (1) Cardiovascular and Metabolic Research, Janssen Research &
Development, LLC , Spring House, Pennsylvania, United States (2) Cardiovascular and
Metabolic Research, Janssen Research & Development, LLC, Spring House,
Pennsylvania, United States
GPR120 is a Gq coupled GPCR activated by long-chain fatty acids (LCFAs). It is
expressed in intestines, lung, adipose tissue, and pro-inflammatory macrophages. Upon
stimulation by LCFAs, GPR120 can mediate GLP-1 secretion, insulin sensitization, antiinflammatory, and anti-obesity effects. Therefore, GPR120 has emerged as an
attractive target for the treatment of metabolic and inflammatory diseases such as
obesity and type 2 diabetes.
There are only a few reports of GPR120 agonists in the literature. Further research is
needed to discover potent, selective and orally bioavailable small molecule GPR120
agonists. We describe herein our exploration of the design, synthesis, and SAR of a
novel series of 5-membered heterocycle-containing phenylpropanoic acid derivatives as
potent and selective GPR120 agonists. Optimization of this series generated several
lead scaffolds with potent GPR120 agonistic activity and good physical properties.
Furthermore, the PK profiles of the lead compounds were suitable for further
development, with low clearance and high oral bioavailability in rodents.
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Discovery of isothiazole- and thiophene-containing phenylpropanoic acids as
potent and orally efficacious GPR120 agonists for the treatment of type 2
diabetes
Xuqing Zhang3, xzhang5@its.jnj.com, Chaozhong Cai4, Zhihua Sui2, Mark J.
Macielag5, Yuanping Wang6, Wen Yan7, Arthur Suckow8, Hong Hua9, Austin Bell2, Peter
Haug10, Wilma Clapper1, Celia Jenkinson11, Joseph Gunnet12, James Leonard13,
William V. Murray1. (3) Cardiovascular and Metabolic Research, Janssen Research &
Development, LLC, Spring House, Pennsylvania, United States (4) Cardiovascular and
Metabolic Research, Janssen Research & Development, LLC, North Wales,
Pennsylvania, United States
GPR120 is a Gq protein-coupled receptor expressed preferentially in the intestinal tract
and adipose tissue that has been implicated in mediating free fatty acid-stimulated
glucagon-like peptide-1 (GLP-1) secretion. GPR120 agonists have been reported to
improve inflammation and metabolic syndrome through the regulation of adiposity,
gastrointestinal peptide secretion, and glucose homeostasis. Therefore, GPR120

agonism may represent a novel therapy for the treatment of type 2 diabetes, obesity,
and other metabolic diseases.
We explored a variety of 5-membered heterocycle-containing phenylpropanoic acids as
GPR120 agonists. Optimization of GPR120 potency, physical properties, and
pharmacokinetic profiles directed us to focus on the isothiazole and thiophene series for
further investigation. Extensive SAR studies led to the discovery of several potent
GPR120 agonists with low nM EC50 values in both calcium and β-arrestin assays.
Moreover, the lead compounds demonstrated in vivo antidiabetic activities in multiple
rodent models.
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Identification of novel insulin-regulated aminopeptidase (IRAP) inhibitors by high
throughput screening
Karin Engen1, karin.engen@orgfarm.uu.se, Thomas Lundbäck2, Fredrik Svensson1,
Ulrika Rosenström1, Christian Sköld1, Mathias Hallberg3, Annika Jenmalm-Jensen2,
Mats Larhed1. (1) Department of Medicinal Chemistry, Uppsala University, Uppsala,
Sweden (2) Chemical Biology Consortium Sweden, Science for Life Laboratory,
Department of Medical Biochemistry and Biophysics, Karolinska Institutet, Stockholm,
Sweden (3) Department of Pharmaceutical Biosciences, Uppsala University, Uppsala,
Sweden
Insulin-regulated aminopeptidase (IRAP), a single-spanning transmembrane zinc
dependent metallopeptidase, is a potential new target for cognitive enhancers.
Administration of previously known inhibitors has resulted in facilitation of memory and
enhanced performance in spatial memory tasks. These abilities have attracted
considerable interest in recent years, and potent and selective peptide based inhibitors
have been reported.[1] In order to develop new, more drug-like IRAP inhibitors, a
screen of 10500 compounds was performed to identify new starting points.
The screening campaign identified several new classes of tentative inhibitors, and hit
confirmation experiments were performed in which dose dependency of the identified
inhibitors was tested. The hit confirmations revealed inhibitors with IC50-values in the
low µM range. These inhibitors have been further modified in order to gain information
about the structure-activity relationship. The design and development of synthetic
procedures, including multicomponent reactions and Pd-catalyzed cross coupling
reactions, to obtain the various analogues of the hit compounds will be presented. In
addition, a summary of the assay development and the biochemical evaluation of all the
inhibitors will be given.

[1] Andersson, H.; Hallberg, M. Int. J. Hypertens. 2012, 2012, 789671

Figure 1. Structures of two of the hit comopunds from the screen.
MEDI 474
Search for novel PTP 1B inhibitors: Targeting both catalytic and allosteric sites
via integrated approaches
Zhiyan Xiao, xiaoz@imm.ac.cn, Yan-Bo Tang, Ying Yang, Jinying Tian, Fei Ye.
Institute of Materia Medica, Beijing, China
Protein tyrosine phosphatase (PTP) 1B is a potential therapeutic target for type 2
diabetes. Due to the positively charged and highly conserved nature of its catalytic site,
PTP1B is an intractable target for drug discovery. Extensive efforts have been made by
us in the recent years to discover novel PTP1B inhibitors targeting both catalytic and
allosteric sites of PTP1B.
Figure 1. Lead discovery targeting both catalytic and allosteric sites of PTP1B
As illustrated in Figure 1, the known PTP1B inhibitors 1 and 2, which act on the
catalytic and allosteric sites of PTP1B respectively, were taken as chemical templates.
Composite pharmacophore models were extracted from the binding poses of the
templates and pharmacophore-oriented scaffold hopping was then performed. Derived
from both compounds, novel PTP1B inhibitors with distinct scaffolds and significant in
vivo insulin-sensitizing effects were identified.
To further extend the structural diversity, 3D-QSAR pharmacophore models were
established for known catalytic inhibitors of PTP1B. Virtual screening of natural product
databases with this model as well as molecular similarity and docking scores has led to
the recognition of a series of unique coumarins as potent PTP1B inhibitors.
Molecular dynamics simulations were also carried out to unveil the allosteric mechanism
of our newly identified non-competitive inhibitors, so as to facilitate future molecular
design targeting the allosteric site.
Acknowledgements: This investigation was supported by the National Natural Science
Foundation of China (No. 20972192) and Natural Science Foundation of Beijing (No.
7102117).

Figure 1. Lead discovery targeting both catalytic and allosteric sites of PTP1B
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Novel 1,2,3-triazole analogs as DPP4 inhibitors
Haeil Park1,2, hpark0919@gmail.com, Tuan-Anh N. Pham1. (1) Pharmacy, Kangwon
National University, Chuncheon, Gangwon, Korea (the Republic of) (2) New Drug
Development Research Institute of Kangwon National University, Chuncheon, Korea
(the Republic of)
Type 2 diabetes mellitus is a progressive metabolic disorder leading to vascular
complications including coronary artery disease and stroke. Insulin resistance at
peripheral target tissues and pancreatic beta-cell dysfunction are two typical
fundamental defects in diabetes. Management of diabetes has been challenging,
particularly the enormous prevalence of obesity. Dipeptidyl peptidase-4 (DPP4) inhibitor
is a new generation therapeutic approach to the treatment of type 2 diabetes, based on
a new mode of action. In an effort to find novel scaffolds to substitute the 1,2,4triazolopiperazine group of sitagliptin (JanuviaTM), the first DPP4 inhibitor drug launched
into the United States market, our laboratory has been interested in generating
structurally simplified functional groups.
A series of 1,2,3-triazole analogs with butan-2-amine or propan-2-amine backbones
was synthesized and evaluated for their DPP4 inhibition activities. The 1,2,3-triazole
analogs based on butan-2-amine showed better in vitro inhibitory activity in a DPP4
enzyme assay. The 1,2,3-triazole analog with the butan-2-amine backbone and 4pyridyl group exhibited almost equipotent inhibitory activity (IC50 = 26 nM) compared to
that of sitagliptin (IC50 = 22 nM) and was selected for further evaluation.
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Discovery of novel cyclic peptides which exhibit glucagon-like peptide-1 (GLP-1)
receptor agonism
Chris Limberakis1, chris.limberakis@pfizer.com, Gary E. Aspnes2, David R. Derksen3,
David J. Edmonds2, Heather Eng3, David P. Fairlie4, Gilles H. Goetz1, Ariamala
Gopalsamy2, David A. Griffith2, Timothy A. Hill4, Huy N. Hoang4, Amit S. Kalgutkar5, W
M. Kok4, Spiros Liras2, Vincent Mascitti1, Alan M. Mathiowetz2, Justin M. Mitchell4, David
W. Piotrowski1, David Price2, Charles J. Rotter3, Roger B. Ruggeri2, Kun Song2, Robert
V. Stanton2, Jacky Y. Suen4, Jane M. Withka1. (1) Pfizer Worldwide Medicinal
Chemistry, Groton, Connecticut, United States (2) Pfizer Worldwide Medicinal
Chemistry, Cambridge, Massachusetts, United States (3) Pfizer Pharmacokinetics,
Dynamics, and Metabolism, Groton, Connecticut, United States (4) Institute for
Molecular Bioscience, The University of Queensland, Brisbane, Queensland, Australia
(5) Pfizer Pharmacokinetics, Dynamics, and Metabolism, Cambridge, Massachusetts,
United States
With nearly 400 million people inflicted with type 2 diabetes (T2D) worldwide, significant
efforts have been mobilized to combat this metabolic disease. Injectable peptide
agonists of the glucagon-like peptide-1 (GLP-1) receptor have recently proven effective
in lowering plasma glucose with low risk of hypoglycemia. GLP-1 is a naturally occurring
hormone agonist which potentiates glucose dependent insulin secretion and inhibits
pancreatic β-cell apoptosis. These agonists also decrease food intake and inhibit gastric
emptying which leads to body weight reduction. As part of our GLP-1 receptor agonist
program, we sought orally available agonists starting from the known 11-mer peptide
agonist 1. We designed and synthesized sets of novel cyclic 11-mer peptides since
these constrained peptides can exhibit improved pharmacological and pharmacokinetic
properties over their acyclic counterparts. These cyclic peptides were primarily
disulfides, lactones and lactams such as disulfide 2 which retained good efficacy. In
addition, more membrane permeable 11-mer peptides, such as peptide 3, were
obtained which were void of polar side chains.
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Design and synthesis of novel bicyclic GPR119 agonists as drug target for the
treatment of type 2 diabetes
Guillaume Poissonnet2, guillaume.poissonnet@fr.netgrs.com, Olivier Russo1,
Francoise M. Perron-Sierra3, Isabelle Theret4, Odile Della-Zuana2, Manuel Brun2,
Elizabeth Harley2, Alain Ktorza2. (1) Institut de Recherches Servier, Suresnes, France
(2) Institut De Recherches Servier, Suresnes, France (3) SERVIER, Suresnes, Ile de
France, France (4) IDRS, Suresnes, France
GPR119 is a G-protein coupled receptor expressed predominantly in intestine K-and Lcells and pancreas beta cells. Activation of the receptor stimulates the cAMP signaling
in a gluco-dependant fashion, producing direct pancreas insulin secretion as well as
indirect insulin secretion, resulting from neuroendocrine peptides release from the
intestine such as GIP and GLP-1. Thus GPR 119 agonists are expected to bring about
an improvement in the beta cell function and the beta cell mass and may contribute to
improve glucose homeostasis.
Identification of novel [6,5] and [5,5] bicyclic GPR119 agonists will be disclosed,
including synthetic methodologies, structure-activity relationship analysis, transposition
in functional assays, as well as the establishment of a GPR119 3D pharmacophoric
model (LigandScout).
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Discovery and SAR of pyrrole derivatives as agonists of GPR120 for the treatment
of type II diabetes
Michael P. Winters1, mwinter4@its.jnj.com, James Lanter1, Mark J. Wall1, Zhihua Sui1,
James Leonard1, Joseph Gunnet1, Yuanping Wang1, Hong Hua2, Wen Yan2, Arthur
Suckow2, Celia Jenkinson2, Peter Haug2, Austin Bell2, Wilmelenne Clapper2, Norman
Huebert1, William V. Murray1. (1) Cardiovascular and Metabolism Research, Janssen
Pharmaceutical Research and Development, Spring House, Pennsylvania, United
States (2) Cardiovascular and Metabolism Research, Janssen Pharmaceutical
Research and Development, La Jolla, California, United States
GPR120 (Free Fatty Acid Receptor 4) is a 7-transmembrane GPCR that is a receptor
for omega-3 fatty acids which have anti-inflammatory and insulin sensitizing properties.
These benefits give agonists of GPR120 the potential to be effective treatments for
Type II diabetes. The synthesis and SAR of a series of pyrrole agonists of GPR120 will
be described, in addition to the in-vivo activity of a few selected compounds.
MEDI 479
Parallel synthesis of novel peptides containing N-terminal heterocyclic triazoles
Steven B. Coffey2, steven.b.coffey@pfizer.com, Gary E. Aspnes2, Allyn T. Londregan2,
David W. Piotrowski1. (1) Groton Laboratories 8220/2133, Pfizer Inc, Groton,
Connecticut, United States (2) MS 220, Pfizer Inc., Groton, Connecticut, United States
ABSTRACT: The attenuation of drug-like properties is a significant challenge in the
development of peptide-containing medicines. Incorporation of diverse heterocycles
onto peptide scaffolds is one approach to this problem and may improve drug/target
recognition and enhance overall physical properties. A solution phase parallel synthetic
approach was developed to integrate diverse heterocycles at the N-termini of peptides.
A one-pot “click” reaction was used to install both a triazole and a diverse group of
heterocycles. This procedure was exemplified in a parallel fashion to show the broad
scope and practicality of this methodology.
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Syntheses of spiro 7-azaindolones
GuoJun Pan, pan_guojun@PharmaBlock.com, Jun Mao, Hui Wang, Hui Li, Xihan Wu,
Minmin Yang. Department of Research, PharmaBlock (Nanjing) RD Co. Ltd, Nanjing,
JiangSu, China
7-Azaindoles are an important class of structural motif usually considered as bioisostere
for indoles or purines. A serial of spiro 7-azaindolones, such as 1',2'dihydrospiro[cyclopropane-1,3'-pyrrolo[2,3-b]pyridine]-2'-one and 1',2'dihydrospiro[oxane-4,3'-pyrrolo[2,3-b]pyridine]-2'-one were devised and efficiently
synthesized from 7-azaindoles. Those novel building blocks are expected to provide
new opportunities to lead optimization and drug discovery. [figure1]
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Strategies for the identification and characterization of atropisomers
Jennifer Davoren, jennifer.e.davoren@pfizer.com. Pfizer, Cambridge, Massachusetts,
United States
In chemical research the incidence of axial chirality known as atropisomerism is steadily
increasing due to the advent of new synthetic methodologies which have made
sterically encumbered bonds more facile to form. When atropisomers are encountered
by drug discovery teams they can have significant implications due to differences in
their biological activity, pharmacokinetics and toxicity. The failure to identify
atropisomeric chirality can adversely impact the timely execution or even the success of
a program. Once identified, knowledge of an atropisomer's activation parameters for
interconversion is required to facilitate an informed decision on how to proceed.
In an effort to identify and characterize atropisomers in our drug discovery programs, we
developed a multi-prong strategy for the early detection and rapid characterization of
atropisomers that we would like to share. This strategy includes: 1) An automated

