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MEDI 1 

Synthesis of radiopharmaceuticals and applications in functional positron 
emission tomography (PET) imaging 

Peter J. Scott, pjhscott@hotmail.com. Radiology, University of Michigan, Ann Arbor, 
Michigan, United States  

Positron emission tomography (PET) imaging is a non-invasive form of functional 
molecular imaging that enables in vivo monitoring of physiological processes via 
administration of a radiotracer (a bioactive molecule tagged with a positron emitting 
radioisotope) to a patient. Currently, PET imaging finds application in drug discovery 
(e.g. target engagement, receptor occupancy studies, companion diagnostics, selection 
of patients for clinical trials) and personalized medicine (early diagnosis of disease, 
prediction of response to therapy and subsequent monitoring of response to personilzed 
treatment). This presentation will introduce the fundamentals of PET imaging including 
principles of radiotracer design, strategies for synthesizing radiotracers (e.g. 
approaches for late-stage fluorination with 18F), regulatory considerations (e.g. cGMP 
synthesis of radiotracers for clinical use), and provide an overview of applications of 
PET imaging in healthcare and the pharmaceutical industry through examples from both 
the University of Michigan PET Center's Radiotracer R & D Program and the recent 
PET imaging literature. 

MEDI 2 

18F-T807: A PET imaging compound for detecting tau in alzheimer’s and non-
alzheimer’s neurodegenerative diseases 

Giorgio Attardo1, ggattardo@gmail.com, Adam T. Hoye1, Hui Xiong1, Ximin Li1, Carey 
L. Horchler1, Kuo-Hsien Fan2, Nathaniel C. Lim2, Felipe Gomez1, Yin-Guo Lin1, Qianwa 
Liang1, Kelly Conway1, Hartmuth C. Kolb1, Daniel M. Skovronsky1, Mark A. Mintun1. (1) 
Discovery Research, Avid Radiopharmaceutical Inc., Philadelphia, Pennsylvania, United 
States (2) Radiochemistry, Avid Radiopharmaceutical Inc, Philadelphia, Pennsylvania, 
United States  

Positron emission tomography (PET) using 18F-labeled radiotracers is an important and 
rapidly progressing research area. These tracers have been widely used to study and 
visualize human disease pathology in a non-invasive and dynamic manner. Herein, we 
report the synthesis and tau- staining utility of [18F]T807, a 2-Fluoro-substituted pyridine 
azacarbazole that was prepared from a trialkylammonium-substituted pyridine salt. This 
radiolabeling precursor was obtained from the corresponding pyridine N-oxide. 
Binding studies of [18F]T807 to human brain-derived PHF-tau yielded an average Kd of 
0.57 nM. The usefulness of [18F]T807 for detecting PHF-tau was further demonstrated 
by autoradiography on brain sections from patients that were afflicted with Alzheimer’s 
Disease (AD) and diverse non-AD tauopathies such as Pick’s disease and Progressive 
Supranuclear Palsy (PSP). A fluorescent probe, T557, was used as a surrogate of 



[18F]T807 to show by immunofluorescence that tau binding co-localized with tau-
specific antibodies AT8, AT100, 3R-Tau and 4R-Tau in AD and non-AD samples of 
interest 

MEDI 3 

Development of PET radioligands for imaging brain mGlu1 receptors 

Pike W. Victor, vicwpike@aol.com. Molecular Imaging Branch, National Insitute of 
Mental Health, Bethesda, Maryland, United States  

Brain metabotropic subtype 1 (mGlu1) receptors have been implicated in several 
neuropsychiatric disorders, including pain, anxiety, mood disorders, schizophrenia, 
cerebellar ataxia, extrapyramidal motor dysfunction, fear, excitotoxicity, and epilepsy. 
Consequently, these receptors are considered to be a target for drug development. A 
means to image and quantify human brain mGlu1 receptors with PET would be valuable 
for drug development and for understanding better the role of these receptors in 
pathophysiology. However, unlike for human brain mGlu5 receptors, satisfactory 
radioligands for quantifying human brain mGlu1 receptors with PET have been lacking. 
Our goal was to develop such a radioligand. Candidate ligands for PET imaging of brain 
receptors should present a variety of features, among which are, importantly, high 
affinity, high selectivity, moderate lipophilicity, and amenability to labeling with a 
positron-emitter, which is usually carbon-11 (t1/2 = 20.4 min) or fluorine-18 (t1/2 = 109.7 
min). Early efforts to develop an effective mGlu1 receptor PET radioligand have 
explored several candidates among a variety of structural classes, most of which have 
proved unpromising in animal PET studies. Exceptionally, we more recently developed 
[11C]LY2428703, which appeared promising in rat. However, this radioligand failed to 
give a receptor-specific signal in human subjects, primarily because of a significantly 
lower affinity and plasma free fraction in human than in rat. Subsequently, we selected 
4-fluoro-N-methyl-N-(4-(6-(methylamino)pyrimidin-4-yl)thiazol-2-yl)benzamide (FIMX) 
for development as a potential PET radioligand, based on its reported high affinity for 
human mGlu1 receptors, high binding selectivity and moderate lipophilicity. The labeling 
of FIMX with carbon-11 or fluorine-18 was challenging but was eventually met by 
applying new 11C-carboxyation chemistry and the synthesis of a diaryl hypervalent 
precursor for radiofluorination. In monkey, [18F]FIMX was found to show excellent 
properties for PET imaging of brain mGlu1 receptors, including moderately high brain, 
and high reversible receptor-specific signal, which is noticeably most prominent in 
cerebellum. [18F]FIMX was therefore advanced to evaluation in human subjects where it 
shows similar high performance for imaging and quantifying brain mGlu1 receptors. 
[18F]FIMX is expected to be a valuable tool for drug development and for studies of 
pathophysiology. 

MEDI 4 

Preclinical peripheral enzyme occupancy and PK/PD modelling: A retrospective 
analysis of sildenafil 



Cynthia D. Jesudason1, jesudason_cynthia_d@lilly.com, Vanessa N. Barth1, Thomas 
E. Eessalu1, Eunice Yuen2. (1) Lilly Research Laboratories, Eli Lilly & Company, 
Indianapolis, Indiana, United States (2) Erl Wood Manor, Eli Lilly & Company, 
Windlesham, Surrey, United Kingdom  

Quantitative characterization of the relationship between drug exposure and target 
occupancy at its site of action is essential in drug development. PK/PD modelling based 
on preclinical occupancy studies is commonly used to project human doses needed for 
efficacy for CNS targets. We have been interested in extending this approach to 
peripheral targets, and have established enzyme occupancy assays using an 
LC/MS/MS approach in peripheral tissues. Here we exemplify a PK/PD approach for 
peripheral targets using PDE5 enzyme occupancy as an example and looking at lung 
enzyme occupancy at the efficacious sildenafil clinical doses in pulmonary arterial 
hypertension. 

 

 
 
 

MEDI 5 



Design, synthesis, and development of fluorine-18 and carbon-11 labeled 
lysophosphatidic acid receptor 1 (LPA1) PET radioligands for lung receptor 
occupancy imaging 

David Donnelly1, david.donnelly@bms.com, Samuel Bonacorsi1, Shuyan Du2, 
Adrienne Pena2, Joonyoung kim2, Wendy Hayes2, Nabeel Nabulsi3, J.D. Gallezot3, 
Yiyun Huang3, Richard Carson3. (1) Discovery Chemical Platforms, Bristol-Myers 
Squibb, Lawrenceville, New Jersey, United States (2) Bristol-Myers Squibb, Princeton, 
New Jersey, United States (3) PET Imaging , Yale University , New Haven , 
Connecticut, United States  

Lysophosphatidic acid (LPA) is a bioactive phospholipid that regulates numerous 
aspects of cellular function and has been recognized as a novel mediator of wound 
healing and tissue fibrosis. LPA mediates its biological effects through the LPA 
receptors, of which at least six isoforms have currently been identified. Recently, LPA1 
has been linked to the pathogenesis of lung fibrosis and antagonism of LPA1 is 
currently being explored as a target for the treatment of idiopathic pulmonary fibrosis 
(IPF). It has been hypothesized that blocking LPA1 will reduce lung injury by mediating 
fibroblast recruitment and vascular leakage. The development of a specific PET 
radioligand having high affinity for LPA1 may provide a method to evaluate both target 
engagement and drug exposure, receptor occupancy relationships of LPA1 antagonists 
in the human lung. Both [18F]-BMT-083133 and [11C]-BMT-136088 were designed to be 
LPA1 PET radioligands, and have low nanomolar affinity for the LPA1 receptor. These 
molecules are functional in ex-vivo autoradiography studies and in-vivo imaging of LPA1 
expression in lung tissue. Here, we describe the discovery and design of these potent 
LPA1 PET ligands and their preclinical validation using disease state induced models. 

 

 
 
 



MEDI 6 

ImmunoPET imaging in the development of therapeutic antibodies 

Jan Marik, MARIK.JAN@GENE.COM. Genentech, Inc., South San Francisco, 
California, United States  

The talk will describe techniqiues for radiolabeling of monoclonal antibodies with 89Zr 
and use of thereof in translational medicine. The examples of pre-clinical and clinical 
use of ImmunoPET in the development of therapeutic antibodies will be presented. 

MEDI 7 

Gut reactions: Understanding and manipulating chemistry from the human 
microbiota 

Emily P. Balskus, epbalskus@gmail.com. Chemistry and Chemical Biology, Harvard 
University, Somerville, Massachusetts, United States  

Humans are colonized by vast numbers of symbiotic microorganisms whose 
metabolisms are inextricably intertwined with our own. To understand how chemical 
transformations performed by microbes influence health and disease, it is critical that 
we link these metabolic functions to specific genes and organisms. My research group 
seeks to discover and understand the molecular basis of disease-associated metabolic 
pathways from the microbiota. We use an understanding of chemical structure-reactivity 
principles and biosynthetic logic to devise biochemical hypotheses that associate genes 
with biological function. We also employ synthetic organic chemistry to develop 
approaches for characterizing and manipulating these activities. In this talk I will discuss 
our ongoing efforts to identify both genes and chemical mechanisms involved in multiple 
types of disease-associated microbial metabolism. I will also describe potential 
strategies for modulating microbial metabolism in the gut and their use in elucidating the 
roles played by specific metabolic functions in complex microbial communities. 

MEDI 8 

Chemical library in food presents the natural ligands for the gastrointestinal 
microbiome 

Mark L. Heiman, mheiman@mbiome.com. MicroBiome Therapeutics, Indianapolis, 
Indiana, United States  

Anything ingested has potential to impact the gastrointestinal (GI) microbiome, an 
intestinal ecosystem comprised of microbiota communities in a solution of digested, 
partially digested, and undigested foods with known and unidentified microbiota 
secreted products. The ultimate regulator of the GI microbiome is diet, but modulation 
by drugs, dietary supplements, and the host immune system are documented. It is 



commonly studied by monitoring biomarkers in fecal samples such as microbiota taxa 
and their secretome, intestinal secreted proteins and antibodies, redox state, and 
xenobiotic metabolites. Characterization of this microbiome during different 
physiological and pathological states offers abundant avenues for development of novel 
and safe therapeutics. Focusing on dietary habits in particular cultural regions with 
subgroups of individuals can identify initial bioactive molecules for an indication, which 
arises from a categorized dysbiosis. Foods, chiefly plants, offer diverse chemical 
libraries, which are specific in different cultivars grown in different regions and cultivated 
with either standard or organic horticulture. We identified active molecules in agave, oat 
and blueberry that together provide a modulator for the GI microbiome characterized in 
type 2 diabetes. Clinical data indicate improved postprandial glucose regulation when 
used as monotherapy in prediabetics. Combination of the modulator with metformin 
improves both metformin GI tolerance and glucose regulation in type 2 diabetics. We 
also developed a novel fiber from immature soy pods that have been stimulated to 
produce novel phytoalexin molecules. Data from studies in a diet-induced mouse model 
suggest this potential medical food could be useful in the treatment of obesity, autism 
and depression. Future work will focus on specific GI microbiome targets and bioactive 
molecules that can be engineered into novel therapeutics for the GI microbiome. 

MEDI 9 

Discovery of small molecule therapeutics based on microbiome-host interaction 
analysis in inflammatory bowel disease 

Todd Z. DeSantis, todd@secondgenome.com. Bioinformatics, Second Genome, South 
San Francisco, California, United States  

Microbiome therapeutics must transition from poorly-defined fecal transplants or 
bacterial cocktails to rigorously-defined small molecule drug development in order to 
obtain target specificity, regulatory clarity, GMP scalability and widespread usage. 
Fundamental to this progression was to build a platform able to elucidate the 
mechanistic interactions between the microbiome and the human, followed by an ability 
to modulate these activities. By computational alignment of differential human gene 
expression, microbial population shifts, microbial meta-transcriptomics, and 
metabolomics from multiple clinical cohorts, novel interactions were uncovered in our 
IBD program. A library of microbial metabolites produced in IBD, but not control 
mucosal biopsies were linked to concurrent changes in human gene expression. In vitro 
co-culture of intestinal epithelial cells and primary monocytes allowed the prioritization 
of a subset of microbial metabolites interfering with mucosal barrier repair. Therapeutic 
modulation validation via orally deliverable effectors now proceeds in a three-prong 
approach 1) down-modulate the populations of strains creating the metabolites, 2) 
down-modulate the microbial enzymatic pathway generating the metabolites, 3) down-
modulate the metabolites’ effect upon the host. 

MEDI 10 



Incorporation of therapeutic bacteria into the gut microbiome for treatment of 
obesity 

Sean S. Davies, sean.davies@vanderbilt.edu. Pharmacology, Vanderbilt University, 
Nashville, Tennessee, United States  

Altering the gut microbiome may be a useful long-term therapeutic strategy for treating 
metabolic disorders. One approach is to genetically modify intestinal bacteria to secrete 
therapeutic compounds that mitigate against metabolic diseases and thereby provide 
continuous treatment without requiring continuous drug administration. To test the 
feasibility of this concept, we genetically modified the intestinal bacteria E. coli Nissle 
1917 (EcN) to secrete N-acyl-phosphatidylethanolamines (NAPEs) by expressing NAPE 
acyltransferase (pNAPE-EcN). NAPEs are normally synthesized by the small intestine 
and then rapidly hydrolyzed to the highly anorexigenic N-acyl-ethanolamines (NAEs) by 
NAPE-specific phospholipase D (NAPE-PLD) in the intestine. We found that 
administration of pNAPE-EcN bacteria to mice in their drinking water markedly inhibited 
body weight and body fat gain of mice fed a high-fat diet compared to mice 
administered control bacteria or vehicle only. Hepatic levels of NAEs and of fatty acid 
gene expression were markedly increased by pNAPE-EcN administration, 
demonstrating that bacterially synthesized therapeutic compounds can be delivered to 
extra-intestinal tissues. Viable pNAPE-EcN was detected in fecal samples for at least 
four weeks after ending their administration in drinking water and body weight and body 
fat remained significantly lower than for control treated mice even 12 weeks post-
administration, demonstrating that sufficient pNAPE-EcN persisted after administration 
to exert pharmacological effects. 
To test whether the anorexigenic effects of pNAPE-EcN required hydrolysis of NAPE to 
NAE, we coexpressed both NAPE-PLD and NAPE acyltransferase to generate bacteria 
that secrete NAEs (pNAE-EcN) but not NAPEs. In wild-type mice, administration of 
pNAE-EcN exerted similar effects as pNAPE-EcN. In NAPE-PLD null mice, 
administration of pNAE-EcN but not pNAPE-EcN significantly inhibited body weight and 
body fat gain on the high-fat diet. Thus hydrolysis of NAPE to NAE by NAPE-PLD is 
absolutely required for the anorexigenic effect of NAPE. 
In summary, our studies provide proof-of-concept that incorporating bacteria engineered 
to secrete NAPE into the gut microbiota can be an effective long-term strategy for 
inhibiting development of obesity and provide insight into the mechanisms of action of 
these therapeutic bacteria. 

MEDI 11 

Pharmaceutical control of the microbiome 

Matthew Redinbo, redinbo@unc.edu. Chemistry, University of North Carolina, Chapel 
Hill, North Carolina, United States  

The intestinal microbiota encode millions of genes that represent unique pharmaceutical 
targets for human diseases from neurological disorders to drug toxicity. We are focused 



on the role the intestinal microbiota play in reactivating compounds that have been 
inactivated through glucuronidation in the liver and tagged for excretion. In particular, 
the chemotherapy drug CPT-11 (irinotecan) is inactivated by UGTs in the liver and then 
reactivated by bacterial b-glucuronidases in the large intestine resulting in dose-limiting 
diarrhea. CPT-11 is part of the FOLFIRI and FOLFIRINOX regimens essential in the 
treatment of colon and pancreas cancers, respectively. We characterized the structure 
and function of three b-glucuronidase enzymes from different bacteria and showed that 
a key bacterial loop allows for selective inhibition of these enzymes versus human 
enzyme orthologue. We developed using chemical biology novel inhibitors that potently 
and non-lethally inhibit bacterial b-glucuronidases and alleviate CPT-11-induced GI 
toxicity in mouse models. We also examined the toxicity caused by the nonsteroidal 
anti-inflammatory drugs (NSAIDs) diclofenac, ketoprofen, and indomethacin. These 
drugs has been hypothesized to be reactivated by bacterial b-glucuronidases, resulting 
in the longitudinal small intestinal ulcers that cause 40% of NSAID-associated 
hospitalizations. We found our inhibitors are also effective against this type of drug 
toxicity and alleviated intestinal ulcers in mouse models. Thus, we have established that 
the microbiome contains targets for non-lethal pharmacological intervention to address 
acute problems of human health. 

 



 



 
Microbiome drug target beta-glucuronidase complexed with targeted inhibitor. 

MEDI 12 

γ-AApeptides as a new class of peptidomimetics 

Haifan Wu, haifanwu@mail.usf.edu, Youhong Niu, Jianfeng Cai. Chemistry, University 
of South Florida, Tampa, Florida, United States  

Peptidomimetics are synthetic oligomers that resemble the activities of peptides. Their 
advantages over peptides include high stability towards proteolysis and enormous 
chemical diversity. Over the past two decades, there have been extensive efforts to 
develop peptide mimics, such as beta-peptides, peptoids, D-peptides, etc. The research 
on peptidomimetics have led to many important applications in both medicinal and 
material science. In order to explore new functions, the discovery of peptidomimetics 
with novel frameworks is essential. Herein, we report the synthesis and evaluation of a 
new class of peptidomimetics, termed as γ-AApeptides. Studies of γ-AApeptides reveal 
that γ-AApeptides are highly resistant to proteolysis, and are highly amendable to 
chemical diversification. In addition, their unique biological activities and folding 
properties suggest that γ-AApeptides will be further explored to possess novel 
structures and functions so as to find applications in both medicinal and material 
science. 

MEDI 13 

Improved inhibitors of inducible nitric oxide synthase (iNOS) through fragment 
assisted lead generation and optimization 

Fredrik Edfeldt, fredrik.edfeldt@astrazeneca.com. AstraZeneca, Molndal, Sweden  

Fragment Based Lead Generation has traditionally been focused on fully structure 
enabled campaigns with the aim of generating novel lead series. However, there are 
many other less resource intensive ways to use fragment information to guide chemistry 
efforts in drug discovery projects. Fragment information can be used to: in synergy with 
HTS to arrive at the most promising hit series; in fragmenting hits and leads in order to 
better understand their SAR; to address issues such as metabolic stability; in 
experimentally based scaffold hopping in order to rapidly develop new lead series. Here 
we present examples of these approaches in the discovery of inhibitors for inducible 
nitric oxide synthase (iNOS). 
 
iNOS has long been considered to be a promising anti-inflammatory and pain drug 
target. The protein has a highly ligandable binding pocket, i.e. finding potent ligands has 
been relatively straight forward. However, even for such tractable targets fragments can 
offer important contributions. We have used fragment information in synergy with HTS 
outputs in order to identify the most promising hit series. In addition, fragment structure-



activity relationships helped deduce the binding mode for a pyridooxazole hit series that 
proved surprisingly difficult to optimize. Fragment screening was used to identify the 
most potent and promising variants of a quinazoline scaffold. This information was then 
used to address intellectual property challenges for this quinazoline series. For a 
benzoxazolone series, fragment screening was used to address metabolic stability 
issues. A series of fragment analogs were analyzed to identify potential changes to the 
core scaffold, prior to investing in complex chemistry synthesis of full-length ligands. 
Finally, two fully fragment derived lead series were developed in record time using 
experimentally based scaffold hopping and structure-based drug design. These two 
series, based on a uracil and a phthalazinone fragment hit, were developed to give 
compounds with low nM cellular IC50s and lead-like properties. 

 

 
 
Phthalazinone fragment elaboration. 

MEDI 14 

SAR enablement of multifunctional BACE templates: Thioamidines 

Brian T. O'Neill1, brian.t.oneill@pfizer.com, Elizabeth Beck1, Michael A. Brodney1, Mark 
W. Bundesmann1, Christopher Butler1, Leanne Buzon1, Lois Chenard1, Jennifer 
Davoren1, Jason Dutra1, Christopher J. Helal1, Kevin E. Henegar1, John M. Humphrey1, 
Erik A. LaChapelle1, Bryan Li1, Ricardo Lira1, Luis A. Martinez-Alsina1, John C. Murray1, 
Kevin Ogilvie1, Loren Price1, Tuan P. Tran1, Subas Sakya2, Yong Zhang3, Aijia Yu3. (1) 
World Wide Medicinal Chemistry, Pfizer Inc, Groton, Connecticut, United States (2) 
BioDura, Shanghai, China (3) WUXI APP TEC, Shanghai, China  

Alzheimer’s disease is characterized by the early deposition of aggregated peptides 
(Ab40,42) and the subsequent formation of amyloid plaques , neurofibrillary tangles and 
dystrophic neurites in brain. The aggregated peptides are formed by sequential 



enzymatic cleavage of amyloid precursor protein (APP), initially by beta secretase 
(BACE) and subsequently by gamma secretase. Inhibition of either of these enzymes 
thus forms a potential therapeutic opportunity for protecting the brain from the Ab 
peptide. Our target, BACE 1 is a membrane bound aspartic acid protease found mainly 
in brain. Our effort has been focused on the development of SAR in three regions of an 
inhibitor molecule from the thioamidine class. This presentation will delineate the 
chemistry strategy we used to investigate substituents of the fused thioamidine series, 
especially substituents that occupy P2’, P1 and P3 binding pockets of BACE1. The 
route is stereoselective with the creation of up to 4 stereocenters through the use of a 
nitrile oxide 3+2 cycloaddition and a stereoselective aryl anion addition. 

 

 
 
 

MEDI 15 

Development of novel NLRP3 inflammasome inhibitors and their potential 
application 

Shijun Zhang1, szhang2@vcu.edu, Jeremy Chojnacki2, Carlo Marchetti3, Stefano 
Toldo2, Antonio Abbate2. (1) Medicinal Chemistry, Virginia Commonwealth University, 
Richmond, Virginia, United States (2) Virginia Commonwealth University, Richmond, 
Virginia, United States  

Inflammasomes have been identified as intracellular multiprotein complexes that tightly 
regulate the innate immune response and the production of pro-inflammatory cytokines 
such as IL-1β and IL-18. The inflammasomes share a similar structure and are typically 
formed by a cytosolic pattern-recognition receptor, an adaptor protein, and an effector 
component (caspase-1). Among the known inflammasomes, the NLRP3 inflammasome 
is the most extensively studied and widely implicated regulator of caspase-1 activation, 
the maturation and production of IL-1β and IL-18. Notably, numerous recent studies 
have indicated a critical role for NLRP3 inflammasome and IL-1β in the pathogenesis of 
many disorders such as AMI, TBI, and AD, among others. However specific NLRP3 
inflammasome inhibitors are lacking. 
Recently we have designed a specific NLRP3 inflammasome inhibitor template based 
on the structure of glyburide. Biological characterization demonstrated that this small 
molecule NLRP3 inflammasome inhibitor inhibits the production of IL-1beta, the 



activation of caspase-1. These effects are specifically through the inhibition of the 
NLRP3 inflammasome. Furthermore, we demonstarted in a mouse AMI model that 
treatment with this NLRP3 inflammasome inhibitor reduced the infarct size and cardiac 
injuries as well as limited the left ventricular dysfunction following ischemic and non-
ischemic injuries. We also demonstrated that this small molecule NLRP3 inflammasome 
inhibitor can penetrate the BBB and protect neurons from TBI. Most importantly 
treatment with this inhibitor can improve motor and cognitive functions following TBI in 
rats. Collectively these findings strongly suggest that inhibition of the NLRP3 
inflammasome with small molecule inhibitors is a promisng new strategy for pathological 
disordes that involve the innate immune and NLRP3 inflammasome systems. Detailed 
in vitro and in vivo studies and SAR studies will be presented. 

MEDI 16 

Methionine aminopeptidases (MetAPs) as promising targets toward discovery of 
novel anti-infective agents 

Phumvadee Wangtrakuldee1, pwangtrakuldee@gmail.com, Congling Chen1, Bart 
Staker2, John M. Wilk1, James R. Horn1, Timothy J. Hagen1. (1) Chemistry and 
Biochemistry, Northern Illinois University, Sycamore, Illinois, United States (2) Seattle 
Biomedical Research Institute, Seattle, Washington, United States  

Methionine aminopeptidases (MetAPs) are ubiquitous enzymes that are essential for 
the survival of various bacteria. The enzyme removes the N-terminal methionine from 
nascent proteins to initiate post-secondary modification. The ultimate goal for this study 
is to identify selective inhibitors targeting methionine aminopeptidases (MetAPs) of 
infective organisms, including Burkholderia pseudomallei, Plasmodium falciparum, and 
Rickettsia prowazekii, to generate novel anti-infective agents. 
Our studies displayed the ability of nitroxoline inhibitors of both Burkholderia 
pseudomallei methionine aminopeptidase 1 (BpMetAP1) and Plasmodium falciparum 
methionine aminopeptidase 2 (PfMetAP2) to inhibit cell growth of the target organisms. 
In addition, in vitro compound screening of 400 compounds with antimalarial activities 
from Medicines for Malaria identified 19 lead compounds with IC50 of less than 10 µM 
against PfMetAP2. Finally, initial studies to discover novel anti-rickettsial therapeutics 
through the synthesis and design of inhibitors targeting Rickettsia prowazekii 
methionine aminopeptidase (RpMetAP) will be discussed. In our preliminary study, five 
different chemical classes of compounds were screened against RpMetAP in a 
fluorescent plate-based assay. Notably, furan carboxylic acid and oxine derivatives 
were observed to exhibit inhibition potencies (IC50 values) less than 1 µM. Design and 
synthesis of analogs from these active series may lead to potential treatments for 
Rickettsia prowazekii.  

MEDI 17 

Development of pyridopyrimidine-based inhibitors of HIV-1 reverse transcriptase 



Cyrus Lacbay1, cyrus.lacbay@mail.mcgill.ca, John Mancuso2, Yih-Shyan Lin1, 
Nicholas Bennett3, Michael Menni3, Matthias Gotte3, Youla S. Tsantrizos2. (1) 
Chemistry, McGill University, Montreal, Quebec, Canada (3) Microbiology and 
Immunology, McGill University, Montreal, Quebec, Canada  

Reverse transcriptase (RT) is responsible for replicating the HIV-1 genome and is a 
validated therapeutic target for the treatment of the infection. Inorganic pyrophosphate 
(PPi) is the by-product formed during each catalytic cycle of nucleoside monophosphate 
incorporation into a growing oligonucleotide biopolymer catalyzed by RT. Interestingly, 
the PPi bioisostere foscarnet (PFA) was recently shown to inhibit HIV-1 RT by freezing 
the catalytic cycle at the pre-translocation complex. This mechanism is unique when 
compared with all currently known RT inhibitors. However, PFA lacks specificity and has 
little clinical value. In an effort to identify more drug-like compounds that could be 
selective in inhibiting HIV-1 RT over mammalian polymerases and exhibit a similar 
mechanism of action as PFA, we explored the ability of pyrido[2,3-d]pyrimidine 
bisphosphonates (PYPY-BPs) to inhibit the HIV-1 RT-catalyzed DNA polymerization. 
We developed a synthetic protocol, utilizing 2-amino-6-(methylthio)-4-
(trimethylsilyl)nicotinonitrile, as the key synthon for the modular preparation of highly 
substituted 2-aminonicotinonitriles. These building blocks were subsequently elaborated 
to PYPY-BPs and analogs were identified with equivalent potency to PFA. Preliminary 
SAR and biochemical data also suggest that PYPY-BPs can be further optimized to 
provide novel antiviral agents that are selective in inhibiting HIV-1 RT. 
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Open source malaria: A new approach to drug discovery 

Alice E. Williamson1, alice.williamson@sydney.edu.au, Matthew H. Todd1, Paul Willis2, 
OSM Consortium1. (1) Chemistry, The University of Sydney, Sydney, New South Wales, 
Australia (2) Medicines for Malaria Venture, Geneva, Switzerland  



In 2012, there were an estimated 207 million cases of malaria and over 600 thousand 
deaths.1 Frontline treatments for malaria are currently artemisin combination therapies 
(ACTs). However, the inevitable reports of resistance or tolerance have already 
appeared and so new medicines that can replace and complement the ACTs for blood 
stage falciparum malaria are urgently needed. 
 
The Open Source Malaria (OSM)2 project involves a hit-to-lead campaign in antimalarial 
drug discovery. The project was initiated with the synthesis of some known active 
compounds from the GlaxoSmithKline open dataset.3 Once the activities were 
confirmed, OSM chemists began synthesis and evaluation of four series of compounds; 
aryl pyrroles, ‘near-neighbours’, aminothienopyrimidines and triazolopyrazines. 
 
Open source drug discovery operates on the principles that all data and ideas should be 
freely shared, anyone may participate at any level and there will be no patents.4 By 
working in this manner, research is accelerated through the recruitment of expertise 
from a variety of participants. 
 
Synthetic chemistry and biological evaluations are recorded using online electronic 
laboratory notebooks.5 Project coordination is effected through the use of online project 
management tools, and participants are encouraged to join the project through social 
media. 
 
The open nature of the project means that anyone can take part and this has led to wide 
ranging contributions from a truly international and interdisciplinary team. Thus the 
iterative cycle of analog synthesis in response to biological data that is normally guided 
by luck and medchem intuition is now guided by the intuition of the collective. 
 
1WHO World Malaria Report 2013 
(http://www.who.int/malaria/publications/world_malaria_report_2013/report/en/); 2opens
ourcemalaria.org and @O_S_M; 3Nature 2010, 465, 305–310; 4Parasitology 2014, 141, 
148–157; 5Chem. Sci. 2014, DOI: 10.1039/C4SC02128B. 
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Development of non-incorporating small molecule inhibitors of antibody 
fucosylation 

Michael J. Frohn1, nhorfekim@yahoo.com, John G. Allen2, Christopher H. Fotsch1, 
Mirna Mujacic1, Tisha San Miguel1, Oliver R. Thiel3, John McCarter1, Alexander J. 
Pickrell1, Mei-Chu Lo1, John B. Jordan4. (1) Therapeutic Discovery, Amgen, Thousand 
Oaks, California, United States (2) MS 29-1B, Amgen, Thousand Oaks, California, 
United States (3) AMGEN Inc., Thousand Oaks, California, United States (4) Amgen 
Inc, Newbury Park, California, United States  

Abstract  
Antibody-dependent cellular cytotoxicity (ADCC) is an important mechanism for 
selective killing of target cells in vivo. In ADCC, mAbs bound to antigens on target cells 
engage FcγRIIIa on the surface of effector cells (NK and macrophages), which release 
pore-forming proteins and proteases that lyse the target cell. The absence of fucose 
from the Ab glycan improves binding to FcγRIIIa, reduces the effect of FcγRIIIa 
polymorphism, and improves potency and efficacy of cell killing. CF3-containing sugar 
derivative 1 was identified as a potent inhibitor of protein fucosylation, inhibiting core 
fucosylation of several different monoclonal antibodies at low micromolar concentration 
in CHO cell cultures. However, the inhibitor was also incorporated into the antibody at 
low levels (<1%). An SAR study designed to deliver non-incorporating small molecule 
inhibitors resulted in the discovery of sugar phosphonate 2. The details of that study, 
including its synthesis, efficacy, and application will be discussed. 
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Discovery and opioid receptor SAR of AT-076, the first small-molecule opioid pan 
antagonist with nanomolar affinity at mu, delta, kappa and nociceptin opioid 
receptors 



Velvet B. Journigan1, velvet@astraeatherapeutics.com, Nurulain T. Zaveri1, Willma E. 
Polgar2. (1) Astraea Therapeutics, LLC, Sunnyvale, California, United States (2) SRI 
International, Menlo Park, California, United States  

The trans-(3R,4R)-dimethyl-4-(3-hydroxyphenyl)piperidine scaffold is a well-known 
pharmacophore for antagonism at mu-opioid (MOP), kappa-opioid (KOP), and delta-
opioid (DOP) receptors, however; its pharmacological activity at the fourth opioid 
subtype, the nociceptin opioid (NOP/ORL-1) receptor, has not been explored. One 
derivative based on this scaffold is the KOP selective antagonist JDTic. In our 
laboratory, we discovered that JDTic has significant binding affinity at the NOP receptor 
(Ki NOP: 16.7 ± 0.8 nM), with no intrinsic activity in the [35S]GTPγS functional assay. In 
order to explore the structural determinants of JDTic binding for the NOP receptor, we 
performed rational chemical modifications of this scaffold. Removal of the two dimethyl 
groups of the trans-(3R,4R)-dimethyl-4-(3-hydroxyphenyl)piperidine portion of JDTic 
resulted in a 10-fold increase in binding affinity at the NOP receptor compared to JDTic 
(Ki 1.75 ± 0.74 nM), while maintaining comparable affinity for KOP, MOP and DOP 
receptors (Ki 1.14 ± 0.63 nM, 1.67 ± 0.6 nM, 19.6 ± 1.3 nM, respectively), resulting in 
AT-076, an equipotent ligand at all four opioid receptors. Detailed in vitro 
characterization of the functional activity of AT-076 showed that it had a non-competitive 
antagonist profile at the NOP and KOP receptors, but was a potent competitive 
antagonist at the MOP and DOP receptors, with Ke values of 30 nM, 4 nM, 0.6 nM, and 
25 nM, respectively. Our SAR suggests that the trans-(3R,4R)-dimethyl-4-(3-
hydroxyphenyl)piperidine opioid antagonist pharmacophore may not have optimal 
binding to the NOP receptor, compared to other opioid receptors. However, removal of 
the 3R,4R-dimethyl groups, retains affinity and antagonist potency at the opioid 
receptors, and increases affinity and antagonist potency at the NOP receptor, leading to 
a pan opioid antagonist. This work is supported by grant R01DA027811 and 
R01DA14026 (NZ). 
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Discovery of oral FSHR (follicle stimulating hormone receptor) allosteric 
modulators 

Henry N. Yu, ohhhhenryyu@yahoo.com. Chemistry, TocopheRx Inc, Wellesley, 
Massachusetts, United States  

Follicle-stimulating hormone (FSH), acting on its receptor (FSHR), plays a pivotal role in 
the stimulation of follicular development and maturation. Multiple injections of FSH are 
used in clinics for ovulation induction and for in-vitro fertilization. An orally bioavailable 
FSH mimetics would increase patient convenience and compliance. Our effort leading 
to orally active positive allosteric modulators (PAM) targeting FSHR will be described. 
We will present SAR, selectivity, DMPK, efficacy, safety and tox from selected 
examples and preclinical candidates. 
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Small molecule activators of Pro-apoptotic BAX for cancer therapy 

Evripidis Gavathiotis, evripidis.gavathiotis@einstein.yu.edu. Biochemistry, Albert 
Einstein College of Medicine, Bronx, New York, United States  

Targeting key apoptosis regulators to overcome the apoptotic resistance of cancer cells 
is a highly attractive therapeutic strategy. The BCL-2 protein family includes both pro- 
and anti-apoptotic proteins that form a complex interaction network and regulate the 
critical balance between cellular life and death. BAX is a pro-apoptotic BCL-2 member 
that, when activated, undergoes a structural transformation, which converts BAX from 
an inactive cytosolic conformation into a lethal mitochondrial pore. Anti-apoptotic BCL-2 
members contribute to the development, maintenance, and chemoresistance of human 
cancers by suppressing their pro-apoptotic counterparts. Therefore, the vast majority of 
cancer cells contain functional but suppressed BAX. We previously identified structural 
regions of BAX involved in the regulation of its activation, including the N-terminal 
activation site, and small molecules that trigger BAX activation, providing a new 
opportunity for rational drug design to target BAX (Nature, 2008. PMID: 18948948, Mol. 
Cell, 2010. PMID: 21070973, Nat. Chem. Biol., 2012. PMID: 22634637). Here, we will 
report our chemical biology, structure-based design and medicinal chemistry efforts to 
optimize our compounds to selectively and potently bind the BAX activation site and 
promote functional BAX oligomerization and BAX-mediated cell death to in vitro and in 
vivo models of human Acute Myeloid Leukemia. Our data highlight that the combination 
of chemical and structural biology approaches successfully accomplishes targeting of a 
challenging protein-protein interaction that requires to undergo allosteric conformational 
activation. Moreover, we identified the first-in-class compounds that can induce 



apoptosis in cancer cells while sparing healthy cells, through direct and selective 
interaction with BAX, providing a lead compound for development into a next generation 
cancer therapeutic. 
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Discovery of TAK-063, a novel phosphodiesterase 10A (PDE10A) inhibitor 

Makoto Fushimi1, makoto.fushimi@takeda.com, Jun Kunitomo1, Masato Yoshikawa1, 
Akira Kawada1, John F. Quinn2, Hideyuki Oki1, Hironori Kokubo1, Mitsuyo Kondo1, 
Kosuke Nakashima1, Takahiko Taniguchi1. (1) Takeda Pharmaceutical Company 
Limited, Fujisawa, Japan (2) Albany Molecular Research Inc., Albany, New York, United 
States  

Phosphodiesterases (PDEs) are intracellular enzymes involved in the hydrolysis of 
cAMP and/or cGMP into their respective nucleotide monophosphates. 
Phosphodiesterase 10A (PDE10A) is expressed at high levels in striatal medium spiny 
neurons. This tissue distribution pattern suggests that selective inhibition of PDE10A 
could be used to raise levels of cAMP and/or cGMP within cells and, therefore, may be 
useful in treating a variety of neuropsychiatric conditions, such as schizophrenia. 
High throughput screening (HTS) of our in-house chemical library identified a pyridazin-
4(1H)-one derivative with a PDE10A IC50 of 23 nM and 110-fold selectivity against other 
PDEs. Structural optimization was supported by crystal structures obtained for multiple 
complexes of pyridazin-4(1H)-one derivatives with PDE10A. The X-ray analysis 
indicated two primary hydrogen bonds: in addition to a common hydrogen bond with the 
pyridazin-4(1H)-one oxygen to conserved glutamine residue Gln716 in all PDE 
isoforms, an interaction between the pyrazole nitrogen and Tyr514 (specific to PDE10) 
via a water molecule was detected. PDE10A inhibitory activity was improved by the 
introduction of a methoxy group at the 5-position of the pyridazin-4(1H)-ones. 5-
Methoxypyridazin-4(1H)-one served as a bidentate ligand to Gln716 in the X-ray crystal 
structures. In addition, introduction of substituents at the para position of the phenyl 
rings resulted in significant improvement in affinity and selectivity. The resulting 
molecule, TAK-063, has a PDE10A IC50 of 0.30 nM and >15000-fold selectivity against 
all other PDEs. TAK-063 is currently under evaluation in clinical trials for the treatment 
of schizophrenia. 
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Discovery of a novel and potent dual orexin 1/orexin 2 receptor antagonist, 
E2006, for the treatment of sleep disorders 

Taro Terauchi, t-terauchi@hhc.eisai.co.jp. Eisai Product Creation Systems, Eisai Co., 
Ltd., Ibaraki, Japan  

The orexin receptors, two distinct G-protein coupled receptors (OX1R, OX2R) widely 
expressed in the brain, play a central role in the regulation of sleep and wakefulness. 



OX1R and OX2R exert their functions through the binding of endogenous 
neuropeptides orexin-A (33 amino acid residues) and orexin-B (28 amino acid 
residues). Due to the therapeutic potential of modulating these receptors, it has been an 
active research area for the treatment of disorders associated with sleep-awake state 
control. Actually, several orexin receptor antagonists have advanced to clinical trials for 
the treatment of insomnia. Our investigational drug, E2006, is a novel and potent orexin 
receptor dual antagonist which has demonstrated preliminary efficacy and good 
tolerability in a Phase 1 clinical trial with insomnia subjects. E2006 has subsequently 
advanced to the Phase 2 clinical trial stage. In this presentation, we will describe the 
discovery of E2006 in which drug design, synthesis and structure-activity relationship 
will be highlighted. 
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Discovery of the clinical candidate BMS-816336, an adamantyl acetamide based 
11β-hydroxysteroid dehydrogenase type-1 (11β-HSD1) inhibitor 

Xiang-Yang Ye, xiang-yang.ye@bms.com, Stephanie Chen, Shung Wu, David S. 
Yoon, Haixia Wang, Zhengqiu hong, Stephen P. Oconnor, James Li, Jun Li, Steven 
Walker, Lawrence J. Kennedy, Atsu Apedo, Akbar Nayeem, Steven Sheriff, Paul Morin, 
Daniel Camac, Thomas Harrity, Rachel Zebo, Joseph Taylor, Nathan Morgan, 
Randolph Ponticiello, Rajasree Golla, Ramakrishna Seethala, Mengmeng Wang, 
Timothy Harper, Bogdan Sleczka, Bin He, Mark Kirby, John DiMarco, Raymond 
Scaringe, Ronald L. Hanson, Zhiwei Guo, Jianqing Li, Jung-Hui Sun, Michael K. Wong, 
Bang-Chi Chen, Lauren Haque, David K. Leahy, Collin Chan, Yi-Xin Li, Tatyana 
Zvyaga, Lars Hansen, Chirag Patel, David A. Gordon, Jeffrey A. Robl. Bristol-Myers 
Squibb, Princeton, New Jersey, United States  

11β-Hydroxysteroid dehydrogenase type 1 (11β-HSD1) is an enzyme that catalyzes the 
conversion of inert cortisone to the active glucocorticoid hormone cortisol. Thus, 11β-
HSD1-mediated in situ production of cortisol represents a pathway by which 
glucocorticoid tone may be modulated in tissues. In the liver, glucocorticoids directly 
upregulate the rate limiting enzymes in both the glycogenolysis and gluconeogenesis 
pathways thereby providing a mechanism for increased hepatic glucose output. In the 
adipose tissue, glucocorticoids dampen insulin signaling thereby reducing the ability of 
insulin to stimulate glucose uptake. Therefore preventing excess glucocorticoid tone in 
these tissues may be beneficial in addressing glucose homeostasis and hyperglycemia 
in patients with type 2 diabetes. As such, numerous groups have reported generating 
highly potent and selective 11β-HSD1 inhibitors, with several compounds having been 
advanced to clinical trials. 
We have recently disclosed a series of polycyclic acetic acid based inhibitors such as 1, 
where the acid functional group acts as pharmacophore to interact with Ser170 and 
Tyr183 in enzyme binding pocket. This presentation reports our continuing efforts on the 
evolution of the corresponding carboxylic amides (such as 2) as potent and selective 
11β-HSD1 inhibitors. Further optimization of this series culminated in the discovery of 
BMS-816336, a compound which was subsequently advanced to phase 1 clinical trials. 



The genesis of BMS-816336 will be presented as well as a description of its synthesis, 
X-ray co-crystal structure with 11βHSD-1 enzyme, development properties, 
pharmacokinetics, and pre-clinical pharmacology profile. 

 

 
 
 

MEDI 26 

Discovery, optimization, and human microdosing study of a novel series of H3 
antagonists 

Milan Chytil, milan.chytil@gmail.com, Sharon Engel, Kevin Fang, Kerry 
Spear. Sunovion Pharmaceuticals Inc., Marlborough, Massachusetts, United States  

A novel series of benzimidazo-diazepine derivatives as histamine H3 receptor 
antagonists was rationally designed. 
 
The initial hit compound showed high in vitro H3 potency but a medium hERG affinity 
and a rapid rat microsomal clearance. Lead optimization focused on decreasing hERG 
affinity and on adjusting preclinical in vivo PK parameters to allow separation of 
expected insomnia AE’s from presumed cognitive enhancement in humans. 
 
Four clinical candidates were identified. 
 
Human microdosing half-lives for three compounds were determined to confirm 
preclinical in vivo half-lives. 
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Cholesteryl ester transfer protein inhibitor BMS-795311 

Jennifer X. Qiao, jennifer.qiao@bms.com, Tammy C. Wang, Alice Ye Chen, David S. 
Taylor, Richard Z. Yang, Paul G. Sleph, Julia P. Li, Danshi Li, Ming Chang, Xue-Qing 
Chen, Carrie Xu, Jianqing Li, Daniel Smith, Dauh-Rurng Wu, Leslie Leith, Lalgudi S. 
Harikrishnan, Muthoni Kamau, Richard Rampulla, Michael M. Miller, Donna Bilder, R. 
Michael Lawrence, Michael A. Poss, Paul Levesque, Christine S. Huang, Leonard P. 



Adam, Ruth R. Wexler, Heather J. Finlay, Mark S. Salvati. Bristol-Myer Squibb, 
Princeton, New Jersey, United States  

Atherosclerotic disease remains the leading cause of morbidity and mortality worldwide. 
In addition to high levels of LDL-C, low levels of HDL-C are also known to be a 
cardiovascular risk factor. Cholesteryl ester transfer protein (CETP) inhibitors raise 
HDL-C in animals and humans, and theoretically can be anti-atherosclerotic by 
enhancing reverse cholesterol transport, the process of cholesterol removal from 
peripheral tissues for delivery to the liver. In this talk, we will present lead optimization 
efforts which culminated in the discovery of BMS-795311. 
 
BMS-795311 is a highly potent CETP inhibitor with a superior preclinical liability profile 
to the benchmark CETP inhibitor, torcetrapib. BMS-795311 demonstrated dose-
dependent CETP inhibition in dual transgenic (CETP/ApoB-100) mice, and an 
equivalent increase in HDL-C, compared with torcetrapib, in hamsters. Significantly, in 
contrast to the off-target blood pressure increase observed with torcetrapib (occurring at 
5 μM plasma exposures), no blood pressure increase was observed with BMS-795311 
(30 μM plasma exposures) in rat telemetry studies. Subsequent to the termination of its 
development, torcetrapib was found to increase aldosterone synthase (CYP11B2) at 1 
μM in vitro, independent of CETP inhibition. In contrast, BMS-795311 did not increase 
CYP11B2 at 10 μM. As a result, BMS-795311 was selected for advanced toxicity 
studies and for early clinical development. 
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Discovery of potent and kinase-selective p21-activated kinase 1 (PAK1) inhibitors 

Joachim Rudolph1, rudolph.joachim@gene.com, Ignacio Aliagas1, Elizabeth 
Blackwood2, Thomas O'Brien2, James Crawford1, Joy Drobnick1, Lewis Gazzard1, 
Christopher Heise3, Wendy Lee1, Lesley Murray4, Chudi Ndubaku1, Weiru Wang5, 
Xianrui Zhao1, Klaus P. Hoeflich6. (1) Discovery Chemistry, Genentech, South San 



Francisco, California, United States (2) Translational Oncology, Genentech, South San 
Francisco, California, United States (3) Biochemical Pharmacology, Genentech, South 
San Francisco, California, United States (4) Drug Metabolism and Pharmacokinetics, 
Genentech, South San Francisco, California, United States (5) Structural Biology, 
Genentech, South San Francisco, California, United States (6) Biology, Blueprint 
Medicines, Cambridge, Massachusetts, United States  

The p21-activated kinase (PAK) family of serine/threonine protein kinases plays 
important roles in cytoskeletal organization, cellular morphogenesis and survival, and 
members of this family have been implicated in a wide range of diseases including 
cancer, infectious diseases, and neurological disorders. Owing to their large and flexible 
ATP binding cleft, PAKs, particularly Group I PAKs (PAK 1, 2, and 3), are difficult to 
drug; hence, few PAK inhibitors with satisfactory kinase selectivity and drug-like 
properties have been reported to date. Here we present major progress on achieving 
kinase selectivity through two different means, leveraging a hydrogen bond contact with 
the pre-DFG residue Thr-406 and, in a different compound series, leveraging the size 
and flexibility of the deep pocket in PAK1. In vivo evaluation of some of these selective 
inhibitors will also be described. 
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Liver targeted HIF-PHD inhibitors for the treatment of anemia 

Christopher Sinz1, christopher_sinz@merck.com, Yili Chen1, Vincent J. Colandrea1, 
Qun Dang1, Byron DuBois1, Ping Liu1, Peter T. Meinke1, Rongqiang Liu7, John Tan1, 
Feroze Ujjainwalla1, Liping Wang1, Jeffrey J. Hale1, Jiaqiang Cai8, Dominique Stickens2, 
Bimjhana Bishwokarma2, Mark Zielstorff2, Dennis Zaller2, Chi-Sung Chiu4, Mangeng 
Cheng4, Carla Alpert4, Joseph Metzger6, Liming Yang6, Stella Vincent3, Kelly Bleasby5, 
Michael Hafey5, Robert Houle5. (1) Discovery Chemistry, Merck Research Laboratories, 
Rahway, New Jersey, United States (2) Discovery Biology, Merck Research 
Laboratories, Boston, Massachusetts, United States (3) Pharmacokinetics, Merck 
Research Laboratories, Boston, Massachusetts, United States (4) Pharmacology, 
Merck Research Laboratories, Boston, Massachusetts, United States (5) 
Pharmacokinetics, Merck Research Laboratories, Rahway, New Jersey, United States 
(6) Pharmacology, Merck Research Laboratories, Kenilworth, New Jersey, United 
States (7) Chemistry, MSD China, Shanghai, China (8) Chemistry, WuXi Apptec, 
Shanghai, China  

The hypoxia inducible factor prolyl hydroxylase domain (HIF-PHD) enzymes are 
oxygen-dependent hydroxylases that normally function to downregulate the HIF-family 
of heterodimeric transcription factors which, in turn, regulate the physiological response 
to hypoxia. HIF-PHD inhibitors can be thought of as "hypoxia-mimetics" with regard to 
erythropoiesis, leading not only to the induction of erythropoietin (EPO) but also to the 
natural mobilization and utilization of iron stores, thereby offering an additional 
advantage over erythropoiesis stimulating agents (ESAs, typically recombinant human 
EPO) by reducing or eliminating the need for iron supplementation. A safe and effective 



oral agent capable of increasing erythropoietin levels and positively affecting 
hematological parameters has the potential to revolutionize anemia treatment. Proof-of-
concept for the mechanism of HIF-PHD inhibition for the treatment of anemia in CKD 
patients has been established. However, MRL profiling of HIF-PHD inhibitors in pre-
clinical species has revealed undesirable pleiotropic effects associated with systemic 
HIF-PHD inhibition. We reasoned that a liver-targeting strategy exploiting uptake by 
organic anion transporter proteins may mitigate these systemic effects. We describe 
details of a chemical design strategy which resulted in structurally diverse, liver-
selective, inhibitors of HIF-PHD enzymes. Oral administration of these compounds gave 
rise to a liver-driven increase in EPO with no effect on key extra-hepatic endpoints, 
thereby establishing pre-clinical validation for our strategy. 

MEDI 30 

Discovery of BMS-852927, a potent LXR partial agonist possessing LXRbeta 
functional selectivity 

Ellen K. Kick1, ellen.kick@bms.com, Brett Busch3, Richard Martin3, Yinong Xie3, Max 
Nanao2, Thomas Stout2, Artur Plonowski2, Ira Schulman3, Grace Yan3, William 
Stevens2, Michael Nyman2, Lam Nguyen2, Rangaraj Narayanan1, Kamelia Behnia1, 
Glenn Cantor1, John Lupisella1, Paul Sleph1, Denise Grimm1, Jacek Ostrowski1, Todd 
Kirchgessner1, Ruth R. Wexler1, Raju Mohan3. (1) Bristol-Myers Squibb, Princeton, New 
Jersey, United States (2) Exelixis, San Francisco, California, United States (3) Exelixis, 
San Diego, California, United States  

Liver X Receptors (LXR) α and β are nuclear hormone receptors that regulate many 
aspects of whole body cholesterol metabolism. LXR agonists have been shown to 
stimulate reverse cholesterol transport, and reduce inflammation resulting in decreased 
atherosclerosis plaque burden in animal models. Unfortunately, many LXR agonists 
also cause increased plasma and liver triglycerides as well as LDL cholesterol. Our goal 
was to develop potent LXRβ agonists with low LXRα activity in order to separate the 
positive effects from undesirable increases in lipids, which are thought to be driven 
mainly by LXRα. We report the SAR of a biaryl imidazole series of LXRβ partial agonists 
(60-90% efficacy) with low LXRα agonist activity (10-25% efficacy). This work led to the 
discovery of BMS-852927, which had an improved therapeutic index in cynomolgus 
monkeys, and was selected as a clinical candidate for treatment of atherosclerosis. 
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Building ERK inhibitors. Mitigaing their clearance 

Jeffrey T. Bagdanoff, jeffrey.bagdanoff@novartis.com, Daniel Poon, Wooseok Han, 
Shejin Zhu, Rama Jain, Mika Lindvall. Global Discovery Chemistry, Novartis Institutes 
for BioMedical Research, Emeryville, California, United States  



Structure-based drug design (SBDD) efforts promoted the identification of potent ERK 
kinase inhibitors across two distinct chemical series. In the first, highly lipophilic efficient 
(LipE) tetrahydropyrazolopyridine (THPP) based inhibitors were realized by excising a 
benzyl substituent engaged in a lipophilic contact with a vicinal tyrosine. The key 
crystallographic design-stage observation driving the transformation was that a latent N-
H functional group would engage a polar contact with an aspartate near the catalytic 
lysine in the ATP-competitive binding site. The impact of the transformation was 
characterized by a significant improvement in LipE, concomitant with elimination of an in 
vitro clearance liability. In the second, scaffold morphing efforts evolved a potent 
tetrahydro-pyrrolodiazepinone (THPD) series. While the THPD series demonstrated 
efficacy in a mouse model of BRAF mutant melanoma, rapid clearance limited its 
therapeutic potential. Mass spectrometry based metabolic identification studies 
indicated that metabolic oxidation of a tetrahydropyran (THP) moiety as the major 
contributing factor to the observed clearance. While it was determined that modification 
of the THP moiety provided no opportunity to mitigate clearance, a surrogate (1R,3R)-3-
aminocyclopentanol proved amenable to the task; regiospecific mono-fluorination of the 
aminocyclopentanol dramatically reduced in vitro clearance. In summary, this 
presentation will highlight successful SBDD and fluorination strategies for mitigating in 
vitro clearance. 
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Harnessing ligand-directed signaling to improve pain therapeutics 

Laura M. Bohn1, lbohn@scripps.edu, Cullen L. Schmid1, Kimberly Lovell1, Nicolette C. 
Ross1,2, Thomas D. Bannister2. (1) Molecular Therapeutics & Neuroscience, The 
Scripps Research Institute, Jupiter, Florida, United States (2) Chemistry, The Scripps 
Research Institute, Jupiter, Florida, United States  

Opioid analgesics, such as morphine, mediate their effects through activation of mu 
opioid receptors (MOR). As G protein-coupled receptors (GPCR), MOR signals through 
heterotrimeric G proteins and engages βarrestins. As multifaceted scaffolding proteins, 
βarrestins can engage with the receptor and either prevent activation of certain 
pathways (desensitization) or promote further downstream signaling by recruiting 
diverse signaling partners. There is substantial preclinical evidence in βarrestin2-KO 
mice that suggests that MOR may be negatively regulated by βarrestin2 in pathways 
promoting analgesia while MOR may utilize barrestin2 in pathways leading to certain 
side effects including tolerance, constipation and respiratory suppression. In this 
presentation, we discuss the utilization of new small molecule MOR agonists that have 
been developed at Scripps Florida that induce MOR signaling towards G protein 
pathways and away from βarrestin2 recruitment. These “G protein biased” agonists are 
potent and long lasting in promoting antinociception and have a highly diminished side 
effect profile in mice. These findings support the strengthening hypothesis that biased 
GPCR agonists can serve to harness desirable efficacy while diminishing adverse drug 
events. Moreover, we propose that "G biased" MOR agonists may be promising for 



widening the clinical therapeutic window for obtaining pain relief without side effects. 
Supported by NIH/NIDA grant 1R01DA033073 to LMB & TDB. 
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Engineering enhanced, receptor-specific, and signaling-biased arrestins 

Vsevolod Gurevich, vsevolod.gurevich@vanderbilt.edu. Vanderbilt University, 
Nashville, Tennessee, United States  

Arrestins specifically bind active phopshorylated GPCRs, precluding further G protein 
activation and channeling the signaling to G protein-independent pathways. Based on 
the elucidation of arrestin structure and key functional elements we constructed special 
arrestins to channel cell signaling in desired direction. We designed enhanced 
phosphorylation-independent arrestin mutants and showed that enhanced arrestin-1 
can compensate for the defects of rhodopsin phosphorylation in vivo. We identified the 
elements of non-visual arrestins that determine their receptor preference and showed 
that we can create arrestin-3 with high receptor specificity by a few mutations. We 
designed arrestin-3 mutant that acts as a silent scaffold, suppressing JNK activation in 
the cell. We also identified a small element of arrestin-3 that acts as a mini-scaffold, 
promoting JNK activation in vitro and in cells. Since arrestins play a role in numerous 
signaling pathways, targeted mutagenesis can yield arrestin-based molecular tools to 
tell the cell what to do in a language it cannot disobey. 
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Discovery of TRV130, a G protein biased agonist of the μ-opioid receptor, for the 
treatment of acute severe pain 

Aimee L. Crombie1, acrombie@trevenainc.com, Xiao-Tao Chen1, Philip M. Pitis1, 
Guodong Liu1, Catherine Yuan1, Dimitar Gotchev4, Dennis S. Yamashita3, Jonathan D. 
Violin2. (1) Chemistry, Trevena, Inc., King of Prussia, Pennsylvania, United States (2) 
Biology, Trevena, Inc., King of Prussia, Pennsylvania, United States (3) Discovery 
Partnerships with Academia, GSK, Boston, Pennsylvania, United States (4) Chemistry, 
Teva Pharmaceuticals, West Chester, Pennsylvania, United States  

Ligand bias at G protein coupled receptors describes preferential ligand signaling via 
one intracellular pathway over another (e.g., G protein over β-arrestin). Targeting and 
developing biased G protein coupled receptor ligands could provide an opportunity to 
develop safer and more efficacious drugs. The efforts to identify a μ-opioid receptor G 
protein biased ligand with increased analgesic efficacy and less severe adverse side 
effects compared to morphine will be described. Optimization of a lead chemical series 
resulted in the discovery of TRV130 ([(3-methoxythiophen-2-yl)methyl]({2[(9R)-9-
(pyridin-2-yl)-6-oxaspiro[4.5]decan-9-yl]ethyl})amine), a novel μ-opioid receptor biased 
ligand that elicits robust G protein signaling, of similar potency and efficacy to morphine, 
but with less β-arrestin engagement and receptor internalization. Compared to morphine 



in rodent models, TRV130 demonstrated an improved therapeutic index of analgesia vs. 
adverse effects, including gastrointestinal dysfunction and respiratory suppression. The 
compound is currently being evaluated in human clinical trials for the treatment of 
postoperative pain. Early clinical findings in experimental models revealed that TRV130 
produced greater analgesic effect than morphine at doses with less reduction in 
respiratory drive and less severe nausea, supporting a biased ligand approach to 
developing improved medicines. 
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Discovery of functionally selective ligands of fopamine D2receptors 

Kyle Butler1, John McCorvy2, Xin Chen2, Marc Caron3, William Wetsel3, Bryan L. Roth2, 
Jian Jin1, jianjin27516@gmail.com. (1) Icahn School of Medicine at Mount Sinai, New 
York, New York, United States (2) University of North Carolina at Chapel Hill, Chapel 
Hill, North Carolina, United States (3) Duke University, Durham, North Carolina, United 
States  

G protein-coupled receptors (GPCRs) signal not only via canonical pathways involving 
heterotrimeric large G proteins, but also via non-canonical G protein-independent 
interactions with other signaling proteins including β-arrestins. Functional selectivity 
(also known as signaling bias) refers to the process by which GPCR ligands 
differentially modulate canonical and non-canonical signal transduction pathways. 
Functionally selective ligands of GPCRs would be extremely useful for elucidating the 
key signal transduction pathways essential for both the therapeutic actions and side-
effects of drugs. However, very few such ligands have been created and very little 
purposeful attention has been devoted to studying what we term: “structure-functional 
selectivity relationships” (SFSR). 
 
To discover functionally selective ligands of dopamine D2 receptors (D2R), we selected 



aripiprazole, an FDA-approved antipsychotic drug, as the starting point of our SFSR 
studies and extensively investigated multiple regions of the aripiprazole scaffold. In 
total, we synthesized ca. 400 novel compounds, which were evaluated in D2R binding, 
Gi-mediated cAMP accumulation, β-arrestin-2 translocation Tango assays, GPCR 
selectivity, mouse PK, and behavioral studies in both wild-type (WT) and β-arrestin-2 
knockout (β-ARR2 KO) mice. 
 
Through these comprehensive SFSR studies, we discovered a number of extremely β-
arrestin-biased D2R agonists (Allen et al., 2011; Chen et al., 2012; manuscripts in 
preparation). These compounds were simultaneously full or partial agonists for D2R/β-
arrestin-2 interactions and inactive at Gi-regulated cAMP production with excellent 
mouse PK parameters including high oral bioavailability and CNS penetration. 
Importantly, these β-arrestin-biased D2R agonists displayed robust antipsychotic drug-
like activities in WT mice, but the significant antipsychotic drug-like activities were either 
completely abolished or significantly attenuated in β-ARR2 KO mice, suggesting that β-
arrestin recruitment and signaling can be a significant contributor to antipsychotic 
efficacy. In addition, we discovered an extremely Gi-biased D2R agonist (manuscript in 
preparation). The discovery and in vitro and in vivo characterization of these functionally 
selective D2R agonists will be presented. 
 
Supported by NIH (grant number: U19MH82441) 
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Novel GPR40 agonists for the treatment of type-2 diabetes: The effect of b-
arrestin signaling 

Chafiq Hamdouchi, chafiq.hamdouchi@gmail.com. Medicinal Chemistry, Eli Lilly, 
Indianapolis, Indiana, United States  

“The incidence of type 2 diabetes (T2D) has increased significantly in recent years, 
becoming a serious health care problem, with an estimated 285 million cases worldwide 
and an expected 439 million by the year 2030. Although several oral treatments for type 
two diabetes mellitus are available, some of them have been associated with undesired 
adverse effects such as hypoglycemia, liver damage, gastrointestinal disease and 
weight gain. Therefore new treatment options offering a more desirable safety profile 
through novel mechanism-based treatment methods are desired to effectively treat or 
prevent diabetes in more patients. The G protein-coupled receptor, GPR40, also known 
as FFA1 or FFAR1 (Free Fatty Acid Receptor 1) is highly expressed in pancreatic beta 
cell and responds to endogenous fatty acids resulting in amplification of insulin 
secretion only in the presence of elevated glucose levels. The glucose dependency of 
insulin secretion makes this receptor an excellent target for developing efficacious 
therapies with a desired safety profile for use in the treatment of T2D. 
We wish to report the discovery of a novel class of G protein coupled receptor 40 
agonists for the treatment of type 2 diabetes. 
Hypothesis driven structural modifications to the endogenous ligands FFAs led to the 



identification of spiropiperidine acid derivatives with unique pharmacokinetic properties. 
Of these, we have characterized compounds that can preferentially signal either through 
the G protein- or b-arrestin-dependent pathways. We have the SAR of these GPR40 
biased ligands to better understand the role of G protein and β-arrestin-mediated 
signaling on the in vivo efficacy. In our hands GPR40 b-arrestin activity helps to more 
accurately predict the affinity of agonists to the receptor and demonstrated a better 
correlation with in vivo efficacy. 
Compounds with strong engagement of b-arrestins at GPR40 receptor such as 
LY2881835 demonstrated the highest affinity for human GPR40, stimulated GDIS in 
rodent and human primary islets and showed the most potent glucose lowering during 
ipGTT in normal mice and during OGTT in a rodent model of insulin resistance. No 
desensitization of GPR40 was seen after 21 days of oral administration to Zucker fa/fa 
rats. 
 
The unique pharmacology and pharmacokinetic properties promised further 
development of these compounds as potential anti-diabetic drug candidates. Preclinical 
and early clinical data will be discussed. 
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Biased signaling with allosteric modulators of GPCRs 

Craig W. Lindsley, craig.lindsley@vanderbilt.edu. Dept of Pharmacology, Vanderbilt 
University, Nashville, Tennessee, United States  

This talk will focus on emerging trends in signal bias amongst different series of 
allosteric modulators of both muscarinic acetylcholine receptors and metabatropic 
glutamate receptors by stabilizing unique activated conformations of the GPCR. Of 
particular note, biased signalling enabled an mGlu5 PAM to advance into IND-enabling 
studies by virtue of bias away from direct activation of NMDA receptors, and subtle 
structural variations modulate calcium, beta-arrestin and p-ERK signaling within a series 
of M1 PAMs. SAR trends, the practicality of driving a program based on signal bias and 
opprotunities for CNS drug discovery will be discussed as well. 
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First structural disclosure, discovery, preclinical characterization, and FTIH 
pharmacokinetics for GSK2878175, a second generation boron-based inhibitor of 
the HCV RNA-dependent RNA polymerase 

John Shotwell, brad.j.shotwell@gsk.com. GlaxoSmithKline, Research Triangle Park, 
North Carolina, United States  

GSK2485852 is a previously disclosed potent boronic acid inhibitor of the HCV RNA-
dependent RNA polymerase with excellent bioavailability in man. We recently reported 
the pharmacokinetics and antiviral profile of GSK2485852 in chronically infected 



Hepatitis C patients. Single dose pharmacokinetics in Hepatitis C patients with 
GSK2485852 showed rapid metabolism affording high concentrations of two long-lived 
metabolites including a low molecule weight boronic acid fragment. Identification and 
characterization of the metabolites from our FTIH trials led to a rational re-design of our 
inhibitors affording second generation boron-containing HCV RNA-dependent RNA 
polymerase inhibitor GSK2878175. We report the first time disclosure and chemical 
synthesis of GSK2878175, in addition to a full preclinical antiviral and pharmacokinetic 
characterization and FTIH pharmacokinetic profile in healthy adults. GSK2878175 
shows pan genotype broad-spectrum inhibition of HCV replicons, a high barrier to 
resistance, a distinct binding mode with HCV polymerase co-crystals, and low clearance 
and high bioavailability across preclinical species. 

MEDI 39 

Hedgehog pathway modulators as therapeutic agents 

Matthew K. Hadden, kyle.hadden@uconn.edu. Pharmaceutical Sciences, University of 
Connecticut, Storrs Mansfield, Connecticut, United States  

The hedgehog (Hh) pathway is a developmental signaling pathway that plays a key role 
in directing growth and tissue patterning during embryonic development and its 
dysregulation has been linked to a variety of human diseases. Inhibition of Hh signaling 
is a validated strategy for targeting a variety of human malignancies and pathway 
activation has potential applications in osteodegenerative and neurodegenerative 
disorders. Current and ongoing research in the Hadden lab focuses on the development 
of three distinct scaffolds as Hh pathway modulators: (1) the secosteroid vitamin D3 
(inhibitor), (2) the clinically efficacious anti‐fungal itraconazole (inhibitor), and (3) 
oxysterols (activators). Analogues of each scaffold have been synthesized and 
evaluated in the Hadden lab and compounds that demonstrate enhanced potency, 
selectivity, and drug‐like properties have been identified. This presentation will provide 
both an overview of these projects and an update of our most recent findings. 
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Discovery of halogenated phenazine and halogenated quinoline small molecules 
with antibacterial and antibiofilm activities against staphylococcal biofilms 

Robert Huigens, rhuigens@cop.ufl.edu. Medicinal Chemistry, University of Florida, 
Gainesville, Florida, United States  

Bacterial biofilms are surface-attached bacterial communities that occur in ~80% of all 
bacterial infections. Biofilm-associated infections are highly resistant to our current 
arsenal of antibiotics. Staphylococcus aureus and Staphylococcus epidermidis are 
major human pathogens recognized as the most frequent cause of biofilm-associated 
nosocomial and indwelling medical device infections. To make matters worse, very few 
chemotypes exist that target Staphylococcal biofilms. Our group recently synthesized a 



phenazine antibiotic-inspired, focused library of diverse phenazine small molecules 
which were evaluated against Staphylococcal bacteria for antibacterial and antibiofilm 
activities. From these investigations, our group discovered several potent halogenated 
phenazines that demonstrate potent antibacterial and antibiofilm activity against 
methicillin-resistant S. aureus and S. epidermidis. Using a scaffold hopping strategy 
from the active 1-hydroxy-2,4-dibromophenazine scaffold, we synthesized and 
evaluated a focused library of 5,7-dihalo-8-hydroxyquinoline small molecules that also 
demonstrate potent antibacterial and antibiofilm activities against Staphylococcus 
biofilms. These important discoveries have the potential to provide clinically effective 
treatment options for patients suffering from drug-resistant, biofilm-associated 
Staphylococcal infections. 
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Novel small molecule immunomodulators that target toll-like receptors 

Hang H. Yin, hubert.yin@colorado.edu. Chemistry and Biochemistry, University of 
Colorado Boulder, Boulder, Colorado, United States  

The protein-protein and protein−RNA interfaces have been regarded as “undruggable” 
despite their importance in many biological processes. The toll-like receptors provide 
exciting targets for a number of infectious diseases, pain management, and cancers. 
Our previous work showed that a rationally designed peptide can disrupt the TLR4–
MD2 association, thereby blocking TLR4 signaling. Aiming to identify more drug-like, 
small molecule inhibitors of these TLRs, we developed a novel in silico screening 
methodology incorporating Molecular Mechanics (MM)/implicit solvent methods to 
evaluate binding free energies and applied this technology to the identification of 
inhibitors of the TLR4/MD-2 interaction. In silico and cellular assay results demonstrated 
that the identified compounds selectively block TLR4 activation in live cells. Animal 
model tests showed that these compounds could potentiate morphine-induced 
analgesia in vivo, presumably by attenuating the opioid-induced TLR4 activation. The 
lead compound, T5342126, was out-licensed and is currently in the preclinical pipeline. 
Besides T5342126, our group has identified other small molecule (e.g. rifampin) and 
biological (e.g. PNA-based miRNA modulators) as potential drug candidates targeting 
TLR4. 
 
To demonstrate the general applicability of this methodology, we further developed a 
series of small-molecule probes that were shown to be competitive inhibitors of dsRNA 
binding to TLR3 with high affinity and specificity. In a multitude of assays, the optimized 
small molecule inhibitor was profiled as a potent antagonist to TLR3 signaling and also 
repressed the expression of downstream signaling pathways mediated by the 
TLR3/dsRNA complex, including TNF-α and IL-1β.  
 
Further, we described the discovery of a novel small molecule probe (CU-CPT22) for 
the protein complex of innate immune receptors, toll-like receptors 1 and 2 (TLR1-
TLR2). Targeting the TLR1-TLR2 complex is a dynamic research area with much 



therapeutic potentials. However, the lack of potent and selective small molecule 
inhibitors of the TLR1-TLR2 complex significantly limits their study. CU-CPT22 has 
demonstrated high potency and specificity both in vitro and in whole cells by targeting 
the binding site of the native ligand, Pam3CSK4, on the TLR1-TLR2 heterodimer 
interface.  
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Discovery and adverse safety findings of two new mGluR5 NAM chemotypes 

Antonia F. Stepan, Antonia.Stepan@pfizer.com. Neuroscience, Pfizer, Cambridge, 
Massachusetts, United States  

Although levadopa remains the most effective drug for the symptomatic treatment of 
Parkinson’s disease (PD), its chronic use is associated with the development of 
abnormal involuntary movements called levodopa-induced dyskinesias (LID). Research 
has shown that metabotropic glutamate receptor type 5 (mGluR5) negative allosteric 
modulators (NAMs) reduce LID in both animal models and levodopa-treated PD 
subjects. The two prominent clinical mGluR5 NAMs are AFQ056 (Novartis) and 
RG7090 (Roche). 
 
This presentation will discuss the discovery of the structurally distinct mGluR5 NAMs 1 
and 2 and the details of their preclinical adverse safety findings. Compounds 1 and 2 
displayed favorable biopharmaceutical profiles as indicated by their high mGluR5 
potency (Ki of 1 and 6 nM, respectively), good physicochemical properties (e.g., 1: 
clogP = 1.3, tPSA = 79, 2: clogP = 1.5, tPSA = 66) and low projected human efficacious 
doses (4 or 2 mg BID, respectively). Importantly, 1 showed statistically significant 
reductions of LID in Madopar-treated MPTP-rendered Parkinsonian non-human 
primates (nhp), confirming that this structural class of alkyne-lacking mGluR5 NAMs is 
effective in this clinically translatable PD-LID model. However, both compounds showed 
skin lesions consistent with a type IV immune-mediated hypersensitivity in nhp 
toxicology studies. On day 9, male monkeys treated with 1 presented with skin 
reddening and prepuce skin lesions that progressed to open lesions at exposure 
multiples of 150× over the efficacious plasma concentration (Ceff; Ceff is based on 80% 
mGluR5 occupancy, exposure multiples are calculated using AUC0–24-derived 
concentrations). Histopathological analysis detected microscopic skin lesions at 
exposure multiples ≤ 10× Ceff in animals lacking a visible rash.[1] Subsequently, 
chemically distinct 2 was also found to cause the identical microscopic skin lesions at 
exposure multiples of 86× Ceff without a clinical rash.[2] The preclinical animal models 
used in an attempt to de-risk these adverse findings, as well as the mechanistic basis 
hypothesized to underlie the common immunological response, will be discussed. 
 
 
[1] - Lei Zhang et al. J. Med. Chem. 2014, 57, 861. 
 
[2] - Antonia F. Stepan et al. manuscript in preparation. 
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Efficient small molecule inhibitors of the HDM2-p53 protein-protein interaction 

Michelle R. Machacek, machacekm@gmail.com. Medicinal Chemistry, Merck & Co, 
Inc., Boston, Massachusetts, United States  

p53 is a transcription factor that controls cellular responses to stress by inducing cell 
cycle arrest, promoting apoptosis, increasing DNA repair, and preventing angiogenesis. 
As such, there has been considerable interest in harnessing the anti-proliferative 
properties of p53 for onocology indications. A key negative regulator of p53 is the E3-
ubiquitin ligase HDM2. Binding of HDM2 to p53 effectively reduces the amount of p53 in 
the nucleus by blocking the N-terminal transcription domain of p53 and targeting the 
protein for degradation through poly-ubiquitination. Inhibition of the HDM2-p53 protein-
protein interaction (PPI) frees p53 to exert its anti-proliferative effects. 
 
A significant amount of research has been conducted towards finding small molecule 
inhibitors of the p53-HDM2 interaction, culminating in several compounds that have 
entered Phase I clinical trials. However, as is typical for small molecule inhibitors of 
PPIs, many of the known inhibitors are high molecular weight compounds with poor 
physical properties. These characteristics are risk factors for issues in development 
such as variable human PK and large doses required for target engagement. 
 
This talk will describe our efforts to design efficient low molecular weight PPIs with good 
physical properties and PK profiles. In particular, the optimization of a novel lead with 
modest HDM2 affinity into a highly efficient series of compounds without significantly 
increasing molecular weight will be described. Our strategy of utilizing conformational 
control and biostructural information to guide design while focusing on physical 
properties will be highlighted. 
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Design, synthesis, and biological evaluation of novel tubulysin analogs as 
payloads for antibody-drug conjugates for the targeted treatment of cancer 

Yuanyuan Huang, Hongsheng Xie, Junxiang Jia, Huihui Guo, Shun Gai, Xing Li, Lan 
Qu, Xiaotao Zuo, Xiaomai Zhou, Sanxing Sun, Qingliang Yang, Wenjun Li, Chen Lin, 
Hangbo Ye, Robert Y. Zhao, rz8899@yahoo.com. Hangzhou DAC Biotech Co., Ltd, 
Hangzhou City, China  

After the US FDA’s approval of brentuximab vedotin in 2011 and ado-trastuzumab 
emtansine in 2013, the field of antibody–drug conjugates (ADCs) has gained 
tremendous momentum, and significant research efforts are directed to identify more 
effective payloads and to achieve more efficacy for higher safety profile. There are over 
30 ADCs currently in clinical evaluation. The majority of ADCs in clinical evaluation 
utilize the highly potent tubulin-interacting agents, maytansinoids or auristatins. A few 



ADCs in clinics have incorporated other potent effector molecules, such as the 
topoisomerase 1 inhibitor SN-38 or the DNA interacting agents calicheamicin and 
pyrrolobenzodiazepines. The tetrapeptide tubulysins which have been reported the 
exceptional potency exceeding that of vinblastine, taxol and epothilones are interesting 
cytotoxic agents for ADC studies. Here we designed and synthesized Tubulysin D 
analogs bearing conjugatable linkers at their C-terminus (tubutyrosine (Tut)). In vitro, 
these free conjugatable Tubulysin D analogs are much less potent than a maytansinoid, 
DM1SMe, due to the hydrophilicity of these angents. Once conjugated to an antibody, 
the conjugates of these cytotoxic agents were much highly cytotoxic and enhanced 
immunologically specific cell killing at subsaturating doses. In vivo, ADCs bearing these 
cytotoxic agents demonstrated better antitumor activities than existing ADC drugs in 
several xenografttumor models. 
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Characterization of the cell adhesion peptide sequence, RGD, (arginine, glycine, 
aspartic acid) tethered to polyethylene glycol hydrogels by VSFG spectroscopy 

Rosita Asawa2, Jessica McGee2, Daniel Schmitt2, Holly Baca2, Mark R. Watry1, 
mwatry@franciscan.edu, Derek Doroski2. (1) Chemistry Department, Franciscan 
University of Steubenville, Steubenville, Ohio, United States (2) Biology Department, 
Franciscan University of Steubenville, Steubenville, Ohio, United States  

A primary goal of tissue engineers is to develop a material that can be injected into a 
wound that directs and speeds up the body’s own repair mechanisms, that minimizes 
the risk of infection and immunogenic reaction, and that metabolizes away when the job 
is finished. The RGD sequence of amino acids is known to effect cell adhesion and cell 
mobility. Artificial scaffolds like PEG hydrogels can be used to fill the space in a wound 
where we want new cells to accumulate. We have synthesized PEG hydrogels 
functionalized with pendant RGD groups. Mesenchymal stem cells adhere to these 
functionalized hydrogels and move across the hydrogel. In this work, we also use 
Vibrational Sum Frequency Spectroscopy (VSFG), a nonlinear optical spectroscopy that 
probes the vibrational spectrum of molecules at interfaces, to determine the orientation 
and conformation of the hydrogel surface and the RGD sequence. 
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New flash purification capabilities decrease run times up to 67% 

John R. Bickler, bob.bickler@biotage.com. Biotage, LLC, Hampstead, North Carolina, 
United States  

For medicinal chemists and their employers time is money. Drug discovery and 
development is very costly so reducing time to market for a NME (new molecular entity) 
is critical for a pharma company’s success.  
All this starts in the medicinal chemistry lab with well-designed syntheses and rapid 



product purification. Microwave technology as helped increase compound synthesis 
rates but purification is often a bottleneck to the process. Now, a new flash purification 
system with designed-in method optimization capabilities reduces flash purification 
times two to three times vs. conventional flash systems. 
In this poster we will show examples of how this new flash system speeds the 
purification process without compromising product purity. 
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New high-performance C18 flash cartridge significantly improves resolution and 
fraction purity 

John R. Bickler, bob.bickler@biotage.com. Biotage, LLC, Hampstead, North Carolina, 
United States  

As medicinal chemistry broadens its scope beyond Lipinski’s rule of 5, compounds with 
more polar functionality and complexity are being created. Often, these compounds are 
too polar/ionizable for normal-phase purification and therefore require reversed-phase 
chromatography. 
Though conventional 50 µm C18 media will often suffice for these applications, the 
increased molecular complexity of the reaction mixture’s products often needs more 
resolution to enact a quality purification. In this poster we will show how a new high-
performance reversed-phase flash cartridge increases separation power and increases 
loading capacity >2x over conventional C18 cartridges leading to higher purity fractions 
and improved purification throughput. 
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Rapid cleanup of peptides with mass-directed flash chromatography and 
spherical C18 silica 

Wendy J. Hartsock1, wendy.hartsock@biotage.com, John R. Bickler2, 
bob.bickler@biotage.com, Victor Vandell1, Frank A. Kero1. (1) Biotage, Charlotte, North 
Carolina, United States (2) Biotage, LLC, Hampstead, North Carolina, United States  

Flash chromatographic separation of peptides can significantly shorten purification 
times. This purification technique can act as either a front-end cleanup prior to HPLC or, 
as in some cases, the sole method of purification. The specific application depends on 
the properties of the crude product and downstream purity requirements. 
We have previously shown that pairing reversed-phase flash chromatography with 
mass-directed fractionation is a robust technique. We have already reported the 
separation of a C-terminal deletion sequence of an 18-residue amphipathic alpha-helical 
peptide. While successful, these previous studies were performed with 50 micron 
irregular silica. 
Here we demonstrate the well-known advantages of small particle, spherical silica in 
well-packed columns, in a new application of mass-directed flash chromatography for 



purification of peptides under reversed-phase conditions. Our small particle C18 silica 
not only has improved loading with higher resolution but is also stable to a wide range of 
conditions (e.g. pH 2-11). Thus, flash chromatography has the advantage of using 
cartridges with stability to materials that may otherwise foul a traditional HPLC column 
as well as a large loading capacity in addition to purification protocols that are typically 
faster compared to traditional techniques. 
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Purification of peptides by flash chromatography 

Jack E. Silver, jacksilver27@earthlink.net, R. Lewis. Teledyne ISCO, Lincoln, 
Nebraska, United States  

Synthesized peptides are generally purified by HPLC methods. Flash chromatography 
systems and columns now exhibit sufficient resolution to purify synthetic peptides, 
providing a less expensive alternative to prep HPLC systems. New detectors for flash 
chromatography, such as relatively low-cost mass spectrometers also aid in purifying 
the synthesized peptides. This poster describes the purification of a synthesized peptide 
using a combination of UV and mass spectrometer detection using various reverse 
phase columns. A comparison is made between narrow-pore and wide-pore resins, and 
also reverse phase resins with differing carbon chain lengths (C4, C8, and C18). 
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Design, synthesis, and biological evaluation of Rickettsia prowazekii methionine 
aminopeptidase (MetAP) Inhibitors 

Travis R. Helgren, thelgren@niu.edu, Congling Chen, Phumvadee Wangtrakuldee, 
Christine Long, Mickey Hathuc, Ryan Small, Brendan Curran, James R. Horn, Timothy 
J. Hagen. Chemistry & Biochemistry, Northern Illinois University, Dekalb, Illinois, United 
States  

Rickettsia prowazekii is a bacterium responsible for the human infection of typhus, a 
disease with mortality rates between 10 and 60 percent if left untreated. Methionine 
aminopeptidases (MetAP’s) are a class of enzymes whose function is to cleave N-
terminal methionine residues from nascent proteins. The necessity of MetAP on cellular 
function is well established and its inhibition results in rapid cell death. MetAP’s have 
therefore become an attractive therapeutic target for the treatment of bacterial infection. 
We have designed and synthesized a wide variety of RpMetAP inhibitors based upon 
several chemical scaffolds including triazoles, hydroxyquinolines, aryl furans and 
anthranilic acids. The compounds exhibit a wide range of activity against RpMetAP with 
IC50 values from 10 µM to less than 600 nM. 