computational workflow to determine the likelihood of atropisomerism in both newly
registered and virtual compounds, 2) A weekly project-specific email alert, 3) A medium
throughput analytical method for confirming chirality, and 4) A method to measure an
atropisomer’s racemization kinetics utilizing segmented flow technology. Combined,
these methods provide a powerful process for teams to quickly identify and characterize
this unique form of chirality.

References
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Late-stage functionalization platform for lead optimization and diversification:
Generation of high value compounds directly for biological testing
Ryan S. Buzdygon, ryan.buzdygon@hepatochem.com, Max Cushner, Frederic Feru,
Marc J. Bazin. HepatoChem, Inc., Beverly, Massachusetts, United States
Advances in synthetic methodology for the late-stage functionalization of C-H bonds
have dramatically changed the way that chemists think about synthesis. The ability to
prepare lead analogues in one synthetic step enables structural diversity to quickly test
hypotheses for structure activity relationships, improve pharmacological properties and
cover patent space. C-H activation chemistry is often limited by substrate specificity and
lack of compatibility with drug-like molecules containing reactive nitrogen due to soft
spot oxidation. Our platform addresses these issues by screening an expansive set of
catalytic conditions focusing on generating diversity rather than reaction selectivity while
limiting N- and S- oxide formation. With a database containing nearly 10,000 unique
combinations of catalysts, ligands, oxidants, solvents and additives, we have developed
focused arrays of reaction conditions for various transformations including
hydroxylation, fluorination, methoxylation, acetoxylation, methylation and amination. We
have previously leveraged a subset of the reactions with a focus on hydroxylation for
metabolite production; however, our approach has higher value for medicinal chemistry.
To accommodate limited availability of lead compounds and natural products in
discovery, only micrograms of substrate are needed per screened reaction condition.
Using MS/MS fragmentation, analogues with modification on a specific moiety of
interest are selected, synthesized at mg scale and delivered as a titrated DMSO
solution amendable for biological assays. Our data-driven approach to array design and
catalytic reaction screening integrates technological advances in late stage
functionalization chemistry to generate analogues of highly valuable compounds while
incorporating newly discovered chemistry affording a technological platform that is
constantly evolving and improving. Herein, we report a versatile C-H activation platform
for late-stage modifications of drug molecules enabling identification of new reaction
conditions and production of analogues with case studies including bupivacaine and
imatinib.
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Syntheses of 5-halo-1H-pyrazoles
ShanBao Yu, yu_shanbao@pharmablock.com, Hui Li, Xihan Wu, Minmin Yang.
Department of Research, PharmaBlock (Nanjing) RD Co. Ltd, Nanjing, JiangSu, China
Abstract
5-Halo-1H-pyrazoles are extensively used in drug discovery. Syntheses of these
molecules usually involve diazotization of corresponding 5-amino-1H-pyrazoles. This
poster presents a general synthetic approach to 5-halo pyrazoles, with 2a-j prepared in
25-75% yields, using N-1 substituted pyrazoles as starting materials. [figure1] [table1]

figure1. Synthetic route to 2a-j

table1. Synthetic route to 2a-j
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Bromo-alkaloids from the Turkish marine sponge Ircinia variabilis
Jingjing Zhao, zhaojingjing2015@outlook.com. Chemical Engineering, Beijing
University of Chemical Technology, Beijing, China
Four new bromo-alkaloids were isolated from Turkish Ircinia Variabilis, collected near
the Turgutreis coast of Turkey. Their chemical structures were elucidated from modern
chromatographic and spectroscopic techniques. and indentified as Fistularin-3(1), (E)-1-

acetamide-3(2), 5-dibromo-4-ethoxy-4-methoxy- 1-Hydroxy-2, 5-cyclohexaddienone(3),
(E)-1-acetamide-3,5-dibromo- 4-ethoxy-4- methoxy-1-Hydroxy-2,5cyclohexaddienone(4). Compound 1 was isolated from variabilis for the first time, and
compound 2-4 were isolated from Ircinia variabilis for the first time in this species.
These compounds are all the metabolites from brominated tyrosine derivatives once
sponge suffered from physiological injure.
The anticancer activities of these compounds were screened by MTT assay. The IC50
values show that bromo-alkaloid 1 has mid-cytotoxicity against human prostate cancer
cell PC-3 line. This study enriches the structural diversity and bioactivity of the
secondary metabolites derived from Turkish marine sponge.
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Property-based optimization of NOP receptor antagonists based on a potent
thienospiro-piperidine scaffold
Maria A. Martinez-Grau1, amgrau@lilly.com, Concepcion Pedregal1, Miguel A. Toledo1,
Nuria Diaz1, Celia Lafuente1, Alma Jimenez1, Ana B. Benito1, Jeff Witkin2, Michael A.
Statnick2, David L. McKinzie2, Linda Rorick-Kehn2, Vannesa Barth2, Steven Kahl2,

Daniel R. Mudra2. (1) Discovery Chemistry Research & Technologies, Lilly Research
Laboratories, Eli Lilly & Company, Alcobendas, Madrid, Spain (2) Lilly Research
Laboratories, Eli Lilly & Company, Indianapolis, Indiana, United States
Opioid Receptor-Like (ORL-1 or NOP) is the most recently discovered member of the
opioid receptor family. NOP is widely expressed in the CNS, representing a very
promising target to study several physiological conditions. In the last decade, the
identification of both agonists and antagonists has been an area of interest in drug
discovery programs. Appropriately substituted 4-aryl-piperidines, sometimes
constrained as spiro-derivatives, have been recurrent structural motifs, achieving high
affinity but non-optimal PK properties due to high oxidative metabolism. Our interest in
the identification of NOP antagonists led to the design of a novel thienospiro-piperidine
scaffold with subnanomolar affinity, high selectivity over classical opioid receptors, oral
bioavailability and excellent brain penetration. The subsequent optimization process,
based on structure-property relationship studies, modulated lipophilicity and had a
significant impact in the reduction of clearance and volume of distribution. This strategy
enabled rapid improvement of PK parameters and the ultimate success of the medicinal
chemistry program. The identification of the unlabeled receptor occupancy tracer early
in the project established the LC-MS/MS occupancy assay to accurately quantify NOP
receptor engagement in rat brain. This assay was critical in driving SAR progression
and establishing occupancy-exposure relationships. Consistent with the in vitro
antagonist properties, these compounds reversed the NOP agonist-induced
hypothermia in a dose-dependent manner, demonstrating in vivo target engagement.
The success of the lead optimization process provided preclinical evidence for
anxiolytic- and antidepressant-like effects, along with the ability to attenuate ethanol
consumption in rodents. The preclinical effort and the subsequent clinical trials will
contribute to enable a better understanding of the biological function of NOP receptor
antagonists.
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Biased multicomponent reactions to develop novel bromodomain inhibitors
Shuai Liu1, shuai.liu001@umb.edu, Michael McKeown2, Harry Fu1, Dennis Buckley2,
Jun Qi2, James Bradner2, Wei Zhang1. (1) Dept. of Chemistry, University of
Massachusetts Boston, Boston, Massachusetts, United States (2) Dept. of Medical
Oncology, Dana-Farber Cancer Institute & Harvard Medical School, Boston,
Massachusetts, United States
Bromodomains (BRDs) are a class of epigenetic reader proteins which recognize
acetyl-lysine marks on chromatin.1 These proteins frequently participate in oncogenic
translocations and amplifications in a variety of cancers. Inhibition of bromodomains
with small molecules has recently been proven to be a powerful tool in the study of
chromatin biology.2 Complex, non-scalable, and wasteful reactions can significantly
impede iterative screening efforts. Techniques involving the use of fluourous tags have
shown great versatility, high-yield, rapid deployment, and are relatively eco-friendly.

Complex molecules may be synthesized in multicomponent reactions (MCRs) with
perfluoroalkyl “phase tags” which can be used to facilitate purification by fluorous solidphase extraction (F-SPE). Subsequent Suzuki-type reactions may replace the fluorous
tag to form a biaryl compound. Benefits of such reactions include high yielding reactivity
with facile purification. Using pioneering, fluorous multicomponent reactions we have
rapidly developed a chemical library of bromodomain inhibitors around a 3,5dimethylisoxazole biasing element with an initial biochemical IC50 of 16 µM. A robust
chemical screening and development program has allowed rapid optimization of novel
BET bromodomain inhibitors around an imidazo[1,2-a]pyrazine scaffold. Lead
compound UMB-32 (Figure 1) shows 637 nM biochemical potency and 724 nM cellular
potency in BRD4-dependent lines.3
References:
1.Dhalluin, C.; Carlson, J. E.; Zeng, L. et al. Nature 1999, 399, 491
2.Filippakopoulos, P.; Qi, J.; Picaud, S.; Bradner, J. E. et al. Nature 2010, 468, 1067
3.McKeown, M.; Shaw, D.; Fu, H.; Liu, S. et al. J. Med. Chem. 2014, 57, 9019.