 



 
 
General structures of the aryl furan, triazole, hydroxyquinoline and anthranilic acid RpMetAP 
inhibitors. 
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Mutual solubilities of the antibiotic/β-lactamase inhibitor drug combinations 
vancomycin, piperacillin, and tazobactam in aqueous solution 

Hailey S. Gray, hsg3110@live.com, Howard N. Gray, ngray@uttyler.edu, Sean C. 
Butler, Rachel N. Mason. Department of Chemistry & Biochemistry, University of Texas 
at Tyler, Tyler, Texas, United States  

The glycopeptide antibiotic vancomycin (V) in combination with the β-lactam/β-
lactamase inhibitor pair piperacillin/tazobactam (PT) have been reported to be 
synergistically active against methicillin-resistant Staphylococcus aureus (MRSA) and 
vancomycin-intermediate S. aureus (VISA) in severely ill patients. In addition, improved 
pharmacokinetic and pharmacodynamic properties have been demonstrated for β-
lactam antibiotics in dosing strategies which maintain a drug concentration above the 
minimum inhibitory concentration (MIC) for an extended period of time. Dosing 
regimens involving V and PT that take advantage of both synergistic benefits and 
prolonged infusions have been implemented at many institutions, but not without 
problems. Such dosing strategies are complicated by limited intravenous access which 
usually leads to the simultaneous administration of all three drugs through a common Y-
site. Safely co-administering these drugs requires a thorough understanding of their 
mutual solubility behavior. Unfortunately, current reports are inconsistent or focus on 
small concentration ranges. Here we report our study of the mutual solubility of V and 
PT over a wide range of concentrations in aqueous solution using three methods: 
nephelometric titration, turbidity measurements of simulated Y-site injection samples, 
and turbidity measurements of static solutions of known concentrations. 
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Molecular mechanism and ligand design of a PLP/GABA-dependent bacterial 
transcription regulator GabR 

Emily Cybulla, emcybulla@gmail.com, Rui Wu, Cory Reidl, Donna Gawron, Daniel P. 
Becker, Dali Liu. Dept of Chemistry, Loyola University Chicago, Chicago, Illinois, United 
States  

Antibiotic development for multi-drug resistant bacterial strains that contribute to 
recurring infections in Cystic Fibrosis (CF) patients is a medically-relevant area of 
biochemistry and medicinal chemistry research. Interdisciplinary studies on potential 
activators and inhibitors of GabR and PLP-dependent GABA metabolism in the 
nonpathogenic species Bacillus Subtilis will enable us to modulate the GABA shunt 
pathway, which is under GabR-dependent transcription regulation, in the related 
pathogens Burkholderia cenocepacia and Burkholderia multivorans.1,2 These two 
species belong to the Burkholderia cepacia complex (Bcc) often associated with 
infections in CF patients, and synthesized ligand modulators of GabR in B. Subtilis 
should have a deleterious effect on viability in the pathogens. Taking advantage of the 



existing PLP in GabR, we start by elucidating the ligand recognition mechanisms of 
agonistic or antagonistic ligands, which are derived from designed inactivators of PLP-
dependent aminotransferases in GabR. In B. Subtilis, B. Cenocepacia, and B. 
Multivorans, through site-directed mutagenesis and X-ray crystallography, we aim to 
provide insights into the three-dimensional structure of the Gab-R/GABA/PLP complex 
formed in initiating transcription of the gabTD operon. Potentially more potent analogs of 
4-amino-5-fluoropentanoic acid have been designed, synthesized, and characterized for 
their antibiotic potential against the bacterial strains of both the nonpathogenic model 
and those belonging to the Bcc. 
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Synthesis, conformational analysis, and pharmacokinetics of fluorinated 
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We previously described the design of a new antibiotic effective against Mycobacterium 
tuberculosis (Mtb), the causative agent of tuberculosis (TB) that operates through a 
novel mechanism of action through inhibition of siderophore biosynthesis. The lead 
compound 5ʹ-deoxy-5ʹ-{[N-(salicyl)sulfamoyl]amino}adenosine (Sal-AMS, 1) is a 
multisubstrate inhibitor of MbtA and possesses potent nanomolar enzyme inhibition and 
whole cell activity; however, it suffers from poor oral exposure and bioavailability. To 
address these shortcomings, we will report the design, synthesis, and pharmacokinetic 
characterization of a systematic series of fluorinated analogs including 2ʹ,3ʹ-difluoro 
derivatives (2 and 3) with the goal to improve lipophilicity and decrease potential first-
pass metabolism. This replacement also affected the stereoelectronic properties of the 
sugar moiety restricting the conformational equilibria and locking the sugar ring into 
either a 2'-endo, 3'-exo (South) or a 3'-endo, 2'-exo (North) conformation. The impact of 
sugar conformation on biological activity and pharmacokinetic properties will be 
discussed. Appropriate substitution of fluorine onto the nucleoside profoundly affected 



the biological activities and pharmacokinetic (PK) properties resulting in substantially 
improved oral exposure (up to 35-fold increase) primarily through an increase in half-
life. 

 

 
 
 

MEDI 54 

Protein structure-based virtual screening led to identification of novel natural 
product-derived hits as cannabinoid receptor 1 modulators 

Pankaj Pandey, ppandey@go.olemiss.edu, Kuldeep K. Roy, Robert J. 
Doerksen. Division of Medicinal Chemistry, Department of BioMolecular Sciences, The 
University of Mississippi, University, Mississippi, United States  

Nature, over more than a century, has remained a rich source of potential drugs, some 
of which have been discovered and are currently being used for several human disease 
treatments. Cannabinoid receptor 1 (CB1) antagonists are clinically established to be 
effective in treating obesity, obesity-related cardio-metabolic disorders, and substance 
abuse, but no such drug is currently on the market. With this in mind, we embarked on a 
journey to discover new classes of CB1 antagonists, utilizing a protein structure-based 
virtual screening (SBVS) approach. For SBVS, we used an in house prepared and 
validated CB1 homology model and the purchasable ZINC natural products subset 
(www.zinc.docking.org), which we downloaded, prepared and filtered to retrieve only 
those natural products matching drug-like characteristics. Those prepared drug-like 
compounds were then subjected to Glide docking using the CB1 protein model. This 
stage afforded a total of 192 (Glide score cutoff ≤ –9.0) top-ranked hits that were then 
analyzed for structural diversity, and thereby a total of 18 structurally diverse 



compounds were selected for procurement and in vitro testing against CB receptors. 
Seven compounds exhibited >50% inhibition at 10 μM against CB1 receptor. Altogether, 
this study has revealed some of novel chemotypes from natural sources [with 1 ≤ Ki 
(µM) ≤ 15] that could further be modified to improve CB1 efficacy. 
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a multimodal, multiaction prodrug therapy for MRSA 
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MRSA infections pose a serious risk to not only the immune compromised or elderly 
persons. A skin scrape can be life threatening. Over $ 9.6 billion in additional healthcare 
related costs was spent in 2005 on MRSA related hospitalizations and over 18, 000 
deaths. First generation of N-alkylthiolated beta-lactams are anti-MRSA bacteriostatic 
agents via inhibition of Fatty Acid Biosynthesis. The mechanism involves transferring of 
the thiol group onto acetyl- coenzyme A. Previous research defined the N-alkylthio 
moiety activity is best when it is small and less branched to make transfer easy to Co-A. 
The lactam ring skeleton contains two carbons, C3 and C4, opposite the carbonyl 
carbon and nitrogen respectively. Said carbons are attachment sites to expand drug 
activity. New derivative combinations with broad spectrum antibiotics create a 
multimodal prodrug. Their reactivity has yet to be tested but is anticipated to improve on 
the already positive results from the parent lactam. 
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Investigating the conformational states and ligand binding of voltage gated 
sodium channels by multiple spectroscopic techniques 
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Voltage gated sodium channels are the targets of drugs treating chronic pain, epilepsy, 
cardiac arrhythmia and other pathologies. It is believed their ability to target pathological 
channels comes from state dependent selectivity. While crystallographic studies (from 
our lab and others) on bacterial voltage gated sodium channels have provided snapshot 
views of open and closed states, the mechanism of gating is still unclear, as is the 
influence of the crystalline enviroment. We have used spectroscopic techniques to 
assess the conformation of sodium channels in micelle, bicelles, and lipid vesicles. This 
has enabled us to investigate the contribution of different domains to gating, providing 
insights into the relationships between the conformations seen in crystals and in 
membranes and has proved further parameters for computational modelling of 
dynamics. It also allows the screening of state-dependant sodium channel ligands to 
ascertain their ability to alter the equilibrium of open and closed channels. We are using 



multiple spectroscopic techniques that can assay gating using different aspects of the 
channel: oriented synchrotron radiation circular dichroism (oSRCD) can give information 
on the angle of the alpha helices lining the pore, smFRET measurements (in 
collaboration with D. Clarke, Rutherford Appleton Labs) show the diameter at the base 
of the pore, and EPR (in collaboration with C. Kay, University College London) shows 
the mobility of the backbone around the gate. 
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Incorporation of triazoles as disulfide mimics in chimeric AGRP-melanocortin 
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Melanocortin receptors (MC1-5R) are G protein-coupled receptors, which are regulated 
by endogenous agonists and antagonists. They are involved in important biological 
pathways such as skin and hair pigmentation, erectile dysfunction, food intake, energy 
homeostasis and exocrine gland function. The MC3 and MC4 receptors are expressed 
in brain and regulate weight and energy homeostasis, which make them potential 
weight control drug targets. Our laboratory is involved in the design, synthesis and 
characterization of potential ligands to probe selectivity and potency at these 
functionally overlapping receptors. Rational design of potent and selective agonist and 
antagonist ligands for these receptors is still challenging. In our ongoing efforts, we 
have designed and synthesized 1,4- and 1,5-substituted 1,2,3-triazole-bridged peptides, 
which mimic potent chimeric AGRP-melanocortin peptide template Tyr-c[Cys-His-DPhe-
Arg-Trp-Asn-Ala-Phe-Cys]-Tyr-NH2. Design, synthesis and pharmacological evaluation 
of these 1,2,3-triazole-bridged peptide mimetics at the melanocortin receptors will be 
presented. 
 
Acknowledgement: This work is supported by NIH grant # NIHRO1DK23762. 
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Konishi1, Atsushi Suwa1, Kentaro Takai1, Kazuki Hashimoto1, Harumi Matsuda1, 
Tomokazu Nakako1, Mutsuko Sakai1, Gakuji Hashimoto1, Takeshi Enomoto1, Atsushi 
Kitamura1, Yasuaki Uematsu1, Akihiko Kiyoshi1, Takaaki Sumiyoshi2. (1) Sumitomo 
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We designed and synthesized novel N-substituted 7-azaindoline derivatives as selective 
M1 and M4 muscarinic acetylcholine receptors (mAChRs) agonists. Optimization of the 



7-azaindoline derivatives from the HTS hit compound led to identification of compound 
1. The compound 1 showed highly selective M1 and M4 mAChRs agonistic activity, 
good blood brain barrier penetration, and high bioavailability in rats, dogs and monkeys. 
In addition, oral administration of compound 1 reversed methamphetamine-induced 
hyperlocomotion in rats. These results indicate that compound 1 has a good potential as 
an orally available antipsychotic with a novel mechanism of action. Furthermore, we 
have successfully improved the yield of the original synthesis of compound 1 through 
identification of the reaction mechanism, which involves intermolecular migration of N,N-
dimethylcarbamoyl group as indicated by isolation of key reaction intermediate A. We 
accomplished optimization of the reaction conditions based on the revealed reaction 
mechanism and a large-scale synthesis of compound 1. 
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Design, synthesis, and structure-activity relationships of flupirtine derivatives for 
the treatment of neuronal ceroid lipofuscinosis 
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Batten disease is a rare, autosomal recessive neurodegenerative disorder, affecting 6 to 
8 of every 100,000 live births in the US. It is the most common form of a range of 
disorders known as neuronal ceroid lipofuscinosis (NCLs). Various genes have been 
identified in which mutations can lead to Batten disease. However, the common 
pathway underlying these genes and their resulting proteins has not yet been identified. 
Currently, there is no cure for Batten disease; stem cell and gene therapy have been 
attempted but failed to show efficacious results. Current treatment is symptomatic and 
supportive but does not target the underlying pathophysiology, an accelerated rate of 
death of neurons by apoptosis. 
The small molecule flupirtine exerts neuroprotective effects in isolated neuroal cell lines 
and crucially, in Batten patient lymphoblasts under pro-apoptitic conditions. Flupirtine 
was never designed as an NCL treatment, yet indicates potential in this disease state, 
as such no medicinal chemistry structure-activity relationship (SAR) studies have been 
conducted to investigate the potential of this compound as a hit for Batten disease. 
We have established a synthetic route suitable for the generation of diverse analogues 
of flupirtine to permit SAR determination of neuroprotective activity in a phenotypic 
assay. Our preliminary screening has identified candidate analogues with enhanced 
neuroprotective effect over flupirtine, indicating a SAR exists for the compound and 
confirming flupirtine as much needed viable hit compound for drug discovery in Batten 
disease. 
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Sigma receptors have been widely studied for their functions in many biological 
systems, particularly in the central nervous system, and are involved in several 
pathologies in this system such as depression, anxiety, schizophrenia, and 
neurodegeneration. In addition to CNS pathologies, sigma receptors are highly 



overexpressed in a number of cancer cell types including breast, ovarian, and lung 
cancer cell lines. Sigma receptors are non-GPCR chaperone proteins that reside on the 
ER and aid in proper protein folding. There are two identified sub-types: sigma-1R 
(σ1R) and sigma-2R (σ2R). The σ1R has been isolated from guinea pig and cloned to 
determine the receptor as a 223 amino acid protein. This subtype has been the focus of 
many therapeutic studies for various diseases such as cocaine addiction, depression, 
pain, Alzheimer’s disease (AD), and cancer. On the other hand, the σ2R has not been 
as widely studied because it has yet to be cloned; however, the σ2R has been the 
subject of many cancer studies. The σ2R has been isolated from a PC12 cell line (rat 
adrenal glands) and recently was putatively identified as the progesterone receptor 
membrane component-1 (PGRMC1). Ongoing research in our lab has focused on 
targeting sigma receptors for a therapeutic effect in alcohol addiction, 
neurodegenerative diseases, and cancer. Synthesis of a privileged scaffold allows us to 
readily access analogs to gather structure activity relationship (SAR) data to rationally 
design lead compounds by targeting this therapeutically diverse protein. The library of 
sigma receptor ligands thus synthesized is commercially screened in receptor binding 
assays and a C. elegans model of age related, AD patterned neurodegeneration to 
determine the selectivity, potency, and efficacy of these ligands. SAR evaluation of 
next-generation analogs are continuously analyzed in order to optimize drug candidates 
for treating alcohol addiction, neurodegenerative diseases, and various cancers. 
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Optimization of synthetically novel agonists of the putative cannabinoid receptor, 
GPR55, using an activated state model 
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The research presented details the creation of an activated state model of the putative 
cannabinoid receptor, GPR55, based on the crystal structure of CXCR4, a receptor with 
which GPR55 has high homology. Into this model, analogs of the high throughput 
screen compound hit, (E)-3-(2-methoxyphenyl)-N-((4-(N-methyl-N-
phenylsulfamoyl)phenyl) carbamothioyl)acrylamide (CID1792197), were docked. Of 
particular interest was the synthetically novel GPR55 ligand, 6-(2-hydroxyethyl)-N-((4-
(N-methyl-N-phenylsulfamoyl)phenyl)carbamothioyl)-2-napthamide, in that it is a highly 
bioactive analog of the parent molecule (CID1792197) . Both the novel ligand and its 
parent scaffold mimic the shape of lysophosphatidylinositol (LPI), the endogenous 
GPR55 ligand. Prior work in this lab established that the GPR55 binding pocket 
accommodates ligands with an inverted “L” or “T” shape, having long, thin profiles that 
can vertically penetrate deep in the receptor, while their broad upper regions occupy a 



horizontal binding pocket near the receptor’s extracellular loops. Currently, the known 
major interactions between ligands and the GPR55 receptor are hydrogen bonding with 
K2.60(80), aromatic stacking with F3.33(102) and Van der Waals interactions with 
M3.36(105), F5.47(190)and L7.35(270). The results of the current project will facilitate 
the optimization and design of third generation analogs as well as the design and 
synthesis of a radioligand to better characterize the binding site interactions of GPR55 
ligands. [Support: NS077347-A1, DA023204 and DA021358] 
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Rational fesign of fual-site scetylcholinesterase inhibitors: Multifunctional lead 
for Alzheimer’s disease therapy 



Wenchao Yang, tomyang@mail.ccnu.edu.cn, Sheng-Guang Yang, Guang-Fu 
Yang. Central China Normal University, Wuhan, Hubei, China  

As the most common neurodegenerative disorder, Alzheimer’s disease (AD) afflicts 
millions of people worldwide. AChE inhibitors were approved to treat mild to moderate 
Alzheimer’s disease, but most of them showed limit efficacy and many adverse effects. 
Developing safe and efficient drug of new generation is urgently needed, and research 
on dual-site AChE inhibitor is a promising direction. Herein we report two strategies to 
rationally design novel dual-site AChE inhibitors. One is the synthesis of hybrid of 
tacrine, the well-known highly active AChE inhibitor, with coumarin. The other is the 
structure-based design of dual-site human AChE inhibitors with novel framework 
through stepwise optimization. Compound 1g, the hybrid of tacrine and coumarin linked 
with 6 methylene chain, demonstrated 2-fold higher potency (K i = 16.71 nM) against 
human AChE compared with tacrine (K i = 34.51 nM). Compound 2e, characterized by a 
central benzamide moiety linked to an isoquinoline at one side and acetophenone at the 
other side, was discovered as the most potent candidate with K i of 6.47 nM against 
human AChE. Moreover, both of them showed simultaneous inhibitory effects on BChE, 
Aβ aggregation, and β-secretase. We therefore conclude that compounds 1g and 2e 
are novel promising multifunctional leads in drug discovery for AD therapy. 
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Discovery of novel, potent γ-secretase inhibitors 



Zhiqiang Zhao, zhiqiang.zhao@merck.com. Merck, Kenilworth, New Jersey, United 
States  

γ-Secretase is one of the critical enzymes required for the generation of Aβ peptides, 
which play a key role in Alzheimer’s disease (AD). Inhibition of γ-secretase holds 
promise as a disease-modifying therapy for this disorder. This poster describes the 
synthesis, SAR, and biological profiles of a novel spiro heterocyclic series of γ-
secretase inhibitors. A few representatives of the series were assessed in a non-
transgenic animal model of AD and demonstrated reduction of Aβ after acute dosing. 

MEDI 64 

Novel amyloid binding compounds: A search for PET imaging probes for 
neurofibrillary tangles 
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Neurofibrillary tangles (NFTs), or abnormal intraneuronal deposits of tau protein, are 
present in many neurodegenerative diseases and are believed to play a key role in the 
progression of Alzheimer’s disease (AD) and other tauopathies. The presence and role 
of NFTs in these diseases have brought great attention to the discovery of selective and 
high-affinity compounds for use in non-invasive imaging techniques and therapeutic 
drug development. Utilizing a ligand-based virtual screening technique, the compound 
5-(6-methoxy-2-naphthyl)-1H-pyrazole (1) was purchased and tested in a competitive 
in-vitro AD brain homogenate assay. This compound exhibited high affinity for NFTs 
and Aβ-amyloid plaques with Ki of 23.3 nM and 2.3 nM, respectively. With a high 
degree of pan-selectivity that many compounds display for amyloid protein structures, it 
has proven difficult to design both selective and high-affinity agents for NFTs while also 
maintaining both moderate lipophilicity, and amenity to either 11C or 18F radiolabeling for 
PET imaging. Through our own structure-activity relationship studies, as well as 
published data, selectivity for NFTs can be achieved through the modification of flanking 
electron donating and withdrawing groups on these highly conjugated π systems. 
Applying these modifications to compound (1), a small library of derivatives was 
prepared. Within this series, higher affinity NFT binding compounds have been 
discovered providing further impetus for designing a selective NFT PET imaging probe. 
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Crystallographic evaluation of chelidamic acid congeners 

Austin L. Green1, austin.l.green@tcu.edu, Kimberly M. Lincoln4, Ryker E. Saunders3, 
Kayla N. Green2. (1) Texas Christian University, Dubach, Louisiana, United States (2) 



Chem Dept TCU Box 298860, Texas Christian University, Fort Worth, Texas, United 
States (4) Texas Christian University, Fort Worth, Texas, United States  

Alzheimer’s Disease, a progressive neurodegenerative disorder that takes the lives of 
approximately 500,000 people per year, still lacks a definitive diagnosis and reliable 
treatment protocol1. Oxidative stress has been shown to be a key factor associated with 
the molecular markers of the disease. As such, a series of N-heterocyclic amines 
derived from chelidamic acid have been produced to evaluate these compounds as 
potential therapeutics for Alzheimer’s Disease. We have shown these systems to be 
both antioxidant and capable of breaking apart the plaques associated with this 
neurodegenerative disorder2. Based on the aforementioned success, this study focuses 
on the development of new systems based on a chelidamic acid core. 
These chelidamic acid derivatives are characterized using X-ray crystallographic 
methods in order to show how the bond lengths and angles are influenced by the 
experimental R-groups, which possess a range of donor capacities. By comparing the 
structural results (bond angles and distances) from the range of proposed compounds, 
the influence of the varying donors on the aromatic ring can be understood. This 
information is critical for identifying optimal potential therapeutic agents prior to 
metallation. 
1. Alzheimer’s Disease Facts and Figures, Alzheimer’s & Dementia. Alzheimer’s 
Association 2011, 7. 
2. (a) Lincoln, K. M.; Gonzalez, P.; Richardson, T. E.; Julovich, D. A.; Saunders, R.; 
Simpkins, J. W.; Green, K. N., 'A potent antioxidant small molecule aimed at targeting 
metal-based oxidative stress in neurodegenerative disorders. Chem. Commun 2013, 
49, 2712-2714; (b) Lincoln, K. M.; Green, K. N.; Gonzalez, P., Bimodal antioxidant 
chelators in response to metal-induced aggregation in Alzheimer's disease. Abstracts of 
Papers, 243rd ACS National Meeting & Exposition, San Diego, CA, United States, 
March 25-March 29, 2012 2012, BIOL-229; (c) Lincoln, K. M.; Offutt, M. E.; Hayden, T. 
D.; Saunders, R. E.; Green, K. N., Structural, Spectral, and Electrochemical Properties 
of Nickel(11), Copper(II), and Zinc(II) Complexes Containing 12-Membered Pyridine- 
and Pyridol-Based Tetra-aza Macrocycles. Inorg Chem 2014, 53 (3), 1406- 1416. 

MEDI 66 

Rational design and bioevaluation for novel acetylcholinesterase inhibitors for 
treating Alzheimer’s disease 
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Central China Normal University, Wuhan, Hubei, China  

Alzheimer’s disease (AD) is a progressive, neurodegenerative disease characterized by 
progressivememory loss, decline in language skills, and loss of function. Despite 
decades of intensive study, the specific cause of AD remains enigmatic. Most 
researchers agree that several pathological phenomena are closely associated with AD 
lesions, such as a decrease of the neurotransmitter acetylcholine (ACh), formation of 
amyloid β-protein (Aβ) plaques, and abnormal posttranslational modifications of tau 



protein to yield neurofibrillary tangles. AChE inhibitors were approved to terminate the 
decrease of ACh to treat mild to moderate Alzheimer’s disease, but most of them 
showed limit efficacy and many adverse effects. Therefore, compounds with novel 
structure are urgently needed to overcome those problems. X-Ray diffraction analysis 
has revealed that the inhibitor-binding pocket of AChE consists of three subsites, the 
catalytic active site (CAS), the peripheral active site (PAS), and a narrow channel 
between CAS and PAS. Therefore, an ideal AChE inhibitor is supposed to consist of 
three structural units: an aromatic ring as the head to bind with the PAS, another 
aromatic ring as the tail to interact with the CAS, and a linker to connect the head and 
tail. Following this hypothesis, we conducted a structure-based design and successfully 
produced a series of new multi-site AChE inhibitors with a novel framework (Figure 1). 
We have successfully designed and synthesized a series of novel inhibitors of human 
AChE and human BChE. As the most promising candidate, compound 2e, with a K i 
value of 6.47 nM, showed about 4- fold higher activity than tacrine towards human 
AChE. Interestingly, compound 2e also showed simultaneously inhibitory effects against 
BChE, Aβ aggregation, and β-secretase. We therefore conclude that compound 2e is a 
very promising multi-function lead for the treatment of AD. 
References 
1 Saxena, A. K., Chaudhaery, S. S., Roy, K. K., et al. J. Med. Chem. 2010, 53, 6490-
6505. 
2 Peng, D. Y., Sun, Q., Zhu, X. L., et al. Bioorg. Med. Chem. 2012, 20, 6739-6750. 
3 Al-Tel, T. H., Semreen, M. H., Al-Qawasmeh, R. A., et al. J. Med. Chem. 2011, 54, 
8373-8385. 

 

 
 
Figure 1. Molecular design strategy of lead compound 1g. 
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The cannabinoid CB2 receptor, a class-A G-protein coupled receptor (GPCR), is 
currently a preferred therapeutic target over the CB1 receptor. Selective activation of the 
CB2 receptor might eliminate CB1-driven unwanted psychoactive effects and provide 
clinical benefits for treatment of various types of diseases including neuropathic pain 
and inflammatory disorders. Despite several advances made in the structure elucidation 
of GPCRs, there is no experimental structure available for either of the two CB 
receptors. Development of selective CB2 agonists (with minimal affinity for CB1) could 
be better driven by improved knowledge of the three-dimensional (3D) structure of CB 
receptors in their active states. Therefore, we aimed to develop and validate optimal 3D 
model(s) of the human CB2 receptor through systematic homology modeling and 
molecular dynamics simulations. Several homology models were built on multiple 
templates of available X-ray active state structures of GPCRs, and the best model was 
used to generate an agonist-bound CB2 complex. Through an extended MD simulation 
(500 ns) of a large system (53,265 atoms) comprising an agonist-bound CB2 receptor 
embedded into a fully hydrated POPC lipid bilayer, we identified various conformational 
states and dynamic motions adopted by the CB2 receptor. In fact, the CB2 receptor is 
stabilized by formation of extensive, water-mediated H-bond networks on both the 
intracellular and extracellular sides, aromatic stacking interactions, and receptor-lipid 
interactions over its transmembrane regions. Several characteristics of the CB2 receptor 
activation, revealed during the MD simulation, include: broken ionic lock 
(R1313.51…D2406.30), formation of a key H-bond (Y2095.58…Y2997.53), salt-bridged 
interactions (E181…K278…D24 and R236…E3057.59), and toggle switch residues 
interactions. Notably, observed CB2 receptor activation characteristics spanning various 
GPCR conserved motifs such as D(E)RY, NPxxY, S(N)LAxAD, and CWxP are in 
excellent agreement with those from previous reports on other class-A GPCRs. Other 
observed characteristics are specific for the activation of the CB2 receptor. 
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Vitro Biology, AMRI , Bothell, Washington, United States (3) AMRI, Singapore Research 
Center, Singapore (4) Covance, Greenfield, Indiana, United States  

Mounting evidence suggests that N-methyl-D-aspartate (NMDA) receptor dysfunction 
plays a key etiological role in various neuropsychiatric disorders. Specifically, 
subcortical and cortical NMDA receptor hypofunction is believed to contribute to the full 
range of symptomology associated with schizophrenia. One method to potentiate 
NMDA receptor function is to increase synaptic glycine concentrations via inhibition of 
glycine transporter-1 (GlyT-1). This approach has been validated in a variety of 
preclinical models predictive of antipsychotic activity and in clinical trials, providing 
compelling evidence that GlyT-1 inhibitors show promise as a novel class of 
antipsychotics. In addition to schizophrenia, GlyT-1 inhibitors have also demonstrated 
promise for the treatment of various other neuropsychiatric disorders including 
depression, obsessive-compulsive behavior, alcohol dependence, post-traumatic stress 
disorder, and neuropathic pain. The design, synthesis, structure-activity relationships 
(SAR), and pharmacological evaluation of a novel class of N-((1-(4-(sulfonyl)piperazin-
1-yl)cycloalkyl)methyl)benzamide inhibitors will be presented. 
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Arylguanidine NAMs for α7 nAChRs: Where do they bind and why? 

Osama I. Alwassil1, alwassiloi@vcu.edu, Shailesh Khatri2, Marvin K. Schulte2, 
Malgorzata Dukat1. (1) Medicinal Chemistry, VCU, Richmond, Virginia, United States (2) 
Pharmaceutical Sciences, University of Sciences, Philadelphia, Pennsylvania, United 
States  

Allosteric modulators of α7 neuronal nicotinic acetylcholine receptors (nAChRs) are a 
promising, alternative approach to the treatment of neurodegenerative diseases. 
Previously we reported that meta-chlorophenylguanidine (mCPG; 1) and its N-methyl 
analog 2, developed in our laboratory, exert negative allosteric modulator (NAM) actions 
at α7 nAChRs. To determine their plausible binding site and modes, homology models 
of the extracellular domain (ECD; PDB ID: 3SQ9) and the transmembrane domain (TM; 
PDB ID: 2LLY) of hα7 nAChRs were generated (Modeller 9.12). Through alignment of 
amino acid sequences and available mutagenesis data, we identified three key amino 
acid residues (i.e., Thr221 from ECD, and Met276, Thr473 from TM) that might form an 
essential interaction with arylguanidines. HINT (Hydropathic INTeractions) analyses 
indicated an energetic preference (the larger the number the more energetically 
preferable) for the interaction of 1 and 2 at the ECD (HINT score: 917 and 627, 
respectively) allosteric site over the TM domain (129 and 273, respectively) site. 
Docking studies resulted in different binding modes for 1 and 2. Thus, two series of 
analogs (n = 16) with parallel substituent modifications at the aryl 3-position were 
synthesized and evaluated for functional activity in two-electrode voltage clamp assays 
using frog oocyte-expressing α7 nAChRs (IC50 value range = 21 – 118 μM; 12 – 125 
μM, respectively). A poor correlation (r = 0.474; n = 8) of pIC50 values of the 1 series 
versus pIC50 values of the 2 series supported our docking results. Hansch-type QSAR 



studies on the 2 series showed a significant correlation with the minimum width (Verloop 
B1) (r = 0.927; n = 8) and lipophilic nature (π) (r = 0.912; n = 8) of the 3-position 
substituent. However, a significant internal correlation exists between the two properties 
(r = 0.956; n = 8). HINT-based hydropathic maps are in agreement with biological data. 
[ARDRAF] 
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Structure activity relationship of tetrahydroisoquinoline N-methyl-D-aspartate 
receptor positive allosteric modulators can be modified to target GluN2B-
containing receptors 

Katie L. Strong 1, klstron@emory.edu, David S. Menaldino1, Kevin K. Ogden2, Stephen 
F. Traynelis2, Dennis C. Liotta1. (1) Chemistry, Emory University, Atlanta, Georgia, 
United States (2) Pharmacology, Emory University, Atlanta, Georgia, United States  

N-methyl-D-aspartate (NMDA) receptors belong to a class of ionotropic glutamate 
receptors and mediate a slow, Ca2+-permeable component of excitatory synaptic 
transmission. These receptors are important for a number of normal neurophysiological 
processes, and the dysfunction of these receptors has been indicated in a variety of 
neurological disorders. For this reason, identification of new pharmacological and 
therapeutic probes that selectively potentiate specific subunits of this receptor could be 
of therapeutic relevance and could help to elucidate important neurobiological 
principles. We have extended the structure-activity relationship for a 
tetrahydroisoquinoline class of compounds that includes the prototype CIQ. Modification 
of specific functionalities yielded compounds that not only potentiate the GluN2C and 
GluN2D subunits, but also GluN2B. In rare cases there appears to be modest 
potentiation of NMDA receptors that contain the GluN2A subunit. We have also 
separated the enantiomers for a potent compound in the series, and found that the S-(-) 
enantiomer is active at GluN2B, GluN2C, and GluN2D subunits, while the R-(+) 
enantiomer is GluN2C and GluN2D subunit selective. While initial molecules 
synthesized in the CIQ class of compounds were selective only for the GluN2C and 
GluN2D-containing receptors, we show here that the modification of certain features of 
the scaffold can tune this series to target other GluN2 subunits. 
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CPM: A potential moiety to reduce opioid dependence 

Zhijun Wu1, zj1234508536@yahoo.com, Victor J. Hruby2. (1) ABC Resource, 
Plainsboro, New Jersey, United States (2) Univ of Arizona, Tucson, Arizona, United 
States  

N-cyclopropylmethly (CPM) is a common moiety of opioid ligands and often seen with 
many opioid antagonists, such as naltrexone naltrindole and nalmefene, and some 
opioid agonists also bear this moiety. It was noticed in our recent studies that many of 



the CPM-bearing agonists, including full, partial, or mixed agonists, seemed all 
displaying reduced drug dependence or certain other related side effects, a 
phenomenon named functional bias of opioid ligands. Based on our structural modeling 
and analysis, we considered the CPM moiety responsible for both the antagonism and 
the functionally biased effects of opioid ligands. In this presentation, we will showcase a 
number of literature examples along with the modeling results to support our 
hypothesis. 
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Curcumin/melatonin hybrids as neuroprotective agents for Alzheimer’s disease 

John Saathoff, saathoffjm@vcu.edu, Kai Liu, Jeremy Chojnacki, Shijun 
Zhang. Medicinal Chemistry, Virginia Commonwealth University, Richmond, Virginia, 
United States  

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that effects ~5.2 
million Americans. Current FDA approved medications provide mainly symptomatic 
relief and there are no agents available to delay or cure this disease. Multiple factors 
such as amyloid-β (Aβ) aggregates, dyshomeostasis of biometals, oxidative stress, and 
neuroinflammation have been indicated roles in development of AD. Even though 
significant advances have been made in understanding the mechanisms leading to AD, 
the exact etiology of AD still remains elusive. Given AD’s multifactorial nature, a 
multifunctional strategy of small molecule design would help to identify novel chemical 
templates. Curcumin displays activity against Aβ plaque formation, inflammatory 
cytokines, and oxidative stress; while melatonin also reduces Aβ plaque formation and 
neuroinflammation. Recently our lab has developed hybrid molecules of curcumin and 
melatonin that exhibit potent neuroprotections in various AD models. Herein, we report 
the optimization of the discovered hybrid lead compound through structure-activity 
relationship (SAR) studies. Sturcutral modifications at the phenyl ring, olefin double 
bond, and the 5-postion of the indole ring, led to 15 hybrid molecules. Biological 
charatcerization demonstarted that the 4-OH of the lead structure is crutical for activity. 
On the other hand hybrids lacking the olefin still displayed activity, showing that the 
olefin is not required. Finally, SAR studies also confirmed that modifcation at the 5-
postion of indole ring is tolerated. 
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Application of machine learning and regression techniques in developing novel 
homologous recombination inhibitors 

Jiewen Zhu, jzhu@uci.edu. University of California, Irvine, Irvine, California, United 
States  

Cancer cells depend on upregulated DNA repair pathways to survive and proliferate, as 
well as to evade DNA damaging treatment. Homologous Recombination (HR) is the 



most efficicient and error free DNA repair mechanism. Targeting DNA repair pathways, 
especially HR, has recently become attractive strategies in combating cancers. 
However, it is often challenging to make the leap from hit to lead. Here, we compare the 
applications of several state-of-the-art machine learning and regression techniques in 
assisting and directing the discovery of novel RAD51 inhibitors. With the guidance of the 
preferred models, a newly developed lead exhibited more than four fold increase of 
potency in growth inhibition of triple-negative breast cancer cell line MBA-MD-468, as 
well as inhibition in HR efficiency assay. The machine learning method described here 
may be applicable to other drug development senarios as well. 

 



 



 
Predictive Model for RAD51 inhibitors 

 
 
HR assay shows IBR120 inhibit homologous inhibition 
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Simple and integrated approach to compound progress and work-request 
tracking 

Jess W. Sager1, jess.sager@dotmatics.com, Tamsin E. Mansley2, Philip Mounteney1, 
Curtis P. Snyder1. (1) Dotmatics, Inc, San Diego, California, United States (2) 
Dotmatics, Inc, Woburn, Massachusetts, United States  

Keeping track of the status of compounds from initial synthesis through all levels of 
testing is a challenge in any laboratory setting. It is critical to know what work has been 
requested and whether it has been completed. This becomes even more complex to 
track when looking across a large number of compounds. What compounds have been 
made? Which have been tested? What compounds have progressed through which 
assays, and do the results justify taking them further in the testing process? Fully 
integrated software tools allow users to monitor the entire workflow and request 
process; tracking the synthesis of a compound or class of compounds, analysis and 
multiple stages of testing with a single search, and drill into details for individual 
syntheses, analyses, or assays with a few keystrokes. 
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In silico modeling workflows in support of exploratory computational toxicology 

Michael R. Goldsmith, r.goldsmith@chemcomp.com, Daniel Chang, Alain Deschenes, 
Chris Williams, Alain Ajamian. Chemical Computing Group, Montreal, Quebec, Canada  

The US-EPA's ToxCast dataset in the iCSS (interactive Chemical Safety for 
Sustainability) dashboard is ideal for in silico model development to support the rational 
molecular-based screening and prioritization of bioassay properties. Combined in silico 
and in vitro techniques have previously been used to explore nuclear receptor-based 
binding properties (e.g., ER, AR and TR) for existing endocrine panels. The present 
work demonstrates the development of nuclear receptor family related iCSS data 
through the application of the Molecular Operating Environment (MOE) for in silico "NR 
superfamily" model development. The scope of the data development ranges from 
ligand/protein structure preparation for in silico data generation (such as molecular 
docking studies) to QSAR-derived descriptor-based filters and classifiers (for apical 
endpoint estimates and targeted protein-ligand structure-based classifiers) which 
include both qualitative and quantitative in silico toxicogenomic datasets and 
workflows.These models and underlying molecular toxicoinformatics-driven workflows 
can be used independently, or in tandem with other techniques that have been 
developed, to provide rapid assay-chemical and target-toxicant relationship networks for 
interpreting adverse outcome pathways (AOPs) and to gain toxicological insight with a 
molecular and atomic level of resolution. 
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Importance of visualization in lead discovery: Supporting the medicinal chemist 
in designing compounds more efficiently 

Carsten Detering, detering@biosolveit.com. BioSolveIT Inc, Bellevue, Washington, 
United States  

It is without a doubt that unambiguous visualization is the chemists' most important 
requirement towards a scientific software.[1] But there is even more to it. Ease of use, 
interactivity and seamless mapping of the chemists workflow are equally important to 
warrant effective and efficient design of potential new lead structures. 
We have taken on the challenge to design a software that does exactly that. It helps the 
chemists transform their ideas directly in 3D in the active site of the protein, with on-the-
fly assessment of the qualitative affinity, LLE, LE, MW, TPSA and other important 
properties. This way the chemist can ideate and select the most promising compounds 
right from within the software. Synthesis of potentially unsuccessful compounds is 
rendered unnecessary, because the chemist can make a more informed decision on 
which compound are likely to be successful. 
We will showcase the science behind the software and application examples. 
 