Figure 1. Synthesis of UMB-32 lead compound and analogs
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Designed multiple ligands with dual histone deacetylase and cyclooxygenase
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Histone deacetylases (HDAC) and cyclooxygenase 2 (COX-2) are two enzymes
ubiquitously expressed in cancer cells, and widely reported to play crucial roles in tumor
progression and inflammation. While numerous studies have focused on developing
small molecules to individually target these enzymes in cancer cells, none is yet to look
at the benefit of simultaneously inhibiting the expression of these enzymes using a

single molecule. By closely observing the crystal structures of COX-2 inhibitors
(celebrex and indomethacin) bound to COX-2 and following precedents in the
literature1, we identified potential modification sites on celebrex and indomethacin that
will minimally perturb their binding to the enzyme if modified. Using molecular docking
as a guide, we designed and synthesized small molecules (based on celebrex and
indomethacin structural motif) capable of binding both HDAC and COX-2. These
compounds potently inhibited HDAC and COX-2 enzymes in cell free assay, and
showed comparable IC50 to vorinostat (US FDA approved HDAC inhibitor) when profiled
in cancer cells (A549, MCF-7 and HCT-116). They are also relatively less toxic to
healthy cells (VERO) compared to vorinostat.
REFERENCES
1. (a) Zhang, H.; Fan, J.; Wang, J.; Dou, B.; Zhou, F.; Cao, J.; Qu, J.; Cao, Z.; Zhao, W.;
Peng, X., Fluorescence Discrimination of Cancer from Inflammation by Molecular
Response to COX-2 Enzymes. J. Am. Chem. Soc. 2013; (b) Bhardwaj, A.; Kaur, J.;
Sharma, S. K.; Huang, Z.; Wuest, F.; Knaus, E. E., Hybrid fluorescent conjugates of
COX-2 inhibitors: Search for a COX-2 isozyme imaging cancer biomarker. Bioorg. Med.
Chem. Lett. 2013, 23 (1), 163-168.
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Detecting intratumoral heterogeneity of EGFR activity by liposome-based in vivo
transfection of a fluorescent biosensor
Robin Bofinger2, robin_bofinger@yahoo.de, Nicholas Mitchell1, Mark Lythgoe
Lythgoe1, Zoe Wright1, Simon Ameer-Beg5, Tammy Kalber3, Borivoj Vojnovic4, Anthony
Cheung4, Rachel Evans4, Gilbert Fruhwirth5, Melanie Keppler5, Paul Barber4, Wahu
Wulaningsih4, Helen Hailes 1, Alethea B. Tabor1, Tony Ng4. (1) Chem Dept Univ College
London, London, United Kingdom (2) Chemistry, UCL, London, United Kingdom (3)
Centre for Advanced Biomedical Imaging, University College London, London, United
Kingdom (4) Randall Division of Cell & Molecular Biophysics, Kings College London,
London, United Kingdom (5) Richard Dimbleby Department of Cancer Research, Kings
College London, London, United Kingdom
The human epidermal growth factor receptor 1 (EGFR) plays a pivotal role in cellular
proliferation, survival and migration and is found to be overexpressed in a variety of
tumors. Despite decades of basic research in the EGFR signaling field, and many
EGFR-targeted anti-cancer drugs that have been tested clinically, the success rate for
these agents is low, particularly in terms of the improvement of overall survival.
Intratumoral heterogeneity is proposed as a major mechanism underlying treatment
failure of these molecule-targeted agents. Here we highlight the application of
fluorescence lifetime-based biosensing to demonstrate intratumoral heterogeneity of
EGFR activity. For sensing EGFR activity in cells, we used a genetically encoded CrkIIbased biosensor which undergoes conformational changes upon phosphorylation of
tyrosine-221 by EGFR. These changes are quantified by fluorescence resonance
energy transfer (FRET) as monitored by fluorescence lifetime imaging microscopy
(FLIM). We transfected this biosensor into EGFR-positive tumor cells using targeted

lipopolyplexes bearing EGFR-binding peptides at the surface. In a murine model of
basal-like breast cancer in vivo, we demonstrated a significant degree of intratumoral
heterogeneity in EGFR activity, as well as the pharmacodynamic effect of a
radionuclide-labeled EGFR inhibitor in situ. In addition, a significant correlation between
high EGFR activity in tumor cells and macrophage-tumor cell proximity was found to in
part account for the intratumoral heterogeneity in EGFR activity observed. Our study
validates the use of this methodology to monitor therapeutic response in terms of EGFR
activity and we hope will improve future clinical targeting.
MEDI 489
Synthesis and biological studies of porphyrinoid-based cancer imaging and
photo dynamic therapy (PDT) agents
N. V. S. Dinesh K. Bhupathiraju2, nb216@hunter.cuny.edu, Charles M. Drain1. (1)
Chemistry Dept, Hunter College Cuny, New York, New York, United States (2)
Chemistry, Hunter College of the city university of new york, New York, New York,
United States
Hyaluronic acids (HA’s) are naturally occurring polysaccharides composed of a
repeating disaccharide unit of D-glucuronic acid and N-acetyl-D-glucosamine linked via
an β-1,3-glycosidic bond. Tannic acid (TA) is another natural compound found in
several foods, and consists of several gallic acid units constructed via ester bonds on
core glucose. The carboxylate functional groups on every other sugar on HA and
hydroxyl groups on the periphery of TA afford a means to append drugs. High and low
molecular weight hyaluronic acids are nano-carriers used as drug delivery agents,
wherein the drug can be covalently or non-covalently bound. Hyaluronic acids can direct
drugs to cancer, suppression of drug-resistant tumors, cross the blood-brain barrier,
treatment of retinal degenerative diseases such as age-related macular degeneration
(AMD) and diabetic retinopathy. Although hyaluronic acid porphyrin conjugates were
studied, extensive research is still underway and phthalocyanine and chlorin conjugates
of hyaluronic acid are not yet reported. This study compares high and low loading of
porphyrin, conjugated to high and low molecular weight hyaluronic acids. Likewise, TA
was studied as cancer targeting agent (colon, prostate, breast, skin, cervical, Burkitt's
lymphoma) for both detection and treatment. Different photosensitizers such as
porphyrin, chlorin and phthalocyanine are conjugated to TA. To date no porphyrinoid-TA
conjugates are reported, and we postulate these to be an efficient way of synthesizing a
theranostic photosensitizers. The efficient synthesis, chemical characterization,
photophysical properties, stability, and assays for photodynamic therapy activity will be
presented. The theranostic activity of the porphyrins, phthalocyanines, and chlorins
depends on a balance between fluorescence and sensitization of the formation of
singlet oxygen. We find that the proximity of the photosensitizers to each other on the
hyaluronic acid significantly affects the photophysical properties by energy transfer in
the excited state, thereby reducing the quantum yield of singlet and triplet states.
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Optimization of quinazoline-based kinase inhibitors: Identification of a dual
FLT3/AURKA kinase inhibitor for the treatment of acute myeloid leukemia
Hsing-Pang Hsieh, hphsieh@nhri.org.tw, Yung Chang Hsu, Yi-Yu Ke, Hui-Yi Shiao,
Chun-Wei Chang, Wen-Hsing Lin, Tsu-An J. Hsu, Teng-Kuang Yeh, Chiung-Tong
Chen. National Health Research Institutes, Miaoli County, Taiwan
AML is an aggressive and frequently fatal hematologic malignancy, which lacks for
efficient therapeutics with tolerable side effects. We herein reported the design of novel
kinase inhibitors as AURKA-selective, FLT3-selective, and dual AURKA/FLT3 inhibitors
by fine-tuning appropriate substituent at certain positions of quinazoline-thiazole series.
Further structure-activity relationship and computer modeling studies led to the
identification of dual AURKA/FLT3 inhibitor 39 which exhibited both excellent enzyme
activities (AURKA IC50 = 25 nM, FLT3 IC50 = 19 nM) as well as antiproliferative activities
on MOLM-13 and MV4-11 cells, with an IC50 value of ~5 nM. More importantly, 39
potently inhibited AURKA and FLT3 exerted excellent in vivo efficacy not only in MOLM13 but also MV4-11 xenograft models at a dose of 1 to 10 mg/kg, resulting in 39 as a
preclinical development candidate with high potential for the treatment of AML.

MEDI 491
Discovery of selective potent TBK1and IKKe dual kinase inhibitors
Lakshmaiah Gingipalli, gingipalli@yahoo.com, Claudio Chuaqui, Scott Cowen,
Johannes W. jeffrey, johannes.jeffrey@astrazeneca.com, Erik Devereauxa, Audrey

Molina, Tao Wang, David Whitstonb, Xiaoyun Wu, Hai-Jun Zhang, Michael Zinda. AZ,
Waltham, Massachusetts, United States
TBK1 belongs to the serine/threonine IKK kinase family and plays a role in NF-kB
activation. The biology of TBK1 and IKK-e is complex and multifaceted. They have been
shown to interact with numerous molecules and phosphorylate a number of targets,
leading to a role in innate immunity, inflammation, autophagy, proliferation, and insulin
signaling. TBK1 inhibitors may therefore have utility in the treatment of certain tumors.
Rather than conducting an HTS of our entire collection, we elected to apply a kinasefocused subset screening strategy for hit identification. The screening subset was
composed of compounds selected from AstraZeneca legacy kinase programs. This
screening set was further biased to contain a variety of known kinase inhibitor motifs
and possess lead-like physicochemical properties such as solubility, LogP, MW, etc.
The initial screen provided approximately 3000 hits. The hit series were then prioritized
on the basis of ligand efficiency, physicochemical properties, and other considerations.
From this hit evaluation process two series were selected for further examination. We
will present the identification of potent and selective dual inhibitors of TBK1/IKKe from
these two series of 6-aryl-azabenzimidazoles and azabenzimidazoles. Additional
structure-based design to improve selectivity over CDK2 and Aurora B will be shown.
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Small molecule regulation of bromodomains
Dennis Buckley, dennisl_buckley@dfci.harvard.edu, Justin Roberts, Georg Winter,
James Bradner. DFCI, Jamaica Plain, Massachusetts, United States
Since the initial reports of the activity of JQ1 (which inhibits the bromodomains of BRD4)
against NUT-midline carcinoma, the interest in the inhibition of bromodomains for the
treatment of cancer and other diseases has exploded. We present here our recent
efforts to therapeutically target BET and other bromodomains through novel approaches
and selectivity profiles.
MEDI 493
Lysis of cancer cells by Vγ9Vδ2 T cells requires phosphoantigen interaction with
BTN3A1
Ashley M. Kilcollins2, ashley.kilcollins@uconn.edu, Jin Li1, Chia-Hung C. Hsiao1,
Andrew J. Wiemer1,3. (1) Pharmaceutical Sciences, University of Connecticut, Storrs,
Connecticut, United States (2) Physiology and Neurobiology, University of Connecticut,
Willimantic, Connecticut, United States (3) Institute of Systems Genomics, University of
Connecticut, Storrs, Connecticut, United States
Vγ9Vδ2 T cells recognize small phosphorous-containing compounds known as
phosphoantigens. Phosphoantigens include the microbial compounds (E)-4-hydroxy-3-

methyl-but-2-enyl diphosphate (HMBPP) and isopentenyl-diphosphate (IPP), the latter
of which also can be overproduced by some human cancer cells. These
phosphoantigens bind to butyrophilin 3 isoform 1 (BTN3A1), but the functional
consequences of this binding are unclear. Recently, we reported the evaluation of a
novel synthetic phosphoantigen prodrug, POM2-C-HMBP [1]. Here, we used CRISPRCas9 technology to generate K562 cells lacking BTN3A1. We investigate the effects of
HMBPP and POM2-C-HMBP on lysis of these cells by Vγ9Vδ2 T cells. We provide
evidence that phosphoantigen-induced Vγ9Vδ2 T cell mediated cancer cell lysis
requires BTN3A1 and that POM2-C-HMBP is a more potent activator than HMBPP.
Reference
1. Hsiao, C.H., et al., Synthesis of a Phosphoantigen Prodrug that Potently Activates
Vgamma9Vdelta2 T-Lymphocytes. Chem Biol, 21(8):945-54, 2014.
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One pot protection free synthesis of N-(1-(9-alkyl-6-(heteroarylamino)-9H-purin-2yl)pyrrolidin-3-yl)acrylamides; next generation irreversible EGFR T790M inhibitors
Sujin Cho-Schultz1, sujin.cho-schultz@pfizer.com, Sajiv K. Nair3, Douglas Behenna4,
Khanh Tran1, Ru Zhou2, Jean Matthews5, Neal Sach2, Mason A. Pairish6, Hong Shen3,
Judith G. Deal2, Suvi T. Orr7. (1) Chemistry, Pfizer, San Diego, California, United States
(2) Pfizer Inc, San Diego, California, United States (3) Pfizer, San Diego, California,
United States (5) Pfizer., San Diego, California, United States
Activating EGFR mutations are the main oncogenic drivers in a defined subset of nonsmall-cell lung cancers (NSCLC) and are sensitive to treatment with first generation
EGFR inhibitors. However, resistance gradually occurs in patients and 50 % of resistant
patients gain a secondary (gatekeeper) T790M point mutation. Second generation

irreversible EGFR inhibitors have had limited success with this patient population mainly
due to the dose limiting toxicity of concurrent inhibition of the wild-type form. N-(1-(9alkyl-6-(heteroarylamino)-9H-purin-2-yl)pyrrolidin-3-yl)acrylamides were identified as
irreversible inhibitors of both the sensitizing and the double mutant forms with selectivity
over the wild type. We report herein an efficient protection-free one-pot method toward
these purine analogs which requires only a single purification and workup step.
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Synthesis of 2-aminoaryl-4-alkoxy-5-heteroaryl -7H-pyrrolo[2,3-d]pyrimidines;
Next generation irreversible EGFR_T790M inhibitors
Ru Zhou, ru.zhou@pfizer.com, Douglas Behenna, Sujin Cho-Schultz, John C. Kath,
Susan Kephart, Kevin K. Liu, Jean Matthews, Sajiv K. Nair, Martha A. Ornelas, Suvi T.
Orr, Mason A. Pairish, Daniel T. Richter, Neal Sach, Hong Shen, Scott C. Sutton, Yong
Tao, Khanh N. Tran. Pfizer Inc, San Diego, California, United States
Efforts to address the EGFR_T790M gatekeeper mutation, a major mechanism of
acquired resistance in patients treated with current EGFR TKIs for EGFR mutant
NSCLC, led to the discovery of 2-aminoaryl-4-alkoxy-5-heteroaryl -7H-pyrrolo[2,3d]pyrimidines as irreversible inhibitors of both the sensitizing and the double mutant
forms with selectivity over the wild type . We describe herein the synthesis of these 2aminoaryl-4-alkoxy 5-heteroaryl -7H-pyrrolo[2,3-d]pyrimidines which highlight our efforts
towards early and late-stage diversification at the C-5 position and the development of a
protection-free route.
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Development of biotinylated derivatives for pull-down analysis of compounds
inducing a mesenchymal to epithelial transition
Austin J. Motta2, mottaa@duq.edu, Patrick T. Flaherty1, Thomas Wright3, Jane
Cavanaugh3, Matthew Burow4, van hoang4, Steven Elliot4. (1) Duquesne Univ Med
Chem, Pittsburgh, Pennsylvania, United States (2) Medicinal Chemistry, Duquesne
University, Pittsburgh, Pennsylvania, United States (3) Duquesne University, Pittsburgh,
Pennsylvania, United States (4) Tulane University, Tulane, Louisiana, United States
Metastasis accounts for 99% of cancer-related deaths. Epithelial to mesenchymal
transition (EMT) is a vital component of metastatic progression, wherein cancer cells
adopt a more aggressive phenotype capable of migrating to distinct sites. During EMT,
cells undergo morphological and gene expression changes, namely loss of the epithelial
marker E-cadherin and acquisition of N-cadherin, a mesenchymal marker. A greater
understanding of the molecular mechanism that governs (EMT) and the reverse
process, mesenchymal to epithelial transition (MET), necessary to develop therapeutic
strategies to inhibit cancer metastases.
A newly synthesized compound from our laboratory induces a morphology change and

alters cadherin expression in the triple-negative breast cancer cell line MDA-MB-231,
implicating a reversal of MET. In an effort to better understand the biochemical basis for
this transformation, a biotinlyated derivative of this novel compound was developed to
identify potential protein interactions that may play a role MET. The design, synthesis,
and pull-down results will be presented.
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Chemistry of folate-everolimus and folate-rapamycin conjugates: Avoiding side
reactions and improving their physical properties
Iontcho R. Vlahov, Longwu Qi, lqi@endocyte.com, Hari K. Santhapuram, Spencer J.
Hahn, Paul J. Kleindl, Fei You, Kevin Y. Wang, Jeremy F. Vaughn, Christopher P.
Leamon. Endocyte Inc, West Lafayette, Indiana, United States
Everolimus and Rapamycin are mTOR inhibitors, which are anti-proliferative and antiinflammatory. However, several severe side effects are reported. Here we report the
design and synthesis of Small Molecular Drug Conjugates (SMDCs) targeting the folate
receptor, over-expressed in variety of tumors and activated macrophages. Such
constructs will avoid side effects, offer an improved bioavailability and superior
therapeutic index. The macrocyclic lactone in both drugs is hydrolytically labile and
possess an acidic proton responsible for rapid β-elimination and opening of the lactone
ring. The product of this side reaction possesses the same molecular weight as the
parent molecule, but lacks any biological activity. Herewith, we report a novel synthetic
protocol that suppress any side reaction and provides folate conjugates with intact
payload moieties and further controls critical physical properties such as solubility,
aggregation, and stability.
MEDI 498
Cancer associated protein FXYD5 (dysadherin) may promote tumorgenicity by
stimulating the secretion of the chemokine CCL2 (MCP-1)
Carol Asher, carol.asher@weizmann.ac.il, Irina Lubarski, Haim Garty. Biological
Chemistry, Weizmann Institute of Science, Rehovot, Israel
FXYD5, also known as dysadherin, interacts with Na+/Na+ ATPase and alters its kinetics
by increasing Vmax. It also is a cancer associated protein whose expression inhibits ECadherin and promotes metastasis. The abundance of FXYD5 correlates to progression
of malignancies and survival. Silencing FXYD5 decreases cell motility, while
overexpression stimulates it. The chemokine CCL2, also known as MCP-1, participates
in monocyte recruitment during infection. Many tumors secrete CCL2 which attracts
macrophages that promote tumor growth, angiogenesis, and metastasis. This study
shows that FXYD5 expression strongly increases CCL2 secretion.

MEDI 499
Novel strategies for targeted therapies of cancer: Double release mechanism for
delivering cytotoxic GARFTase inhibitors and additional chemotherapeutic
payloads to cancer cells
Iontcho R. Vlahov1, ivlahov@endocyte.com, Fei You1, Hanna F. Klein1, Paul J.
Kleindl1, Melissa Nelson1, Marilynn Vetzel1, Joseph A. Reddy1, Christopher P. Leamon1,
Larry H. Matherly2, Aleem Gangjee3. (1) Endocyte, Inc., West Lafayette, Indiana, United
States (2) Department of Pharmacology, Wayne State University School of Medicine,
and Molecular Therapeutics Program, Barbara Ann Karmanos Cancer Institute, Detroit,
Michigan, United States (3) Division of Medicinal Chemistry, Graduate School of
Pharmaceutical Sciences, Duquesne University, Pittsburgh, Pennsylvania, United
States
Antifolates targeting glycinamide ribonucleotide formyltransferase (GARFTase) disrupt
cell division. Recently, novel GARFTase inhibitors, exhibiting high folate-receptor(FR)binding affinity and low affinity for the reduced folate carrier, have been explored as
chemotherapeutic agents. Theoretically, these GARFTase inhibitors could also be used
as FR-targeting ligands for delivering additional payloads to tumor types overexpressing the FR. Herewith we explore the dual role of these new GARFTase
inhibitors as cytotoxic agents and as targeting ligands for delivering extremely potent

mitotic poisons such as the tubulysins.
We developed a general method for the preparation of dual drug/ligand conjugates
possessing two disulfide-based self-immolative linker systems: A GARFTase inhibitor
was connected to a hydrophilic spacer through the first linker system. The obtained
construct contains an additional S-9-fluorenylmethyl(Fm)-protected thiol. Treatment with
a base removes the Fm moiety and the deprotected thiol reacts in situ with a proprietary
thiophilic tubulysin derivative thus generating a second self-immolative disulfide-based
linker system.
MEDI 500
Hydroxamic acid based HDAC inhibitors containing macrolide antibiotic as
enzyme surface recognition group
Subhasish Tapadar1, stapadar3@mail.gatech.edu, James R. Kornacki5, Idris Raji3,
Shaghayegh Fathi4, Milan Mrksich2, Adegboyega K. Oyelere6. (1) School of Chemistry
& Biochemistry, Georgia Institute of Technology, Atlanta, Georgia, United States (2)
Chemistry Dept. RM# H232, HHMI/Northwestern University, Evanston, Illinois, United
States (5) Northwestern University, Evanston, Illinois, United States (6) School of
Chemistry & Biochemistry, Georgia Institute of Technology, Marietta, Georgia, United
States
HDAC inhibition is one of the few promising therapeutic strategies for cancer treatment.
Small molecule, hydroxamic acid-based, HDAC inhibitors like SAHA and panobinostat
are already approved for certain cancer treatment like cutaneous T cell lymphoma
(CTCL) and multiple myeloma. Herein, we report hydroxamic acid-based HDAC
inhibitors derived from macrolide antibiotics azithromycin and clarithromycin, where 2′dimethylamino group in desosamine rings of macrolides were replaced by trizolyl-alkylhydroxamic acids. This set of compounds were potently active against HDAC6 enzyme.
Interestingly, they were completely inactive against HDAC1 and HDAC2 enzymes but
exhibited medium-low-nanomolar inhibitory activities against HDAC8 and HDAC3
enzymes.

MEDI 501
Azithromycin based HDAC inhibitors
Shaghayegh Fathi, sfathi3@gatech.edu. Chemistry and Biochemistry, Georhia Institute
of Technology, Atlanta, Georgia, United States
Despite the hard work and intensive research toward treating cancer, it is still one of the
main reasons for human death around the world. Depending on the stage of cancer
there are different therapies available such as surgery, radiation therapy,
chemotherapy, bone directed therapy, hormone therapy and targeted therapy. But each
one of these has its own side effect and patients may relapse. One of the approaches to
solve this problem is to develop new anticancer drugs with less off-target toxicity toward
healthy cells.
HDAC inhibition is one of the approved strategies which is selectively cytotoxic toward
cancer cells. Histone deacetylase is involved in deacetylation of histone proteins.
Deacetylation of histone forms a positive charge that interacts with negatively charged
DNA. This causes DNA to coil and restrict chromatin structure. SAHA is one of the FDA
approved HDAC inhibitors, but it lacks efficacy toward solid tumors and it is not
selective toward HDAC isoforms. So finding new HDAC inhibitors that are more
selective toward HDAC isoforms and have less toxicity toward healthy cells is an unmet
need.
The HDACi pharmacokinetic model includes a zinc binding group (ZBG), a hydrophobic
linker and a surface recognition group. Various studies in our lab showed that non
peptide macrocyclic compounds, derived from 14 and 15 membered macrolides have
high HDAC inhibition potency and isoform selectivity. In this study we investigate the
HDAC inhibition ability of 15-membered cap group azithromycin analogues with various
space linker and different ZBGs. An activity structure relationship (SAR) was done on

the linker to optimize HDAC inhibition. The impact of these SAR on the HDAC inhibition
potency will be discussed.
MEDI 502
Exploration of internal H-bond mimics as MEK5/ERK5 inhibitors
Mohit Gupta3, guptam@duq.edu, Patrick T. Flaherty1, Thomas Wright4, Jane
Cavanaugh2. (1) Duquesne Univ Med Chem, Pittsburgh, Pennsylvania, United States
(2) Duquesne University, Pittsburgh, Pennsylvania, United States (3) MEDICINAL
CHEMISTRY, Duquesne University, Pittsburgh, Pennsylvania, United States (4)
Department of Pharmacology, Duquesne University, Pittsburgh, Pennsylvania, United
States
The MEK5/ERK5 pathway is uniquely activated in solid tumors, including breast cancer.
Although Type-III (non-ATP competitive) MEK1/2 inhibitor Mekinist® has been recently
approved by the FDA for use in V600E mutated metastatic melanoma, isoform
selectivity has remained under-explored. Using the prior X-Ray crystal structure of
PD325901 with MEK1 (PDB ID: 3EQG), it was identified that the distance from the
hydrogen attached to the nitrogen of the anthranilate acyl oxygen atom was 1.98 Å,
suggesting an internal H-bond (Fig.1). This feature is consistent with all previously
known Type-III MEK inhibitors.
In an effort to evaluate tolerated novel central core variations to develop isoform
selective MEK5 inhibitors, we surveyed various 5-, 6-, and 7- membered heterocycles.
The designed molecules mimic the geometry of the internally H-bonded molecule with
an emphasis on resultant arene geometry. Design, synthesis and biological evaluation
of the selected molecules will be presented.