[1] Head, MS, J Comput Aided Mol Des (2012) 26:51–56 

 



 
 
A screenshot of SeeSAR, state-of-the-art ideation software for chemists. 
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Chemoinformatics analysis of natural products databases: Toward the 
identification of tubulin polymerization inhibitors 



Rodrigo Aguayo-Ortiz, rodaguayo@comunidad.unam.mx, Rafael Castillo-Bocanegra, 
Alicia M. Hernandez Campos, Jose L. Medina-Franco. Pharmacy, National Autonomous 
University of Mexico, Mexico, Mexico  

Natural products databases (NPD) have been used as sources for the identification of 
novel bioactive, specific and less toxic compounds. As part of our continued effort to 
perform a computational characterization and screening of NPDs we report the 
structural diversity of six large NPD. The comparison was based on different molecular 
fingerprints implemented in Molecular Operation Enviroment (MOE) with the Tanimoto 
coefficient. Additionally, we performed a comparative analysis of the trends of each 
fingerprint to identify behaviors among them. The results of the NPD diversity analysis 
were employed for the identification of novel tubulin inhibitors via ligand-based virtual 
screening, using as reference the structure of a novel tubulin polymerization inhibitor 
(G2N). The similarity analysis resulted in 5,906 candidates from a screening library 
containing approximately 150,000 diverse natural products compounds, of which 50 
structures with the higher percentage similarity with the query (i.e. 60%) were selected 
to perform the docking studies. The results of this work highlight the value of 
chemoinformatics approaches for the evaluation of chemical databases and 
identification of potential tubulin polymerization inhibitors. 
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Discovery and synthesis of triphenylethanamine derivatives as highly potent 
cholesteryl ester transfer protein Inhibitors 

Tammy Wang, tammy.wang@bms.com, Jennifer X. Qiao, Alice Ye Chen, David S. 
Taylor, Richard Z. Yang, Paul G. Sleph, Julia P. Li, Danshi Li, Ming Chang, Xue-Qing 
Chen, Carrie Xu, Jianqing Li, Paul Levesque, Christine S. Huang, Leonard P. Adam, 
Mark S. Salvati, Heather J. Finlay, Ruth R. Wexler. Bristol-Myer Squibb, Princeton, New 
Jersey, United States  

Low levels of high density lipoprotein cholesterol (HDL-C) and high levels of low density 
lipoprotein cholesterol (LDL-C) are independent predictors of cardiovascular disease 
(CVD) risk. Inhibition of the cholesteryl ester transfer protein (CETP) results in an 
elevation of plasma HDL-C and a reduction in LDL-C, and offers a promising approach 
for the potential treatment of atherosclerosis. CETP inhibitors, for example torcetrapib, 
anacetrapib and evacetrapib, were advanced to clinical trials and have been shown to 
increase HDL-C and reduce LDL-C levels in humans. In this presentation, we continue 
the disclosure of triphenylethaneamine (TPE) ureas and amides 1 as highly potent 
CETP inhibitors. Synthetic highlights include further optimization of the quaternary 
template and subsequent microwave assisted transaminations on the urea moiety to 
extend SAR at this position. In addition, optimization of the R1 and R2 substitutions will 
be presented that lead to compounds with excellent in vitro potency and in vivo efficacy 
for CETP inhibition, including compound 1 where R1 is isopropoxy, R2 is 1,1,2,2-
tetrafluoroethoxy and R3 is 4-fluoro-3-(trifluoromethyl)phenyl. In contrast to torcetrapib, 



compound 1 did not elevate blood pressure in studies using telemeterized rats at 
plasma concentrations where complete CETP inhibition was observed. 
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Identification of a novel class of covalent modifiers of hemoglobin as potential 
antisickling agents 

Abdelsattar M. Omar2,3, abdelsattar_m@hotmail.com, Mona A. Mahran4, Mohini 
Ghatge5, Nadia Chowdhury5, Fayda H. Bamane6, Moustafa E. El-Araby1, Osheiza 
Abdulmalik7, Martin Safo5. (1) Faculty of Pharmacy, Medicinal Chem Dept, King 
Abdulaziz University, Alsulaymanyah Jeddah, Saudi Arabia (2) Pharmaceutical 
Chemistry, Faculty of Pharmacy, King Abdulaziz University,, Jeddah, Saudi Arabia (3) 
Pharmaceutical Chemistry, Faculty of Pharmacy, Al-Azhar University, Cairo , Egypt (4) 
Pharmaceutical Chemistry, Faculty of Pharmacy, Alexandria University, Alexandria, 
Egypt (5) Medicinal Chemistry, School of Pharmacy and Institute for Structural Biology 
and Drug Discovery, Virginia Commonwealth University, Richmond, VA 23298, Virginia, 
United States (6) 5Department of Biochemistry, Faculty of Medicine, King Abdulaziz 
University, Jeddah, Saudi Arabia (7) Division of Hematology, The Children's Hospital of 
Philadelphia, Philadelphia, Pennsylvania, United States  

Sickle cell disease (SCD) is an inherited disorder that affects millions of people 
throughout the world. Polymerization of sickle hemoglobin (Hb S) and the subsequent 
sickling of red blood cells (RBCs) that develop under low oxygen saturation conditions is 
exacerbated by the inherently low oxygen affinity of sickle RBCs – presumably as a 
result of increased intracellular concentration of 2,3-diphosphoglycerate in erythrocytes. 
This pathological process can be mitigated by increasing the oxygen affinity of Hb S, 
either by stabilizing the relaxed (R) state Hb and/or destabilizing the tense (T) state Hb. 
Covalent binding effectors of hemoglobin (Hb), such as aromatic aldehydes and 
ethacrynic acid (ECA) are known to exhibit these pharmacologic properties. ECA 
increases the oxygen affinity of Hb via a Michael addition reaction between its β-
unsaturated carbon and the sulfur atom of βCys93, disrupting a T-state stabilization 
salt-bridge interaction between βHis146 and βAsp94, shifting the allosteric equilibrium 
to the R-state. 



 
Based on the foregoing, we designed and synthesized several imidazolylacryloyl 
derivatives (designated as KAUS molecules) based on the ECA pharmacophore, that 
we hypothesized would bind covalently to deoxygenated Hb and destabilize the T-state 
in a similar fashion as ECA, but with more potent allosteric and antisickling activities, 
and also devoid of ECA diuretic property. 
We further studied nine of the compounds on their effect on Hb oxygen affinity, as well 
as their ability to inhibit sickling of RBC under hypoxia. In addition, crystallographical 
studies of deoxygenated Hb in complex with two of the compounds, KAUS-12 and 
KAUS-15 we performed. Results of our studies were surprising because the good 
binding as revealed by X-Ray crystallography did not reflect on the inhibition of sickling 
of RBCs. In this presentation, we are going to discuss the design and the synthesis of 
these compounds as well as the biological and crystallographic results. 
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Process of blood coagulation investigated through the interactions of aspirin with 
bovine red blood cell lipid extract membrane monolayers 

Kaitlyn A. Miller, kamiller@monmouthcollege.edu, Audra Sostarecz. Monmouth 
College, Monmouth, Illinois, United States  

Blood coagulation allows for the human body to heal damaged vessels with a platelet 
and fibrin-containing material to clog the site of bleeding, curbing the amount of blood 
loss. In humans, the activity of vitamin K epoxide reductase (VKOR) allows for this 
process of blood coagulation to occur. Proteins depend on the structural support of 
disulfide bonds and the deletion of VKOR inhibits the formation of these bonds. This 
VKOR is the intended target for anticoagulants such as aspirin, one of the most widely 
used and commercially available forms of anticoagulants. By extracting red blood cell 
lipids from bovine serum and injecting those lipids onto an aspirin infused subphase, the 
Langmuir Monolayer Technique can be used to determine if there is an interaction 
between the anticoagulant and the lipid indicative by a less ordered, more fluid 
monolayer. This research allows for the observation of the interactions between the 
anticoagulant and the lipids at the molecular level in hopes of determining how they 
might affect the VKOR coagulation process. 
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Novel coumarin based monocarboxylate transport 1 & 4 inhibitors as anticancer 
agents 

Lucas Solano1, solan043@d.umn.edu, Conor Ronayne2, ronay013@d.umn.edu, 
Grady L. Nelson3, nels5138@d.umn.edu, Shirisha Gurrapu4, Sravan K. 
Jonnalagadda5, Venkatram Mereddy1,2. (1) Chemistry, University of Minnesota, Duluth, 
Minnesota, United States (2) Pharmacy, University of Minnesota, Duluth, Minnesota, 



United States (3) University, Duluth, Minnesota, United States (4) University of 
Minnesota, Duluth, Minnesota, United States  

Advanced cancer patients experience aggressive tumor proliferation and metastasis. 
These tumors require increased energy demands and adopt vigorous glycolysis to 
support their demands. As a result of glycolysis the cells produce excess lactic acid 
inside the cell. Mono-carboxylate transports 1 and 4 (MCT 1 and 4) have the 
responsibility of influx/efflux of the lactate. Inhibition of MCT 1 and/or 4 is thought to 
decrease cellular pH and cause cellular toxicity. Recently, we have synthesized novel 
coumarin based small molecules that have the ability to inhibit these transporters. Here 
we present the synthesis of these new novel derivatives as well as toxicity results from 
several human and murine cell lines. We also present some of anticancer efficacy 
studies in vivo. 
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Potent dual monocarboxylate transporter 1 & 4 inhibitors for triple negative 
breast cancer treatment 

Lucas Solano1, solan043@d.umn.edu, Grady L. Nelson2, nels5138@d.umn.edu, 
Conor Ronayne3, ronay013@d.umn.edu, Venkatram Mereddy3,4, Sravan K. 
Jonnalagadda2, Shirisha Gurrapu2. (1) Chemistry, University of Minnesota, Duluth, 
Minnesota, United States (2) Integrated Biological Sciences, University of Minnesota, 
Duluth, Minnesota, United States (4) Pharmacy, University of Minnesota, Duluth, 
Minnesota, United States  

Triple negative breast cancer (TNBC) constitutes 10–20% of all breast cancers and is 
associated with aggressive tumor growth, recurrence, metastasis and poor patient 
outcome. TNBC adopts vigorous glycolysis to meet the increased energy demand of the 
tumor. Lactic acid is then generated as the main energy source. Export of this lactic acid 
out of the cell is essential to prevent a decrease in intracellular pH and avoid apoptosis. 
Lactic acid influx and efflux from cells is facilitated by members of the mono-carboxylate 
transporter family known as MCT1 and MCT4. Potent dual MCT 1 & 4 inhibitors have 
been developed based on α-cyano-4-hydroxy cinnamic acid template. Utilizing this 
template we were able to complete an extensive in vitro based SAR. These studies 
were then followed by xenografts on MDA-MB-231 which showed our MCT inhibitors 
have the potential to act as single agent anti-cancer agents as well as in combination 
with standard chemotherapy to realize their synergistic potential. 
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Development of collagen films coated with synthetic photoreactive peptides that 
support cardiovascular repair and regeneration 

Jean-Daniel Malcor1, jdmm3@cam.ac.uk, Daniel Bax2, Dominique Bihan1, Samir 
Hamaia1, Richard Farndale1. (1) Department of Biochemistry, University of Cambridge, 



Cambridge, United Kingdom (2) Department of Materials Science and Metallurgy, 
University of Cambridge, Cambridge, United Kingdom  

A major challenge in regenerative medicine is to establish a cell-matrix technology able 
to facilitate the recovery of damaged heart tissues. Collagen, the main structural protein 
in connective tissues, is often chosen as the material to produce a cell supporting 
structure. However, material properties of collagen matrices matching that of the 
myocardium are obtained after a NHS/EDC treatment, resulting in a dramatic loss of cell 
adhesion. Our aim is to restore cell reactivity on collagen films by coupling synthetic 
ligands able to regulate cell behaviour. An inventive synthetic pathway for covalent 
linkage of such ligands to a collagen structure was developed, ensuring the interaction 
between cells and the material, thus directing cell growth and differentiation. 
Recent work in our lab has involved the synthesis of triple helical peptides (THPs) that 
mimic collagen binding sites. THPs possess a generic GXX’GEX’’ central pattern with 
binding properties surrounded by GPP triplets, maintaining the assembly in an active 
triple helical conformation. Amongst the identified sequences, GFOGER has drawn 
particular attention as one of the major binding site for collagen binding integrins 
(including α2β1 and α1β1) and was chosen as a model motif for collagen film coating. 
Besides synthesis optimisation using microwave chemistry, the crosslinking of THP 
strands was investigated in order to stabilize the triple helical structure. Moreover, a 
covalent linkage to permanently immobilize peptides on collagen is required to avoid 
elution. Diazirine, a photoreactive group, was thus grafted on the N-terminal side of 
crosslinked THPs. This enabled us to set up a protocol for coating THPs on collagen 
films upon long wavelength UV activation. 
First trials using recombinant proteins of the α2β1 integrin binding site showed 
significant increase in the attachment of the targeted receptor on collagen films coated 
with THPs. Binding, spreading and proliferation of cells on collagen decorated with 
THPs was also assessed using HT1080 and Rugli cell lines. Results showed significant 
enhancement in cell activity for peptide decorated collagen films in a α1β1 and α2β1 
integrin dependent manner. The on-going work focuses on the chemical synthesis of 
new ligands for collagen binding cells, in order to control cell growth and differentiation 
by targeting specific receptors. 
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Design, synthesis, and biological evaluation of novel 1,4-benzoxazin-3-one 
derivatives as selective nonsteroidal mineralocorticoid receptor (MR) antagonists 

Tomoaki Hasui1, tomoaki.hasui@takeda.com, Norio Ohyabu1, Taiichi Ohra1, Koji Fuji1, 
Takahiro Sugimoto1, Jun Fujimoto1, Kouhei Asano1, Masato Oosawa1, Sachiko 
Shiotani1, Nobuhiro Nishigaki1, Keiji Kusumoto1, Hideki Matsui1, Atsushi Mizukami1, 
Noriyuki Habuka1, Satoshi Sogabe1, Satoshi Endo1, Midori Ono1, Christopher S. 
Siedem2, Tony P. Tang2, Cassandra Gauthier2, Lisa A. De Messe2, Steven A. Boyd2, 
Shoji Fukumoto1. (1) Pharmaceutical Research Division, Takeda Pharmaceutical 
Company Limited., Fujisawa, Kanagawa, Japan (2) Array Biopharma Inc., 3200 Walnut 
Street, Boulder, Colorado, United States  

The mineralocorticoid receptor (MR) is a ligand-activated transcription factor that 
belongs to the nuclear receptor superfamily, and plays an important role in regulation of 
body fluid and electrolyte balance. Abnormal activation of the MR is known to cause 
cardiovascular diseases such as hypertension and congestive heart failure. Indeed, the 
steroidal MR antagonists, spironolactone and eplerenone, have proven their clinical 
utilities for those diseases. These two agents, however, still have issues such as low 
selectivity versus the other steroid receptors (AR, PR) and insufficient MR potency, 
respectively. 



In the course of our study on potent and selective nonsteroidal MR antagonists, a series 
of novel 1,4-benzoxazin-3-one derivatives bearing an azole ring as a core scaffold was 
designed. These compounds showed mitigated partial agonistic activity toward MR, an 
issue of previously reported dihydropyrrol-2-one derivatives. Among them, the 
representative compound A showed potent in vitro activity and high selectivity versus 
the other steroid hormone receptors as well as good pharmacokinetic profiles. 
Furthermore, compound A exhibited a significant blood pressure lowering effect with no 
signs of antiandrogenic effects in DOCA-salt hypertensive rats. These results suggested 
that compound A was a new, potent and selective MR antagonist which appeared to 
mitigate sexual hormone-related side effects. The design, synthesis and biological 
evaluation of novel 1,4-benzoxazin-3-ones will be discussed in detail. In addition, X-ray 
cocrystal structure of MR/compound A complex will be presented. 
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Total synthesis of clavatadine A analogs to produce a viable reversible inhibitor 
for factor XIa 

Christopher E. Malmberg2, malmberg21@gmail.com, Stephen Chamberland1. (1) 
Department of Chemistry - MS 7539, Central Washington University, Ellensburg, 
Washington, United States (2) Department of Chemistry, Central Washington 
University, Ellensburg, Washington, United States  

Cardiovascular disease is a major health concern in the United States. Older 
medications, though effective against cardiovascular disease, are problematic to 
prescribe. A recently isolated natural product, clavatadine A, selectively inhibits human 
blood coagulation factor XIa. As a result, the synthesis and biological testing of 
clavatadine A and synthetic clavatadine A analogues that target factor XIa would 
represent a new direction in cardiovascular disease research. A potent and selective 
factor XIa inhibitor has the potential to be a safer replacement for current 
anticoagulants, such as Warfarin®, Pradaxa®, Eliquis®, and Xarelto®. We recently 
completed the first total synthesis of clavatadine A and will use our rapid, general 
approach to prepare synthetic clavatadine A analogues. Because clavatadine A binds 
irreversibly to the active site of factor XIa, we hoped to design and synthesize a 
selective and reversible factor XIa inhibitor as a potential treatment for blood clotting 
disorders. To do this, we prepared analogues of clavatadine A that we believe will be 
less likely to form a covalent bond with a nucleophilic serine residue (Ser-195) in the 
active site of factor XIa. We then tested the binding activity and selectivity of each 
analogue toward factor XIa and several other coagulation factors. In the future, we hope 
to use these results to design a potent, selective, and reversible synthetic clavatadine A 
derivative as a factor XIa inhibitor for anticoagulant therapy. 
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Discovery of novel, potent, and highly selective factor xIa inhibitors from HTS hit 
with X-ray crystallography-based rational design 
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Christopher J. Yarnold2, Steve Courtney2, Masashi Gohda3, Keizo Suzuki3, Takehiro 
Ono3, Sho Koyama3, Tetsuya Hagio3, Masaru Sakai3, Hiromu Habashita1, Kazuhito 
Kawabata4. (1) Medicinal Chemistry, ONO Pharmaceutical, Osaka, Japan (2) Evotec 
UK, Didcot, United Kingdom (3) Biology & Pharmacology, ONO Pharmaceutical, Osaka, 
Japan (4) ONO Pharmaceutical, Osaka, Japan  

Activated human blood coagulation factor XI (FXIa) is one of the serine proteases that is 
involved in the amplification of thrombin production. Inhibition of FXIa reduces thrombin 
generation and prevents occlusive thrombosis. Whilst congenital FXI deficiency is 
associated with bleeding, the symptom is less severe than those observed in patients 
with deficiency in other coagulation factors. Therefore, a highly selective FXIa inhibitor 
is considered to be a promising drug as the treatment for venous thromboembolism with 
a significantly lower bleeding risk than existing anticoagulants. To identify novel FXIa 
inhibitors, we conducted a HTS campaign with three hundred thousand compounds. 
Herein we describe the optimization of HTS hits aided by the X-ray crystallography, 
which led to the discovery of novel, potent and highly selective FXIa inhibitor. One of the 
optimized compounds shows comparable antithrombotic effect to enoxaparin without 
prolonging bleeding time in rabbits. 
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Inhibitors of the activation of platelet aggregation were shown to be important 
pharmacological agents for the management of acute coronary syndrome (ACS). 
Thrombin, a serine protease from the coagulation cascade, induces the activation of 
platelets to aggregate by binding to and cleavage of the extracellular N-terminal 
domains of protease-activated receptors 1 and 4 (PAR1 and PAR4). The proteolysis of 
the PARs exposes new tethered ligands that then signal through transmembrane 
domains to initiate platelet activation as a downstream effect. Herein, we present the 
structure-based design (SBD), synthesis and evaluation of novel tetrapeptides, direct 
thrombin inhibitors (DTI) that proved to inhibit thrombin-activated platelets aggregation. 
Analogs of the lead DTI, D-Phe(P3)-Pro(P2)—D-Arg(P1)-DThr(P1’)-CONH2, have been 
designed to improve the hydrophobic driven interactions with the S3 pocket of thrombin 
by replacing the D-Phe with D-Nal(1), D-Nal (2) and D-3,3-D-phenylalanine, among 
other unnatural amino acids. All D-3,3-D-phenylalanine-based analogs competitively 



inhibited alpha-thrombin's cleavage of the S2238 chromogenic substrate with K(i)s of 
500-30 nM and showed improved inhibition of thrombin-activated platelets aggregation. 
Specific amino acid substitutions required for activity against platelet aggregation have 
been identified, and five lead compounds, containing the D-3,3-D-phenylalanine in the 
P3 position, have been developed and they completely inhibited thrombin-activated 
platelet aggregation at concentration of 300-30 nM. The novel discovered DTI 
tetrapeptides could be used as future pharamacophore scaffolds for the development of 
peptidic inhibitors of thrombin-mediated platelet aggregation for treatment of ACS. 
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Picomolar KD ligands can be obtained by increasing the binding rate instead of 
decreasing the dissociation rate: Surprising structure-kinetic relationship among 
very similar thrombin inhibitors 

Maan T. Khayat2,3, maankhayat@yahoo.com, Andrew S. Murkin1, Mary M. Murphy4, 
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States (4) ametek ULTRA PRECISION TECHNOLOGIES, Buffalo, New York, United 
States  

Previously, we demonstrated an apparent cooperativity among interacting groups with a 
series of thrombin ligands that provides an improvement in the binding affinity from a 
nanomolar level to a picomolar level. The demonstration of this level of apparent 
cooperativity can be instructive for the design of super potent ligands more generally. 
We followed with a kinetic analysis of the kon and koff for the picomolar thrombin 
inhibitor, which has a benzylsulfonamide moiety that H-bonds with Gly 216 & Gly 219 as 
well as positioning the phenyl ring in a hydrophobic pocket, along with a series of close 
analogs. Higher affinity binding is usually achieved mainly by slower dissociation rates. 
Surprisingly the picomolar binding affinity of this inhibitor, relative to the nanomolar 
binding affinity of the close analogs, was mainly due to a three order of magnitude 
increase in kon (to a diffusion controlled binding rate) rather than a slower koff. 
Crystallographic and modeled studies showed that the thrombin bound conformations 
for these inhibitors are essentially the same. Detailed NMR studies of the ligands in 
aqueous buffer indicated that the accelerated kon is due to preformed conformations 
that are very close to the bioactive conformation within the protein cavity, along with an 
electrostatic directed binding into the S1 pocket. These structure-kinetic relationship 
results provide an important new insight into designing super potent ligands for target 
proteins. Overall, the results obtained from this work provide a better understanding of 
the underlying interactions involved in biological molecular recognition. The data 
obtained may be valuable in rational drug design by providing a more accurate 
prediction of binding affinities. 
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Synthesis of resorufin derivatives as inhibitor indicators of cytochrome P450 
enzymes 

La'Nese Lovings, lanese.lovings@yahoo.com, Jiawang Liu, Maryam 
Foroozesh. Chemistry, Xavier University of Louisiana, New Orleans, Louisiana, United 
States  

Cytochrome P450 enzymes are hemoproteins found in all organisms, and responsible 
for the oxidation of many endogenous substances and xenobiotics as part of normal 
metabolism and detoxification processes. The P450-catalyzed monooxygenation 
reactions can however lead to the activation of certain environmental procarcinogens, 
particularly polyaromatic hydrocarbons (PAHs). In an attempt to understand the 
mechanisms of action of these enzymes, inhibitors have been developed by our group 
to probe into their active site pockets. O-Alkylresorufins fluoresce when dealkylated by 
P450 enzymes. By measuring the florescence intensity of the resorufin anion formed 
during the dealkylation reaction, enzyme activity and its inhibition by various inhibitors 
can be monitored. Our group has designed and synthesized five novel resorufin 
derivatives that have the potential to be used as inhibitor/indicators in P450 inhibition 
studies. 
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The cancer-causing action of the alkaloid-derived nitrosamines (R1R2CH2NNO) found in 
unburned tobacco, tobacco smoke, and smokeless tobacco products has been 
investigated for many years. It has been established that in the human body cytochrome 
P450 activation of these nitrosamine species initially occurs by catalytic reaction of this 
enzyme to form an a-nitrosamine radical (R1R2C·HN-NO). This nitrosamine radical 
either combines with a hydroxyl radical (·OH) within the P450 catalytic site to form the 
DNA-alkylating a-hydroxynitrosamine (R1R2C(OH)HN-NO), or undergoes loss of nitric 
oxide. However, nitrosamine chemical activation can occur by a P450-independent 
pathway. This alternative pathway also requires the initial formation of the a-carbon 
radical, by reaction of a reactive oxygen species such as the hydroxyl radical, with 
subsequent reaction with oxygen to form the nitrosamine peroxyl radicals 
(R1R2C(O2)·HN-NO). To date, the formation of the carbon-centered a-nitrosamine 
radical has been well characterized. However, there has been very little study of the 
peroxyl radical formation chemistry, particularly for the tobacco-specific nitrosamines. In 
this work experiments were conducted to measure absolute peroxyl radical reaction rate 
constants for four tobacco-specific nitrosamines and four model compounds under 
physiological conditions. Measurement of these kinetic parameters will provide 



mechanistic insights into the importance of the alternative peroxyl radical formation 
pathway for nitrosamine carcinogenesis relative to the P450 pathway. 
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P450 family 1 enzymes (1A1, 1A2, and 1B1) are a group of environmental xenobiotic-
metabolizing enzymes. Different from P450s 1A1 and 1B1, P450 1A2 is responsible for 
the metabolism of aryl amines. Some bioactive arylamines, such as 2-amino-3-
methylimidazo[4,5-f]quinoline (IQ), could be converted by P450 1A2 into potent 
mutagenic or carcinogenic agents. Therefore, selective inhibition of P450 1A2 is a 
potential molecular target for chemoprevention of environmental arylamines-related 
carcinogenesis. Because of the high similarity of P450 1A2 with 1A1 and 1B1 (share 
80% and 40% amino acid identity, respectively), current P450 1A2 inhibitors also 
possess more or less inhibitory activities against P450s 1A1 and 1B1. In this study, we 
designed 30 new compounds (including pyranoflavones, furanoflavones, 
pyridinoflavones, dioxoloflavones, pyranocoumarins, furanocoumarins, 
pyridinocoumarins, and dioxolocoumarins) as specific P450 1A2 inhibitors. Among the 
tested compounds, 7,8-furanoflavone time-dependently inhibits P450 1A2 with a KI of 
0.03 µM. With a 5 min pre-incubation in presence of 0.01 µM of 7,8-furanoflavone, P450 
1A2 is completely inactivated, while P450s 1A1, 1B1, 2A6, and 2B1 are not influenced. 
The competitive inhibitor 7,8-pyrano-4-trifluoromethylcoumarin also shows a high 
selectivity in inhibition of P450 1A2 (K i, 0.3 µM). However, the Ki values of 7,8-pyrano-
4-trifluoromethylcoumarin in inhibition of P450s 1A1, 1B1, 2A6, and 2B1 are all higher 
than 25 µM. In the yeast AhR activation assay, 7,8-furanoflavone and 7,8-pyrano-4-
trifluoromethylcoumarin do not increase the activation of aromatic hydrocarbon receptor 
at the concentrations of their K i values, suggesting that these two compounds would not 
up-regulate AhR caused P450 enzyme expression. Thus, employing 7,8-furanoflavone 
and 7,8-pyrano-4-trifluoromethylcoumarin, a selective P450 1A2 suppression action in 
organism could be achieved, indicating the possibility to develop P450 1A2-targeting 
cancer prevention agents. 
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Cytochrome P450 2J2 (CYP2J2) plays a key endogenous role in the epoxidation of 
arachidonic acid and participates in the oxidation of xenobiotics such as terfenadine. 
CYP2J2 metabolizes arachidonic acid to epoxyeicosatrienoic acids (EETs), which have 
been shown to afford protective properties to cardiac tissue after ischemia reperfusion 
injury. Further benefits of EETs include suppression of reactive oxygen species after 
hypoxia-reoxygenation to protect against tissue damage. While there is abundant data 
regarding the activity and induction of CYP2J2, information about the regulation of the 
CYP2J2 gene is limited. Changes in expression of CYP2J2 will alter EET levels, 
influencing cardiomyoctye function either positively or negatively. Therefore, various 
conditions of hypoxia as well as drug treatments were investigated to determine their 
effect on CYP2J2 mRNA expression and protein activity. Cardiomyocytes were exposed 
to various conditions followed by mRNA isolation and quantitation by real-time PCR. 
Additionally, cells were treated with terfenadine, a specific CYP2J2 substrate, to 
determine the effect of varying conditions on protein activity. Surprisingly, HPRT1, the 
gene that expresses hypoxanthine phosphoribosyltransferase 1 an enzyme involved in 
the nucleotide salvage pathway, which is used as a housekeeping gene, has been 
found to be associated with CYP2J2 expression. Using siRNA to knockdown HPRT1 for 
24 hours resulted in a 1.6-3 fold increase of CYP2J2 mRNA expression but did not 
appreciably increase terfenadine hydroxylation. Treatments including CoCl2, to induce 
hypoxia, mainly resulted in a decrease in CYP2J2 mRNA expression. However, 
treatment with hormones, such as estradiol and testosterone showed a 3 fold increase 
in HPRT1 mRNA expression and an 80 % knockdown of CYP2J2 after 24 hours. These 
data demonstrate that CYP2J2 expression can be augmented by various conditions of 
disease, drug treatments and length of treatment. 
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fluorine-labeled taxoid probes by 19F NMR 

Brendan Lichtenthal4, lichtenthal.b@gmail.com, Joshua D. Seitz5, Jacob G. Vineberg4, 
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Novel tumor-targeting small molecule drug conjugates (TTSMDCs), consisting of biotin 
as the tumor-targeting molecule, a fluorotaxoid, SB-T-12822-5 (1) as the warhead, and 
a variety of mechanism-based self-immolative disulfide linkers, were designed and 



synthesized as 19F NMR probes, e.g. BLT-S-F6 (2). A polyethylene glycol oligomer was 
inserted into the TTSMDCs to improve solubility. SB-T-12822-5 was designed to bear 
two CF3 groups in the taxoid moiety as ‘‘3-FAB’’ reporters for enhanced sensitivity. This 
allows for the investigation of the metabolic stability by real-time monitoring with 19F 
NMR. Due to the inherent high level of complexity of biological systems, a clear analysis 
of the linker stability in blood plasma or cell culture media by 1H NMR and many other 
methods is problematic. Consequently, the use of 19F NMR would provide a practical 
solution to this problem. In fact, the ‘‘3-FAB’’ method has proven to be highly useful in 
investigating the stability of the self-immolative disulfide linker system in human blood 
plasma by 19F NMR. It has also been shown that when polysorbate 80 is employed as 
an excipient in the formulation, the stability of the disulfide linker system is dramatically 
increased. Additionally, with a formulation of polysorbate 80/EtOH/saline for in vivo 
studies, there is evidence to support a high disulfide linker stability in blood plasma, of 
the TTSMDCs described herein, while the drug release in cancer cells proceeds 
placidly. 
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Recently, great advances in nanomedicine have introduced a novel concept, activatable 
nanoparticle, to serve as a stimuli-responsive release according to external stimuli such 
as magnetic field, pH, temperature and radicals with the use of well-tailored 
nanoplatforms. This relatively new concept enables efficient drug delivery of therapeutic 
agent. Among these, remotely controlled release regulated external magnetic force 
have attracted many scientists pursuing a better means to accurately diagnose cancer 
and assess the efficacy of treatment.[1] Therefore, as a proof of concept, we introduced 
length-tunable mesoporous silica coated super-para-magnetic nanochains (MSPN) 
capsulated doxorubicin which have propensity to align under magnetic anisotropic 
moment correspond to externally applied magnetic field.[2] This generates magnetic 
torque with rotating motion towards its own magnetic direction. Furthermore, MSPN with 
super-para-magnetism preventing spontaneous magnetization and aggregation resulted 
in minimizing magnetic side effect on clinical trials. To assess the potential of 
synthesized MSPN, morphological properties, in vitro binding characteristic, 
biocompatibility and releasing profiles were investigated. Well engineered formation of 
MSPN was verified by TEM and SEM showing each three type longitudinal length 2, 4, 
10 μm, respectively. Moreover, SEM images in vitro were evaluated the attached MSPN 
on the cell membrane inducing open cell membrane to promote drug penetration under 
magnetic anisotropic rotation. Finally, the measurement of cell viability with the various 
length of MSPN was done under same external magnetic field and loaded amount of 
doxorubicin. Consequently, the length of MSPN was proportional to the amount of 
released doxorubicin showing that cancer cell apoptotic signals were successfully 
controlled by tuning of the length of the magnetic chains. 
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A cysteine-derived acrylamide platform was envisaged as a chemical core to which lipid 
and peptide ligands or reporter groups could be readily attached in a highly modular 



process. The core was prepared via cyclization of L-cysteine with m-nitrobenzaldehyde 
followed by acylation with acryloyl chloride yielding a trifunctionalized thiazolidine with 
carboxylic acid, aryl nitro, and acryloyl substituents. Thiol lipid modules were conjugated 
to the thiazolidine acrylamide and the nitro group was reduced to the corresponding 
amine followed by Fmoc protection, generating a novel cysteine lipid analogue (CLA). 
The CLA construct was submitted to solid-phase peptide synthesis (SPPS) for the 
synthesis of lipopeptides. With this synthetic technology we are preparing an array of 
custom lipopeptides capable of serving as targeting ligands, with drug releasing 
capabilities, in nanovectors for combination therapies. 
Partially funded by NIGMS RISE GM060655. 

 



 



 
Thiazolidine scaffold for diverse conjugation of chemical entities in a highly modular process to 
produce an array of custom lipopeptides with targeting and drug-releasing capabilities. 



 



 
Nanovector with targeting and drug-releasing lipopeptides for combination therapy, and its 
cellular activity for ligand-receptor binding and drug-release. 
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The discovery of new therapeutics to treat fibrosis disease is a rapidly evolving area of 
scientific interest due to new mechanistic insights, high unmet medical need and novel 
anti-fibrotic medicines successfully advancing in clinical trials and onto the market. 
Fibrosis disease can manifest itself in almost all parts of the body, with skin, lung, liver 
and kidney fibrosis being most prevalent, and is the result of a dysfunctional wound 
healing process. The etiology of fibrosis is often complex or unknown, exemplified by 
disease such as idiopathic pulmonary fibrosis (IPF). Not unlike cancer, fibrosis is a 
progressive disease where multiple biological processes are in play, and as in the case 
of IPF often responsible for a very high mortality rate. 
 
A number of different approaches to identify anti-fibrotic agents are currently under 
investigation by pharmaceutical companies, from small molecules to antibodies, as 
single entities or combinations, but clearly spanning a wide range of targets, reflecting 
multiple avenues with which to potentially treat fibrosis. 
 
The fibrosis box is a curated set of 200 small molecules capturing a wide mix of 
biological targets postulated to have involvement in fibrosis pathways and disease. The 
toolbox has been generated from commercially available literature compounds to further 
understanding of fibrosis disease at the mechanistic level. It is thought that the toolbox 
be used initially in an exploratory setting but could later be refined to specific targets of 
interest after an initial wave of screening in relevant biological systems. The toolbox 
molecules can be used for example to assist with assay validation, assessment of 
biological targets, understanding tissue selectivity, through to chemical hit identification 
and start points for drug discovery programmes. It may be the case that multiple 
mechanisms need to be engaged to successfully treat fibrosis and the toolbox is also 
perfectly placed for combinations of molecules to be tested. Ultimately, the toolbox 
could lead to raising interest in targets for fibrosis not currently being prosecuted in a 
drug discovery setting. Additional uses and collaborations are being explored and a 
review of the toolbox has been submitted to NRDD outlining clinical and exploratory 
molecules being progressed to treat fibrosis disease. 

MEDI 97 



Novel Nrf2 activators from microbial transformation products suppress oxidant 
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Nuclear factor erythroid 2-related factor 2 (Nrf2) is a redox-sensitive transcription factor, 
and activation of the Keap1-Nrf2 signaling is expected to rescue cells from a variety of 
stimuli such as reactive toxicants and pro-inflammatory factors. Several triterpenoids 
react with cysteine residues of Keap1 as Michael acceptors and thereby activate the 
Keap1-Nrf2 signaling. One of well-known Nrf2 activators, bardoxolone methyl, was 
evaluated for chronic kidney disease, although Phase 3 was terminated due to adverse 
events. Many bardoxolone methyl derivatives are already reported, which are mostly 
derivatized by chemical modification. We alternatively adopted a biotransformation 
technique, and succeeded in obtaining a more potent novel Nrf2 activator, RS9 (methyl 
(1α,2α,21β)-2-cyano-21-hydroxy-3,12-dioxo-1,2-epoxyolean-9(11)-en-28-oate), from 
microbial transformation products (WO-2014/148455). Nrf2 activity was evaluated by 
NADPH:quinone oxidoreductase-1 induction activity in Hepa1c1c7 cells (a mouse 
hepatic epithelial cell line). Though bardoxolone methyl doubled the specific activity with 
a concentration of 0.9 nM, the value of RS9 was 0.2 nM. Moreover, the induction of 
Nrf2-targeted genes was observed at one-tenth lower concentration in RS9. 
Interestingly, the cytotoxicity of RS9 was substantially reduced compared to 
bardoxolone methyl. A comparison of RS compounds suggests that epoxidation in the 
A-ring contributes to a reduction in cytotoxicity and hydroxylation in the E-ring is 
involved in the improvement of activity. Bardoxolone methyl did not inhibit oxidant 
stress-induced cellular damage in ARPE-19 cells (a human retinal pigment epithelial cell 
line); however RS9 significantly suppressed the damage. RS9 also showed efficacy in 
several kinds of ocular disease models in vivo. These results imply that Nrf2 activators 
are promising for ocular diseases and our novel Nrf2 activators will shed new light on 
the treatment of retinovascular diseases. 
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Sphingosine-1-phosphate (S1P) is a membrane-derived lysophospholipid and plays an 
important role for homeostasis in living body. S1P exerts its biological effects through 
their five receptors (S1P1–5) which express in various organs and tissues, and 
independently perform diverse functions. Many synthetic compounds have been 
reported as S1P receptor agonist/antagonist. For example, FTY720 (Fingolimod) is the 
most well-known S1P1 agonist, which was approved by FDA as a therapeutic agent for 
multiple sclerosis. FTY720 is a potent agonist for S1P1, 3, 4 and S1P5, but shows no 
affinity to S1P2 at all. S1P2 is mainly expressed in heart, thyroid gland, lung, trachea, 
liver, and suggested to show many biological functions. According to the observations, 
S1P2 antagonist is expected to be a useful drug for many diseases such as fibrotic 
disease, however development of S1P2 antagonists were rarely reported. To 
investigate novel S1P2 antagonists, high throughput screening (HTS) was carried out, 
and which brought unique urea derivatives as novel hit compound. Then, hit-to-lead 
campaign succeeded to provide a lead compound, which showed potent activity and 
excellent selectivity against the other subtypes. The structure-activity relationship (SAR) 
will be discussed in detail, and some in vivo study data will also be provided. 
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The Mas agonist AVE0991[1] is active in a large number of in vivo experiments, but its 
pharmacokinetic profile has not been reported. In the light of recent publications from 
Amgen [2] and Bayer [3] highlighting the frequent lack of reproducibility of published 
studies, we elected to thoroughly characterise AVE0991 prior to application in our own 
in vivo work. 
 
We considered the parent structure, derived from angiotensin receptor antagonists, 
unlikely to be the active biological ingredient in vivo given its modest potency and 
unattractive structural and physical properties set against the low doses required to 
deliver efficacy (0.5-3mg/kg/day) [4]. 
 



To this end we will present; 
 
1) The substance of the hypothesis based on in silico predictions 
2) Substantiating the likely metabolic profile through in vitro studies 
3) Synthesis of putative metabolites as standards 
4) In vivo experiments and subsequent discovery of a highly surprising, if not beautiful, 
profile 
 
These studies provide key lessons regarding i) use of tools and attitude to literature 
evidence ii) results that challenge our preconceptions as medicinal chemists iii) the 
value of a close-knit medicinal chemistry, synthetic chemistry and DMPK community. 
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AVE0991: Mas pEC50 6.3, LogP  6.4 
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Bronchodilators such as muscarinic M3 antagonists, adrenergic beta2 agonists and 
inhaled corticosteroids are used for the treatment of COPD and asthma. It is well 
established that combination of these classes of bronchodilators are more effective than 
either class of bronchodilator alone. Actually some combination products of long acting 



M3 antagonist and long acting beta2 agonist have been developed and these show 
higher efficacy than single therapy. Moreover, combination of the three types of 
bronchodilators should be desired as a future drug therapy. In order to achieve this, it is 
necessary to create a single molecule having two actions in view of drug formulation, 
and we started the drug discovery research of MABA (M3 antagonist/beta2 agonist 
conjugate). 
To develop bi-functional molecule with beta2 agonist and M3 antagonist activities, we 
selected a strategy to connect indacaterol motif as a beta2 agonist and tiotropium motif 
as a M3 antagonist with a linker. Beta2 agonist activity and M3 antagonist activity were 
evaluated in vitro cell functional assays. The potency and duration of actions were 
examined in ex vivo analysis using guinea pig trachea and in vivo guinea pig 
bronchospasm model. Histamine and acetylcholine were used as bronchospasm agent 
for the evaluation of beta2 agonist activity and beta2 agonist + M3 antagonist activities, 
respectively. 
Herein, we generate the quaternary-ammonium salt derivatives which possess both of 
M3 antagonist and beta2 agonist activities, and characterize its pharmacological 
profiles. 