MEDI 503
Structure-activity relationship and in vitro evaluation of pyrrolo[2,3-d]pyrimidines
as microtubule disrupting agents
Aleem Gangjee2, Rishabh Mohan1, mohanr@duq.edu, Susan Mooberry3. (1)
Duquesne University, Pittsburgh, Pennsylvania, United States (2) Grad Sch Pharm
Sciences, Duquesne University, Pittsburgh, Pennsylvania, United States (3) Science
Center- Dept of Pharmacology, University of Texas Health, San Antonio, Texas, United
States
Microtubules are key components of the cell and are involved in maintenance of cell
shape and cell division. Small molecule inhibitors targeting microtubules arrest the cell
cycle progression by interfering with mitotic spindle assembly. Currently available
microtubule assembly inhibitors including paclitaxel have major limitations against
multidrug resistance (MDR) tumors. Overexpression of P-glycoprotein (Pgp) and/or βIIItubulin can severely limit their clinical utility as cancer chemotherapeutic agents.
Recently, we reported pyrrolo[2,3-d]pyrimidines with the N-methyl-4’-methoxyaniline
moiety at the 4-position that overcome clinically relevant mechanisms of drug
resistance. In this study, a series of bicyclic pyrrolo[2,3-d]pyrimidines were designed
and synthesized to explore further the SAR at the 4-position of the pyrrolopyrimidine
scaffold. The chloro moiety of the 4-chloro-2-methyl-7H-pyrrolo[2,3-d]pyrimidine was
replaced with various anilines. The structure-activity relationship and the in vitro
evaluations of these agents with respect to their abilities to disrupt cellular microtubules
and tumor cell inhibitory activities will be presented and discussed.
MEDI 504
Design, synthesis, and biological evaluation of thieno[3,2-d]pyrimidines as potent
antimitotic and antitumor agents
Aleem Gangjee2, Tasdique M. Quadery1, tasdique.bd7@gmail.com, Khushbu S.
Shah3, Weiguo Xiang5, xilin zhou1, Alejandro Perez6, Susan Mooberry4. (1) Duquesne
University, Pittsburgh, Pennsylvania, United States (2) Grad Sch Pharm Sciences,
Duquesne University, Pittsburgh, Pennsylvania, United States (3) Pharmacy, Duquesne
Universoty, Pittsburgh, Pennsylvania, United States (4) Science Center- Dept of
Pharmacology, University of Texas Health, San Antonio, Texas, United States (6)
Department of Pharmacology, University of Texas Health Science Center at San
Antonio, San Antonio, Texas, United States
Microtubles are a validated anticancer target. The taxanes and vinca alkaloids are
clinically used drugs which act through disruption of cellular microtubules. However,
multidrug resistance is a major drawback of these drugs. We have previously reported
pyrrolo[3,2-d]pyrimidine (1) (IC50= 96.6 nM) as a potent water soluble inhibitor of
proliferation of MDA-MB-435 cancer cells. Isosteric replacement of the pyrrole nitrogen
in 1 provided thieno[3,2-d]pyrimidines which displayed improved antiproliferative

potency in MDA-MB-435 cells. We have designed analogs with different substitutions at
the 2 and N4-positions of the thieno[3,2-d]pyrimidine scaffold to explore the SAR and
further improve the antiproliferative activities of these compounds. The design,
synthesis and biological activities of these analogs will be presented and discussed.

MEDI 505
Substituted thieno[2,3-d]pyrimidines: Design, synthesis, and biological
evaluation as tubulin targeting antitumor agents
Aleem Gangjee2, Farhana Islam1, farhanap40@gmail.com, Weiguo Xiang4, Susan
Mooberry3. (1) Duquesne University, Pittsburgh, Pennsylvania, United States (2) Grad
Sch Pharm Sciences, Duquesne University, Pittsburgh, Pennsylvania, United States (3)
Science Center- Dept of Pharmacology, University of Texas Health, San Antonio,
Texas, United States
Targeting microtubule dynamics is an effective approach for cancer chemotherapeutics.
Paclitaxel, podophyllotoxin, vinca alkaloids, and the epothilones are some examples of
natural products which interfere with microtubule dynamics. Multiple agents that bind to
the colchicine site on tubulin including the combretastains CA-1P and CA-4P have been
evaluated in clinical trials, but thus far no colchicine site agent has been approved for
use against cancer. The success of tubulin binding agents is overshadowed by the
emergence of multi-drug resistance mechanisms including the expression of Pglycoprotein and/or βIII-tubulin. We previously reported N-(4-methoxyphenyl)-N,2dimethyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (1) as a nanomolar inhibitor of the
proliferation of human cancer cells (MDA-MB-435). Compound 1 inhibited tubulin
polymerization and binding of [3H]colchicine to tubulin. It also circumvented Pglycoprotein and βIII-tubulin mediated resistance. On the basis of the anti-tubulin activity
of 1, we designed isosteric thieno[2,3-d]pyrimidine analogs with substitutions at 5 and 6
positions. The design, synthesis and structure activity relationship of these agents with
respect to their antitubulin activity will be presented and discussed.
MEDI 506

Monocyclic pyrimidine analogs as novel colchicine site binding antitubulin
agents
Aleem Gangjee1, Shruti Choudhary1, choudharys@duq.edu, Alejandro Perez2, Susan
Mooberry2, Ernest Hamel3. (1) Grad Sch Pharm Sciences, Duquesne University,
Pittsburgh, Pennsylvania, United States (2) Science Center- Dept of Pharmacology,
University of Texas Health, San Antonio, Texas, United States (3) National Institutes of
Health, Frederick, Maryland, United States
Microtubule binding agents represent a widely used class of chemotherapeutic agents
which act by interfering with microtubule dynamics. Microtubule disrupting agents can
be classified as microtubule stabilizing agents, binding to the taxol site or the
laulimalide/peloruside A site on the microtubule or as microtubule destabilizing agents,
most of which bind to either the vinca domain or the colchicine site. Development of
colchicine site inhibitors (CSIs) is of particular interest because of their ability to
overcome β-III-mediated resistance as well as Pgp-mediated resistance in cancer cells.
In addition, no agent binding to the colchicine site has been clinically approved by the
FDA for use in cancer. We had previously reported a series of bicyclic pyrrolo[2,3d]pyrimidine analogs binding to the colchicine site as potential anti-tumor agents. To
determine the minimal structural requirement for compounds to be effective CSIs,
monocyclic pyrimidine analogs were proposed and presented. This work is an important
extension of the previous study wherein alkyl substitutions at the N-6 position of the 6amino-5-chloro-2-methyl N4-substituted pyrimidine scaffold were carried out. To gain a
thorough understanding of the SAR, some additional analogs were also synthesized
with varying substitutions at the N-4 and C-5 positions of the scaffold. The design,
synthesis and biological activities of these compounds will be presented and discussed.
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Chemical probes for PIM1 and CLK4
Maria Beltran Molina, maria.beltran-molina@strath.ac.uk, Nicholas Tomkinson. Pure
and Applied Chemistry, University of Strathclyde, Glasgow, United Kingdom
Protein kinases have developed into the most important target class in oncology and
drug discovery. However, precise knowledge of cellular signal transduction for the
majority of kinases is limited. In order to fully define the biology associated with each
kinase a selective chemical probe to dissect the function is required. Our work is
concerned with providing the scientific community with chemical tools for target
validation of kinases as part of an innovative public-private partnership (PPP).1
This talk will describe the discovery of a selective chemical probe for PIM1 and the
unexpected discovery of a highly active lead molecule for CLK4 that emerged from
these studies. Validation of our compounds through in vitro and in vivo assays along
with selectivity profiling against a panel of kinases will also be discussed.

(1) Knapp, S.; Arruda, P.;, Blagg, J.; Burley; S.; Drewry, D. H.; Edwards, A.; Fabbro, D.;
Gillespie, P.; Gray, N. S.; Kuster, B.; Lackey, K. E.; Mazzafera, P.; Tomkinson, N. C. O.;
Willson, T. M.; Workman, P.; Zuercher, W. J. Nat. Chem. Biol., 2013, 9, 3-6.

MEDI 508
Synthesis and biological evaluation of prostate-specific membrane antigen
targeted phosphoramidate pronucleotides for the treatment of prostate cancer
Harrison West2, westx359@umn.edu, Sidath C. Kumarapperuma3, Alexander
Hendricks4, Carston R. Wagner1. (1) 8-174 Weaver-Densford Hall, University
Minnesota, Minneapolis, Minnesota, United States (2) University of Minnesota,
Minneapolis, Minnesota, United States (3) Medicinal Chemistry, University of
Minnesota, Minneapolis, Minnesota, United States (4) Department of Medicinal
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States
Prostate cancer (PCa) is the most prevalent malignancy and a major contributor to
cancer related deaths in men, with an estimated 230,000 new cases and 28,000 deaths
in 2015. Current chemotherapies for PCa are not selective for tumor tissue, but instead
largely rely on the proliferative nature of dividing malignant cells over normal cells. This
can preclude the use of potent anti-cancer compounds due to off-target toxicities.
Prostate-specific membrane antigen is a cell-surface glycoprotein that has been
identified to be overexpressed in PCa compared to normal tissue, which exhibits little to
no PSMA. The small molecule 2-[3-(1,3-dicarboxypropyl)ureido] pentanedioic acid
(DUPA) selectively binds to PSMA and has been investigated as a targeting agent for
tumor detection and therapeutic delivery. In an effort to develop a targeted pro-drug

approach to deliver nucleoside antimetabolites for the treatment of PCa, we have
synthesized phosphoramidate pronucleotides conjugated to a DUPA targeting moiety.
Preliminary investigations into the chemical stability and enzymatic activation of these
newly synthesized conjugates by Histidine Triad Nucleotide Binding Protein 1 (HINT1),
as well as their biological activity will be presented.
MEDI 509
Application of a multicomponent reaction in the discovery and optimization of
inhibitors of human polynucleotide kinase/phosphatase for use as tumor
radiosensitizing agents
Tristan Verdelet1, tristan.verdelet@gmail.com, Robert Ward1, Zahra Shire2, Rajam S.
Mani2, Sylvain Bernard1, Vikie Lamontagne2, Gary F. Freschauf2, Feridoun KarimiBusheri2, Michael Weinfeld2, Dennis G. Hall1. (1) Department of Chemistry, University of
Alberta, Edmonton, Alberta, Canada (2) Experimental Oncology, Cross Cancer Institute,
University of Alberta, Edmonton, Alberta, Canada
The human polynucleotide kinase/phosphatase (hPNKP) is a dual action class of
enzymes having the main function of repairing damaged DNA at both the 5’ (kinase)
and 3’ (phosphatase)–termini. Cancer cells depleted of hPNKP present a lowered rate
of survival after being exposed to ionizing radiation, thus the inhibition of hPNKP is a
potential option for increasing the potency of cancer radiotherapy. Using a
multicomponent reaction (MCR) previously developed in our laboratories, we were able
to synthesize and screen a library of drug-like polysubstituted imido-piperidines. The
compound A12B4C3 was marked as our lead and effectively inhibits the phosphatase
activity of hPNKP via an allosteric mechanism (IC50 = 7.4 µM). The library was then
expanded in order to study structure-activity relationships. Among the newly
synthesized compounds, some were shown to be more efficient than A12B4C3 against
hPNKP. We also demonstrated that these molecules were able to sensitize A549
human lungs carcinoma cells to ionizing conditions. Finally, to have a better
understanding of the inhibition mechanism, we initiated a photoaffinity labeling study.
This should allow for a more accurate determination of the inhibition site and thus
motivate further efforts to increase inhibitor efficiency by rational design.

MEDI 510
Discovery of a potent, selective inhibitor of RET kinase including the
V804L/V804M gatekeeper mutants
Hojong Yoon1, hyoon@kist.re.kr, Yeonui Kwak1, Seunghye Choi1, Nam Doo Kim2,
Kyung Seon Cho1, Taebo Sim1. (1) Chemical Kinomics Research Center, Korea
Institute of Science and Technology (KIST), Seoul, Korea (the Republic of) (2) New
Drug Development Center, Daegu-Gyeongbuk Medical Innovation Foundation (DGMIF),
Daegu, Korea (the Republic of)
Aberrant activation of RET kinase via oncogenic mutations occurs in several familiar
and sporadic cancers, remarkably in thyroid carcinoma. Among these mutations, RET
V804L/V804M gatekeeper mutants which have been reported in patient still lack
effective inhibitors. Here we describe a novel RET kinase inhibitor 6i which has potent
inhibitory activity against wild-type (IC50 = 1.4 nM) and V804L/V804M RET (IC50 = 21
nM, 3.5 nM, respectively) as well as other clinically relevant RET mutants such as
G691S, Y791F, S891A, M918T in biochemical assays. 6i also showed potent cellular
activity in thyroid cancer-derived TT cell line (GI50 = 237 nM) and in several mutantRET-Ba/F3 cell lines with excellent differential cytotoxicity compared with the case of Nthy-ori-3 cell line (GI50 > 10 uM), the normal thyroid cell line. 6i also exhibited excellent
kinase selectivity (S(10)=0.02 at 1 uM) as assessed against a panel of 334
kinases.Taken together, these data demonstrated that we had developed a novel,
selective gatekeeper-overcoming RET kinase inhibitor.

MEDI 511
Synthesis and evaluation of chemically modified dangling end units for
optimization of RNA interference
Yoshiaki Kitamura1, yoshiaki19811223@yahoo.co.jp, Shunsuke Ogawa1, Remi
Nakashima1, Mahmoud Kandeel2, Yukio Kitade1. (1) Faculty of Engineering, Gifu
University, Yanagido Gifu, Japan (2) King Faisal University, Alhofuf, Saudi Arabia
Small interfering RNA (siRNA) and micro RNA (miRNA) are short (18–26 nucleotides)
double-stranded RNAs (dsRNAs) containing a 2-nucleotide overhang at the 3′-end
(dangling end) of each strand. One of these strands is loaded onto the RNA-induced
silencing complex (RISC). Argonaute 2 (Ago2), the catalytic component of RISC, plays
a central role in this gene silencing process. Ago2 has a conserved structure, including
PAZ, MID, and PIWI domains. The PAZ domain specifically recognizes the antisense
(guide) strand of dsRNA through binding to the dangling end. Recently, we produced a
recombinant human Ago2 PAZ and evaluated the binding affinity of natural nucleotide
monomers with the purified PAZ domain. Additionally, we designed and synthesized
chemically modified siRNAs and miRNAs possessing urea- or thiourea-bridged aromatic
residues instead of the naturally occurring dinucleotide at the dangling end. In an in vitro
dual luciferase experiment, these modified siRNAs were more effective than siRNA
possessing natural nucleosides at the 3′-end, especially at low concentrations.
Furthermore, modified miR-143 duplexes carrying the aromatic compounds at the 3′-

end of each strand inhibited the growth of human bladder cancer T24 cells. Here, we
synthesized chemically modified dangling end units composed of urea- or thioureabridged aromatic residues to evaluate their binding affinity with the PAZ domain. The
dangling end units were prepared from 3-cyanobenzyl alcohol and 2,6pyridinedimethanol. Using a computer modeling program, the binding energy of the
dangling end units with the PAZ domain was calculated. The binding affinity measured
by fluorescence spectrometry indicated a similar tendency to the corresponding
isothermal titration calorimetry assays. The binding affinity of the dangling end units with
the PAZ domain could be correlated with the cell-based growth inhibitory effect of the
miRNAs. These results should help to advance the development of RNA interferencebased medicine.
MEDI 512
Structure-activity relationships of silybin derivatives as anticancer agents
Bao Vue2, baov@csufresno.edu, Sheng Zhang2, Konstantinos Parisis2, Qiaohong
Chen1. (1) Chemistry, California State University, Fresno, Fresno, California, United
States (2) Chemisty, California State University, Fresno, Fresno, California, United
States
Silybin is a naturally occurring flavonoligand extracted from milk thistle, which has been
used in treating various poisoning caused by snake, mushroom and alcohol for more
than 2000 years. The potential of silybin in treating prostate cancer and its safety profile
have been demonstrated by in vitro and in vivo experimental data, as well as clinical
data. However, its further clinical studies reached a haul partially due to its low
bioavailability and moderate potency. As part of our continuous effort to explore natural
product-based anti-prostate cancer agents, we aim to develop silybin derivatives with
enhanced potency and bioavailability. Our preliminary data showed that alkylation of 7hydroxyl in silybin can enhance its anti-proliferative potency against three prostate
cancer cell lines. This encouraged us to systematically explore the in-depth structureactivity relationships of silybin. So far, we have performed chemical modifications at
different hydroxyl groups and at C2-C3 bond, leading to more than thirty silybin
derivatives. The anti-proliferative evaluation of these derivatives towards three human
prostate cancer cell lines resulted in a batch of derivatives with enhanced potency. More
importantly, a clear picture of structure-activity relationships for silybin derivatives has
been achieved, guiding us to our next batch of target derivatives with both increased
potency and bioavailability. We will present the synthesis, anti-proliferative activity, and
structure-activity relationships of these silybin derivatives as anti-prostate cancer
agents.
Keywords: silybin, structure-activity relationships, natural product, prostate cancer
MEDI 513
Discovery and synthesis of substrate competitive SMYD2 inhibitors

Scott Throner2, scott.throner@astrazeneca.com, Scott Cowen2, Daniel J. Russell2, Les
Dakin2, Huawei Chen3, Nicholas A. Larsen1, Robert E. Godin3, Xiaolan Zheng2, Audrey
Molina2, Jiaquan Wu3, Tony Cheung3, Tina Howard1, Renee Garcia-Arenas3, Nicholas
Keen3, Andrew D. Ferguson1. (1) Structure and Biophysics, AstraZeneca, Waltham,
Massachusetts, United States (2) Oncology Chemistry, AstraZeneca, Waltham,
Massachusetts, United States (3) Oncology Bioscience, AstraZeneca, Waltham,
Massachusetts, United States
The SET and MYND domain containing protein 2 (SMYD2) is a member of the lysine
methyltransferases (KMT) family of enzymes which catalyze the methylation of histone
and non-histone proteins, serving as regulators of gene transcription and cellular
physiology. SMYD2 is one of several reportedly oncogenic methyltransferases, and has
been shown to repress functional activity of the tumor suppressor proteins p53 and Rb,
implicating it as an attractive drug target. High throughput screening of the AstraZeneca
corporate compound collection led to identification of several distinct substrate
competitive chemical series. A ‘hit-to-lead’ effort was undertaken, employing structurebased design, which culminated in the creation of a bi-arylpiperazine series as potent
and selective SMYD2 inhibitors. The evolution, SAR and synthesis of exemplars from
this series will be discussed. These inhibitors provide valuable tools for probing the cell
biology of SMYD2 and its role in disease states.
MEDI 514
Spiroisobenzofuranone derivatives as potential anticancer agents
Chen Yin, yin.chen12@stjohns.edu, Peng-jen Chen, Zhe-Sheng Chen, Ralph Stephani,
Vijaya L. Korlipara. Department of Pharmaceutical Sciences, College of Pharmacy and
Health Sciences, St. John's University, Queens, New York, United States
Spiro[benzo[d][1,3]oxazine-2,1’-isobenzofuran] -3’,4(1H)-dione derivatives have been
shown by our group to exhibit moderate inhibitory activity against both bacteria (e.g. E.
coli and S. aureus) and fungi (A. nidulans R163 and A. nidulans FGSCA4) with lowest
minimum inhibitory concentration of 2 µg/mL. Structural resemblance of these
compounds to the antifungal drug griseofulvin, together with recent reports in literature
that griseofulvin may possess anti-cancer activity through interference with microtubule
function, prompted us to investigate this class of compounds as potential anti-cancer
agents. Virtual screening of twenty three compounds for their potential to interact with
mammalian tubulin showed that 1-(3,4,5-trimethoxyphenyl)-3’Hspiro[benzo[d][1,3]oxazine-2,1’-isobenzofuran]-3’,4(1H)-dione 1 exhibited a glide score
of -7.423 as compared to griseofulvin which exhibited a glide score of -6.705 in docking
studies. Twelve spiroisobenzofuranone derivatives were selected for synthesis and
tested using the cancer cell lines KB-3-1, MCF-7, H460 and SW620. Compound 1
exhibited an IC50 value of 2.39 µM in MTT cell proliferation assay using the colon cancer
cell line SW620 and was the most potent member of this series.

MEDI 515
Evaluation of trehalose derivatives as radiotracers specific for tuberculosis in
animal models of disease
Gwendolyn A. Marriner1, marriner310@hotmail.com, Dale O. Kiesewetter5, Seung S.
Lee3, Francois D'Hooge4, Omar Boutureira2, Ritu Raj2, Naseer Khan2, Laura E. Via1,
Benjamin G. Davis2, Clifton E. Barry1. (1) Laboratory of Clinical and Infectious Disease,
Tuberculosis Research Section, National Institutes of Health, National Institute of
Allergy and Infectious Diseases, Bethesda, Maryland, United States (2) Univ of Oxford
Chem Rsrch Lab, Oxford, United Kingdom (3) Chemical Biology, University of
Southampton, Southampton, United Kingdom (4) QMB Innovation Centre, SpirogenMedImmune, London, United Kingdom (5) National Institute of Biomedical Imaging and
Bioengineering, National Institutes of Health, Bethesda, Maryland, United States
We are developing PET radiotracers specific to Mycobacterium tuberculosis (Mtb). In
evaluating new treatments, [18F]-2-fluoro-2-deoxyglucose (FDG) has been shown to be
a useful tool, but it is not highly correlated with bacterial burden. We are evaluating
trehalose radiotracers which may be covalently incorporated in vivo into the Mtb cell
wall to give a PET signal directly correlated to bacterial burden rather than reporting on
inflammation or other host response. We have designed several [18F]-labeled trehalose
derivatives and are evaluating them in animal models of tuberculosis. Two of the
probes, [18F]-6-fluoro-6-deoxytrehalose (6-FTre) and [18F]-epi-4-fluoro-4-deoxytrehalose
(epi-4-FTre) are chemically synthesized in a method similar to [18F]-2-fluoro-2deoxyglucose (FDG) from peracetylated precursors, and one probe, 2-fluoro-2deoxytrehalose (2-FTre), is chemoenzymatically synthesized in a one-pot, threeenzyme cocktail from [18F]-FDG. All three were initially evaluated in Mtb-infected rabbits
with stable disease by acquiring PET/CT scans and blood and urine samples for
metabolism analysis. In rabbits, the 6-FTre was rapidly metabolized to [18F]-6-fluoro-6deoxyglucose; but the epi-4-FTre and 2-FTre probes appeared to remain largely
unmetabolized. Both gave a signal-to-background of 2-3:1 in the rabbits, but the 2-FTre
gave the appearance of differential labeling compared to FDG. The 2-FTre probe is also
currently being evaluated in a non-human primate (marmoset) model of tuberculosis, in

both infected and treated animals. The 2-FTre gives no evidence of metabolism and
labeling lesions with a signal-to-background as high as 4:1. We hope that this
technology will allow us to selectively label Mtb infection and evaluate efficacy of
treatment in animals on experimental drug regimens.

MEDI 516
Design and synthesis of novel tubulysin analogs
Iontcho R. Vlahov, Fei You, xingzheyou@gmail.com, Paul J. Kleindl, Marilynn Vetzel,
Joseph A. Reddy, Christopher P. Leamon. Endocyte Inc, West Lafayette, Indiana,
United States
Tubulysins are natural products isolated from myxobacterial species. They are potent
mitotic poisons as they inhibit the polymerization of tubulin into microtubules.
Structurally, tubulysins are linear tetrapeptides comprised of N-methyl pipecolic acid
(Mep), isoleucine (Ile), tubuvaline (Tuv) and tubutyrosine (Tut). All natural isolated
tubulysins possess an acid, base, and enzyme-sensitive N-acyloxymethyl substituent,
as well as an enzyme-labile acetate group; both of these functional groups are essential
for their potent cytotoxicity. Herein, we present the design and total synthesis of more

stable tubulysin analogs based on our reported synthesis of tubulysin B. These
synthetic tubulysin analogs are less prone to degradation under acidic/basic conditions
and enzymatic hydrolysis. Structural features, essential for the cytotoxicity of the
tubulysin analogs, were established. Folate conjugates of highly potent tubulysin
analogs were shown to exhibit remarkable cytotoxicity against (FR)-positive KB cells.
MEDI 517
Reducing off-target activity of folate-tubulysin conjugates by introducing
unnatural amino acids and by increasing steric bulk within the peptidic spacer
Paul J. Kleindl, pkleindl@endocyte.com, Hari K. Santhapuram, Fei You, Jeremy F.
Vaughn, Kevin Y. Wang, Spencer J. Hahn, Nikki Parker, Marilynn Vetzel, Michael R.
Pugh, Christopher P. Leamon, Iontcho R. Vlahov. Endocyte Inc, West Lafayette,
Indiana, United States
Tubulysins are a class of cytostatic tetrapeptides originally isolated from several strains
of myxobacteria, noteworthy for their picomolar cytotoxicity against mammalian cells
and nanomolar cytotoxicity in multidrug resistant cell lines. A tubulysin conjugated to
folate or another suitable targeting ligand has the potential to deliver a powerful
cytotoxic agent to pathologic cells while reducing the exposure of healthy tissue.
Early work on folate-tubulysin conjugates had shown non-folate receptor (FR)-targeted
activity at drug concentrations higher than required to saturate the FR in in vitro testing.
Theorizing that the observed non-targeted toxicity was the result of reduction of the
disulfide linker and/or enzymatic cleavage of the peptidic spacer, we have synthesized
folate-tubulysin conjugates with enhanced steric bulk (such as via the addition of methyl
groups) around the disulfide linker and/or which incorporate D-amino acids within the
peptide chain. Improvements in the therapeutic window have been shown in in vitro
tests.
MEDI 518
Design, synthesis, and evaluation of 2,5-dioxoimidazolidine based
conformationally constrained analogs of KN62 as novel P2X7 receptor
antagonists
Jin-Hee Park1, Seung-Hwa Kwak1, Young-Hwan Jung1, Tae-Kyun Kim1, Borum Son1, Ji
Yeon Park1, Soo-Jeong Choi1, Hyojin Ko1, Yong-Chul Kim1,2, yongchul@gist.ac.kr. (1)
School of Life Sciences, GIST, Gwangju, Korea (the Republic of) (2) Department of
Medicinal System Enginerring (DMSE), Gwangju Institute of Science and Technology
(GIST), Gwangju, Korea (the Republic of)
Novel 2,5-dioxoimidazolidine-based conformationally constrained analogues of KN62(1)
were developed as P2X7 receptor (P2X7R) antagonists using a rigidification strategy of
the tyrosine backbone of 1. SAR analysis of the 2,5-dioxoimidazolidine scaffold
indicated that piperidine substitution at the N3 position and no substitution at N1