MEDI 101 

Novel strategy for the treatment of asthma by targeting GABAA receptors in the 
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College of Physicians and Surgeons of Columbia University, New York, New York, 
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Asthma is a medical condition in which constriction and swelling of airway smooth 
muscles (ASM) reduces airflow in and out of the lung. The first-line recommended drugs 
eg. corticosteroids and β-adrenergic antagonists often fail to control symptoms and 
undergo drug resistance, as well as adverse side effects. Consequently, there is an 
unmet demand for more effective drugs which have a novel mechanism of action. 
Asthma affects ~245 million people worldwide and ~25 million in the US alone. It is 
known that ASM express GABAA subtype receptors of type α4/α5. Furthermore, it was 
shown that immune cells (macrophages and lymphocytes, IC) also express functional 
GABAAR including the α4 subtype. Thus, targeting the limited and overlapping α 
subunits with subtype selective GABAAR agonists would cause both ASM relaxation 
and suppression of inflammation without having any off-target CNS activity. 
Bz/GABAAergic agents have been proven to be safe and have a long clinical safety 
record. As a result targeting Bz/GABAAR in the lung would be a novel and effective 
strategy in asthma management. Two compounds from our library, namely CMD-45 and 
XHe-III-74 have shown α4 /α5 subtype selectivity and serve as leads for designing 
novel drugs for treating asthma. 
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Design and synthesis of anti-inflammatory steroids with improved therapeutic 
index: Discovery of an inhaled dissociated steroid (selective glucocorticoid 
receptor modulator) 

Purakkattle J. Biju, purakkattle.biju@merck.com. Department of Medicinal Chemistry, 
Merck Research Labs, Merck & Co., Kenilworth, New Jersey, United States  

Glucocorticoids (anti-inflammatory steroids) have been on the market for more than 60 
years and represent the most effective therapy for both acute and chronic inflammatory 
conditions including allergic and non allergic diseases such as asthma, COPD, 
rheumatoid arthritis and many more. Mechanistically, glucocorticoids are involved in two 
major gene transcription pathways, transrepression and transactivation. Broadly 
speaking, transrepression is the interaction of the glucocorticoid receptor-steroid 
monomer complex with the transcription factors such as AP-1 and NFκ-B, which is 
believed to be the major contributor of the antiinflammatory activity of glucocorticoids. 
However, most of the systemic side effects are due to the interaction of glucocorticoid 
receptor-steroid dimer complex with DNA, which brings increased transcription called 
transactivation. The transactivation of genes by GR is suggested to be key in 
determining the metabolic side effects of glucocorticoids. The major side effects such as 
decreased bone density, skin thinning, HPA axis suppression and diabetes are 
hypothesized to be due to the genomic events as a result of the interaction of 
glucocorticoid receptor-steroid dimer complex with DNA. Hence, a glucocorticoid that 
can separate transactivation from transrepression may display an improved safety 
profile and is called a dissociated steroid or selective glucocorticoid receptor modulator. 
Herein, we report our SAR efforts towards the discovery of an inhaled candidate that 
demonstrated dissociated profile both in vitro and in vivo. 
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inhibitors 
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This poster will describe a series of pyrrolopyridazine based JAK inhibitors and discuss 
the modifications made to the 4-position of the chemotype in order to achieve the 



requisite levels of kinase selectivity. Originating from a lead class of compounds (I), 
observed improvements in JAK family selectivity for an extended class of molecules (II) 
will be rationalized by molecular modelling. Application of this same extension approach 
will be applied to a sub-optimal series of reverse amides (III) with an oxazole motif 
serving as both an amide isostere and the extension group leading to molecules of the 
type (IV). Finally, the poster will highlight efforts to improve the physicochemical 
properties of this series and will describe both the in-vitro and in-vivo profile of 
compound (V). 
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Determinants of activity at human toll-like receptors 7 and 8: Quantitative 
structure-activity relationship (QSAR) of diverse heterocyclic scaffolds 

Euna Yoo1, e186y880@ku.edu, Deepak B. Salunke1, Diptesh Sil1, Xiaoqiang Guo1, 
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Rajalakshmi Balakrishnan1, Ward H. Thompson2, Hiromi Tanji3, Umeharu Ohto3, 
Toshiyuki Shimizu3, Sunil A. David1. (1) Department of Medicinal Chemistry, University 
of Kansas, Lawrence, Kansas, United States (2) Department of Chemistry, University of 



Kansas, Lawrence, Kansas, United States (3) Graduate School of Pharmaceutical 
Sciences, The University of Tokyo, Tokyo, Japan  

Toll-like receptor (TLR)-7 and -8 agonists are potential vaccine adjuvants, since directly 
activate APCs and enhance Th1-driven immune responses. Previous SAR 
investigations in several scaffolds of small molecule TLR7/8 activators pointed to the 
strict dependence of the selectivity for TLR7 vis-à-vis TLR8 on the electronic 
configurations of the heterocyclic systems, which we sought to examine quantitatively 
with the goal of developing ‘heuristics’ to define structural requisites governing activity at 
TLR7 and/or TLR8. We undertook a scaffold-hopping approach, entailing the syntheses 
and biological evaluations of thirteen different chemotypes. Crystal structures of TLR8 in 
complex with two most active compounds confirmed important binding interactions 
playing a key role in ligand occupancy and biological activity. Density functional theory-
based quantum chemical calculations on these compounds, followed by linear 
discriminant analyses permitted the classification of inactive, TLR8-active and TLR7/8 
dual-active compounds, confirming the critical role of partial charges in determining 
biological activity. 
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Enhancement of potency of the TLR7 ligand by conjugation to polysaccharide 

Hiroyuki Shinchi1,2, k9561067@kadai.jp, Tomoko Hayashi2, Michael Chan2, Alast 
Ahmadiiveli2, Shannon Zhang2, Brian Crain2, Yasuo Suda1, Howard B. Cottam2, Dennis 
Carson2. (1) Chemistry, Biotechnology and Chemical Engineering, Kagoshima 
Universtiy, Kagoshima, kagoshima, Japan (2) Moores Cancer Center, University of 
California San Diego, San Diego, California, United States  

Synthetic small molecule Toll like receptor 7 (TLR7) ligands are effective topical agents 
for anti-viral and anti-tumor therapy by activation of innate immune response in the host. 
However, currently available small molecule synthetic TLR7 ligands cannot be 



administrated systemically due to low solubility, rapid pharmacokinetics, and associated 
cytokine release syndrome. Conjugation of a TLR9 ligand to polysaccharides was 
shown to be safe and effective (Marshall, et al., Nucleic Acid Res., 2003). Here, we 
hypothesized that conjugation of a low molecular weight TLR7 ligand to polysaccharide 
would increase water solubility, and improve its PK. The synthetic TLR7 ligand, 2-
methoxyethoxy-8-oxo-9-(4-carboxy benzyl)adenine (1V209), was conjugated to 400 
kDa Ficoll (3, 18, and 39 equivalent (eq) of 1V209/molecule), 70 kDa (1, 5, and 11 eq of 
1V209/molecule), 500 kDa (5, 22, and 46 eq of 1V209/molecule), and 2,000 kDa (4, 18, 
and 54 eq of 1V209/molecule) dextran using amine functionalized groups on 
polysaccharides and benzoic acid functional groups on the TLR7 ligand. The 
conjugation ratios using specified equivalents of 1V209 were dose responsive and 
reproducible. The number of residual amines and zeta potential were decreased in 
inverse proportion to the ratio of conjugated 1V209. These conjugates were highly water 
soluble, stable for at least 4 weeks at room temperature in aqueous solution, and easy 
to lyophilize and reconstitute. In vitro studies with murine mononuclear leukocyte 
showed 10 to 100 times higher potencies of Ficoll- or dextran-conjugated TLR7 ligands 
compared to unconjugated drug, respectively. Interestingly, the molecular weights of the 
polysaccharides or the average number of TLR7 ligands per molecule did not 
significantly influence in vitro potencies correlating to concentration of 1V209. In vivo 
pharmacodynamics studies showed that the conjugates induced systemic cytokine 
production compared to unconjugated drugs. When the conjugates were used as a 
vaccine adjuvant, the Ficoll-1V209 conjugates enhanced antigen specific humoral and 
cellular immune responses to a greater extent compared to unconjugated TLR7 ligands. 
These data indicate that small molecule TLR7 ligands conjugated to polysaccharides 
improve immunostimulatory properties as well as the drug like properties of the ligands. 
We hypothesize that various polysaccharide antigens derived from cancers or microbes 
can be effectively conjugated to TLR7 ligands to create potent new vaccines. 
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Design and synthesis of a dual-targeting liposomal spherical nucleic acid 

Jennifer Ferrer1,2, jenniferferrer2012@u.northwestern.edu, Natalia Chernyak1, Jason 
Wertheim2, Chad A. Mirkin1,3. (1) Chemistry, Northwestern University, Chicago, Illinois, 
United States (2) Department of Surgery, Feinberg School of Medicine, Northwestern 
University, Chicago, Illinois, United States (3) International Institute of Nanotechnology, 
Evanston, Illinois, United States  

Toll-like receptors (TLRs) play a large role in the recognition of pathogens and 
modulation of the immune system. Specifically, TLR-4 and TLR-9 are activated by 
bacterial products and contribute to the initiation and progression of a variety of 
conditions, such as liver fibrosis, inflammation, and autoimmune disease. The purpose 
of this work is to synthesize a single liposomal spherical nucleic acid (LSNA) 
nanoparticle capable of dual inhibition of TLRs 4 and 9 by encapsulating TAK-242, a 
small molecule inhibitor of TLR4, and functionalizing the surface of the particle with a 
TLR-9 antagonizing oligonucleotide. We compared different lipid ratios of DOPC, 



DOPE, DPPC and cholesterol to form the core of the nanoparticle, and delineated size, 
and encapsulation efficiency of TAK-242. Liposome sizes ranged from 35-60nm. Once 
functionalized with the TLR-9 targeting moiety, the final LSNA is 50-85nm in diameter. 
Our group has already shown that in vitro cultured mouse macrophages treated with 
DOPC liposomes functionalized with a TLR9 targeting oligonucleotide on the surface 
demonstrate a further suppressed TLR9 downstream response when compared to 
treatment with dexamethasone, a commonly used anti-inflammatory steroid. These 
particles are also highly taken up by both murine and human cell lines. These results 
indicate that dual-target regulation is possible with sub-100nm LSNA particles, which 
will benefit circulation and clearance times in vivo. These constructs are also easily 
modulated to encapsulate fluorophores, other small molecules or oligonucleotides, and 
can additionally be functionalized with targeting peptides or dye-labeled 
oligonucleotides, which allows tailoring of the material for a wide range of applications.  
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Human toll-like receptor 8-selective agonistic activities in 1-alkyl-1H-
benzimidazol-2-amines 

Mallesh Beesu1, m229b007@ku.edu, Subbalakshmi S. Malladi1, Lauren M. Fox1, 
Cassandra D. Jones1, Anshuman Dixit2, Sunil A. David1. (1) Department of Medicinal 
Chemistry, University of Kansas, Lawrence, Kansas, United States (2) Department of 
Translational Research and Technology Development, Institute of Life Sciences, 
Bhubaneswar, Odisha, India  

Toll-like receptor (TLR)-8 agonists strongly induce the production of T helper 1-
polarizing cytokines, and may therefore serve as promising candidate vaccine 
adjuvants, especially for the very young and the elderly. Earlier structure-based ligand 
design led to the identification of 3-pentyl-quinoline-2-amine as a novel, human TLR8-
specific agonist. Comprehensive structure-activity relationships in ring-contracted 1-
alkyl-1H-benzimidazol-2-amines were undertaken, and the best-in-class compound, 4-
methyl-1-pentyl-1H-benzo[d]imidazol-2-amine, was found to be a pure TLR8 agonist, 
evoking strong proinflammatory cytokine and Type II interferon responses in human 
PBMCs, with no attendant CD69 upregulation in natural lymphocytic subsets. The 1-
alkyl-1H-benzimidazol-2-amines represent a novel, alternate chemotype with pure 
TLR8-agonistic activities, and will likely prove useful not only in understanding TLR8 
signaling, but also perhaps as a candidate vaccine adjuvant. 
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Design, synthesis, and testing of macrocyclic β-strand as protease inhibitors 

Ashok D. Pehere1,2, pehere@gmail.com, Markus Pietsch4, Neilsen M. Paul6, David F. 
Callen6, Michael Gütschow5, Andrew D. Abell3. (1) Chemistry, University of Minnesota, 
Minneapolis , Minnesota, United States (2) Chemistry, The university of Adelaide, 
Adelaide, South Australia, Australia (4) Department of Pharmacology, University of 
Cologne, Cologne, Germany (5) Pharmaceutical Institute, University of Bonn, Bonn, 
Germany (6) Medicine, The university of Adelaide, Adelaide, South Australia, Australia  

A β-strand motif is an important structure for defining peptide and protein structure and 
hence function. This structure is also critical in defining the interaction of a peptide-
based inhibitor with a class of enzyme known as a protease. These enzymes play a key 
role in the formation and turnover of all proteins and as such are important targets for 
the development of pharmaceuticals to treat a range of significant diseases1. Work 
presented here is directed at creating peptide-based scaffolds (see Fig. below) that are 
pre-organized into a β-strand geometry through the introduction of a macrocyclic ring. 
The geometry of the constituent 15−22 membered macrocycles is constrained by two 
trans amide bonds, a planar aromatic ring, and a triazole to which is attached a short 



and variable nonpeptidic linker. We present the synthesis of these scaffolds using 
biologically compatible Click Chemistry2, and analysis of their conformation. Their 
conversion into inhibitors of the protease calpain to treat cataract, has been reported 
here, as well as their conversion to inhibitors of the proteasomes responsible for certain 
cancers and other important medical conditions.3, 4 
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Single cell imaging and analysis for macrophage uptake of nanoparticles using 
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We developed single cell imaging and analysis for macrophage uptake to investigate 
interaction between macrophage and nanoparticles. Organosilica nanoparticles 
containing fluorescent dyes were incubated with the mouse peritoneal macrophages 
and observed by time-lapse fluorescence microscope. We evaluated time-dependent 
uptake of single macrophage by measuring its fluorescent intensity. Furthermore, we 
could reveal a degree of uptake in the number of particle units. This approach proved 
that the uptake of each macrophage was different. To evaluate stealth function, we 
attached polyethylene glycol (PEG) chains to fluorescent organosilica nanoparticles and 
administrated both PEGylated and bear nanoparticles simultaneously to cultured 
macrophages. PEGylated fluorescent organosilica nanoparticles were not engulfed as 
many as bare nanoparticles. On the other hand, an existence of PEG-insensitive 
macrophages came to clear. PEG-sensitive macrophages engulf bare macrophages, 
but could not PEGylated nanoparticles. In contrast, PEG-insensitive macrophages 
engulf both PEGylated nanoparticles and bare nanoparticles. We evaluated the 
population of PEG-insensitive macrophages by flow cytometry. Flow cytometric analysis 
showed that most macrophages were PEG-sensitive cells and a few macrophages were 
PEG-insensitive cells. We performed correlative light and electron microscopy. PEG-
insensitive macrophages don’t have any morphological characteristics. We investigated 
the specific surface markers of PEG-insensitive macrophages by flow cytometer. Some 
surface markers correlated with PEG-insensitive macrophages. To research PEG-
insensitive macrophages might be important to get stealth property for nanoparticles 
and develop nanomedicine. Single cell imaging and analysis are useful methods to 
evaluate stealth properties of nanoparticles. 
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Mitochondria targeted cardiolipin based high density lipoprotein mimicking 
nanoparticles for atherosclerosis 
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Atherosclerosis is the main cause of death due to coronary heart disease (CHD). Foam 
cells formed from excess cholesterol accumulation into macrophages result in 
atherosclerotic plaques [1]. Reverse cholesterol transport (RCT) is one of the strategies 
to combat atherosclerosis, in which high-density lipoprotein (HDL) transport cholesterol 



from peripheral tissues to the liver for biliary excretion [2]. HDL is nature’s own dynamic 
nanoparticle (NP) for cholesterol uptake and reverse transport. Natural HDLs have been 
utilized as therapeutic vehicles for drugs and imaging agents. Currently, most of the 
studies are focused on the reconstituted HDL (rHDL) containing human apolipoprotein 
AI (ApoAI), nanocrystal HDL, and inorganic nanocrystals to replace the natural HDL 
core. However, rHDL NPs have potential problems, such as batch-to-batch variability, 
scale-up challenges, and safety issues. Our lab recently developed a mitochondria 
targeted completely synthetic HDL/apoA-I mimicking NP composed of biodegradable 
polymer, lipid, and a ApoAI mimetic L-4F peptide [3]. Cardiolipin is a phospholipid which 
is present in the inner mitochondrial membrane [4]. It plays an important role during the 
formation of contact sites between the inner and outer mitochondrial membranes. We 
hypothesized that a completely synthetic mitochondria targeted HDL/apoA-I mimicking 
NP containing cardiolipin as lipid component will participate in the intracellular 
cholesterol transport process to remove the excess cholesterol. In this presentation, 
construction, optimization, and mechanism of action of this new generation of 
mitochondria targeted cardiolipin containing HDL mimicking NPs and comparison of its 
activity with the first generation of HDL-NPs [3] will be discussed. 
1. Luthi, A.J., et al., Tailoring of Biomimetic High-Density Lipoprotein Nanostructures 
Changes Cholesterol Binding and Efflux. ACS Nano, 2011. 6(1): 276-285. 
2. Luthi, A.J., et al., Nanotechnology for synthetic high-density lipoproteins. Trends in 
molecular medicine, 2010. 16(12): 553-560. 
3. Marrache, S. and S. Dhar, Biodegradable synthetic high-density lipoprotein 
nanoparticles for atherosclerosis. Proceedings of the National Academy of Sciences, 
2013. 110(23): 9445-9450. 
4. Houtkooper, R. and F. Vaz, Cardiolipin, the heart of mitochondrial metabolism. 
Cellular and Molecular Life Sciences, 2008. 65(16): 2493-2506. 
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Elemental metal nanomaterials like gold are widely used as radiation sensitizer due to 
their better biocompatibility and larger surface area to volume ratio. However, the 
specific mechanism with regard to cellular uptake of different functionalized 
nanomaterials is largely unknown and widely variant from different research. To further 
explore the consequences of nanoparticle uptake into human oral epithelial carcinoma 
KB cells in vitro, we employ three macromolecules or peptides to functionalize gold 
nanoparticles such as HS-PEG5k-NH2, HS-PEG5K-folic acid and TAT cell-penetration 
peptide.These results demonstrate that the TAT peptide-functionalized gold 
nanoparticles show enhanced intracellular delivery and efficient cell apoptosis and 



death after ionizing radiation. Furthermore, this study may provide an effective strategy 
for the design and development of cell-nuclear-targeted radiation sensitizer. 
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Gastric cancer is the second common cause of cancer-related death in the world 
because it suffers from difficulty of cure. In previous study, the gastric cancer is 
categorized into two major types: Diffuse type or Intestinal type. Diffuse type gastric 
cancer is malignant compared to intestinal type due to highly invasive property and poor 
prognosis. Therefore, accurate classification of gastric cancer is necessary in setting the 
guideline for the medical treatment. To distinguish diffuse type gastric cancer from 
intestinal cancer, which exhibits relatively low-expressed miR-200miR-200 expression 
levels, detection of miR-200 is of importance. 
 
Here, we utilized a new class of probe consisting of a gold nanoparticle (Au NP) and 
molecular beacon (MB) comprised of stable duplex of two single stranded DNA 
oligonucleotides to detect the miR-200. The thiol-terminated anti-miR strand attached to 
the nanoparticle hybridizes with fluorophore-labeled short strand. In this conformation, 
the close proximity of the fluorophore to the Au NP surface leads to quenching of the 
fluorescence. When a target miRNA (miR-200b) was bound to the complementary anti-
miR strand on the gold nanoparticle surface, fluorophore-labeled short strand is 
detached and releases the fluorescence. Therefore, using MB-AuNP targeting miR-
200b, we are able to distinguish between two type cancer cells which are miR-200b 
positive and negative type, respectively. 
 
MB-AuNP with approximately one hundred of molecular beacon attached was prepared 
by salt-aging method. We confirmed 1) their sensitivity to the miR-200b through 
detecting assay with various concentrations in short time profile, and 2) the selectivity to 
exclude pseudo-target with single base polymorphism. We also demonstrated their 
detecting ability to intracellular miR-200b, using the two cell line of SNU-484 (diffuse 
type, miR-200b-/miR-34a+), and MKN45 (intestinal type, miR-200b+/miR-34a+), where 
miR-34a was used as control. 
 
The MB-AuNP is capable of miRNA detection in living cells, classification different type 
and the ability to measure relative miRNA levels within live cells which is critical for 
furthering our understanding of fundamental gastric cancer research and treatment. 
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Wire-framed gold nanoparticles for a multistep photothermic driven drug release 
system 

Taeksu Lee, rubin16@yonsei.ac.kr, Doyeon Bang, Jin-Suck Suh, Yong-Min Huh, 
Seungjoo Haam. Yonsei University, Seoul, Korea (the Republic of)  

The ideal gold nanoparticles with plasmon resonances in the near infra-red (NIR) region 
for biomedical application in imaging and treatment should induce a high NIR absorption 
efficacy, good biocompatibility and increased surface area for therapeutic moiety (drug, 
micro-RNA, etc) loading and should be easy to synthesize1. Many conventional gold 
nanoparticles (spheres, rods, cubes, stars, etc.) have been investigated, but they exhibit 
nanostructures only on the surface which can limit the payloads of therapeutic 
materials2. Herein, we show the wire-framed gold nanoparticles (WFGNPs) which 
consist of randomly oriented and mutually connected gold nanowires to form a bundle 
shape. Cross-sectional view image shows that WFGNPs have nanostructures in a 
whole volume for a very high drug loading capacity sufficient for cancer therapy. The 
unique gold wire-framed structures of WFGNPs result in persistently strong LSPR 
efficacy in the NIR area. The surface modification of WFGNPs with hyaluronic acid 
(HA), which show negative charge, enhance the biocompatibility of WFGNPs and 
enable to target HA specific antigen on the cellular surface and load positively charge 
drug doxorubicin (DOX)3. By using these specific properties of WFGNPs, an externally 
controllable multistep photothermic driven drug release (PDR) system, which reveals 
improved tumor growth suppression in specifically targeted regions as well as in their 
surrounding regions with reduced systematic toxicity, is demonstrated for both in-vitro 
and in-vivo cancer treatment. We envisage that this multistep PDR system might 
provide potential opportunities for personalized treatment. In addition, the fabrication 
process of WFGNPs is very simple and appropriate for mass-production since we use 
the surfactant-free emulsification method. Furthermore, these WFGNPs could also be 
utilized in other nanomaterial related fields, such as catalysis, surface-enhanced Raman 
scattering, and nanoelectrodes, due to their unique nanostructure and according 
physical properties. 
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Evolution of antibiotics-resisting pathogens has become one of the greatest challenges 
in the battle of bacterial infection. Inspired by the structures of bacteria-invading viruses 
and antimicrobial peptides, we hypothesize that in addition to a balance of amphiphilicity 
and electronpositivity, the nanoscale architecture is another important factor that defines 
the efficiency of synthetic antimicrobial agents. Here we study the structure-activity 
relationship of a series of polymer brushes with well-defined structures that mimic 
spherical and rod-shaped viruses. Our preliminary data confirm polymer brushes exhibit 
much higher activity than individual polymer chains, and spherical polymer brushes are 
more active than the rod-shaped polymer brushes, suggesting the antimicrobial activity 
of small antimicrobial polymers can be improved and optimized by assembling them into 
different nanoscale architectures. We further show polymer brushes can be designed to 
have no appreciable hemolysis up to 500μg/mL, hence safe for human red blood cell, 
but high selectivity toward killing gram-positive and gram-negative bacteria. More 
interestingly, spherical polymer brushes are active for both gram-positive and gram-
negative bacteria, while rod-shaped polymer brush can selectively kill the gram-negative 
bacteria. We attribute this enhanced activity and selectivity to the spatially-defined, 
multivalent interactions enabled by polymer brushes to remodel cell membranes, as 
revealed by synchrotron small angle x-ray scattering studies Confocal characterization 
of the interaction between polymer brushes and gaint unilamellar vesicles also 
confirmed this point. Since not all bacteria are harmful, and infectious bacteria often 
coexist with blood cells, selectivity among different types of bacteria and blood cells as 
revealed in virus-mimicking polymer brushes is of great significance to the development 
of next generation antibiotics. 
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Cisplatin, a Food and Drug Administration (FDA) approved chemotherapeutic, is most 
extensively characterized as a DNA-damaging agent and its cytotoxicity is arises from 
the ability to form interstrand and intrastrand nuclear DNA (nDNA) cross-links.1 
Chemoresistance of cisplatin therapy is related to various factors including extensive 
repair of cisplatin-modified DNA in the nucleus by the nucleotide excision repair (NER). 
Mitochondrial DNA (mtDNA) plays significant roles in cell death and metastatic 
competence. Limited studies have examined cisplatin activity on mtDNA of cancer 
cells.2 Delivering cisplatin to the mitochondria to attack mitochondrial genome lacking 
NER machinery can lead to a rationally designed therapy for metastatic, chemoresistant 
cancers and might overcome the problems associated with conventional cisplatin 



treatment. We engineered a hydrophobic mitochondria-targeted cisplatin prodrug, 
Platin-M, using a strain-promoted alkyne–azide cycloaddition (SPAAC) chemistry.3 
Efficient delivery of Platin-M using a brain penetrating mitochondria targeted polymeric 
nanoparticle (NP) based on biodegradable poly(lactic-co-glycolic acid)-block-
polyethyleneglycol functionalized with a terminal triphenylphosphonium cation4 resulted 
in controlled release of cisplatin from Platin-M locally inside the mitochondrial matrix to 
attack mtDNA. This unique dual-targeting approach to controlled mitochondrial delivery 
of cisplatin in the form of a prodrug to attack the mitochondrial genome lacking NER 
machinery and in vivo distribution of the delivery vehicle in the brain suggested 
previously undescribed routes for cisplatin-based therapy.5 
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Syntheses, characterization, and biomedical applications of novel organosilica 
nanoparticles 
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and Cell Biology, The University of Tokushima, Tokushima, Tokushima, Japan  

Organosilica nanoparticles made from a single organosilicate were new materials for 
biomedical applications including bioassay, imaging, and nanomedicine [1–12]. 
Organosilica nanoparticles are both structurally and functionally different from typical 
(inorganic) silica particles prepared from tetraethoxyorthosilicate because the 
organosilica particles contain both interior and exterior functionalities as prepared (Fig. 
1). The organosilica nanoparticles allow for facile surface and internal functionalization, 
offering new opportunities to multifunctionalize nanoparticles [1–7]. Functional fusions of 
organosilica nanoparticles and other functional nanoparticles such as quantum dots [7], 
gold nanoparticles, and iron oxides were possible based on organosilica particles 
technology. Various types of fluorescent organosilica nanoparticles could be prepared 
using direct method and conjugation method to fluorescent dyes. Fluorescent 
organosilica nanoparticles have some advantages as compared with other fluorescent 
materials. Fluorescent organosilica nanoparticles were useful for various fluorescent 
imaging techniques such as in vivo imaging [7, 9], cell labeling [3, 5, 7–9, 11], real time 
or time-lapse fluorescent imaging with single cell analysis [5, 11], molecular tracing [7], 



and multimodal imaging [10]. Fluorescent organosilica nanoparticles have high potential 
for biomedical applications. 
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Nanomedicine: NBM, 2012, 8, 627–36. [9] Int. J. Nanomed., 2012, 7, 1423–39. [10] 
Chem. Mater., 2013, 24, 3772–9. [11] Nanomedicine: NBM, 2013, 9, 274-83. [12] 
Nanotechnol. Rev., 2012, 1, 469–91. 
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Activatable two-component photosentisizer: selective targeting and killing of 
cancer cells 
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Photodynamic therapy (PDT) is an approach to cancer therapy that uses a class of 
drugs that are called photosentisizers (PS) and light. When the PS is exposed to light of 
appropriate wavelength(s), it is able to produce reactive oxygen species (ROS) that 
interfere with many key processes of cell metabolism to cause cell necrosis or/and 
apoptosis, and eventually destruction of target tissues. Despite their effectiveness and 
promising future in cancer treatment, current PS lack tumor selectivity which limits their 
application in oncologic therapy due to serious side effects. Fluorogen activating 
proteins (FAPs) are a genetically encodable tag that can recognize and enhance 
fluorescence of otherwise dark molecules (fluorogens). Here we report a 
photosentisizing dye-FAP complex for selective targeting and destruction of cancer 
cells. Upon near infrared illumination, a FAP-bound di-iodo-malachite green fluorogen 
(MG2I) is able to specifically generate singlet oxygen and induce acute cytotoxity and 
cell death. We have achieved effective and specific cell killing with both genetically 
targeted FAP in different cellular compartments and FAP-affinity probes targeting for 
cancer cells. This method may greatly reduce the nonspecific toxicity to normal tissues 
due to the low phototoxicity from unbound dye and low off site singlet oxygen 
generation from untargeted complex. This method could have significant applications in 
tumor ablation, in basic research, and in regenerative medicine. 

 



 



 
Illustration of dye-FAP complex for cancer cell targeting activatable PDT 
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Synthesis and structure-activity relationship studies of a new class selective 
survivin inhibitors 
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HSC, Memphis, Tennessee, United States  

The anti-apoptotic protein survivin has low expression in normal differentiated cells, but 
is highly expressed in most tumor cells. It has been considered as an attractive cancer 
drug target. In our ongoing effects to develop non-peptidomemetic, selective survivin 
inhibitors, we report the design and syntheses of a new class of survivin inhibitors 
based on the oxyquinoline scaffold from our recently identified hit compound. These 
new analogs were tested against a panel of cancer cell lines including a multidrug-
resistant phenotype. Several of these new analogs showed IC50 values in the 
nanomolar range in antiproliferative assays. Western blot analyses demonstrated the 
high selectivity for survivin inhibition among other members in the inhibitor of apoptosis 
protein (IAP) family. When tested in an A375 human melanoma xenograft model, the 
most active compound 4g effectively suppressed tumor growth and strongly induced 
cancer cell apoptosis in tumor tissues. This novel scaffold is promising for the 
development of selective survivin inhibitors as potential anticancer agents. 

 



 



 
Compound 4g selectively suppresses survivin expression among IAPs and inhibits melanoma 
tumor growth in vivo.  
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Silybin derivatives as antiprostate cancer agents: Synthesis and antiproliferative 
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Abstract: The current FDA-approved first-line treatment for castration-resistant prostate 
cancer can barely prolong maximum 2-3 years of survival for a prostate cancer patient. 
Even worse, the reason that approximately 30,000 men die each year of castration-
resistant prostate cancer in the USA is because they becomes refractory by the 
inevitable progression of resistance to first-line treatment with docetaxel. It is thus an 
urgent need to search for an effective treatment for this medical unmet disease. Silybin, 
extracted from milk thistle (Silybum marianium), is a naturally occurring hybrid molecule 
of flavonoid and lignan. It has a long history used as treatment for mushroom poisoning 
and as dietary supplements, suggesting its positive and non-toxic profile. This has been 
supported by its phase I clinical trial data in advanced prostate cancer patients. The in 
vitro and in vivo investigations have demonstrated its therapeutic potential for prostate 
cancer. The in vivo anti-tumor efficacy of silybin has been evidenced in a DU-145 
human prostate cancer cell xenograft model in athymic mice and a 3,2’-dimethy-4-
aminobiphenyl-induced prostate cancer model in rats. The effectiveness of silybin as a 
potential anticancer clinical therapeutic is however discounted by its low potency and 
bioavailability. Hence, structure modifications of silybin to synthesize new chemical 
entities with enhanced potency and bioavailability are highly desired and are the core 
focus of our research project. A group of new silybin derivatives have been designed 
and synthesized for the evaluation of their anti-proliferative activities towards prostate 
cancer cells. In the WST-1 assay, eight out of the ten derivatives exhibited better 
inhibitory activity than parental silybin towards the proliferation of human androgen-
independent PC-3 prostate cancer cells at 1 µM and 10 µM concentrations. The most 
promising three derivatives are 10-time more potent than silybin based on the 
comparison of their IC50 values. The effects of the properties and attaching points of 
various substituents on the proliferation of prostate cancer cells were explored. The 
design, synthesis, anti-proliferative activity, and structure-activity relationships of these 
silybin derivatives will be presented. 
 
Keywords: silybin, prostate cancer, anti-proliferative activity 
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Fluorescein hydrzones as novel nonintercalative topoisomerase catalytic 
inhibitors with low DNA toxicity 

A. F. M. M. Rahman3, afm_motiur@yahoo.com, So-Eun Park4, Youngjoo Kwon2, Adnan 
A. Kadi1. (1) College of Pharmacy KSU, Riyadh, Saudi Arabia (2) Ewha Womans 
University, Seoul, Korea (the Republic of) (3) Pharmacy, King Saud University, Riyadh, 
Riyadh, Saudi Arabia (4) Pharmacy, Ewha Womans University, Seoul, Korea (the 
Republic of)  

Fluorescein hydrzones (3a-3l) were synthesized in three steps with 86–91% overall 
yields. Topo-I and IIα-mediated relaxation and cell viability assay were evaluated. 3d 
inhibited 47% topo-I (camptothecin, 34%) and 20% topo-II (etoposide 24%) at 20 μM. 3l 
inhibited 61% topo-II (etoposide 24%) at 20 μM. 3d and 3l were further evaluated to 
determine their mode of action with diverse methods of kDNA decatenation, DNA-topo 
cleavage complex, comet, DNA intercalating/unwinding and topo IIα-mediated ATP 
hydrolysis assays. 3d functioned as a non-intercalative dual inhibitor against the 
catalytic activities of topo I and topo IIα. 3l acted as a topo IIα specific non-intercalative 
catalytic inhibitor. 3d activated apoptotic proteins as it increased the level of cleaved 
capase-3 and cleaved PARP in dose-and time-dependent manner. The dose- and time-
dependent increase of G1 phase population was observed by treatment of 3d along 
with the increase of p27kip1 and the decrease of cyclin D1 expression. 
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Design and synthesis of a novel tri-branched asymmetric bowtie PAMAM 
dendrimer-based drug conjugate as a cancer theranostic agent 

Longfei Wei1, longfei.wei@stonybrook.edu, Tao Wang1, Yu-Han G. Teng1,2, Iwao 
Ojima1,2. (1) Department of Chemistry, Stony Brook University, Stony Brook, New York, 
United States (2) Institute of Chemical Biology and Drug Discovery, Stony Brook 
University, Stony Brook, New York, United States  

Theranostic is a material combining both therapy and diagnostic imaging, which could 
be used for more effective and personalized treatments of cancer. Dendrimers are 
attractive anticancer drug delivery platforms. They have well-defined architectures, and 
different functional groups could be attached to the surface of dendrimers for different 
purposes. Also, dendrimers can be used as anticancer drug delivery vehicles by 
employing both receptor-mediated active targeting and size-mediated passive targeting. 
The multifunctional characteristics of the dendritic constructs make them appealing 
platforms for anticancer drug delivery. We have developed a strategy for constructing 
asymmetric bowtie dendrimer platforms based on different generations of polyamido-
(amine) (PAMAM) dendrimers with a cystamine core in our laboratory. First, G3 
PAMAM dendrimer with cystamine core is fully functionalized with biotins as targeting 
modules, and G1 PAMAM dendrimer with cystamine core is fully functionalized with 
terminal alkyne functional groups. Then both functionalized dendrimers are reductively 
cleaved to afford two half dendrons that could connect to a bis-maleimido spacer 



asymmetrically. The asymmetric dendrimer scaffold could conjugate with cytotoxic 
warheads 2nd generation taxoid SB-T-1214 via click chemistry. Furthermore, we 
incorporate a 1,3,5-triazine splitter into the bis-maleimido spacer to introduce a third arm 
bearing MRI contrast agent as an imaging probe onto the dendrimer-based construct. 
Therefore, this novel tri-branched asymmetric bowtie PAMAM dendrimer-based drug 
conjugate allows the delivery of 16 biotin molecules as targeting modules, 4 taxoids as 
cytotoxic warheads, as well as MRI contrast agent as an imaging probe at same time. 
This nanoscale drug conjugate could be used as a theranostic agent for the treatment of 
cancer with well-defined drug loading, enhanced specificity and diagnostic imaging 
functionality. 

 



 



 
A Novel Tri-branched Asymmetric Bowtie PAMAM Dendrimer-based Drug Conjugate as a 
Cancer Theranostic Agent 
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Synthesis and antitumor activity of N,N’-bisnaphthylated imidazole salts with 
lipophilic or hydrophilic substituents on the imidazole and benzimidazole rings 

Kerri L. Shelton1, kerrishelton@gmail.com, Patrick O. Wagers1, Marie R. Southerland1, 
Michael A. DeBord1, Matthew J. Panzner1, Nikki K. Robishaw2, Claire A. Tessier1, Wiley 
J. Youngs1. (1) Department of Chemistry, The University of Akron, Akron, Ohio, United 
States (2) Department of Chemistry, University of Akron, Akron, Ohio, United States  

Imidazolium salts are actively explored due to their potential anti-cancer activity. Prior 
pharmaceutical research of anti-tumor compounds has led to the identification of N,N’-
bisnaphthylated imidazolium salts, which have demonstrated high anti-tumor activity, 
similar to that of cisplatin. Cisplatin has been used as a chemotherapeutic agent for 
decades; however, it has numerous undesirable side effects, which has prompted the 
investigation into other compounds that are similar in efficacy, yet without the side 
effects. 
The synthesis and structural characterization of N,N’-bisnaphthylated imidazolium salts 
substituted in various positions with hydrophilic or lipophilic groups are reported, along 
with the structure activity relationship for tuning the activity and solubility of the salts. 
Nitrogen substituents have been known to provide the activity, while variations on the 
heterocycles’ alternate positions contributed to the lipophilicity, which plays a crucial 
role in modulating the solubility and efficacy of the salts against non-small cell lung 
cancer cells (NSCLC). 
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Disrupting reactive oxygen species mediated pathways in human cancer models 
with ferrocenylated N-heterocyclic carbenes 

Jonathan F. Arambula1, jarambula@georgiasouthern.edu, Kuppuswamy Arumugam3, 
Darren J. Magda4, Christopher Bielawski2, Jonathan L. Sessler3. (1) Chemistry, Georgia 
Southern University, Statesboro, Georgia, United States (2) A1590, UT-Austin, Austin, 
Texas, United States (3) Univ of Texas, Austin, Texas, United States (4) Lumiphore, 
San Leandro, California, United States  

Rapid proliferation of human carcinoma results in increased levels of reactive oxygen 
species (ROS). This, in turn, results in elevated activity of ROS mediated pathways. 
Development of small molecules capable of disrupting these pathways through multiple 
mechanisms would provide insight as to how cancers tolerate increased ROS and 
indicate potential synergistic effects of small molecules capable of targeting multiple 
regulatory pathways. To this end, Au (I)-ferrocenylated N-heterocyclic carbenes capable 



of targeting specific ROS mediated pathways were designed, synthesized, and their 
drug mechanism of action elucidated in human cancer models. 