position were preferable. Further optimization of the substituents at the piperidine
nitrogen and the spacer around the skeleton resulted in several superior antagonists to
1, including 1-adamantanecarbonyl analogue 21i (IC50 = 23 nM in ethidium uptake
assay; IC50 = 14 nM in IL-1β ELISA assay) and (3-CF3-4-Cl)benzoyl analogue (-)-21w
(54 nM in ethidium uptake assay; 9 nM in IL-1β ELISA assay), which was more potent
than the corresponding (+) isomer. Compound 21w displayed potent inhibitory activity in
an ex vivo model of LTP-induced pain signaling in the spinal cord and significant antiinflammatory activity in in vivo models of carrageenan-induced paw edema and type II
collagen-induced joint arthritis.

MEDI 519
Scaffold replacement and 3D ligand optimization applied to the discovery of
tyrosine kinase inhibitors
Raul Alvarez, ralvarez@chemcomp.com. Chemical Computing Group, Montreal,
Quebec, Canada
Point mutations within the BRC-ABL tyrosine kinase domain give rise to imatinibresistant mutants. Designing next generation ligands to counteract TK inhibitor
resistance remains a challenging problem. Scaffold replacement is applied to the
imatinib framework where the 2-amino-pyrimidine fragment is exchanged through a
scaffold screen to produce a number of related congeneric series. 3D ligand
optimization is subsequently performed on one of the hits yielding a structurally related
isomer of ponatinib, a known selective high affinity tyrosine kinase inhibitor.
MEDI 520
Targeting the sweet spot of cancer: Multivalent glycopolymers as potential
cancer vaccines

Qian Qin, veronica2010@live.cn. Chemistry, Michigan State University, East Lansing,
Michigan, United States
Tumor associated carbohydrate antigens (TACAs) are overexpressed on tumor cells,
which renders them attractive targets for cancer vaccines. To overcome the poor
immunogenicity of TACAs, we designed and synthesized a polymer platform for
multivalent antigen presentation by taking advantage of the polymeric backbone to
incorporate both TACA and helper T (Th) cell epitope on the same chain. The
glycopolymer vaccine was able to elicit robust T cell dependent immune response with
significant titers of IgG antibodies which recognized Tn-expressing tumor cells. The
polymer platform can offer great flexibility to adjust the way antigens displayed which
permitted the study of the relationship between the structure of conjugates and their
biological activities, revealing the influence of antigen valency and density in B cell
activation by in vitro and in vivo studies.
MEDI 521
Design, synthesis, and preliminary biological evaluation of vitamin D2 glycoside
analogs
Yanan Liu, Zhijie Fang, zjfang@njust.edu.cn. School of Chemical Engineering, Nanjing
University of Science and Technology, Nanjing, Jiangsu, China
Clinical use of 1α, 25-(OH)2D3 analogues as effective drugs has been limited because
of the tendency to hyperkalemia. There is a continuing need for synthetic analogues of
vitamin D that selectively exhibit desirable pharmacological activities but do not exhibit
hyperkalemia. It has been reported that vitamin D analogs 1 can selectively stimulate
the metabolism transport of intestinal calcium almost without bone calcium
mineralization activity. Compound 2 and 3, two kinds of natural glycosides have
potential application in the treatment of many diseases such as joint arthritis,
atherosclerosis and cancer. We simulate the compound 1 and 3 through introducing a
hydroxyl group to the A-ring of vitamin D2 or directly replacing the A-ring of vitamin D2
with a glycosyl group to get vitamin D2 glycoside analogues with excellent activity in
antitumor (Figure 1.). Based on our previous works, four novel vitamin D2 glycoside
analogues (5, 6a ,6b-β, 6b-α) were designed and synthesized by Knorr-Koenigs
glycosylation reaction of the vitamin D2 and the compound 4 (from ‘northern’of vitamin
D2) as glycosyl acceptors with the glycosyl bromides. The MTT experimental results
show that all compounds exhibit good antiproliferation activities in vitro towards cultured
human hepatoblastoma (Hep G2) and human breast carcinoma (MCF-7) cell lines with
IC50 in μM, as shown in the Table 1.

MEDI 522
Discovery of potent small molecule inhibitors of Wnt signaling

Aurélie Mallinger1, aurelie.mallinger@icr.ac.uk, Kai Schiemann2, Christian Rink1, Frank
Stieber2, Simon Crumpler1, Dennis Waalboer1, Michel Calderini2, Mark Stubbs1,
Olajumoke Adeniji-Popoola1, Maria-Jesus Ortiz-Ruiz1, Richard Schneider2, Paul
Workman1, Trevor Dale3, Dirk Wienke2, Christina Esdar2, Paul A. Clarke1, Florence
Raynaud1, Felix Rohdich2, Suzanne A. Eccles1, Julian Blagg1. (1) The Institute of
Cancer Research, London, United Kingdom (2) Merck KgaA Merck Serono, Darmstadt,
Germany (3) Cardiff University, Cardiff, United Kingdom
WNT signaling is frequently deregulated in malignancy, particularly in colon cancer, and
plays a key role in the generation and maintenance of cancer stem cells. Here we report
the discovery and optimisation of a pyridine series identified from a cell-based HTS
screen. We disclose X-ray co-crystal structures with the biochemical target and
medicinal chemistry optimisation to increase potency, improve physicochemical
properties and oral pharmacokinetics. Demonstration of in vivo activity following oral
dosing in a solid human tumor xenograft model will also be shown.
MEDI 523
Discovery of G protein biased EP2 receptor agonists
Seiji Ogawa, s.ogawa@ono.co.jp, Toshihide Watanabe, Akio Watanabe, Atsushi
Kinoshita, Kazuma Tsuboi, Isamu Sugimoto, Kazumi Moriyuki, Yoshikazu Goto,
Shinsaku Yamane, Kousuke Tani, Maruyama Toru. ONO Pharmaceutical Co., Ltd.,
Shimamoto-cho, Osaka-fu, Japan
Prostaglandin E2 (PGE2) is an oxidative metabolite of arachidonic acid and exerts a
wide variety of biological actions through four receptor subtypes, EP1-EP4, in many
tissues. EP2 receptor is mainly expressed in eye, bone and brain, and supposed to be a
potential target of therapeutic agents for glaucoma, bone fracture, stroke and other
diseases. In recent years, biased ligands targeting GPCRs received a lot of attention as
a novel approach for drug discovery, since it is expected to show functional selectivity to
enhance the efficacy or reduce the on-target toxicities. Several biased ligands have
been investigated and revealed, however, there is no report of biased agonists for
prostanoid receptors.
Here we describe our efforts on the discovery of potent and functionally selective EP2
agonists with a unique bicyclic scaffold. Optimization of ω chain provided the advanced
lead compound, which showed highly potent ocular hypotensive effect. Structure-activity
relationship will be discussed in detail.
MEDI 524
Applications of thioamides in protease studies: Fluorescent probes and peptide
stabilization
Xing Chen2, cxing@sas.upenn.edu, Jacob M. Goldberg1, Elisha K. Keenan2, Nataline
Meinhardt2, Doron Greenbaum2, E Petersson2. (1) Chemistry, Massachusetts Institute

of Technology, Cambridge, Massachusetts, United States (2) University of
Pennsylvania, Philadelphia, Pennsylvania, United States
Thioamide substitution in the peptide backbone can be applied in two ways to protease
studies due to its special properties. As a fluorescence quencher, thioamides can be
paired with compact fluorophores to design “turn-on” fluorescent protease substrates.
As a hydrogen bond disrupter, thioamide modification can be a very simple and general
method to inhibit proteolysis without significantly altering the structure of the peptide. To
guide fluorescence sensor applications as well as peptide stabilization applications, we
have examined several model peptides with a thioamide scanned from the P3 positon to
the P3' postion, and identified thioamide perturbing and non-perturbing positions. With
this information, we have successfully demonstrated the value of both applications: 1) a
thioamide fluorescent sensor can be used for real time monitoring of protease activity in
crude preparations of virtually any protease; 2) thioamide modification at the scissile
bond of the GLP-1 peptide can significantly suppress degradation by DPP-4 while
maintaining activity in cell culture and in vivo.

MEDI 525
Chemical modifications of 4,6-bisphenyl-2-(3-alkoxyanilino)pyrimidine focusing
on the activity-sensitive aminoalkoxy moiety for a therapeutically useful inhibitor
of receptor for advanced glycation end products(RAGE)

Taewoo Kim, vine86@hanmail.net, Joonseong Hur, Kyeojin Kim, Hongchan An,
Young-Ger Suh. College of Pharmacy, Seoul National University, Seoul, Korea (the
Republic of)
Through the fine tuning of the activity-sensitive aminoalkoxy moiety of 4,6-bisphenyl-2(3-alkoxyanilino)pyrimidine as a novel inhibitor of the receptor for advanced glycation
end products (RAGE), the tertiary amine unit and linker length were elucidated as
essential parts associated with RAGE inhibition. On the basis of this finding, a 3-(N,Ndimethylamino)pyrrolidine analogs were identified as a therapeutically useful RAGE
inhibitor with improved activity and aqueous solubility. Molecular docking studies
predicted that the improved inhibitory activity is induced by additional hydrogen bonds
between the nitrogen atom of the pyrrolidine ring and Arg48 and by an interaction
between the dimethylamino-substituent of the pyrrolidine moiety and a relatively
hydrophobic groove in the RAGE binding site.
MEDI 526
Discovery and structure-activity relationships of pyrazolodiazepine derivatives as
the first small molecule agonists of the Drosophila sex peptide receptor
Jeong-Hyun Kim1, sky-somang83@hanmail.net, Pyeonghwa Jeong2, Seung-Hwa
Kwak1, Young-Hwan Jung1, Tae-Kyun Kim1, Borum Son1, Ji Yeon Park1, Soo-Jeong
Choi1, Hyojin Ko1, Yong-Chul Kim1,2. (1) School of Life Sciences, GIST, Gwangju, Korea
(the Republic of) (2) Department of Medicinal System Engineering (DMSE), Gwangju
Institute of Science and Technology, Gwangju, Korea (the Republic of)
In behavioral researches, sex peptide receptor in Drosophila melanogaster (DrmSPR) is
the most interesting G protein-coupled receptor (GPCR) which is involved in postmating responses such as increased egg-laying and decreased receptivity of female
when the receptors are activated by a specific natural peptide agonist, sex peptide (SP).
In an effort to discover small molecule agonists for DrmSPR, screening of a compound
library, synthesis and structure-activity relationship studies of pyrazolodiazepine
scaffold, previously reported as a potential privileged structure, were performed. As the
result, tetrahydro-1,4-pyrazolodiazepin-8-one derivatives were discovered as the first
small molecule agonists for DrmSPR with EC50 values of 3-4 μM.
MEDI 527
Structure-activity-relationship studies investigating the substitution pattern
around the indole ring of sphingosine kinase 2 selective inhibitors
Molly Congdon1,2, mdaycongdon@gmail.com, Yugesh Kharel3, Kevin R. Lynch3,
Webster L. Santos1. (1) Chemistry Department, Virginia Tech, Blacksburg, Virginia,
United States (2) Sphynkx Therapeutics, Charlottesville, Virginia, United States (3)
Department of Pharmacology, University of Virginia, Charlottesville, Virginia, United
States