MEDI 124 

Targeting the hypoxia-adenosinergic pathway via A2AR antagonists; Toward 
cancer immunotherapeutics 

Gengyang Yuan1, yuan.g@husky.neu.edu, Stephen Hatfield3,4, Michail Sitkovsky3,4, 
Mary J. Ondrechen2, Graham Jones1. (1) Chemistry & Chemical Biology, Northeastern 
University, Malden, Massachusetts, United States (2) Chemistry Dept, Northeastern 
University, Boston, Massachusetts, United States (3) New England Tissue Protection 
Institute, Boston, Massachusetts, United States (4) Northeastern University, Boston, 
Massachusetts, United States  

The recent FDA approval of the prostate cancer vaccine Provenge® and the monoclonal 
antibody Yervoy® (anti melanoma), are milestones in cancer immunotherapy. Despite 
this excitement there exists a critical need to broaden our knowledge of underlying 
tumor protection mechanisms. In this presentation, I will discuss a novel 
immunosuppressive pathway, wherein hypoxia-driven accumulation of extracellular 
adenosine triggers suppression via A2A receptors on the surface of active immune cells. 
Extensive studies have revealed that antagonism of A2A receptors on immune cells 
have led to a total tumor rejection in mice. In unrelated applications, selective and long-
lived A2AR antagonists have been developed as agents for Parkinson’s disease. Our 
laboratories have successfully synthesized a functional library of A2A antagonists, 
including KW6002, KW-octaethylene glycol monomethyl ether (KW-PEG), Tozadenant 
and PEG-ylated versions of Preladenant, which have shown promising preliminary data 
in mouse models. Future plans include synthesis and scale up of derivatives using 
novel coupling chemistry, preparation of PET probes, and exploring mechanism of 
action through assay guided Quantitative Structure–Activity Relationship (QSAR). 
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Triterpenoid derivatives and their biological activities 

Milan Urban2, milan.urban@gmail.com, Jan Sarek1, Marian Hajduch2, Jiri Rehulka2, 
Petr Dzubak2, Lucie Borkova1. (1) Organic Chemistry, Palacky University, Faculty of 
Science, 17. listopadu 1192/12, Olomouc, Czech Republic (2) IMTM, Palacky 
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Triterpenoids are a large group of natural compounds that are found in numerous living 
organisms, and are particularly prevalent in plants. They often have a variety of 
biological activities.1 Betulinic acid 1b, for example, has strong anti-HIV and anti-cancer 
activities. 
Synthesis of various lupane and 18α-oleanane derivatives will be described including 
those with a heterocycle condensed to the skeleton, fluoroderivatives, and triterpenes 



substituted in the position 2. We extracted betulin 1a and betulinic acid 1b from birch 
and sycamore bark and then we prepared precursors 2 - 5; their condensation with 
ethylenediamine, hydrazine, hydroxylamine, or thiourea yielded a set of heterocycles2, 3 
(e.g. 6-11); their fluorination gave a set of fluoroderivatives.4 Finally, a series of C-2 
substituted triterpenes (e.g. 12-14) was obtained by nucleophilic substitution of 
bromoketone 5. The in vitro cytotoxicity of all compounds prepared in this study was 
screened on CCRF-CEM cell line, the most active derivatives were tested on a panel of 
seven cancer cell lines with/without MDR phenotype and non-tumor MRC-5 and BJ 
fibroblasts. Basic assumptions about structure-activity relationships and possible 
pharmacophores will be discussed. 
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Scheme. Synthesis of cytotoxic triterpenoid derivatives. 
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Development of a novel class of hydroxylated 2, 4-diphenyl indenopyridines as a 
selective non-intercalative topoisomerase IIα catalytic inhibitor 

Tara M. Kadayat1, kadayattaraman@gmail.com, Til Bahadur Thapa Magar1, Ganesh 
Bist1, Aarajana Shrestha1, Youngjoo Kwon2, Eung-Seok Lee1. (1) College of Pharmacy, 
Yeungnam University, Kyongsan, Korea (the Republic of) (2) College of Pharmacy, 
Division of Life and Pharmaceutical Sciences, Ewha Woman’s University, Seoul, Korea 
(the Republic of)  

Many researchers are attracted to develop selective Topoisomerase (topo) II inhibitors 
as anticancer agents. Topo II plays crucial role in many nuclear processes that generate 
topological problems. In addition, topo II is the only enzyme available to disentangle the 
topological problems in chromosomes, which must occur during the completion of 
replication, and to decantenate the replicated chromosomes by transiently breaking of 
double strands of DNA. For the development of novel anticancer agents, we designed 
and synthesized hydroxylated 2,4-diphenyl indenopyridines, and evaluated their 
topoisomerase inhibitory activity as well as their cytotoxicity against several human 
cancer cell lines. The structure-activity relationship study showed that indenopyridines 
with hydroxyl group at meta or para positions of 2- or 4-phenyl ring displayed selective 
and significant topoisomerase IIα (topo IIα) inhibitory activity and potent cytotoxicity. 
Positive correlation between topo IIα inhibition and cytotoxicity was observed for 
compounds 15, 16, 18-20, 22, 23, 25 and 26. The mode of action of compound 16 was 
further evaluated to be a non-intercalative topo IIα catalytic inhibitor. 
 
Keywords: Hydroxylated 2, 4-diphenyl indenopyridine, Anticancer agents, Terpyridine, 
Topoisomerase IIα non-intercalative catalytic inhibitor, Cytotoxicity 
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Preliminary structure-activity relationship studies of a fungal metabolite 
ophiobolin A – promising antiglioblastoma agent 
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Glioblastoma multiforme (GBM) is the most common form of malignant primary brain 
tumor and is one of the most lethal cancers. Despite the academic and industrial efforts 
to find better treatment, the 5-year survival of GBM patients has not changed over the 
past 10 years and is less than 9.8%. Unfortunately, the numerous anti-GBM agents 



currently being evaluated in clinical trials have not offered forthcoming improvement to 
date. GBM is characterized by resistance to apoptosis, which is largely responsible for 
the low effectiveness of the classical chemotherapeutic approaches, most of which are 
based on apoptosis induction in cancer cells. Over the past decade, a number of cell 
death pathways based on alternative non-apoptotic mechanisms have been discovered. 
In one such development, the fungal secondary metabolite ophiobolin A (OpA) was 
found to have significant activity against apoptosis-resistant GBM cells through the 
induction of a paraptotic cell death. Paraptosis is a recently discovered form of non-
apoptotic cell death, which is distinguished from apoptosis by the absence of apoptotic 
morphology, DNA fragmentation or caspase activation. The discovery of OpA as a 
paraptotic agent demonstrates for the first time the possibility of paraptosis induction in 
GBM cells with a small molecule and lays the foundation to explore paraptosis as an 
innovative strategy to combat GBM. To this end, synthetic analogs derived from OpA 
(available in gram quantities) have been prepared and tested in vitro against GBM cell 
lines to establish preliminary structure-activity relationships (SAR). These studies will be 
presented with the current poster. 
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Identification of the first selective small molecule GRPR (BB2) antagonists 
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Chemistry, Neurocrine Biosciences, San Diego, California, United States (2) 
Pharmacology, Neurocrine Biosciences, San Diego, California, United States  

Gastrin-releasing peptide (GRP), which binds to GRPR (BB2), has been implicated in a 
variety of human physiological functions and disease states including cancer, 
inflammation, and itch. Further studies have been limited by the lack of potent and 
selective small molecules. Here, we report our in house screening results which 
identified a 1,2,3,4-tetrahydroquinoxalin-2-one series with moderate GRPR antagonist 
activity. We further describe subsequent structure-activity relationship studies resulting 
in the first potent, selective and stable GRPR (BB2) small molecule antagonist. 
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Evaluating p97 inhibitor analogs for their domain-selectivity and potency against 
the p97-p47 complex 
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The p97 AAA (ATPase associated with diverse cellular activities), also called VCP 
(valosin-containing protein), is an important therapeutic target for cancer and 



neurodegenerative diseases. Each monomer of p97 is composed of an N domain 
followed by D1 and D2 ATPase domains, which are joined by linker regions. It is clear 
that the D2 domain hydrolyzes ATP in vitro. D1 shows ATPase activity in the full-length 
protein only when the D2 domain is capable of binding nucleotides. A major role of the 
N domain is to recruit numerous p97 cofactors. Binding of p47-one of the major p97 
cofactors- to the N-domain of p97 significantly reduces the diameter of the p97 ring and 
inhibits wild type p97 ATPase activity. 
Based on observations of enzymatic activity with small-molecule inhibitors, we have 
recently evaluated that four p97 inhibitors (DBeQ, ML240, ML241, and NMS-873) have 
differential responses to Walker A (disrupt ATP and ADP binding) and Walker B (disrupt 
activation of hydrolysis but allow binding) mutations, to disease-causing IBMPFD 
mutations, and to the presence of the N domain binding cofactor protein p47. DBeQ and 
NMS-873 inhibited both ATPase domains, whereas ML240 and ML241 specifically 
target the D2-domain of wild type p97. In addition, p47 significantly decreases their 
potency by ~50-fold. In contrast, DBeQ shows only a 4- to 6-fold decrease in potency 
against the p97-p47 complex.  
To elucidate the structure-activity relationships of 200 potential p97 inhibitor analogues, 
we -characterize their ability to inhibit the p97 ATPase activity of the D1, D2, or both 
domains as well as the effect of p47 on potency. The selectivity of 29 of these 
compounds was further examined by 8-dose titration. These results highlight the 
possibility of developing domain selective and complex-specific p97 inhibitors, in order 
to further elucidate physiological roles of p97 and its cofactors. 
These study identifies several potential starting points for future SAR analyses, to 
improve the potency of D1-specific inhibitors and selective inhibitors for the p97-p47 
complex. It also highlights the potential importance of context-based inhibition of p97 
ATPase activity. Together, our results provide the framework for developing domain, 
complex, and pathway specific inhibitors, with the ultimate goal of validating p97 as a 
potential therapeutic target.  
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Addition of the 5-carbon unit isopentenyl diphosphate to farnesyl diphosphate in the 
isoprenoid biosynthetic pathway is catalyzed by the enzyme geranylgeranyl 
diphosphate synthase (GGDPS) and results in formation of geranylgeranyl diphosphate 
(GGPP). The intermediate GGPP is essential for protein prenylation and the resulting 
proteins are needed for cellular signaling. There has been interest in GGDPS inhibitors 
due to their potential anti-proliferative effects. We have developed a number of triazole 
derivatives bearing a hydrophobic isoprenoid or homoisoprenoid chain and a geminal 



bisphosphonate to mimic the diphosphate of GGPP. In an effort to investigate the 
structure–activity relationships further, the hydrophobic chain has been extended to 
provide a family of bishomoisoprenoid triazole derivatives (e.g. 1 and 2). The synthesis 
of these compounds and their activity as inhibitors of GGDPS will be presented. 
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mechanism and reduce cell growth 
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A survey of data obtained from a variety of biological assays on a drug library consisting 
of more than 200 synthesized small organic molecules has revealed significant potential 
anticancer activity for molecules containing a specific structural motif. Previously, 
several of the compounds in a library of drugs, which were designed to activate the Wnt 
pathway (to promote stem cell pluripotency), were found to decrease the β-catenin 
levels in the cell. The dysregulation of β-catenin has also been linked to various types of 
cancer and we therefore decided to investigate the potential influence of these drugs on 
cell proliferation. The drugs tested in the assays consisted of compounds containing 
chalcones, amines, amides, small peptides, esters, aldehydes, ketones as well as 
oximes and oxime ether functionalities. Cell proliferation was determined by the 
CyQuant assay, which uses DNA content of the cells to quantify the number of plated 
cells. HeLa cells were treated with the drug (10 μM) for 24 hours and the DNA content 
was quantified. Preliminary results show that several drugs inhibit cell proliferation 
significantly, in some cases even better than known anticancer drugs such as mitomycin 
C and cisplatin. Further studies are currently underway to determine the mechanism of 
action underlying the anti-proliferative effect of these drugs. A structure-activity analysis 
of the most active drugs suggests that many of them have an amide linker as a common 
functionality. Further work is underway to expand the drug library in order to find more 
potent drugs. 
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Click chemistry approach to diversification of novel base-modified thymidine 
analogs that exhibit anticancer activity 

Patrick R. Wolfkiel2, Patwolfki@gmail.com, Kayla M. Borland 2, Edward J. Merino2, 
Michael C. Tranter3, Vladislav A. Litosh1. (1) Department of Chemistry, University of 
Cincinnati, Cincinnati, Ohio, United States (2) Deptartment of Chemistry, University of 
Cincinnati, Cincinnati, Ohio, United States (3) Department of Internal Medicine, 
University of Cincinnati , Cincinnati , Ohio, United States  

Cancer will kill roughly half a million people by the end of 2014. Malignant cells usually 
undergo abnormally rapid division, which requires increased amounts of nucleotides for 
continuous DNA production. Many chemotherapeutic approaches to cancer treatment 
use modified nucleosides and nucleobases that stop DNA replication, thereby causing 
cancer cells go into apoptosis. Due to their structural similarity to natural analogs, the 
most potent FDA-approved nucleoside-based anti-cancer drugs elicit severe side 
effects that are sometimes lethal. Therefore, there is a critical need to explore 
alternative anti-cancer agents with wider therapeutic window. One of the venues to fill 
this gap is to develop new antimetabolites with the mechanism of action exclusively 
focused on targeting replicating DNA directly, with the minimal effect on other 
intracellular targets. The focus of this project is the synthesis of novel base-modified T-
nucleoside analogs and investigating their toxicity in cancer cells. Our initial discovery of 
the lead compound with better selectivity toward cancer cells compared to 5-fluorouracil 
has warranted the search for further lead improvement though the structure-activity 
relationship studies. We used click chemistry to synthesize a diverse library of 
nucleoside derivatives analogous to current lead compound. Their cytotoxicity has been 
determined by performing MTT assay on MCF7 breast cancer cells. 
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Two-faced, biphenyl-based synthetic α-helix mimetics are effective inhibitors of 
the Mcl-1 oncoprotein 

Maryanna Lanning1, melanning@gmail.com, Paul Wilder2, Steven Fletcher1. (1) Dept 
of Pharmaceutical Sciences, University of Maryland School of Pharmacy, Baltimore, 
Maryland, United States (2) School of Medicine, University of Maryland Baltimore, 
Baltimore, Maryland, United States  

The dysregulation of the anti-apoptotic Bcl-2 proteins, such as Mcl-1, leads to the 
evasion of apoptosis and to the eventual chemoresistance seen in cancer. Specifically, 
this occurs through the “neutralization” of the pro-apoptotic Bcl-2 α-helical BH3 
domains, including Bim and Bak, by the hydrophobic groove on the Mcl-1 surface. 
Inspired by traditional α-helix mimicry, and the recent knowledge that the p2 pocket is 
important for potent binding of Mcl-1, a two-faced biphenyl scaffold was designed to 
replicate key functionality on both faces of the amphipathic BH3 α-helix. Hydrophobic 
substitutions on the upper ring are proposed to interact with the p3 pocket and the lower 
ring the p2 pocket, while a carboxylic acid on the other face of the biphenyl is designed 
to interact with Arg263. Preliminary analysis of a focused library of biphenyls reveals 
this is an effective strategy to inhibit the Mcl-1 oncoprotein. 
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Amphipathic α-helix mimetics based on a 1,4-disubstituted 2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepine: Inhibition of the Mcl-1 oncoprotein 

Lijia Chen, Kwan-Young Jeong, Steven Fletcher, sfletche@rx.umaryland.edu. Dept of 
Pharmaceutical Sciences, University of Maryland School of Pharmacy, Baltimore, 
Maryland, United States  

Synthetic α-helix mimetics that can be functionalized on both “faces” might provide 
higher affinity and/or selectivity for their intended biological targets. Alternatively, the 
addition of functionality to a second “face” could serve as a solubilizing group. Recently, 
we introduced 1,2-diphenylacetylenes as amphipathic α-helix mimetics. Herein, we 
describe a new class of amphipathic α-helix mimetics based on a 2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepine scaffold. Due to their fixed locations in the diazepine ring, 
substitution of both nitrogens permits good spatial mimicry of the i and i + 2 side chains 
found on opposing faces of an α-helix. As proof-of-principle of our design, we have 
successfully designed inhibitors of the Mcl-1 oncoprotein through mimicry of the 
amphipathic, α-helical BH3 domain of its native partner protein Bim. 
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Lijia Chen1, lijiachen@umaryland.edu, Jay Chauhan1, Jeremy L. Yap1, Paul T. Wilder2, 
Steven Fletcher1. (1) Dept of Pharmaceutical Sciences, University of Maryland School 
of Pharmacy, Baltimore, Maryland, United States (2) Biochemistry and Molecular 
Biology , University of Maryland Baltimore, Baltimore, Maryland, United States  

Overexpression of the anti-apoptotic Bcl-2 proteins, including Bcl-2, Bcl-xL and Mcl-1, is 
often observed in multiple cancers. Over the past few decades, several Bcl-2/Bcl-xL 
inhibitors have been developed, the most famous of which, ABT-263, is currently 
performing well in clinical trials as a potential novel therapy for cancer patients. 
However, many cancers are resistant to ABT-263 due to up-regulation of Mcl-1 against 
which ABT-263 is ineffective. Structural analysis of the Mcl-1 binding groove reveals 
that the p2 pocket potentially serves as a hot spot that might provide both binding 
affinity and selectivity over Bcl-2/Bcl-xL. With the guidance of CADD, we have designed 
and synthesized salicylate-based small-molecule inhibitors of the Mcl-1 oncoprotein. 
The carboxylic acid is critical to activity, likely binding Arg263, whilst double 
functionalization of an amino group para to the acid allows access to both the p2 and p3 
binding pockets. 
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Design and synthesis of coumerin-aminoethylphenol hybrids as potential 
epigenetic modulators 

Michael Branscum, michael.branscum@smail.astate.edu, Trent Rowe, 
trent.rowe@smail.astate.edu, Jamarcus Brider, Mohammad A. Alam. Chemistry and 
Physics, Arkansas State University, Jonesboro, Arkansas, United States  

Aberrant regulation of epigenetic pathways causes many diseases and it has been 
estimated that epigenetic aberrations are at least ten to forty times more frequent in 
cancers than genetic mutations. Terpenylated coumarins isolated from the stem bark of 
Ailanthus altissima are potent SIRT1 activators both in vitro and in vivo. These novel 
dimethoxy terpenylated coumarins with variable oxygenation show direct stimulatory 
effect on SIRT1 deacetylation activity in a dose dependent manner. These small 
molecules may serve as leads for the treatment of metabolic and age related disorders. 
A number of aminoethyl phenols have also been discovered as the inhibitors of Jumonji 
(Jmj) histone demethylases showing activity at low micromolar concentration. We have 
synthesized several small molecule coumerin-aminoethylphenol hybrids as potential 
epigenetic modulators. In the synthesis, we have utilized commercially available 
aminophenols as starting materials for the target molecules in 2-3 steps. This short and 
divergent synthesis has the scope to make rapidly several molecules as potential 
therapeutic agents. 

 



 
 
coumerin-aminoethylphenol hybrids 
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Design and chemoproteomic functional characterization of a chemical probe 
targeted to bromodomains of BET family proteins 

Bruce A. Lefker1, Bruce.a.lefker@pfizer.com, Kieran F. Geoghegan1, Stephen W. 
Wright1, David C. Limburg1, Julia Shin2, Cara M. Williams2, Parag Sahasrabudhe1, Paul 
Bonin3, Simeon Ramsey2. (1) Medicinal Chemistry, Pfizer Inc, Arlington, Massachusetts, 
United States (2) Inflammation and Remodeling Research Unit, Pfizer Inc, Cambridge, 
Massachusetts, United States (3) Primary Pharmacology Group, Pfizer Inc, Groton, 
Connecticut, United States  

Bromodomain-containing proteins form the signal-reading element of a principal system 
for the control of gene expression in eukaryotes. Their potential as targets for selective 
drug action is increasingly being assessed and exploited. Deep characterization of the 
specificity, potency and other attributes of prototypical agents is an essential element of 
this process. Continuing studies of a dihydroquinazolinone-based series (prototype: 
PFI-1) with specificity for members of the BET (bromodomain and extra terminal) family 
led to the discovery of quinolin-2(1H)-one inhibitors with similar potency and selectivity, 
but increased chemical stability. Structure-guided design then led to the elaboration of a 



desthiobiotinylated analog retaining a high fraction of the potency of its parent 
compound and therefore suitable for chemoproteomic affinity capture experiments. 
These experiments, conducted using nuclear extracts of THP-1 cells, extended 
confidence in the selectivity of the series as first proposed. An additional and 
subsequent evaluation of specificity performed with a panel of recombinant 
bromodomains (BROMOscan™, DiscoveRx) supported the BET family specificity of the 
dihydroquinazolinone and quinolin-2(1H)-one series while adding appreciation of 
weaker effects shown at other bromodomains. 
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Identification and characterization of cellular histone deacetylase active site 
alterations Induced by deacetylase complex components 

Thomas Hanigan1, twhanigan@gmail.com, Irida Kastrati3, Jonna Frasor3, Pavel A. 
Petukhov2. (1) Medicinal Chemistry, University of Illinois at Chicago, Chicago, Illinois, 
United States (2) Medicinal Chemistry and Pharmacognosy, University of Illinois at 
Chicago, Chicago, Illinois, United States (3) University of Illinois at Chicago, Chicago, 
Illinois, United States  

The acetylation status of histones affects gene transcription by altering the accessibility 
of DNA to transcriptional machinery. Histone Deacetylases (HDACs) are class of 18 
enzymes which catalyze the removal of gamma acetyl lysines on histone and non-
histone substrates. Altered expression and mutation of HDACs often occurs in cancer to 
aberrantly regulate essential genes which control cell cycle progression, proliferation, 
and apoptosis. In addition to these types of transcriptional regulation, Class I HDAC 
activity, the subtype most responsible for histone acetylation, has been shown to be 
regulated through the formation of isoform specific multi-protein deacetylase complexes. 
How the enzymatic activity of the HDACs and epigenetic machinery are affected by 
components of deacetylase complexes is not well understood. Using a unique set of 
small molecule photoreactive HDAC probes (PRPs), capable of binding to the active 
site of HDAC proteins, covalently crosslinking to the proteins in proximity and 
conjugating to a reporter tag for visualization, enrichment, and identification, we 
demonstrate that the active site of cellular class I HDAC isoforms is substantially 
different than when removed from the cellular context. We show that the components of 
deacetylase complexes are responsible for these alterations to the active site of class I 
HDACs and that active site alterations caused by these complex components varies by 
cell type. The HDAC active site alterations identified in this study represent a novel 
mechanism of HDAC enzymatic regulation which can be exploited to design tissue, 
complex, or cancer specific HDAC inhibitors. 
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Miles D. Mann, mdmann@eagles.usi.edu. Biology, University of Southern Indiana, 
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A Comparison of Local and Tropical Plants Used as Herbal Remedies and Their 
Chemical Make-Up 
Miles D. Mann II, Adam J. Ferrari and Edmir O. Wade PhD 
University of Southern Indiana 
Abstract submitted to ACS 2014 
 
Many plants are used throughout the world as herbal remedies, and are used as an 
alternative route to traditional medicine today. Plant specimens were collected by a 
student who traveled to Ghana, and these specimens are used for a number of 
medicinal and home remedies in the Ghana region. The plants collected in Ghana are 
compared to plants collected in the Evansville, Indiana region of the US Midwest and 
also a few from the country of Belize, Central America. The present work compares 
what these have to offer as far as home remedies for locals in these areas. The goal of 
the experimental study is to isolate the active ingredients and secondary metabolites 
present in these plants, to see if they correspond to the symptoms they treat. Currently, 
potential methods of extraction are also being identified and developed. These methods 
of extraction for the active ingredients include super-critical extractions and solvent 
gradient extractions. 
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Transformations of allicin from garlic: The discovery of 
allylselenoalkylsulfonylpyridazines and Its antitumor activity 

Myung-Sook Park, mspark@duksung.ac.kr, Chae Won Kim, 
kchaewon13@duksung.ac.kr, Da Hae Shin, chaewon103@duksung.ac.kr, Moon-jin 
Choi, sorcererc13@duksung.ac.kr. Duksung Womens University, Tobong Ku, Korea 
(the Republic of)  

Alliums is known to have anticancer and antihypertensive effects. One of the Alliums 
plants reported to possess antitumor compounds was garlic, used for treatment of 
tumors by ancient civilizations. The allyl sulfides were found in garlic may play a key 
role in its an pharmacophore and their cytotoxicity was experimented in previous study. 
Organoseleniums have reported an antioxidant, an enzyme inhibitor, a neuroprotective 
agent, an anticancer agent in pharmacological studies. The results of the drug design, 
3-allylseleno-6-substituted pyridazine derivatives were expected to retain anticancer 
activity. 
In this study, the synthetic route for the target organoselenium pyridazines was 
proceeded via alkylthiolation, oxidation, diselenylation, hydrolysis and Se-allylation from 
3,6-dichloropyridazine. The core compounds, disulfoxide(or sulfonyl)pyridazinyl 
diselenide, were prepared from the diselenide anion of Na2Se2 and the alkylsulfoxide(or 
sulfonyl)pyridazinyl chloride by the synthetic route of Bhasin. Finally, target 3-
allylselenopyridazine derivatives can be synthesized from the disulfoxide(or 



sulfonyl)pyridazinyl diselenide with allyl bromide. 
The synthetic compounds were investigated to antitumor effect against human colon 
carcinoma Hep3B and human breast cancer MCF-7 cells. We evaluated the cytotoxic 
activities of the newly synthesized compounds against cancer cell line in CCK-8 assay. 
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Docking studies to develop GLI-associated oncogene inhibitors from natural 
products 

Yusnita Rifai, yusnita@fmipa.unhas.ac.id. Pharmaceutical Chemistry laboratory, 
Faculty of Pharmacy Hasanuddin University, Makassar, South Sulawesi, Indonesia  

The Hedgehog (Hh) signaling pathway has become an important regulator of tissue 
patterning, stem cell maintenance and cancer growth. In cancer cells, binding of the Hh 
protein to the membrane receptor patched 1 (PTCH) releases its inhibitory effect on 
Smo. Activated Smo further transduces downstream cascades to activate the glioma-
associated oncogene (GLI) family of transcription factors Recent papers reported that 
GLI has been considered as a promising target for selective cancer therapy. We have 
previously isolated numerous naturally occurring GLI inhibitors from plants either using 
bioassay-guided separation or a new fast isolation method utilizing a GLI-GST 
immobilized on magnetic dynabeads. 
 
In this research, we selected plants with known anticancer activity and performed in 
silico screening with 27 alkaloids, 28 lignans and 23 flavonoids against 2GLI as a target. 
The docking protocols used PLANTS (Protein-Ligand Ant System) software and 
evaluated parameters were included the interaction energy and hydrogen bond. A 
crystal structure of cyclopamine binds to 2GLI was used as the reference structure at 
the score of root mean square deviation of 1.614 Ǻ. As a result, evodiamine and 
saurosporinone from alkaloid groups; 4-ketopinoresinol and taxiresinol from lignan 
groups; and xanthohumol from flavonoid groups share similar interactions with protein 
residues within the 2GLI binding pocket and have potential to inhibit GLI binding. 

 



 
 
Structure of 2GLI 

 
 
 
Predicted docking cyclopamine obtained from the docking simulations (carbon atoms are 
presented in white, nitrogen atoms are presented in blue, and oxygen atoms are presented in red, 
and sulphur atoms are presented in yellow) 
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Discovery of novel hit molecules for Sphingosine kinase -1 inhibitory activity by 
structure based virtual screening 

Chelliah Selvam, Brian C. Jordan, jordanb683@yahoo.com, Sona Doshi. College of 
Pharmacy and Health Sciences, Texas Southern University, Houston, Texas, United 
States  

PURPOSE: Sphingosine kinase 1, SphK1 is an oncogenic lipid kinase that regulates the 
sphingolipid metabolism and is more closely linked to signaling pathways associated 
with cancer cell proliferation, metastasis. The promitogenic sphingosine-1-phosphate 
(S1P) is generated by the action of sphk. Overexpression of SphK1 is observed in many 
tumor tissues. Inhibition of SphK1 is considered a novel approach for the treatment of 
cancers including metastatic cancer. Therefore, current work focuses on the discovery 
of novel sphk1 inhibitors. The major objective of this study is to discover novel hit 
molecules from virtual high-throughput screening for Sphk1. 
 
DESIGN METHODS: Analysis of co-crystallized complexes of Sphk1 inhibitors revealed 
the important interaction between the protein and ligand The best Sphk1 co-crysallized 
inhibitor complex (4L02.pdb) with most active ligand (Resolution 2.75 Ǻ) was chosen for 
docking. Omega2 was used to generate the conformers for each compound. OEdocking 
was used for the preparation of receptor grid for Sphk1 using 4L02.pdb. FRED docks 
multiple conformers into the receptor active site. . The Chemgauss 4 scoring function 
was used to rank the hits. 
 
RESULTS: In order to assess the performance of the docking tool Fred, an initial 
database docking was carried out. 10 known Sphk1 inhibitors were randomly selected 
and were appended to a library of 990 randomly chosen compounds. This is a 
benchmark set used by Rognan to optimize the virtual screening protocol. The 
optimized protocol was then used to perform a virtual screening of a large library 
containing 0.45 million lead-like compounds from zinc database. 
 
CONCLUSION: The virtual screening on decoy set aided in setting up the optimized 
protocol for large scale virtual screening. The top scored 500 hits in each subset were 
visually inspected to pick the right compounds for further analysis. The structures of the 
selected hits will be discussed. The structure of the one of the top scored hit is shown in 
Figure 1 
 
Chemguass4 Score 
Hit : ZINC20601215 -19.2244 
Crystallography Ligand -17.4172 
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Novel method for targeting sphingosine kinase 2: Design, synthesis, and 
evaluation of bisubstrate inhibitors 

Thomas K. Dawson1, tkd5gx@virginia.edu, Robert Dyer1, Yugesh Kharel2, Kevin 
Lynch3, Timothy L. Macdonald4,2. (1) Chemistry, University of Virginia, Charlottesville, 
Virginia, United States (2) Pharmacology, University of Virginia, Charlottesville, Virginia, 
United States  

Sphingosine kinase 1 (SK1) and sphingosine kinase 2 (SK2) are the sole producers of 
sphingosine 1-phosphate (S1P). S1P is a potent signaling lipid shown to promote 
cellular survival, neovascularization, and angiogenesis—all hallmarks of cancer. Of the 
two kinases, SK2 is less understood in cellular pathophysiology, in part due to a lack of 
highly potent and selective inhibitors. Our goal is to investigate SK2 using small-
molecule bisubstrate inhibitors designed to target both the sphingosine- and ATP-
binding domains simultaneously. The scaffold of these molecules consists of an 
adenosine derivative and a sphingosine mimetic joined by an aliphatic linker (Figure 1). 
Currently, several lead compounds are being synthesized to optimize the linker; once 
the ideal length is determined, the sphingosine-competitive region of the inhibitors will 
be altered. Specifically, it will be replaced with compound VPC202147, a highly 
selective substrate of SK2 that is phosphorylated at a level comparable to that of 
sphingosine. By inserting VPC202147 into the substrate-competitive region (Figure 2), 
the potency and SK2-selectivity of such an inhibitor would increase dramatically. 

 



 
 
Figure 1. Scaffold of initial bisubstrate SK2 inhibitors. 

 
 
Figure 2. Future substrate with VPC202147 subunit. 
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Serotonin-linked NSAIDs as inhibitors of FAAH, TRPV1, and COX 2 

Tyler M. Rose1, trose@roseman.edu, Christopher A. Reilly2, Cassandra E. Deering-
Rice2, Clinton Brewster1, Chelsea Brewster1. (1) Roseman University of Health 
Sciences, South Jordan, Utah, United States (2) Pharmacology and Toxicology, 
University of Utah, Salt Lake City, Utah, United States  

The molecule AA-5-HT (N-arachidonoyl serotonin) is a known dual inhibitor of the 
endocannabinoid-metabolizing enzyme FAAH (fatty acid amide hydrolase) and the 
proton-activated ion channel TRPV1 (transient receptor potential vanilloid type I). 
Inhibition of either or both of these protein targets appears to reduce pain and anxiety in 
animal models. However, AA-5-HT is an unsaturated fatty acid that is susceptible to 
oxidation under ambient conditions. In an effort to identify more stable multi-modal 
inhibitors of FAAH and TRPV1, amidation conditions were used to connect the primary 
amine of serotonin to carboxylic acid groups in a structurally diverse set of NSAIDs. In 
subsequent assays in vitro, two of the NSAID-serotonin conjugates inhibited FAAH and 
TRPV1 with approximately the same potencies as AA-5-HT. They were also able to 
inhibit COX2 (cyclooxygenase 2), the therapeutic target of NSAIDs. Two other 
conjugates showed dual inhibition of TRPV1 and COX2 only. Multi-target inhibitors of 
this kind may serve as leads for the development of new therapeutics to treat pain and 
anxiety. 
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Discovery of second generation P2X3 receptor antagonists for the treatment of 
chronic pain 

Anthony Ginnetti1, anthony_ginnetti@merck.com, Daniel Paone1, Shawn Stauffer1, 
Craig Potteiger1, Anthony Shaw1, James Z. Deng1, Diem N. Nguyen1, Carolyn 
Segerdell1, Christopher S. Burgey1, Samuel Graham1, Juliana Anquandah2, Amy 
Calamari2, Gong Cheng2, Sean Cook2, Stefanie Kane2, Michael Leitl2, Annie Liang2, 
Eric Moore2, Jacqueline Panigel2, Christopher Salvatore2, Mark Urban2, Jixin Wang2, 
Kerry Fillgrove2, Cuyue Tang3. (1) Medicinal Chemistry, Merck & Co, Perkasie, 
Pennsylvania, United States (2) Pain Research, Merck & Co, West Point, Pennsylvania, 
United States (3) Drug Metabolism, Merck & Co, West Point, Pennsylvania, United 
States  

The P2X3 receptor is an ATP-gated ion channel expressed on primary afferent neurons 
that sense painful stimuli (nociceptors), with limited receptor expression in other tissues. 
This selective expression pattern makes the P2X3 receptor an attractive analgesic 
target with the potential to provide a safe treatment of chronic pain states such as 
occurs in osteoarthritis (OA). The lead optimization strategy to address shortcomings of 
the 1st generation preclinical lead compound will be presented. These studies were 
directed at identification and amelioration of preclinical hepatobiliary findings, reducing 
potential for drug-drug interactions, and decreasing the projected human dose of the 
first generation lead. 
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Design, synthesis, and in vitro evaluation of novel inhibitors of fatty acid amide 
hydrolase (FAAH) 

Sarah Cramer, scramer@csu.edu , Jacklyn Johnson, Abir El-Alfy, Jozef 
Stec. Department of Pharmaceutical Sciences, Chicago State University, College of 
Pharmacy, Chicago, Illinois, United States  

Fatty acid amide hydrolase (FAAH) is an enzyme in the family of serine hydrolases that 
operates within the endocannabinoid system. It metabolizes various lipophilic regulatory 
molecules such as the fatty acid amides oleamide and anandamide, which are the 
endogenous agonists of the cannabinoid receptors (CB1 and CB2). Natural and 
synthetic direct CB agonists have shown therapeutic potential for the treatment of pain, 
inflammatory, sleep, eating, and CNS disorders.1 However, these molecules are often 
accompanied by undesirable effects particularly in the brain including impaired memory, 
cognition, and addiction.2,3 Inhibition of FAAH enzymatic activity prolongs the action of 
anandamide on CB receptors by preventing its metabolism. Therefore inhibition of 
FAAH allows for indirect modulation of the endocannabinoid receptors’ function and 
thus represents a viable approach in treating various disorders and at the same time 
eliminates the unwanted effects observed for CB1 direct agonists. 



This study examines a series of novel acylated carbamates and diacylated ureas as 
potential FAAH inhibitors. These compounds were efficiently prepared in one-pot two-
step reaction sequence. The basic structural features of the novel inhibitors include an 
aromatic cap, carbamate or urea linker, and a lipophilic chain (Figure 1). Overall, a 
focused library of 51 compounds was prepared and evaluated in vitro. Of these 
compounds, 10 analogues showed 50% or greater inhibition of FAAH activity at 50 µM 
compound’s concentration. These results identify the novel chemical entities as a viable 
starting point for further medicinal chemistry structure optimization in search of effective 
FAAH inhibitors. 
 
Figure 1. General structure of novel FAAH inhibitors 
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Targeted far-red light activatable prodrugs: folate receptor-targeting, optical 
imaging, and a combination of photodynamic therapy and site-specific 
chemotherapy 
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Diagnostic, therapeutic and targeting in a single molecule is an attractive way to achieve 
personalized medicine but is a challenging task. In our previous work, we developed a 
prodrug for non-invasive fluorescence imaging and a combination of photodynamic 
therapy with spatio-temporal delivery of anti-cancer agent by far-red light (photo unclick 
chemistry). Here, we have advanced the concept to targeted multifunctional prodrug 
system by addition of folic acid (FA) as a tumor targeting vector. We designed and 
synthesized four FA-conjugated prodrugs 1-4 (CA4-L-Pc-PEGn-FA: n= 0, 2, 18, ~45) 
and one non-FA-conjugage as a control (CA4-L-Pc-PEG18-boc), where CA4 = 
combretastatin A4 (anti-cancer drug), L = singlet oxygen cleavable linker, Pc = silicon 
(iv) phthalocyanine (fluorescence photosensitizer), and PEG = spacer. We observed a 
higher hydrophilicity of produgs with the longer PEG spacers compared to prodrugs with 
the shorter PEG spacer. Using colon 26 cells, we observed enhanced uptake via FR–
mediated mechanism with prodrugs with the longer PEG spacers compared to prodrugs 
with the shorter PEG spacers. Most interesting, the targeted prodrug (CA4-L-Pc-
PEG~45-FA) with the longest PEG spacer showed a higher and more specific uptake to 
tumors compared to the non FA-conjugated prodrug (CA4-L-Pc-PEG18-boc), resuling in 
selective tumor damage and much better antitumor efficacy. In conclusion, we have 
demonstrated a targeted theranostic drug delivery system that integrates site specific 
chemotherapy, photodynamic therapy, and tumor targeting, where the release of active 
chemotherapy drug is actively controlled by photo-unclick chemistry. 
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During our research and development of the anthracycline anti-tumor drug candidate, 
doxazolidine, need emerged for a mild, chemoselective aryl amidation reaction to 
efficiently synthesize a series of related tripartite prodrugs. Incorporation of the 
Katzenellenbogen spacer, a self-immolative p-amidobenzyloxycarbonyl moiety, is 
common in tripartite prodrug design as its use facilitates prodrug "activation" by 
providing spatial separation between the drug- and enzymatically-labile, "targeting"-
portions of the molecule. Proteolysis of the anilide bond, followed by rapid 1,6-
elimination of the iminoquinone methide and spontaneous decarboxylation of the 
liberated carbamic acid, allows for targeted, localized release of the active therapeutic in 



the diseased tissue conferred via specific dysregulated enzyme expression/secretion 
(Scheme 1). Previous syntheses required these constructs to be assembled by step-
wise acylation of the aniline, followed by derivatization of the benzyl alcohol and 
subsequent coupling to the drug. However, a more convergent synthesis of such 
structurally related prodrugs, which differ only in the targeting-groups used, was 
envisioned to proceed through a common pre-assembled, spacer-drug intermediate. 
Installation of the respective targeting groups could then be postponed until the final 
step of the synthesis, assuming a suitable transformation for anilide-bond formation 
could be found. We report use of the traceless Staudinger ligation of an advanced aryl 
azide intermediate 1 with various phosphinophenyl esters 2a-b in the synthesis of a 
series of peptidyl- and carbamate peptidyl-prodrugs 3a-b (Scheme 2). Synthetic 
advantages and limitations to the method are presented, along with structural 
modifications to the target compounds that may be adopted to overcome these 
limitations. In vitro data used to screen the prodrug library and select a lead compound 
for more extensive biological testing is also presented. 

 



 



 
Scheme 1.  Hypothetical enzymatic-activation mechanism of a tripartite prodrug incorporating 
the Katzenellenbogen-spacer. 



 



 
Scheme 2. Tripartite prodrug synthesis via a traceless Staudinger ligation. 
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Exploring CatSper channel openers and binding site interactions: Discovery of 
steroidal channel blockers 

Erick Carlson2,1, carl2810@umn.edu, Jon Hawkinson2,1, Gunda I. Georg2,1. (1) Institute 
for Therapeutics Discovery and Development, Minneapolis, Minnesota, United States 
(2) Department of Medicinal Chemistry, University of Minnesota, Minneapolis, 
Minnesota, United States  

The cation channel of sperm (CatSper) is the key ion channel involved in Ca2+ 
regulation in sperm. Composed of 4 subunits, CatSper is expressed exclusively in the 
testes and disruption of any subunit leads to infertility making CatSper a promising 
target for potential male contraception. It is known that CatSper is opened by high 
extracellular potassium concentrations, the steroid hormone progesterone, and 
prostaglandin E1. The focus of this project has been to explore the SAR of progesterone 
acting at the CatSper channel and, to this end hydroxylated and reduced analogues of 
progesterone, steroids of other classes and clinically used progestins have been 
purchased and tested in our FLIPR assay utilizing the calcium-specific dye Fluo-4-AM. 
From this work, insight into SAR around the progesterone scaffold has been gleaned in 
addition to confirming the activity at CatSper of the natural product Sirenin. 
Furthermore, the first steroidal blockers of the CatSper channel have been discovered 
in medroxyprogesterone acetate (MPA) and aldosterone. Finally, the mode of inhibition 
for these steroidal blockers, along with two published t-type calcium channel blockers, 
mibefradil and ML-218, has been investigated. Whereas MPA reduces the apparent 
potency of progesterone consistent with competition for the same binding site, 
mibefradil produces an insurmountable inhibition of progesterone-induced activation, 
consistent with a noncompetitive interaction. In addition to clarifying the SAR of steroids 
and confirming the activity of sirenin as activators of Catsper, we have identified 
steroidal Catsper blockers and have begun to elucidate the interactions between the 
binding sites on the ion channel. 

 



 
 
Dose-response curves from FLIPR assay showing (left) activation of the CatSper channel by 
progesterone, PGE1 & Sirenin and (right) blocking of the progesterone-induced current by 
Mibefradil, ML-218 & Medroxyprogesterone Acetate (MPA). 
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Enzyme sensitive conjugates as a macromolecular delivery platform for siRNA 

Jeffrey C. Carlson, jeffreyc.carlson@gmail.com, Jonathan Benson, Alexander Sokoloff, 
David Rozema, Andrei V. Blokhin. Arrowhead Research Corporation, Madison, 
Wisconsin, United States  

Escape of short interfering ribonucleic acid (siRNA) prior to endosomal maturation via 
membrane lysis is critical to gene silencing. Polycationic amine containing polymers can 
be used as a vehicle capable of transporting siRNA across the cellular membrane. In 
order to achieve safe and efficient delivery, the polymers must be reversibly modified 
with masking and targeting ligands that would prevent nonspecific interactions in vivo 
and provide selective targeting. This delivery platform requires cleavable linkages 
sensitive to conditions unique to the endosomal environment, in order to activate latent 
membranolytic properties of the polymer, for effective siRNA escape. Conjugation of 
ligands sensitive to the acidic pH of the endosome have been previously explored.1 
Inspired by pro-drug type motifs herein we present alternative approaches to 
macromolecular mediated delivery which rely on proteolytic cleavage of ligands 
containing enzyme sensitive linkages. Kinetics of proteolysis and substrate specificity is 
discussed. 
 
1. Rozema et al. (2007) PNAS 104, 12982-12987. 

 



 
 
siRNA Polymer Conjugate 
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Development of a catalytic Mitsunobu reaction 

Joseph A. Buonomo, buono007@umn.edu, Courtney C. Aldrich. Medicinal Chemistry, 
University of Minnesota, Minneapolis, Minnesota, United States  

The Mitsunobu reaction is a well-known transformation of organic alcohols with 
inversion of stereochemistry (Scheme 1). This powerful transformation allows for facile 
synthesis of C-O, C-N, C-S, C-C, and even C-X bonds from the corresponding alcohols. 
While this reaction has many potential uses in chemical synthesis, the reaction requires 
stoichiometeric phosphine and in many cases arduous purification schemes to remove 
the triphenylphosphine oxide (TPPO) by-product. We, and others, envisioned that a 
catalytic Mitsunobu reaction in the phosphine additive would allow for a more amenable 
purification scheme that is more attractive for green chemistry campaigns in both 
industrial and academic research. Herein we report the first Mitsunobu reaction that is 
catalytic in phosphine employing the phosphine catalyst 1 to transform alcohols in 
moderate to high yields with simplified purification regimes. Our catalyst (1) is easily 
recovered and can be reused multiple times. We have utilized this reaction to form C-O 
and C-N bonds for the synthesis of drug-like materials. Circumventing the major 
drawback of the Mitsunobu reaction should allow for much greater utilization of the 
reaction in industrial research, specifically, the pharmaceutical industry. 
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Flow hydrogenation: A tool for creating 3D shaped molecules from flat 
precursors 

László Kocsis1, laszlo.kocsis@thalesnano.com, Szabolcs Fekete2, János Gerencsér2, 
Gergely Makara2, Ferenc Darvas1,2. (1) ThalesNano Inc., Budapest, Hungary (2) 
ComInnex Inc., Budapest, Hungary  

Due to high-throughput synthetic practices over the past decades the number of achiral, 
aromatic compounds tremendously increased in compound libraries. Too many 
aromatic rings present higher attrition rate in the drug pipeline, and the diversity of 
shapes in the set of known 2D-shaped drugs is extremely low,1 thus the need for the 
design and synthesis of non-flat molecules having more advantageous properties is 
increasing.2 Complexity as measured by fsp3 (fraction of sp3 carbons) and the 
presence of chiral centers correlate with success as compounds transition from 
discovery, through clinical testing, to drugs.3 New 3D-shaped templates could easily be 
generated via simple reduction of flat aromatic precursors. Reduction is difficult to 
automate and it suffers from inconveniencies under batch conditions. This hurdle can be 
overcome by the use of flow hydrogenation reactors. 
In this poster we present the efficient and convenient flow synthesis of mono- and 
disubstituted N-heterocyclic compounds from their aromatic precursors. Rapid catalyst 
and condition screening was done in the automated H-Cube® flow reactor system 
equipped with a CatCart Changer™ module. The optimized conditions were used as a 
general procedure to synthesize analogous structures using H-Cube Autosampler™. 
Diastereoselectivity in the reduction of di-substituted heteroaromatic species has also 
been investigated. The synthesized molecules have lead-like or fragment like 
characters, thus they can directly be used for biological testing or considered as unique 
building blocks in drug discovery programs. 
The scope and limitation of the reduction method, in terms of functional group tolerance, 
diastereoselectivity, scale-up possibilities as well as application for library synthesis, will 
be discussed. 
 
References 
1. S Bemis, G. W.; Murcko, M. A. J. Med. Chem. 1996, 39, 2887. 
2. Ritchie, T. J.; Macdonald, S. J. DDT, 2009 Nov, 14(21-22), 1011. 
3. Lovering, F.; Bikker, J.; Humblet, C. J. Med. Chem., 2009, 52, 6752. 
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Discovery of potent α1L-adrenoceptor agonists: Design and synthesis of bicyclic 
derivatives 



Shinya Suzuki, Shinya_Suzuki@nts.toray.co.jp. TORAY, Kamakura, Kanagawa, Japan  

Stress urinary incontinence (SUI) is a common type of lower urinary tract control 
problem in women and can significantly impact the quality of life. SUI occurs when 
abdominal pressure or stress is placed on urethral sphincter or pelvic floor muscles 
damaged from obsterical trauma or obesity. α1L-Adorenoceptor agonists are known to 
play an important role for contraction of urethra and expected as a novel treatment for 
SUI. We began to explore potent α1L–adorenoceptor agonists from MK017 reported by 
nippon chemiphar using ligand based drug design strategy. We discovered that 
tetrahydroquinoline derivatives exhibited high α1L–adorenoceptor agonist activity (EC50 
up to 3.3 nM, noradrenaline : EC50 = 1100 nM) and magnus activity for rat bladder neck 
contraction. Along with the synthesis of these derivatives, their structure-activity 
relationships are described. 
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Density functional calculations of the structural, thermodynamic, and 
spectroscopic properties of tautomers of avigan 

Fred L. Nesbitt, fnesb29280@aol.com. Natural Sciences, Coppin State University, 
Lanham, Maryland, United States  

Avigan, 5-Fluoro-2-oxo-1H-pyrazine-3-carboxamide, shows efficacy against the Ebola 
virus in animal testing with mice. France and Guinea plan to conduct clinical trials of 
Avigan, in Guinea, to treat Ebola. Avigan has four tautomers. Presented here are the 
detail structure, thermodynamic parameters and spectroscopic properties of these four 
tautomers. The results were obtained from Density Functional Theory (DFT) calculation. 
The enthalpy △fH°, the entropy S°, the free energy △fG° and dipole moment were 
calculated. The IR spectra, The Raman spectra, the proton NMR spectra, the carbon 13 
NMR spectra and the UV-VIS spectra were also investigated. These results will shed 
light on the stability and solubility of the tautomers. Where possible, calculated and 
experimental results will be compared. 
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Novel 3-nitrotriazole-based amides and carbinols as bifunctional anti-chagasic 
agents 

M V. Papadopoulou-Rosenzweig1, mpapadopoulou@northshore.org, William D. 
Bloomer1, Galina I. Lepesheva2, Howard S. Rosenzweig3, Marcel Kaiser4, Eric 
Chatelain5, Jean-Robert Ioset5. (1) Radiation Medicine, Northshore University 
Healthsystem, Skokie, Illinois, United States (2) Vanderbilt University School of 
Medicine, Nashville, Tennessee, United States (3) Chemistry, Oakton Community 
College, Skokie, Illinois, United States (4) Parasite Chemotherapy, Swiss Tropical and 
Public Health Institute, Basel, Switzerland (5) Drugs for Neglected Diseases initiative 
(DNDi), Geneva, Switzerland  



3-Nitro-1H-1,2,4-triazole-based amides with a linear, rigid core and 3-nitrotriazole-based 
fluconazole analogs were synthesized as dual functioning antitrypanosomal agents. 
Such compounds are excellent substrates for the type I nitroreductase (NTR), located in 
the mitochondrion of trypanosomatids and at the same time can be inhibitors of the 
sterol 14a-demethylase (T. cruzi CYP51) enzyme. Because combination treatments 
against parasites are superior to monotherapy we believe that this emerging class of 
bifunctional compounds leads to a new generation of antitrypanosomal drugs. In the 
present work, the synthesis and in vitro and in vivo evaluation of such compounds is 
discussed. 
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Syntheses and binding studies of novel benzimidazole compounds targeting the 
hepatitis C virus internal ribosome entry site 

Arielle Kanner2, kannera@gmail.com, Anna Cholewczynski2, David Schmit2, Urszula 
Milewicz2, Roland Wolkowicz2, Mark A. Boerneke1, Thomas Hermann1, Mikael B. 
Bergdahl2. (1) Univ of California San Diego, La Jolla, California, United States (2) 
Chemistry & Biochemistry, San Diego State University, San Diego, California, United 
States  

Hepatitis C virus has infected some 200 million people and has surpassed HIV as a 
leading cause of death from infectious disease in the US, making it a major threat to 
human health. Interferon-alpha/Ribavirin treatments suffer from unbearable side effects 
and limited effectiveness. Recently, a new class of small drugs was discovered that acts 
against HCV in a new way, binding to a part of the highly conserved 5' untranslated 
region of the viral RNA. The ability to target the highly conserved internal ribosome 
entry site(IRES) is a major advantage to this novel method. This innovative mode of 
translational inhibition causes a conformational change in the virus RNA, which halts 
translation of the virus. We reported a novel synthesis and crystal structure of one of 
these molecules bound to the viral RNA. 
Utilizing the key binding interactions gained from our published crystal structure of 
bound original inhibitor (EC50 = 3.4 mM) with HCV RNA, we are able to direct our 
synthesis of novel compounds towards molecules with a higher probability of increasing 
potency. Our library has three directions for increasing affinity: conformational 
restriction, optimization of amine-phosphate salt bridges seen in crystal structure, and to 
incorporate aryl ring substitutions to utilize space in the binding pocket. 
The key innovation of attaching variable side chains late stage in our synthesis, and 
crystal structure of our compound bound to RNA has afforded us the ability to rapidly 
synthesize derivatives expected to increase potency. Novel compounds have been 
submitted and have already shown great activity against the Hepatitis C Virus (EC50: 
22-89 µM) in FRET assays as well as cell line studies. Our small library has already 
shown that not only does conformation restriction play an important role in compound 
activity, but chain length may play an integral part as well. 
Acknowledgements: NIH, SDSU Foundation and CSUPERB 
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Discovery of MK-8325: A silyl proline containing HCV NS5A inhibitor with pan-
genotype activity 

Anilkumar G. Nair1, gopinadhan.anilkumar@merck.com, Qingbei Zeng1, Stuart B. 
Rosenblum 1, Oleg Selyutin1, Yueheng Jiang1, De-Yi Yang1, Kerry Keertikar1, Guowei 
Zhou1, Michael P. Dwyer4, Seong Heon Kim1, Shankar Bandarpalle1, Wensheng Yu1, 
Ling Tong1, Rob Mazzola2, John P. Caldwell3, Haiqun Tang1, Rong Liu1, Ernest Asante-
Appiah1, Sony Agrawal1, Ellen Xia1, Stephanie Curry1, Paul Ingravallo1, Joseph A. 
Kozlowski5. (1) Merck, Kenilworth, New Jersey, United States (2) RY800-C303, Merck, 
Rahway, New Jersey, United States (3) K15-B116, Merck Research Laboratories, 
Kenilworth, New Jersey, United States (4) RY800-D101, Merck and Co., Rahway, New 
Jersey, United States (5) RY800-C100, Merck and Co, Rahway, New Jersey, United 
States  

HCV NS5A inhibitors have shown impressive in vitro potency profiles in HCV replicon 
assays and robust viral load reductions in the clinic thus making them attractive 
components for inclusion in an all oral, interferon-free combination regimen with other 
direct-acting antiviral agents (DAAs). Our research efforts in this area identified MK-
8325, a novel silyl proline containing HCV NS5A inhibitor with pan genotype activity and 
pharmacokinetic properties suitable for clinical development. In this poster we describe 
preclinical candidate selection and virologic profile of MK-8325. 
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Discovery of silyl proline containing HCV NS5A inhibitors: SAR development 

Joseph A. Kozlowski1, joseph.kozlowski3@merck.com, Nair Anilkumar1, Oleg 
Selyutin1, Stuart B. Rosenblum 1, Yueheng Jiang1, De-Yi Yang1, Kerry Keertikar1, 
Guowei Zhou1, Michael P. Dwyer2, Seong Heon Kim1, Bandarpalle Shankar1, 
Wensheng Yu1, Ling Tong1, Robert Mazzola1, John P. Caldwell3, Haiqun Tang3, Sony 
Agrawal3, Ernest Asante-Appiah3, Stephanie Curry3, Patricia McMonagle3, Stuart 
Black3, Amin Nomeir3. (1) RY800-C100, Merck and Co, Rahway, New Jersey, United 
States (2) RY800-D101, Merck and Co., Rahway, New Jersey, United States (3) K15-
B116, Merck Research Laboratories, Kenilworth, New Jersey, United States  

Hepatitis C virus (HCV) is the leading cause of chronic liver disease/ liver 
transplantation and is the most common blood-borne infection in developed countries. 
Efforts toward improved HCV treatment include the development of direct-acting 
antiviral agents (DAAs) that inhibit HCV at various points in its life cycle. Despite gaps in 
the understanding of the role of NS5A in the virus replication cycle, it is known that it 
plays an integral role in a number of events including RNA replication and virus 
assembly. NS5A inhibitors have shown impressive in vitro potency profiles in HCV 
replicon assays thus making them attractive components for inclusion in an all oral 
interferon-free combination regimen. Our research efforts were focused to identify HCV 



NS5A inhibitors with pan genotype activity. In this disclosure, we describe SAR 
development leading to the discovery of novel silyl proline-containing HCV NS5A 
inhibitors. 
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Design and synthesis of dual-tropic HIV entry inhibitors that utilize a homologous 
CCR5/ CXCR4 binding site 

Shruti Gupta, 88sonu88@gmail.com, Anthony R. Prosser, Bryan D. Cox, Lawrence J. 
Wilson, Dennis Liotta. Chemistry Dept, Emory University, Atlanta, Georgia, United 
States  

HIV HAART (highly active antiretroviral) therapy currently requires at least three antiviral 
drugs unique to the patient’s case to arrest continuous viral replication and restore 
normal immune function. These “drug cocktails,” especially presently available entry 
inhibitors, incite significant financial burden, many long term side effects, and even 
resistance if not taken as prescribed. Thus far, entry inhibitors either block the 
chemokine CXCR4 or the chemokine CCR5, and are administrated depending on the 
kind of tropic virus a patient has. Resistance to these specific entry inhibitors arises 
from suppression of one type of tropic virus leading to the selection of the more virulent 
dual-tropic virus or the other tropic virus. This incredible tropism shift/resistance profile 
is what led us to hypothesize a homologous binding site exists between the two 
receptors. If a potent molecule can be found that successfully binds to both receptors 
and is non-toxic, not only can we prove the existence of such a site, but also our 
molecule can completely blockade HIV by inhibiting both chemokines. Through 
Bayesian modeling and SAR (Structure, Activity-Relationships) analysis, we have 
discovered and synthesized a novel series of potent molecules that exhibit anti-HIV 
activity for both X4 and R5 tropic viral strains, has minimal impact on natural cellular 
signaling, calls for a straightforward synthesis, and are relatively non-toxic. In order to 
increase potency and decrease toxicity, these initial molecules are now being optimized. 
The modeling, SAR, and unique biological profiles for these optimized molecules will be 
discussed. 

 



 



 
1. Poster presented at the SURE Symposium 2014 as well as at SERMACS 2014. Updated poster 
will be created if chosen to present at ACS Spring 2015. 
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Synthesis and biological evaluation of substituted pyrimidines 

Brent S. Clark1, clarkbs15@mail.vmi.edu, John Kudrysch1, Stanton Q. Smith1, Victor E. 
Zottig2. (1) Chemistry Dept, Virginia Military Inst, Lexington, Virginia, United States (2) 
Division of Experimental Therapeutics, Walter Reed Army Institute of Research, Silver 
Spring, Maryland, United States  

Several substituted pyrimidines were prepared by the reaction of a vinamidinium salt 
and a suitable binucleophile. These pyrimidines were tested against malaria strains. 

MEDI 161 

Star-branched polymers with antioxidant activities 

Uyen G. Huynh1, Huynh1ug@cmich.edu, Choon Y. Lee2, Ajit Sharma2. (1) central 
michigan university, Mount Pleasant, Michigan, United States (2) Chemistry, Central 
michigan university, Mount Pleasant, Michigan, United States  

Free radicals that are formed through our body's metabolic activities can damage 
genetic materials as well as many other biomolecules such as lipoprotein and lipids, 
causing oxidative stress to our cells, which might lead to pathogenesis of various 
human diseases, including asthma, cancer, neurodegenerative and cardiovascular 
diseases. Antioxidants act as a defense system by scavenging these free radicals and 
protect them from damaging cells. However, some naturally available antioxidants can 
also display pro-oxidant effect, which causes even more free radicals to be formed. In 
this presentation, we report naturally available syringaldehyde and vanillin-based 
antioxidant dendrimers. These dendrimers contain metal chelating cores and many 
phenolic hydroxyl groups as well as electron donating ring substituents on the surface. 
Our antioxidants showed strong protective effect on human low-density lipoprotein and 
DNA and low pro-oxidant effect when tested under physiological concentration of 
copper ions. The dendrimers did not show any toxic effect on Chinese Hamster ovary 
cells. 
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Structure-based design of small molecule modulators of TLR8 

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. Signaling by TLRs can serve to couple innate immune 
responses with downstream adaptive immunity and can be exploited as powerful 
vaccine adjuvants for eliciting both primary and anamnestic immune responses. 
Agonists of TLR8, in particular, induce the production of Th1-biasing cytokines such as 
IL-12, IL-18 and IFN-γ, and may therefore be of value in developing vaccines for the 
neonate and the elderly. Extensive SAR studies led to the identification of C2-butyl 
furo[2,3-c]quinolone as an agonist with exquisite selectivity for human TLR8. Co-
crystallization of this compound with the ectodomain of hTLR8 allowed a structure-
based design of novel, TLR8-specific agonists. The availability of pure TLR8 agonists 
has, for the first time, allowed the comparison of ligand recognition and signaling in 
human and murine TLRs. Structure-activity relationships in novel classes of 
compounds, and immune correlates of adjuvanticity in in vivo models of immunization 
will be discussed. 
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Development of novel IRAK4 inhibitors for the treatment of inflammation related 
disorders 

W. M. Seganish2, william.seganish@merck.com, William T. McElroy2, Stephanie 
Brumfield2, Guoqing Li2, Deen Tulshian2, James Tata2, R. Jason Herr1, Brian J. 
Lavey2. (1) AMRI, Albany, New York, United States (2) Merck & Co. Inc., Kenilworth, 
New Jersey, United States  

Interleukin-1 (IL-1) receptor-associated kinase 4 (IRAK4) is an attractive target for 
modulation of inflammation and its inhibition could be useful in certain disease states 
such as rheumatoid arthritis and inflammatory bowl disease (IBD). A high throughput 
screen identified a series of 2-aminopyrimidines as potent IRAK4 inhibitors with modest 
kinase selectivity. Our goal was then to take these hits and (1) improve the IRAK4 
potency while (2) reducing off target kinase activity and (3) improving oral bioavailability 
to develop a tool compound that could be tested in a mouse model of inflammation 
(AIA, antibody-induced arthritis). Through a concerted medicinal chemistry effort we 
able develop a potent and selective compound that demonstrated significant reduction 
in paw swelling in the AIA model and thus demonstrated IRAK4 as a viable target for 
inflammation using a potent and selective inhibitor. 
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Identification of highly potent and mono-selective RIP1 kinase inhibitors for the 
treatment of TNF-dependent diseases 

Philip A. Harris, philip.a.harris@gsk.com. PRR DPU, GlaxoSmithKline, Collegeville, 
Pennsylvania, United States  



TNF is a bona fide driver of human pathology, as evidenced by the transformative 
efficacy of biological agents targeting TNF seen in multiple autoimmune diseases. 
Receptor interacting protein 1 (RIP1) kinase activity has recently emerged as a key 
regulator of TNF-mediated pro-inflammatory signaling, and thus represents an attractive 
therapeutic target for TNF-driven diseases. In order to identify novel small molecule 
inhibitors of RIP1, we performed a screen of the GSK DNA-encoded library collection 
using affinity selection. The hits from this screen had excellent biochemical and cellular 
potency, but surprisingly, were mono-selective for RIP1 against a panel of 456 kinases 
representing over 80% of the human kinome. This presentation will highlight the unique 
features of this series, including its unique binding mode, which we believe explains 
their exceptional RIP1 selectivity. 
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Designing RIP2 kinase inhibitors for innate immunity-driven Indications 

Linda Casillas, Linda.N.Casillas@gsk.com. ImmunoInflammation, Pattern Recognition 
Receptors DPU, GlaxoSmithKline, Wayne, Pennsylvania, United States  

RIP2 kinase plays a key signaling role downstream of the pattern recognition receptors 
(PRRs) NOD1 and NOD2, key sentinels in innate immunity. Mutations in these PRRs 
have been linked to various auto-inflammatory conditions including an ultra-rare disease 
known as Blau Syndrome. Combining a broad screening strategy with rigorous lead 
optimization of multiple chemotypes in parallel, we have identified several potent and 
selective RIP2 inhibitors. This presentation will highlight some of the challenges 
associated with developing kinase inhibitors for innate immunity targets. 
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Identification of selective TYK2 inhibitors and their role in IL12- and IL23-pathway 
signaling 

Steven Magnuson1, stevenrm@gene.com, Jun Liang1, Vickie Tsui1, Yingjie Lai1, 
Birong Zhang1, Karen Williams2, Calum MacLeod2, Yang Wenqian3, Sue Sohn1, Jason 
DeVoss1, Ivan Peng1, Justin Lesch1, Mercedesz Balazs1, Ann Van Abbema1, Kathy 
Barrett1, Pawan Bir Kohli1, Wade Blair1, Christine Chang1, Adam Johnson1, Leo 
Berezhkovskiy1, James Driscoll1, Peter Fan1, Amy N. Sambrone1, Po-chang Chiang1, 
Charles Eigenbrot1, Steven Shia1, Mark Ultsch1, Nico Ghilardi1, Lawren Wu1. (1) 
Genentech Inc., S San Fran, California, United States (2) Argenta, Harlow, Essex, 
United Kingdom (3) ChemPartner, Shanghai, China  

TYK2 is a member of the family of Janus kinases that are receptor-associated 
cytoplasmic tyrosine kinases with a central role in cytokine signaling. TYK2 in particular 
is known to be a key mediator of IL12-and IL23-signaling, thus being implicated in 
innate lymphoid cell activation and diseases of chronic inflammation. We will describe 
the structure- and property-based optimization of screening hits to highly potent and 



selective TYK2 inhibitors suitable for in vivo studies. These studies revealed important 
information about the role of this kinase in pathway signaling.  
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Oligonucleotide inhibitors of endosomal toll-like receptors: Novel approach to 
treatment of autoimmune diseases 

Sudhir Agrawal, sagrawal@iderapharma.com. Idera Pharmaceuticals Inc, Cambridge, 
Massachusetts, United States  

Toll‐like receptors (TLRs) play a crucial role in the detection of pathogen‐associated 
molecular patterns 
(PAMPs) and in the subsequent activation of immune responses. In autoimmune 
diseases, endosomal 
TLRs recognize damage‐associated molecular patterns (DAMPs) and induce pro‐
inflammatory Th1, Th17, and inflammasome signaling cascades, which exacerbate the 
disease. Targeting Toll-like receptors provides a novel approach to inhibiting DAMP-
associated inflammatory signaling. 
 
We have designed synthetic oligonucleotide‐based antagonists of the endosomal TLRs 
7, 8, and 9 (J. Med. Chem. 2009, 52, 551–558) that block TLR recognition of DAMPs 
and have shown activity in preclinical models of psoriasis (JID, 2013, 133: 1777–1784), 
lupus (Autoimmunity, 2013, 46(7): 419–428), and other autoimmune and inflammatory 
diseases. 
 
To establish clinical proof-of-concept of TLR antagonism, we have evaluated two drug 
candidates, IMO-3100, an antagonist of TLRs 7 and 9, and IMO-8400, an antagonist of 
TLRs 7, 8, and 9, in patients with moderate to severe plaque psoriasis. In these 
randomized, double blind, placebo controlled trials, weekly treatment for 4 to 12 weeks 
was well tolerated. Treatment led to significant improvements in Psoriasis Area and 
Severity Index (PASI) scores, dermal thickness, and immunological markers in the 
psoriatic lesions. PASI improvements were correlated with down‐regulation of IL‐17 
gene profile. 
 
Endosomal DAMPS are implicated in diverse diseases in which TLR antagonism may 
provide a novel approach to treatment; for example, B-cell lymphomas harboring the 
MYD88 L265P mutation, which leads to over-activation of the TLR7 and 9 pathways. 
Other examples include Duchenne muscular dystrophy (DMD), in which TLR7-mediated 
signaling is implicated in the inflammatory cycle. Clinical development of IMO-8400 in B-
cell lymphomas harboring MYD88 L265P is in progress, and encouraging preclinical 
data of TLR antagonism in DMD has been reported. Further update on these 
developments will be discussed. 
 
TLR antagonism provides a novel therapeutic approach for the treatment of diverse 



diseases by blocking the induction of pro‐inflammatory cytokines and immune signaling 
cascades. 
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Recent advances in therapeutic targeting of NaV channels 

David C. Pryde1, David.Pryde@pfizer.com, Brian Marron2, Nigel Swain1, Christopher 
W. West2. (1) Worldwide Medicinal Chemistry, Pfizer, Cambridge, United Kingdom (2) 
Neusentis, Pfizer, Durham, North Carolina, United States  

Voltage gated sodium (NaV) ion channels are a 9-member family of large six 
transmembrane proteins that assemble into four distinct domains to create a central 
water-filled pore surrounded by four voltage sensors. They have been identified as 
regulators of cellular excitability in a range of tissues from neurons to muscle and heart 
tissue. 
 
Many members of the NaV ion channel family are associated with channelopathies, or 
diseases caused directly by a mutation in the ion channel protein that results in a 
dysfunction of the channel. As such, there is significant compelling genetic evidence for 
the role of ion channel mutations as disease-causative, and has stimulated substantial 
and sustained interest in targeting such NaV channels. This is especially true for the 
NaV1.7 channel. For example, gain of function mutations within the NaV1.7 channel are 
associated with eryhthromelalgia and paroxysmal extreme pain disorder, while loss of 
function mutations have been associated with congenital indifference to pain. 
 
This presentation will introduce the NaV ion channel family as compelling drug 
discovery targets, with a focus on NaV1.7. It will then review the recent attempts to drug 
the NaV1.7 channel, highlighting the methods used across the industry to identify hit 
material, the strategies adopted in selecting chemotypes for follow-up and recent clinical 
activity. It will emphasise the increasing role that emerging technologies are playing in 
understanding how compounds modulate channel function and interact with the channel 
protein at a detailed molecular level. Finally, it will offer a forward-looking perspective of 
how this important area of drug discovery research is likely to evolve in the near to 
medium term future. 
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Imaging pain generators in vivo using radiolabeled sodium channel toxin 
derivatives 

Deepak Behera3, deepak.behera@stanford.edu, Aileen Hoehne2, William H. Parsons5, 
Bin Shen2, David C. Yeomans6, Sandip Biswal3, Fred T. Chin4, Justin Du Bois1. (1) 
Stanford Univ, Stanford, California, United States (2) Stanford University, Fremont, 
California, United States (3) Radiology, Stanford University, Stanford, California, United 
States (4) Radiology/MS 5484, Stanford University School of Medicine, Stanford, 



California, United States (5) The Scripps Research Institute, San Diego, California, 
United States (6) Anesthesia, Stanford University, Stanford, California, United States  

Chronic and neuropathic pain conditions are tremendous clinical burden affecting 
approximately 20% of the population. Accurate identification of chronic pain generators 
is a significant clinical challenge and our current inability to objectively identify the 
source of pain leads to unnecessary surgeries, indiscriminate use of narcotics and poor 
clinical outcomes 
 
Voltage gated sodium channel (NaV) play a critical role in the formation of action 
potentials, and its expression is enhanced in neuronal and inflamed tissues that 
promote nociceptive activity. Both chronic and neuropathic pain conditions are 
associated with increased expression of certain voltage-gated sodium ion channel (NaV) 
isoforms in peripheral sensory neurons. A method for noninvasive imaging of these 
channels could represent a powerful tool for investigating aberrant expression of NaV 
and its role in pain pathogenesis. Our aim was to image changes in NaV density in living 
models of neuropathic pain using a radiolabeled, potent NaV-seeking inhibitor, 18F-
Saxitoxin ([18F]STX), and positron emission tomography/magnetic resonance imaging 
(PET/MRI). 
 
[18F]STX was prepared by conjugation of [18F]SFB with 6-aminohexylcarbamoyl-
saxitoxin (6-AHC-STX) using a commercially-available automated radiochemistry 
module. Models of neuropathic pain were created by partial axotomy of the left sciatic 
nerve and pain behaviors were confirmed using standard behavioral assays. For 
imaging, neuropathic and control (uninjured) rats were intravenously injected 500 µCi 
[18F]STX and then followed by PET/MR imaging. Region of interest analysis showed 
increased [18F]STX uptake in the injured nerve compared to uninjured nerve on the 
contralateral limb, or compared to nerves from control, uninjured animals. Sustained 
tracer uptake in the neuroma was confirmed with ex vivo autoradiography studies up to 
1 hour after tracer injection. Blocking with ‘cold’ [19F]STX eliminated such a difference 
between tracer uptake in injured and un-injured nerves, supporting the specificity of the 
radiotracer. 
 
These results suggest [18F]STX has tremendous potential as a specific radioligand for 
visualizing NaV channels in vivo. Since [18F]STX is the only reported radioligand 
targeting NaV channels to date, it is a valuable lead compound for future tracer 
development to image nociception eventually in human subjects. 

MEDI 170 

Potent and selective Nav1.7 inhibitory peptides from tarantula venom 

Kaustav Biswas1, kbiswas@amgen.com, Justin K. Murray1, Bin Wu1, Jason Long1, 
Kelvin Sham1, Anruo Zou2, Dong Liu2, Joseph A. Ligutti2, Leszek Poppe1, John B. 
Jordan1, Kristin L. Andrews1, Stefan McDonough3, Les P. Miranda1, Bryan D. 
Moyer2. (1) Therapeutic Discovery, Amgen, Thousand Oaks, California, United States 



(2) Neuroscience, Amgen, Thousand Oaks, California, United States (3) Genome 
Analysis Unit, Amgen , South San Francisco, California, United States  

Peptides isolated from the venom of spiders, snakes, scorpions, and insects have 
provided important insights into many facets of ion channel biology including gating, 
function, and structure. To identify novel inhibitors of the voltage-gated sodium channel 
Nav1.7, an ion channel important for action potential generation in nociceptors and pain 
signaling, venom collected from tarantulas was fractionated and active peptides were 
discovered. The peptides are members of the inhibitory cystine knot structural family 
and inhibit both expressed human Nav1.7 and endogenous tetrodotoxin-sensitive (TTX-
S) Nav currents recorded from mouse dorsal root ganglion neurons. This presentation 
will describe initial toxin characterization, peptide SAR to improve potency and 
selectivity against other Nav channels and further investigations into inhibition of Nav 
channel function by peptide inhibitors. 
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Identification of GNE-131: A potent and selective hNaV1.7 inhibitor for the 
treatment of pain 

Brian S. Safina1, bsafina@gene.com, Girish Bankar2, Paul Bichler2, Christine Chabot1, 
Elaine Chang2, Jae Chang1, Chien-An Chen3, Sultan Chowdhury2, Charles J. Cohen2, 
Shannon Decker2, Christoph M. Dehnhardt2, Thilo Focken2, Mike E. Grimwood2, David 
Hackos1, Ivan Hemeon2, Kuldip Khakh2, Christopher Koth1, Rainbow Kwan2, Sophia 
Lin2, Karen Nelkenbrecher2, Daniel F. Ortwine1, Jodie Pang1, Jian Payandeh1, Lee 
Robinette2, Tao Sheng2, Shaoyi Sun2, Matt Waldbrook2, Andy White3, Michael Wilson2, 
Clark Xie2, Clint Young2, Alla Zenova2, Yi Zhang3, Dan Sutherlin1. (1) Genentech, South 
San Francisco, California, United States (2) Xenon Pharmaceuticals, Burnaby, British 
Columbia, Canada (3) Chempartner, Shanghai, China  

The treatment of pain remains a large unmet medical need. Current therapies suffer 
from a combination of insufficient efficacy and exposure to significant safety concerns. 
The voltage gated sodium channel, NaV1.7 plays a central role in the function of 
peripheral nociception and is supported by remarkable human genetics. Loss-of-
function mutations in the SCN9A gene in humans result in congenital insensitivity to 
pain with little or no effect on motor or cognitive function. We identified a novel class of 
inhibitors that are highly potent and selective for hNaV1.7. Through ligand-based drug 
design we optimized physiochemical properties of a novel triazole scaffold, to enhance 
in vivo unbound drug concentrations. GNE-131 demonstrates efficacy in a transgenic 
mouse model expressing hNaV1.7 with an inherited erythromelalgia mutation. 
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Design of subtype selective Nav1.7 inhibitors for the treatment of pain 



Nigel Swain, nigel.swain@pfizer.com. Worldwide Medicinal Chemistry, Pfizer 
Neusentis, Cambridge, United Kingdom  

The voltage-gated sodium (Nav) family of ion channels play a key role in regulation of 
cellular excitability and Nav inhibitors are used clinically as analgesics and local 
anesthetics. However, a lack of isoform selectivity with existing blockers results in dose-
limiting toxicity due to central nervous system and cardiac side effects. 
Channel subtype Nav1.7 has been shown to be essential for the normal sensation of 
pain and has been linked to pain syndromes such as inherited erythromelalgia (IEM) 
and congenital indifference to pain (CIP). This genetic validation for Nav1.7 as a target 
for therapy prompted a significant drug discovery program focused on delivery of small 
molecule inhibitors with enhanced selectivity over existing clinical agents. 
This presentation will cover the identification and optimisation of an acyl sulphonamide 
series of Nav1.7 inhibitors. Hit to lead studies and medicinal chemistry challenges of 
working in acidic drug space will be described including the SAR that led to identification 
of advanced lead molecules. Furthermore, the Nav subtype selectivity and interaction 
site that is distinct from that of the classical non-selective pore blocking drugs will also 
be discussed. 
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Development of oral Nav1.7 inhibitors with excellent selectivity over Nav1.5 for 
the treatment of pain 

Mark Layton4, mark_layton@merk.com, Anthony J. Roecker2, Joseph E. Pero4, 
Melissa S. Egbertson4, Bob Gomez4, Kristen Jones4, Zhijian Zhao4, Scott Wolkenberg3, 
James Mulhearn1, Michael J. Kelly4, Michael A. Rossi4, Hannah D. Fiji4, Lianyun Zhao4, 
Pablo J. De Leon4, Dansu Li4, Kevin Gilbert4, Andrea K. Houghton4, Richard Kraus4, 
Becky Klein4, Michelle Clements4, Christopher Daley4, Jixin Wang4, Teri Finger4, John 
Majercak4, Vincent Santarelli4, Irene Gregan4, Matthew Cato4, Tracey Filzen4, Aneta 
Jovanovska4, Ying Hong Wang4, Deping Wang4, Xuanjia Peng5, Xiu Wang5. (1) 
Medicinal Chemistry, Amgen Inc., Camarillo, California, United States (2) WP14-3, 
Merck, West Point, Pennsylvania, United States (3) MAILSTOP WP14-2, Merck and Co 
Inc, West Point, Pennsylvania, United States (4) Medicinal Chemistry, Merck, West 
Point, Pennsylvania, United States (5) WuXi AppTec, Shanghai, China  

The voltage-gated ion channel Nav1.7 represents a promising therapeutic target for the 
treatment of pain based on strong human genetic evidence. Nav1.7 is predominantly 
expressed in peripheral neurons and is involved in the generation of action potentials on 
primary afferents involved in pain signaling. Gain-of-function mutations in SCN9A, the 
gene that encodes for the Nav1.7 channel, lead to chronic pain syndromes, while loss-
of-function mutations result in profound congenital indifference to pain. Non-subtype 
selective sodium channel blockers can be quite effective for the treatment of pain when 
applied locally; however broader utility following systemic administration is limited by 
CNS and cardiovascular side effects, primarily driven by Nav1.1 and Nav1.2 in the CNS 
and Nav1.5 in the heart. As a result, we have focused on developing Nav1.7 inhibitors 



with high levels of selectivity over Nav1.5. To this end, the development of a novel 
series of aryl-sulfonamides will be described. Unlike local anesthetics which bind to the 
highly conserved Domain IV S6 region of the channel, the aryl-sulfonamide class binds 
to the less conserved voltage sensor region of Domain IV S2-S3, offering the potential 
for highly subtype-selective NaV1.7 inhibitors. This presentation will outline our efforts to 
balance Nav1.7 potency, physicochemical properties and selectivity over Nav1.5 to give 
highly potent, oral Nav1.7 inhibitors with in vivo efficacy. 
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Rational design of small molecules to target the DNA/RNA of trinucleotide repeat 
(TNR) diseases 

Steven C. Zimmerman, sczimmer@illinois.edu, Lien Nguyen, Long Luu, JuYeon L. 
jlee557@illinois.edu. Chemistry, University of Illinois, Urbana, Illinois, United States  

There are a number of trinucleotide repeat (TNR) diseases that produce an expanded 
RNA transcript known to mediate the pathogenicity of the disease. This lecture will 
focus on the recent progress that our laboratory has made in targeting these unique 
RNAs using the principles of rational design. The talk will outline strategies to develop 
cell and nucleus permeable small molecules that selectively target the repeat RNA and 
DNA sequences associated with myotonic dystrophy (DM1 and DM2) and related 
ataxias. Efforts to achieve the goal of sequestering or degrading the RNA transcript 
have been at least partially successful. Whether these small molecules may serve as 
starting points for the development of therapeutic agents will be discussed. 
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New chemical and analytical tools for understanding RNA recognition 

Benjamin L. Miller, benjamin_miller@urmc.rochester.edu. Univ of Rochester Medical 
Ctr, Rochester, New York, United States  

Sequence-selective RNA recognition represents an outstanding unsolved problem for 
the field of Bioorganic Chemistry. In contrast to DNA, there are no heuristics that can 
map an RNA sequence to a synthetic compound that binds only that sequence. 
Because of the ever-increasing pace of discovery of RNAs with relevance to basic 
biology and disease, it has become clear that the development of general methods for 
the generation of bioactive RNA-binding compounds is a critical need. We have 
developed Resin-Bound Dynamic Combinatorial Chemistry (RBDCC) as a method for 
addressing this challenge. RBDCC allows the rapid in situ synthesis and screening of 
large (>11,000-compound) libraries without the analytical challenges of “traditional” 
solution-phase dynamic combinatorial libraries. We have applied this concept to several 
RNA targets, including one critical to the life cycle of HIV, and another believed to be 
responsible for Type I Myotonic Dystrophy. This lecture will discuss the development of 
RBDCC, its use as an enabling tool for identifying sequence-selective RNA binders, and 



the further development of RBDCC-discovered compounds as lead molecules with 
activity in vivo. We will also describe a new method for the high throughput 
determination of RNA-small molecule binding constants. 
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Identification of biologically active, RNA-binding small molecules using small 
molecule microarrays 

John Schneekloth, john.schneekloth@nih.gov. National Cancer Institute, Frederick, 
Maryland, United States  