Increased expression of sphingosine kinases (SphK) and elevated levels of
sphingosine-1-phosphate (S1P) have been affiliated with a variety of diseases, including
cancer, fibrosis, Alzheimer’s, asthma, and sickle cell disease. Of the two isoforms, the
role of SphK2 in the S1P signaling pathway has not been fully elucidated. SphK2 has
been shown to be an apoptotic enzyme when localized in the nucleus, endoplasmic
reticulum, and mitochondria; however, it is a proliferative enzyme when located in the
cytosol. Consequently, SphK2 has attracted attention as a potential therapeutic target,
and the need for more potent SphK2-selective inhibitors has grown. Previously our
group reported a Sphk2 selective inhibitor, SLC5081308, which displays approximately
4-fold selectivity for hSphK2 over hSphK1 and a SphK2 Ki of 0.98 µM. Herein, we report
the design, synthesis, and biological evaluation of SCL5081308 derivatives that contain
varying substitutions patterns around an indole ring adjacent to the 1,2,4-oxadiazole.
These compounds display excellent inhibition activity, good SphK2 selectivity, and low
micro-molar Ki values for hSphK2. This structure-activity-relationship around the bicyclic
aromatic tail motif examines the substitution around the bicyclic system and helps
elucidate the shape of the SphK2 binding pocket.
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Structure-activity relationship studies of guanidine-based aminothiazole
inhibitors of sphingosine kinase
Elizabeth Childress1, eschildr@vt.edu, Yugesh Kharel2, Kevin R. Lynch2, Webster
Santos1. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, United States (2)
Pharmacology, University of Virginia , Charlottesville, Virginia, United States
Sphingosine-1 phosphate (S1P) is a cellular signaling molecule that has been
implicated in a variety of diseases, including cancer, fibrosis, Alzheimer’s, and sickle cell
disease. S1P is synthesized from the phosphorylation of sphingosine by sphingosine
kinase 1 (SphK1) and 2 (SphK2). The two SphK isozymes differ with respect to their
cellular localization and activity. SphK1 is a cytoplasmic enzyme that promotes cell
survival. SphK2 is a nuclear enzyme that can be transported into the cytoplasm, and it
is involved in both cell survival and apoptosis. To help elucidate their role in disease and
assess their potential as therapeutic targets, it is essential to develop potent and
selective inhibitors of SphK with good in vivo activity. Our previous work led to the
development of the SphK1-selective inhibitor SLP7111228 (Ki = 48 nM, > 200-fold
SphK1 selectivity). Herein we report the design, synthesis, and biological evaluation of
SLP7111228 derivatives containing aminothiazole tail-groups. These molecules show
surprisingly good potency and selectivity for hSphK2 with Ki values as low as ~ 100 nM.
Various analogs were synthesized containing aryl-substituted aminothiazole tail-groups,
allowing for a structure-activity relationship study that examined substituent effects on
the aryl-substituted aminothiazoles. Our studies suggest that electron-withdrawing
substituents have a greater influence on the potency of our inhibitors than electrondonating substituents. The inhibitors’ in vitro activity in U937 cells and in vivo activity in
mice will be discussed.
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Revisiting the development of active site directed protein kinase inhibitor probes
for in vivo studies: An isoform selective case study from the integrated use of
structural biology and pharmacoinformatics
Saktimayee M. Roy, s-roy3@northwestern.edu, D.M. Watterson, G. Minasov, Wayne
F. Anderson, Valerie Tokars. Northwestern University, Chicago, Illinois, United States
The remarkable progress since the first approval of a tyrosine kinase inhibitor drug for
oncology in 2001 has slowed with attempts to expand this target class to
serine/threonine protein kinases (S/T PK) and non-oncology indications. Further,
numerous failed attempts to expand this new target class, especially for central nervous
system (CNS) indications, led to prevailing negative views that are now being
challenged with recent progress. Specifically, inhibitors with single kinase class
specificity or isoform selectivity when targeting the active site is now rendered feasible
and production of safe and effective in vivo probes for CNS function modulation is
documented. We will present our recently described case study deliverables from a
discovery platform that targeted the active site of an elusive stress kinase target for
CNS indications. Specifically, p38alphaMAPK selective inhibitors with in vivo function
and absence of pharmacological adverse events were designed using high resolution
crystallography of inhibitor:kinase complexes generated by a standard operating
protocol (SOP) and pharmacoinformatic design considerations. Outcomes from key in
vitro and in vivo validation screens were used in a recursive refinement paradigm. The
presentation is focused on a single case study, but the platform is amenable to design
and development of active site inhibitors for other kinases using various standard
approaches such as scaffold repurposing, fragment expansion, or classical screen-to-hit
refinement. (Supported by NIH Award U01 AG043415).
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Facile conjugation of biotargeting motifs to a chlorin platform for biomedical
applications
Junior Gonzales1, jgo0035@hunter.cuny.edu, Charles M. Drain2. (1) Chemistry, Hunter
College, New York, New York, United States (2) Chemistry Dept, Hunter College Cuny,
New York, New York, United States

Multifunctional dyes comprised of a core chlorin platform appended with
poly(etheleneglycol) chains and a carboxylate-linker allow rapid conjugation to biological
and biotargeting motifs using click chemistry. As a demonstration, the chlorin platform
was conjugated to a protein and to DNA. The photophysical properties of the chlorin
allow both fluorescence diagnostics and photodynamic therapy.
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Impact of anomeric linkage between GalNAc sugar moiety and siRNA on
biological activity
Pachamuthu Kandasamy, pkandasamy@alnylam.com, Shigeo Matsuda, Jayaprakash
Nair, Klaus Charisse, Jennifer Willoughby, Nate Taneja, Jonathan O'Shea, Kristina
Yucius, Anna Borodovsky, Tuyen Nguyen, Stuart Milstein, Svetlana Shulga-Morskaya,
Ju Liu, Renta Hutabarat, Martin A. Maier, Kallanthottathil R. Rajeev, Muthiah
Manoharan. Alnylam Pharmaceuticals, Cambridge, Massachusetts, United States
Subcutaneous delivery of chemically modified short interfering RNA (siRNA) covalently
attached to a multivalent N-acetylgalactosamine (GalNAc) ligand results in highly
efficient delivery to the liver that is mediated by the asialoglycoprotein receptor
(ASGPR). This strategy has proven effective for targeted delivery of siRNA and other
nucleic acid therapeutics to the liver. Natural O-glycosides are susceptible to

degradation by metabolic enzymes, and we observe rapid cleavage of the sugar
moieties from the GalNAc-siRNA in liver at very early time points after subcutaneous
injection into rodents. To evaluate the effect of metabolically more stable glycosidic
bonds, a variety of glycosides have been synthesized including S-, C- and N-glycosides
with both alpha- and beta-anomeric linkages. Synthesis of these sugar monomers and
conjugation approaches to covalently attach these monomers to the siRNA will be
presented and relevant biological data will be discussed.
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Development of a new generation of photodynamic chemotherapeutic dyes for
post-operative wound care
Hajira Faki, hajirafaki@googlemail.com, Allison Jones, Glynn Morton, Robert Smith.
Forensic and investigative Sciences, University of Central Lancashire, Preston, United
Kingdom
Hospital-associated infections are a relentless problem for the modern healthcare
establishment. With the advent of antimicrobial resistance, a post-antibiotic era is
approaching fast. Thus, more intelligent approaches to target the diseased state are
vital, especially for post-operative wound management.1-2 Photodynamic antimicrobial
chemotherapy (PACT) is recognized as a viable method for eradicating microbial
colonisation. However, its use in post-operative wound management has been slow to
gain clinical acceptance compared to its use in oncology (PDT).
We report the development of a range of substituted phenyl isoalloxazines based on the
flavin subunit. Upon illumination by blue light, these dyes produce a photochemical
response via a Type I and Type II mechanism that generates a mixture of singlet
oxygen and redox radicals. These highly toxic species are known to cause terminal
damage to microbes over a time period of 20 minutes. The dyes produced in this study
were tested against two opportunistic microbial species found within clinical
environments: Staphylococcus aureus and Escherichia coli. Antimicrobial activity was

demonstrated for numerous compounds, with the lowest observed MIC value of 250 µM
for S. aureus. Remarkably, when these compounds were linked to a polymer support,
they retained their antimicrobial activity.
We suggest that these dyes could be integrated into the healthcare system within a new
generation of photo-activated, self-cleaning bandages.
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Zinc-metallochaperone complexes that restore wildtype structure and function of
mutant p53 in cancer
David J. Augeri1,2, augeridavid@gmail.com, Spencer D. Kimball1, Xin Yu4,5, John A.
Gilleran1, Adam R. Blanden3, Stewart N. Loh3, Darren R. Carpizo4,5. (1) Rutgers
Translational Sciences, Rutgers University, Piscataway, New Jersey, United States (2)
Dept. of Medicinal Chemistry, EMSOP, Rutgers University, Piscataway, New Jersey,
United States (3) Department of Biochemistry and Molecular Biology, SUNY Upstate
Medical University, Syracuse, New York, United States (4) Rutgers Cancer Institute of
New Jersey, New Brunswick, New Jersey, United States (5) Department of Surgery,
Robert Wood Johnson Medical School, New Brunswick, New Jersey, United States
TP53 is the most commonly mutated gene in human cancer for which no effective
targeted anti-cancer therapy exists. Earlier studies identified a thiosemicarbazone
(ZMC1) that restores wildtype structure and function to the most commonly found p53
missense mutant (p53-R175H) in human cancer and other p53 mutants whose principle
defect in structure is impaired zinc binding. ZMC1 induces a wildtype conformation
change by functioning as a zinc ionophore to raise intracellular zinc concentrations high
enough to overcome the zinc binding defect in mutant p53 and buffering zinc to prevent
zinc induced protein mis-folding. The net effect of this activity is to restore zinc binding

in the native ligation site of mutant p53 allowing the protein to fold properly, which is
referred to as a zinc metallochaperone function. The stoichiometry of
metallochaperone:zinc was determined to be 2:1. Biochemical studies of p53-R175H
showed restoration of zinc binding that led to proper folding of the protein. Furthermore,
a new zinc-binding chemotype (C1) was identified and was found to be superior to
ZMC1 in a p53 mutant cell line (TOV112D). We hypothesized that zinc
metallochaperones synthesized in complex with zinc at 2:1 molar ratio would improve
efficacy. To test this, zinc complexes of both ZMC1 [(ZMC1)2Zn] and C1 [(C1)2Zn] were
synthesized. X-ray crystal structures of each of the neutral complexes revealed the
intended 2:1 stoichiometry and confirmed the metallochaperone nature of the complex,
stable in cell culture for three days. The complexes performed far better than the
monomeric metallochaperones, ZMC1 and C1. Cell kill rates for the Zn complexes were
100% in the TOV112D cell-based assay, compared to 80% for the corresponding
monomers. Evidently, once the neutral complex traverses the cell membrane, it is able
to increase intracellular Zn2+ levels above those levels normally available in the
extracellular space. Thus, “packaging” the zinc with the metallochaperone in a stable
complex displayed enhanced activity over that of the monomer. In addition, the Zn
complexes are less toxic in vivo. Metallochaperone complexes with other divalent
metals besides Zn2+ (such as Fe2+) may be a source of toxicity, but the effects of other
metal complexes could be minimized by a pre-formed Zn complex. Both cell-based
studies and in vivo human tumor xenograft studies modeling pancreatic cancer will be
discussed further in this presentation.
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MCC22 targets putative spinal MOR-CCR5 heteromers in a mouse model of
inflammatory pain
Eyup Akgun2, akgun001@umn.edu, Muhammad I. Javed2, Mary Lunzer2, Michael D.
Powers2, Yuk Y. Sham1, Philip S. Portoghese2. (1) Center for Drug Design / MMC 204,
University of Minnesota, Minneapolis, Minnesota, United States (2) Medicinal
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States
MCC22 is a bivalent ligand that consists of mu agonist and CCR5 antagonist
pharmacophore tethered via a spacer of 22 atoms. In LPS-pretreated mice, MCC22
possess >700 enhancement of antinociception (i.t. ED50=0.0146 pmol/mouse) over its
20-atom spacer homolog and was 3500x more potent than a mixture of mu agonist and
CCR5 antagonist monovalent ligands. These results suggest that MCC22 bridges the
protomers in a putative MOR-CCR5 heteromer in vivo. Molecular simulation studies of
MCC22 bound to MOR-CCR5 having a TM5,6 interface is consistent with such bridging.
That MCC22 had 7500-fold greater potency i.t. vs i.c.v. in inflamed mice suggests MORCCR5 heteromers reside in the spinal cord. MCC22 was devoid of adverse effects at its
ED50 i.t. dose for antinociception in mice. That MCC22 inhibits IL-6 in vitro suggests that
MCC22 has potential for treatment of both inflammatory and neuropathic pain.

MCC22