Recent discoveries highlighting the prominent role of RNA in governing diverse 
biological processes makes it increasingly attractive as a therapeutic target. However, 
approaches to identifying selective, biologically active, RNA-binding small molecules 
have lagged behind the analogous strategies for protein-binding small molecules. This 
talk will focus on an approach for the identification of RNA-binding molecules using a 
Small Molecule Microarray (SMM) screening platform. This approach has been 
successfully employed to identify a new class of small molecules that bind to the HIV 
Transactivation Response (TAR) RNA hairpin. By measuring molecule-dependent 
changes in the Selective 2’ Hydroxyl Acylation Primer Extension (SHAPE) profile of the 
HIV 5’ UTR, selectivity to the TAR hairpin is demonstrated in a complex setting. Further, 
molecules from this class exhibit antiviral activity in cell models without any measurable 
toxicity. More recently, we have pursued ligand optimization and structural studies 
aimed toward establishing a mode of binding to the TAR hairpin. Finally, we will discuss 
the application of the SMM approach to a number of other targets of interest, including 
quadruplexes and microRNAs. 
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High-throughput platform assay technology for the discovery of pre-microRNA-
selective small molecule probes 

Amanda L. Garner, algarner@umich.edu. Medicinal Chemistry, University of Michigan, 
Ann Arbor, Michigan, United States  

MicroRNAs (miRNA) are an emerging class of small RNAs that play critical roles in 
human development and disease. These micromanagers function at the level of post-
transcriptional gene regulation, and alteration of miRNA expression levels have been 
implicated in cancer, obesity, diabetes, viral infections and autoimmune, 
neurodegenerative and cardiovascular diseases among others. As such, the targeting of 
miRNAs is considered attractive as a novel therapeutic strategy. A major bottleneck 
toward this goal, however, has been the identification of small molecule probes that are 
specific for select RNAs and methods that will facilitate such discovery efforts. Using 
pre-microRNAs as proof-of-concept, we have developed a conceptually new and 
innovative approach for assaying RNA-small molecule interactions that takes advantage 



of the power of catalytic signal amplification combined with the selectivity and 
bioorthogonality of click chemistry. Through this platform assay technology, which we 
term catalytic Enzyme-Linked Click Chemistry Assay or cat-ELCCA, we have designed 
a method that can be implemented in high-throughput, is virtually free of false read-outs 
and is general for all nucleic acids. Through cat-ELCCA, we envision the discovery of 
selective small molecule ligands for disease-relevant miRNAs to promote the field of 
RNA-targeted drug discovery and further our understanding of miRNA mechanism in 
cellular biology. Progress toward this goal will be discussed. 
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Giving SMN2 a push in the right direction: The discovery of small molecule 
splicing modulators 

Matthew G. Woll, mwoll@ptcbio.com, Hongyan Qi, Anthony Turpoff, Nanjing Zhang, 
Xiaoyan Zhang, Guangming Chen, Nikolai A. Naryshkin, Amal Dakka, Jana 
Narasimhan, Vijayalakshmi Gabbeta, Marla Weetall, Xin Zhao, Nicole Risher, 
Joshepine Sheedy, Gary M. Karp. PTC Therapeutics, South Plainfield, New Jersey, 
United States  

Spinal muscular atrophy (SMA) is caused by a genetic defect in the SMN1 gene, 
rendering it incapable of producing the survival of motor neuron protein (SMN). Humans 
have an additional copy of the gene (SMN2), but it produces much less functional SMN 
protein due to an alternative splicing event at exon 7 which results in the translation of a 
truncated protein. We report herein the discovery and activity-based optimization of 7-
piperazinyl coumarins that potently modulate the splicing of SMN2 pre-mRNA to include 
exon 7 thus increasing levels of full length SMN protein in SMA patient derived cells. 
Oral administration of these compounds to C/C mice with a mild form of SMA resulted in 
an increased level of SMN protein in all tissues analyzed. Daily administration of these 
compounds to Δ7 mice that have a severe form of SMA, resulted in a reduction of 
disease manifestations and a significant increase in median survival time. 
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Progress on the development of rational methods to target RNA with small 
molecules 

Matthew D. Disney, Disney@scripps.edu. Department of Chemistry, The Scripps 
Research Institute, Jupiter, Florida, United States  

RNA is an important biomolecule for small molecule intervention yet small molecules 
that selectively target an RNA and impact its cellular functions are sparse. In this talk, 
we will briefly describe the development and implementation of several novel 
approaches to design small molecules that target RNA and to study the interactions of 
small molecules with RNA in diseased cells. This includes: (i) chemical cross-linking 
and isolation by pull-down (Chem CLIP), an approach to validate the RNA targets of 



small molecules; (ii) two-dimensional combinatorial screening (2DCS), an approach to 
identify and annotate the RNA folds that are bound selectively by small molecules; (iii) 
inforna, a computational approach that allows for the design of small molecules 
targeting RNA from RNA sequence in a target agnostic manner; and, (iv) in cellulo click 
chemistry in which a disease-associated RNA catalyzes the synthesis of lead 
therapeutics and chemical probes of function only in disease affected cells. Hopefully 
the synergy of these approaches can aid in demystifying the identification of selective 
and potent small molecules that target RNA. 
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Investigation of highly optimized LRRK2 kinase inhibitors in preclinical safety 
studies via a Michael J. Fox Foundation–Genentech collaboration 

Anthony A. Estrada, estrada.anthony@gene.com. Discovery Chemistry, Genentech, 
South San Francisco, California, United States  

Increased LRRK2 kinase activity has been identified as a risk factor for the development 
of Parkinson’s disease, and genetic ablation of LRRK2 is suggestive of morphological 
and/or functional changes in lung and kidneys of LRRK2 knock-out rodents. In an effort 
to assess the consequences of inhibiting LRRK2 kinase activity in preclinical species, 
structurally distinct and highly optimized small molecule diaminopyrimidine inhibitors 
were developed. In addition to describing these lead optimization efforts, a fruitful 
collaboration between Genentech and The Michael J. Fox Foundation will also be 
presented. Highlights of this industry–non-profit collaboration include extensive profiling 
of LRRK2 inhibitors in repeat-dose preclinical safety studies, investigation of peripheral 
biomarkers, and supply of highly LRRK2 specific and brain-penetrant inhibitors for 
experimental investigation of LRRK2 biology and function. 
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New collaborative ways of discovering and developing anti-malarial therapies 

Paul Willis, willisp@mmv.org. Medicines for Malaria Venture, Geneva, Switzerland  

Using case histories, the presentation will highlight examples of successful 
academic/industrial collaborations in antimalarial drug discovery and development at 
Medicines for Malaria Venture (MMV). The application and impact of other innovative 
collaboration methods, including open science will also be discussed. MMV is a 
nonprofit foundation with a mission to discover, develop and deliver new, affordable 
antimalarial drugs through effective public-private partnerships. MMV has pioneered the 
virtual pipeline model and together with its partners, has assembled the largest pipeline 
of antimalarial drugs in history. 
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ENABLE(ing) drug discovery: A public private partnership addressing 
antimicrobial resistance in serious gram negative infections 

Alan T. Price, Alan.T.Price@gsk.com. GlaxoSmithKline, Collegeville, Pennsylvania, 
United States  

Resistant microbial infections have developed into one of our most serious health 
threats, affecting over two million people every year in the US with at least 23,000 dying 
as a result. Although the medical need is urgent and often unmet; unique scientific 
bottlenecks, a complex regulatory environment, and relatively low return on investment 
compared to other therapeutic areas have led to an exodus of pharmaceutical 
development of new antibacterial agents. To address these challenges the IMI 
(Innovative Medicines Initiative), launched the ND4BB (New Drugs for Bad Bugs) 
program creating a synergistic Public-Private-Partnership (PPP)-based approach 
encompassing all aspects of discovery to clinical development of new antibiotics. The 
ENABLE sub-subsection of ND4BB focuses on early discovery efforts for the 
identification of novel antibacterial agents. ENABLE has resources to fund up to six Hit-
to-Lead or Lead optimization programs in parallel targeting the systemic treatment of 
infections due to resistant Gram-negative bacterial pathogens E. coli, K. pneumoniae, 
P. aeruginosa and A. baumannii. The GSK-Sanofi alliance comprises one of these 
research efforts. 
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Development of antiviral agents to treat poliovirus infections 

Mark McKinlay, mmckinlay@taskforce.org. Center for Vaccine Equity, Task Force for 
Global Health, Decatur, Georgia, United States  

Prolonged excretion of vaccine-derived polioviruses by immunodeficient persons 
(iVDPV) presents <span style="line-height:20.7999992370605px">a programmatic risk 
of delayed global eradication and </span>a personal risk of poliomyelitis to the patient. 
Poliovirus antiviral drugs offer the only mitigation of these risks and may also have a 
potential role in the management of accidental exposures and in certain outbreak 
scenarios. Efforts to discover and develop poliovirus antiviral agents have been ongoing 
since the formation in 2007 of the Poliovirus Antivirals Initiative (PAI). A review of the 
progress of the PAI program to date and the future plans will be presented. 
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Foundation-directed therapeutic development: Pfizer collaboration on PDE 
inhibitors 

Celia Dominguez, celia.dominguez@chdifoundation.org. Advisors to CHDI Foundation, 
CHDI Management Inc, Los Angeles, California, United States  



CHDI Foundation is a privately-funded nonprofit biopharmaceutical research and 
development organization that is exclusively dedicated to developing therapies for 
Huntington’s disease (HD), a lethal autosomal dominant neurodegenerative disorder 
caused by expansion of CAG repeats in the huntingtin (HTT) gene. HD patient brains 
reveal a devastation of the caudate-putamen, and cortico-striatal-thalamo-cortical 
circuits seem to be particularly affected. Currently, no disease-modifying therapies are 
available. 
CHDI works collaboratively with academic institutions, contract research organizations 
(CROs) and biotechnology and pharmaceutical companies, with a general strategy of 
developing or de-risking therapeutic programs to the point where pharmaceutical 
companies will take them to market. A CHDI Outreach Team works to leverage 
pharmaceutical companies’ knowledge and assets that could be relevant to HD 
pathophysiology and provide our partners access to both CHDI’s domain knowledge as 
well as extensive in vitro and in vivo HD-relevant assays. Alterations in neuronal and 
synaptic function may underlie many of the early symptoms of HD; deficits in 
corticostriatal transmission have been well documented and are one of the earliest 
changes detected in HD rodent models. To investigate various phosphodiesterase 
(PDE) inhibitors and how they affect corticostriatal transmission and basal ganglia 
function, our Outreach Team investigated several advanced PDE inhibitors (PDE10i, 
PDE9i and PDE2i) in a collaboration with Pfizer. We will present our outreach strategy 
and an overview of our Pfizer collaboration, which has culminated in phase 2A and B 
clinical trials with a PDE10 inhibitor (PF-25454920) in HD patients. 
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First small molecule clinical candidate discovered in Africa 

Kelly Chibale, Kelly.Chibale@uct.ac.za. Chem Dept, University of Cape Town, Cape 
Town, South Africa  

Phenotypic whole cell high-throughput screening of ~37,000 compounds from a 
commercially available SoftFocus kinase library in collaboration with the Medicines for 
Malaria Venture (MMV) led to the identification of a novel class of orally active anti-
malarial 3,5-diaryl-2-aminopyridines. Hit compounds demonstrated good in vitro activity 
against both drug-sensitive and drug-resistant strains of the malaria parasite 
Plasmodium falciparum. Lead optimization studies on the early lead compound to 
improve oral bioavailability, potency, in vivo activity and to remove off target activities 
culminated in the discovery of MMV390048 as pre-clinical drug development candidate. 
MMV900048 cured mice with a single low dose in the Plasmodium berghei efficacy 
mouse model. The compound has good activity in the humanised Plasmodium 
falciparum SCID mouse model with an ED90 (4xdosing) of 0.6 mg/kg. In addition, 
MMV390048 has activity at multiple stages of the parasite lifecycle. Mechanism of 
action studies have identified a parasite phospholipid kinase PI4K as the target of 
MMV390048 
Successful preclinical development has confirmed MMV390048 as a clinical candidate 
and is currently undergoing First-In-Man (FIM) studies in Cape Town, South Africa. 



The drug discovery process that led to the identification of MMV390048 and studies to 
determine the mechanism of action of this novel anti-malarial, will be presented. 
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Development of RORalpha/beta/gamma subtype selective ligands 

Thomas P. Burris, burristp@slu.edu. Pharmacological & Physiological Science, Saint 
Louis University School of Medicine, St. Louis, Missouri, United States  

The retinoic acid receptor-related orphan receptors are a subgroup within the nuclear 
receptor superfamily that consists of three members: RORalpha, RORbeta, and 
RORgamma. These receptors regulate a range of physiological processes including the 
circadian rhythm, inflammation, and metabolism. These receptors bind to a range of 
oxysterols with high affinity and our lab, as well as others, have developed a number of 
RORalpha and RORgamma agonists and inverse agonists. RORbeta expression is 
limited to the central nervous system and has not been a focus of drug discovery efforts. 
Here, I will describe the design of a number of RORbeta synthetic ligands and their 
pharmacological effects in vivo. A number of described RORgamma selective ligands 
also appear to have effects on RORbeta in our assays suggesting that understanding 
the effects of modulation of RORbeta is critical. Finally, I will describe the effects that a 
range of RORalpha/beta/gamma synthetic ligands have on modulation of the circadian 
rhythm in vivo. 
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Small molecule inhibitors of RORgamma t: Their development to study the 
function of inflammatory immune cells 

Jun Huh, Jun.Huh@umassmed.edu. University of Massachusetts Medical School , 
Worcester, Massachusetts, United States  

Th17 (interleukin-17-expressing T helper) cells are pro-inflammatory immune cells, 
thought to be central to the pathology of many human autoimmune diseases including 
inflammatory bowel disease (IBD). The Retinoid-related orphan receptor gamma t 
(RORgt) programs the differentiation and function of Th17 cells and a subset of innate 
lymphoid cells (ILC). RORgt belongs to a family of nuclear hormone receptors (NhRs), 
whose activities are regulated by small molecule ligands that are thought to be sterol-
related. Even though lipid metabolism is closely linked to immune regulation, the key 
lipid metabolic processes that control Th17 cell function have not been identified. 
 
In addition, despite many studies in mice, much less is known about human Th17 cell 
differentiation. In order to elucidate RORgt function in human cells by identifying the 
downstream targets of RORgt, deep-sequencing analyses were performed to analyze 
the gene expression profiles of human Th17 cells following treatment with two different 
RORgt inhibitors, the digoxin derivatives and NIH-N2. Since these RORgt inhibitors 



contain distinct chemical structures, genes commonly affected by both classes of 
inhibitors likely represent true downstream targets rather than the off-target artifacts of 
one particular compound. Identifies and potential functions of some of RORgt target 
genes in human Th17 cells will be discussed. 
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Structural basis for the inverse agonism of novel RORγt Inhibitors 

Xiang Li, xiang.li@rdg.boehringer-ingelheim.com. Medicinal Chemistry, Boehringer 
Ingelheim Pharmaceuticals, Inc, New Milford, Connecticut, United States  

The nuclear receptor RORgt (retinoid acid-related orphan receptor gt) is a central 
regulator of the IL17/IL23 pathway that plays crucial roles in the pathogenesis of 
autoimmunity. Therefore RORgt has emerged in recent years as a highly promising 
target for a number of autoimmune diseases. As an orphan nuclear receptor, the 
endogenous ligand for RORgt is unknown, and RORgt is believed to be constitutively 
active. Through high throughput screening we have identified novel inverse agonists for 
RORgt. Here we report the crystal structures for the ligand binding domain of RORgt in 
both ligand-free and ligand-bound states. We show that the apo RORgt adopts a fully 
active conformation. The structural determinants that stabilize Helix12 of RORgt in the 
active state in the absence of a ligand will be discussed. Interestingly the crystal 
structures of ligand-bound RORgt reveal that binding of our inverse agonists disrupts 
these critical interactions that stabilize Helix12. This destabilizing effect is supported by 
a normalized crystallographic B-factor analysis, which reveals the inverse agonists 
bound RORgt has elevated B-factors in the Helix12 region compared to its ligand-free 
form. The destabilization of Helix12 in the active state shifts the conformational 
equilibrium of RORgt towards the inactive state(s), which underlies the molecular 
mechanism of action for the inverse agonists reported here. 
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Optimization of quinoline tertiary alcohols as modulators of RORgt 

Kristi Leonard1, kleonar1@its.jnj.com, Anne Fourie2, Xiaohua Xue2, Maud J. 
Urbanski1, Hariharan Venkatesan2, Kent Barbay1, David A. Kummer2, Rachel 
Nishimura2, Ronald L. Wolin2, Kevin D. Kreutter1, Craig R. Woods2, Virginia M. Tanis2, 
Aihua Wang1, Will Jones2, Kelly McClure2, Steven D. Goldberg2, Elizabeth Fennema2, 
Connor Martin2, Joan Pierce2, Genesis Bacani2, John Spurlino1, Celine Schalk-Hihi1, 
Cynthia Milligan1, Patrick Wilkinson1, Tinghua Cao1, Marta C. Abad1, Rosa Luna2, 
Krystal Herman2, Aimee De Leon2, Erica Nulton1, Marina Nelen1, Jingxue Yu2, Maxwell 
D. Cummings1, Brian Scott2, Kia Sepassi2, Steven Nguyen2, Marciano Sablad2, Natasha 
Rozenkrants2, Yan Zhang2, Tadimeti Rao2, Anthony Ndifor2, Shawn Branum4, Jan 
Spink5, Christopher A. Teleha1, Daniel Pippel2, Ronald Russell1, Thomas Schlueter3, 
James P. Edwards2. (1) Janssen Research & Development, Spring House, 
Pennsylvania, United States (2) Janssen Research & Development, San Diego, 



California, United States (3) Phenex Pharmaceuticals AG, Heidelberg, Germany (4) 
Hamari Chemicals, LTD, San Diego, California, United States (5) The Chemistry 
Research Solution, LLC, Bristol, Pennsylvania, United States  

A high-throughput screen of retinoic acid-related orphan nuclear receptor gt (RORgt) 
using ThermoFluor® technology produced a quinoline tertiary alcohol hit. SAR of this 
lead compound was developed using structure-based design to produce potent 
modulators, and the series was optimized to improve physicochemical properties. 
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Dealing with a highly lipophilic binding pocket: design and development of novel 
RORg inverse agonists with the consideration of ligand polarity and 
conformational diversity 

Jianhua Chao, jianhua.chao@biogenidec.com. Biogen Idec, Cambridge, 
Massachusetts, United States  

Retinoid-related orphan receptor gamma t (RORgt) is a ligand-regulated transcription 
factor (nuclear receptor) and is required for the development and function of multiple 
important pro-inflammatory lymphocyte lineages including TH17 cells. RORgt-
expressing cells and the cytokines they produce have been implicated in the 
pathogenesis of human autoimmune diseases including Psoriasis, Crohn’s Disease, 
and Multiple Sclerosis. Disruption of the RORgt /TH17 pathway by genetic targeting, 
small molecule-mediated inhibition, or antibody-mediated neutralization of pathway 
cytokines (e.g. IL-23, IL-17a, IL-17f, and GMCSF) reduced or eliminated disease in 
numerous animal models of autoimmune pathology. In humans, biologics targeting 
cytokines in the RORgt pathway have demonstrated clinical efficacy. Thus, RORgt is an 
attractive target for small molecule therapeutic intervention. 
 
As part of an effort to develop an RORg inverse agonist for potential therapeutic use, 
we have investigated multiple chemical scaffolds with diverse array of features. Given 
the highly lipophilic ligand binding pocket of RORg, a central challenge for developing 
an attractive candidate is achieving both high potency and good drug-like properties. 
This presentation will focus on a biaryl series with a strategically positioned polar head 
and an oxime series with a water mediated hydrogen-bond in the lipophilic pocket. SAR 
and property data for two series will be discussed. Lead compounds from each series 
and our knowledge gained in the development of these series may be useful for future 
development of RORg inverse agonists. 
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Reversed sulfonamide series of selective RORc inverse agonists 

Monique B. van Niel1, Bodil.vanniel@crl.com, Benjamin P. Fauber2, Matthew 
Cartwright1, Simon Gaines1, Jonathan C. Killen1, Olivier René2, Stuart I. Ward1, Gladys 



d. Boenig2, Yuzhong Deng2, Céline Eidenschenk2, Christine Everett2, Emanuela 
Gancia1, Arunima Ganguli1, Alberto Gobbi2, Julie Hawkins2, Adam R. Johnson2, James 
R. Kiefer2, Hank La2, Peter Lockey1, Maxine Norman1, Wenjun Ouyang2, Anne Qin2, 
Nicole Wakes1, Bohdan Waszkowycz1, Harvey Wong2. (1) Argenta, Harlow, United 
Kingdom (2) Genentech, South San Francisco, California, United States  

The identification of a new series of RORc inverse agonists from a benzylic tertiary 
sulfonamide lead is described. Comprehensive structure-activity relationship studies 
has generated potent RORc inverse agonists in biochemical and cellular assays (<100 
nM) which were also selective against a panel of nuclear receptors (>1000-fold). An X-
ray co-crystal structure of an analogue with RORc has provided useful insights into the 
binding interactions of the new series. 
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Discovery of novel RORγ antagonists 

Makoto Shiozaki, makoto.shiozaki@jt.com. Japan Tobacco Inc., Takatsuki, Osaka, 
Japan  

In 2005, two decades after the discovery of Th1 and Th2 cells, a third class of T helper 
cells, Th17 cells, was identified and has drawn considerable attention as a key player in 
the pathogenesis of autoimmune diseases such as psoriasis and rheumatoid arthritis. 
Among several regulatory pathways implicated in Th17 development and function, 
control of gene expression by the nuclear receptor RORγ appears to be very attractive 
for suppression of Th17 differentiation and function, such as release of the 
proinflammatory cytokine IL-17. A significant effort has been made by many research 
groups to explore modulators of this orphan nuclear receptor. In 2008, JT and 
Orphagen started collaboration in a discovery program of RORγ antagonists based on 
several series of compounds identified as hit compounds in cell-based high throughput 
screening at Orphagen. Based on its structural uniqueness compared to other RORγ 
modulators initially identified, one of the series was selected for further optimization to 
improve cell potency as well as metabolic stability. Compounds from this scaffold were 
demonstrated to inhibit IL-17 release from CD3/CD28 activated human T cells and to 
block IL-17 release from activated T cells in vivo in mouse. In this presentation, we 
describe our endeavor to tackle the drawbacks of the initial hit series which finally led to 
the discovery of orally efficacious RORγ antagonists which are composed of a novel 
scaffold. 
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Targeting indenoisoquinoline topoisomerase I inhibitors to cancer cells 

Daniel E. Beck1, Trung Nguyen1, Wei Lv1, P. V. N. Reddy1, Monica Abdelmalak2, Keli 
Agama2, Christophe Marchand2, Yves Pommier2, Jyoti Roy3, Ananda Kumar 
Kanduluru3, Chevlam Venkatesh3, Philip Low3, Mark Cushman1, 



cushman@pharmacy.purdue.edu. (1) Department of Medicinal Chemistry and 
Molecular Pharmacology, Purdue University, West Lafayette, Indiana, United States (2) 
Center for Cancer Research, National Cancer Institute, Bethesda, Maryland, United 
States (3) Department of Chemistry, Purdue University, West Lafayette, Indiana, United 
States  

Indotecan (LMP400) and indimitecan (LMP776) are two indenoisoquinoline 
topoisomerase I inhibitors that are in Phase 1 clinical trials at the National Cancer 
Institute. The dose-limiting toxicity of indotecan, and likely indimitecan, is 
myelosuppression. This report will detail recent attempts to improve the selectivities of 
indenoisoquinoline topoisomerase I inhibitors by incorporation of inhibitory activities vs. 
tyrosyl-DNA phosphodiesterase 1 (TDP1) and tyrosyl-DNA phosphodiesterase 2 
(TDP2). Both TDP1 and TDP2 are involved in repair of DNA damage caused by 
topoisomerase inhibitors. In addition, current progress will be described on directing 
indenoisoquinolines to prostate cancer cells by attaching them to a prostate-specific 
membrane antigen (PSMA) homing ligand. 
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Inhibition of geranylgeranyl diphosphate synthase by isoprenoid 
bisphosphonates 

David F. Wiemer, david-wiemer@uiowa.edu. Department of Chemistry, Univ of Iowa, 
Iowa City, Iowa, United States  

Protein prenylation is a post-translational lipid modification that is required for a variety 
of cellular functions. In mammalian metabolism, prenylation is mediated by three 
enzymes, farnesyl transferase (FTase) and geranylgeranyl transferases I and II 
(GGTase I and II). While substrates for FTase and GGTase I are recognized by virtue of 
a consensus carboxy-terminal sequence, the GGTase II-substrate interaction is more 
complex. GGTase II itself does not directly recognize its substrates and instead relies 
on the presence of an escort protein to conduct substrates to the active site. As a result, 
disruption of protein geranylgeranylation via the simultaneous inhibition of both GTases 
is difficult. Efforts to diminish protein geranylgeranylation globally may be more 
effectively directed at geranylgeranyl diphosphate synthase (GGDPS), because 
depletion of the substrate geranylgeranyl diphosphate impacts both GGTase I and II. 
Our efforts to develop selective inhibitors of GGDPS have focused on bisphosphonates, 
and have relied upon digeranylbisphosphonate (1) as the lead compound. Synthesis of 
new, more potent variations on this structure, and their activity at various stages of 
isoprenoid biosynthesis, will be presented. 
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Small molecule epigenetic modulators for the treatment of cardiovascular 
disorders 

Craig J. Kutz, Steven L. Holshouser, Patrick M. Woster, woster@musc.edu. Dept of 
Drug Discovery and Biomedical Science, Medical University of South Carolina, 
Charleston, South Carolina, United States  

Histone demethylases such as lysine-specific demethylase 1 (LSD1) mediate an 
important cellular mechanism for epigenetic control of gene expression. In particular, 
histone 3 dimethyl lysine 4 (H3K4me2) is a transcription activating chromatin mark at 
gene promoters, and aberrant demethylation of this mark by LSD1 may broadly repress 
the expression of a variety of genes that are important in human disease. We, and 
others, have conducted studies verifying that LSD1 is an exciting new therapeutic 
target. Our group has reported multiple LSD1 inhibitor chemotypes, including 
(bis)guanidines, (bis)biguanides, oligoamines, amidoximes and cyclic peptides. We 
have recently discovered a new class of LSD1 inhibitors, the 3,5-diamino-1,2,4-
triazoles, that are potent inhibitors of recombinant human LSD1. These inhibitors 
significantly increase H3K4me2 levels, initiate chromatin remodeling and induce the re-
expression of silenced genes. Because of their specificity for LSD1 and their relatively 
low toxicity, we have explored the use of these molecules in diseases other than 
cancer, where cytotoxicity is not a desirable endpoint. In this presentation, we will 
describe the synthesis and evaluation of this new series of LSD1 inhibitors, and present 
evidence that LSD1 inhibitor-mediated correction of aberrant gene silencing can have 
therapeutic potential in cardiovascular disease. 
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Protein prenylation: From enzymology to biotechnology and therapeutic 
application 

Mark D. Distefano, diste001@umn.edu, Yen-Chih Wang, Charuta C. Palsuledesai, 
Jonathan K. Dozier. Univ of Minnesota, Minneapolis, Minnesota, United States  

Protein prenylation is a post-translational modification that consists of the addition of 
C15 or C20 isoprenoid groups to a variety of proteins. Because many proteins involved in 
signal transduction processes contain this modification, considerable interest exists in 
understanding the chemistry and biology of this phenomenon. Of particular note is the 
observation that protein prenylation is required for the transforming activity of mutant 
Ras oncoproteins; inhibition of the enzyme farnesyltransferase (which catalyzes protein 
prenylation) arrests the growth of transformed cells in a variety of models. A number of 
inhibitors of this enzyme and others in the protein prenylation pathway have been, or 
are currently, in clinical trials for cancer therapy and other diseases. In this presentation, 
experiments using peptide libraries will show how the protein specificity of these 
enzymes and mutants thereof can be rapidly evaluated. Metabolic labeling with 
isoprenoid analogues containing bioorthogonal functional groups is being used to 
identify prenylated proteins and which ones change in response to prenylation 
inhibitors. Those same analogues are also being employed for selective protein labeling 
to create modified proteins for therapeutic applications. 

 



 
 
Strategy for peptide library screening 



 
 
Active site of protein farnesyltransferase highlighting some residues involved in substrate 
binding and recognition 
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Biosynthesis of squalene: A new pathway in bacteria 



Jian-Jung Pan, C D. Poulter, poulter@chemistry.utah.edu. Chemistry, University of 
Utah, Salt Lake City, Utah, United States  

Squalene (SQ) is a key intermediate in the biosynthesis of tetracyclic and pentacyclic 
triterpenes that are precursors of sterols, gemmaceranoids, lupanoids, olenoids, and 
ursanoids in eukaryotes and hopanoids in bacteria. In eukaryotes, SQ is synthesized 
from farnesyl diphosphate (FPP) in two steps – coupling of two molecules of FPP to 
give the cyclopropylcarbinyl triterpenoid presqualene diphosphate (PSPP) and the 
NADPH-dependent reductive rearrangement of PSPP to SQ. Eukaryotic squalene 
synthase (SQase) catalyzes both reactions without release of PSPP from the active 
site. Analysis of genomic information suggests that that more than one protein is 
implicated in conversion of FPP to SQ in bacteria. The implications of this observation 
will be discussed and evidence presented for a new pathway for biosynthesis of SQ in 
bacteria. 
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Lessons learned in the practice of medicinal chemistry 

Paul S. Anderson, paulanderson88@comcast.net. retired, Lansdale, Pennsylvania, 
United States  

ENABLING THE TRANSATION OF A PRECLINICAL HYPOTHESIS ABOUT HOW A 
DISEASE MIGHT BE TREATED TO CLINICAL VALIDATION OF THE CONCEPT IS 
THE GREAT CHALLENGE OF MEDICINAL CHEMISTRY. THE HISTORY OF 
MEDICINAL CHEMISTRY TELLS A REMARKABLE STORY OF SUCCESS IN 
ACHIEVING THIS GOAL AS WELL AS MANY FAILURES TO REACH THE DESIRED 
END POINT. THIS PAPER WILL REVIEW SOME OF THIS HISTORY. 
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In search of small molecule modulators for the treatment of autoimmune and 
inflammatory diseases 

Joel C. Barrish, joel.barrish@bms.com. Discovery Chemistry, Bristol Myers Squibb, 
Princeton, New Jersey, United States  

The quest for small molecule drugs with the efficacy and safety of biologics, particularly 
in the area of autoimmune and inflammatory diseases, has been a major effort in the 
pharmaceutical industry for the last two decades. While there have been notable 
achievements, identifying molecules in the efficacy-safety ‘sweet spot’ has been a 
significant challenge. This presentation will review several past approaches that have 
met with various levels of success as well as describe the significant potential for 
current and future directions. 
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Thrombin receptor antagonists for the prevention of arterial thrombosis: 
Discovery of vorapaxar (zontivityTM) 

William J. Greenlee, william@william-greenlee.com. MedChem Discovery Consulting, 
LLC, Teaneck, New Jersey, United States  

Cardiovascular disease is a major cause of mortality worldwide, contributing to one in 
four deaths. In most cases, the cause of death is the formation of a thrombus in a major 
artery, a result of inappropriate activation of the coagulation pathway. The enzyme 
thrombin plays a central role in this process by cleaving fibrinogen to fibrin, and by 
activating platelets, which contribute to arterial thrombus formation. In a process unique 
to the protease-activated receptor (PAR) family, thrombin cleaves the N-terminus of the 
thrombin receptor (PAR-1) present on platelets, creating a tethered ligand which 
activates the receptor. Starting from a modestly-potent lead derived from the natural 
product Himbacine, a series of potent, orally-bioavailable PAR-1 receptor antagonists 
was discovered. From this series, vorapaxar was chosen for development, and is the 
first PAR-1 antagonist approved for prevention of arterial thrombosis. 
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Structure-based design of serine protease inhibitors: The quest for safer and 
efficacious anticoagulants 

Mimi L. Quan, mimi.quan@bms.com. Discovery Chemistry, Bristol-Myers Squibb, 
Yardley, Pennsylvania, United States  

Thrombosis is the leading cause of morbidity and mortality worldwide. Therefore, the 
control of blood coagulation has become a major target for new therapeutic intervention 
over the past two decades. We at Bristol-Myers Squibb have a long history of research 
interest in this area and our efforts culminated in the discovery of Eliquis® (apixaban). 
This presentation will discuss our learnings from structure-based drug design efforts 
which led to Eliquis® and applications of these learnings to design inhibitors of other 
serine proteases in the coagulation cascade. This presentation will focus on the design 
of orally active, small molecule factor XIa inhibitors. 
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Award Address (E. B. Hershberg Award for Important Discoveries in Medicinally 
Active Substances sponsored by Merck Research Laboratories). Adventures in 
cardiovascular drug discovery: New frontiers and lessons learned 

Ruth R. Wexler, Ruth.Wexler@bms.com. Bristol-Myers Squibb, Princeton, New Jersey, 
United States  

Cardiovascular disease has been the cause of more deaths annually than any other 
disease area for the last hundred years. While there have been multiple advances in our 
understanding of the underlying pathophysiology of cardiovascular disease and in 
developing important new therapeutics, drug discovery in this area is challenged by the 
need to balance robust efficacy with exquisite safety. For more than twenty-five years 
our research group has focused on discovering novel therapeutics to combat 
cardiovascular disease. This presentation will describe multiple short vignettes from our 
drug discovery efforts that highlight lessons learned which are applicable to current and 
future drug discovery efforts. Included will be the lessons learned from the discovery of 
two successful drugs discovered by our team, losartan, the first in class angiotensin II 
receptor antagonist, and apixaban, marketed as Eliquis®, a novel oral factor Xa 
inhibitor. Additionally, challenges and key learnings will be described from other clinical 
candidates discovered by our team, which were shown not to be viable as useful 
therapeutics when investigated in clinical trials. 
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Discovery of macitentan: Can we apply rules of yesterday tomorrow? 



Martin H. Bolli, martin.bolli@actelion.com. Actelion Pharmaceuticals Ltd, Allschwil, 
Switzerland  

Macitentan (Opsumit), a dual endothelin receptor antagonist (ERA), is an approved drug 
for the treatment of pulmonary arterial hypertension. When the drug discovery program 
that led to the identification of macitentan was initiated, a large body of preclinical and 
clinical data from bosentan and other ERAs was available. Based on this knowledge, 
we focused our discovery efforts on three key compound properties: its in vitro potency 
on the endothelin receptors, its in vivo efficacy in reducing the mean arterial pressure 
(MAP) in hypertensive Dahl salt sensitive rats and its lack of interference with the 
hepatic bile salt transport in a rat model. While we used in vitro assays to build up an 
SAR for the two endothelin receptors and to prioritize compounds for in vivo testing, the 
discovery process was clearly driven by the data generated by the relevant and easily 
accessible pharmacological model that allowed rapid testing of a large number of 
compounds. As a result, macitentan was selected for clinical development after testing 
about 2500 compounds in vitro and almost 400 compounds in vivo. Macitentan is about 
100-fold more potent on ETA and approximately ten times more efficacious in reducing 
the MAP in Dahl S rats than our benchmark bosentan. In addition, it shows no sign of 
interfering with the hepatic bile salt transport. This presentation shall not only detail on 
the properties of the compounds tested, the choice of the in vitro and in vivo assays, 
and the profiling cascade, but shall also discuss how this successful approach may be 
applied to other drug discovery programs. 
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Discovery and development of covalent BTK inhibitors 

Wei Chen, chenweizs@hotmail.com. Pharmacyclics, Inc., Sunnyvale, California, United 
States  

Bruton's tyrosin kinase (BTK) is a kinase that functions downstream of multiple 
receptors in various hematol. cells. The non-catalytic cystein 481 close to ATP binding 
pocket provides a unique opportunity for designing a covalent inhibitor. Ibrutinib (PCI-
32765), a potent BTK inhibitor which was recently approved by FDA to treat people to 
treat people with: Chronic lymphocytic leukemia (CLL) who have received at least one 
prior treatment; Chronic lymphocytic leukemia (CLL) with 17p deletion; and Mantle cell 
lymphoma (MCL) who have received at least one prior treatment, has demonstrated 
remarkable efficacy and very reasonable safety profile. This presentation will discuss 
our approach and strategies towards designing, discovery and development of covalent 
BTK inhibitors. 
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Chiral, nonracemic hemi-aminals to the rescue: The discovery of the HIV-1 
integrase inhibitors dolutegravir and cabotegravir 

Brian A. Johns, brian.a.johns@gsk.com. GlaxoSmithKline, Efland, North Carolina, 
United States  

Dolutegravir (DTG) and cabotegravir (CAB) are HIV-1 integrase inhibitors that have 
improved pharmacokinetic and resistance properties compared to previous therapies. 
These enhanced profiles can be directly attributed to the tricyclic carbamoyl pyridone 
ring system that consists of a chiral non-racemic N-acyl hemi-aminal ring junction. 
Although structurally unusual to find in a drug candidate, the incorporation of this 
functionality was the result of the interplay between organic and medicinal chemistry in 
order to deliver the sought after preclinical data believed to be predictive of meaningful 
clinical differentiation for patients. This presentation will discuss the rationale and 
challenges behind this design element that ultimately resulted in the discovery of DTG 
and CAB. Finally, a brief summary of how differences between the two drug profiles' has 
been optimized for oral or long acting parenteral administration will be discussed. 

MEDI 206 

Discovery of thalidomide and amino substituted analogs as anticancer agents 



Robert DAmato1,2, robert.damato@childrens.harvard.edu. (1) Vascular Biology, Boston 
Childrens Hospital, Boston, Massachusetts, United States (2) Ophthalmology, Harvard 
Medical School, Boston, Massachusetts, United States  

In 1954 the German company Chemie Grunenthal synthesized a series of compounds 
in search of novel antibiotics. While thalidomide did not have antibiotic properties it 
seemed to have some interesting sedative effects. In 1957, the company launched 
thalidomide as a sedative and after the safe use in nursing mothers, began marketing it 
for morning sickness. In 1959, cases of peripheral neuropathy were reported which 
motivated the FDA to request additional testing before the drug would be allowed in the 
US. By 1961 thalidomide was the bestselling sedative in Germany. However, in the 
same year, Drs. McBride and Lenz reported the correlation of thalidomide use during 
pregnancy and the birth defect known as phocomelia. The drug was then withdrawn 
from use worldwide but thousands of children were already affected. 
 
In 1992, I hypothesized that drugs with putative anti-angiogenic activity could be 
identified by screening the literature for compounds known to interfere with female 
reproductive function. Angiogenesis is critical to normal menstrual cycles, placental 
formation and fetal development. Thus I searched for drugs which had reported side 
effects of causing both amenorrhea and birth defects. Thalidomide was known to have 
these effects and was tested in our animal models of angiogenesis. We found that 
racemic thalidomide inhibited growth factor induced angiogenesis in multiple systems, 
which was enhanced by the use of pure S isomer. As well, thalidomide analogs which 
were teratogenic, such as EM12, had anti-angiogenic activity and those analogs that 
were not teratogenic, such as supidomide, were not anti-angiogenic. We then showed 
that thalidomide could suppress the growth of V2 carcinomas in rabbits. Based upon 
these findings, thalidomide was tested in humans as an anti-cancer agent. Further 
structure activity experiments in our laboratory in 1994 found that the addition of an 
amino group to the aromatic ring resulted in potent anti-angiogenic and anti-cancer 
compounds. As we first reported for amino-thalidomide, these compounds hit two 
compartments, since they are able to directly inhibit both blood vessels and myeloma 
cells. Amino-thalidomide (Pomalyst) and amino-EM12 (Revlimid) are now FDA 
approved for the treatment of Multiple Myeloma. 
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Ponatinib, a pan-Bcr-Abl kinase inhibitor approved for leukemia treatment, 
potently inhibits the T315I mutant and overcomes mutation-based resistance 

Wei-Sheng Huang, wei-sheng.huang@ariad.com. ARIAD Pharmaceuticals, 
Cambridge, Massachusetts, United States  

1,2-di(hetero)arylalkyne is among compound types that are rarely used in drug design. 
Ponatinib, a recently approved drug for chronic myeloid leukemia (CML) treatment, 
contains such an unusual structural motif. Bcr-Abl kinase is the oncogenic driver of 
CML. Ponatinib is the only available tyrosine kinase inhibitor active against native Bcr-



Abl and all mutants. The carbon-carbon triple bond connector in ponatinib was found 
critical for gaining potency towards mutant T315I, a variant resistant to all previously 
approved CML therapies. In this presentation we will discuss how ligand-protein co-
crystal structure guided us in employing the rigid rod-like linker in molecular design 
leading to the discovery of final generation of Bcr-Abl inhibitor. Clinical data will be 
presented.  
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Pirfenidone and optimized pirfenidone analogs for antifibrotic indications 

John Y. Ramphal1, Lin Pan1, Caralee Schaefer1, Scott D. Seiwert1, Brad O. Buckman1, 
Jacob B. Schwarz1, schwarz.jacob@gene.com. (1) InterMune, Brisbane, California, 
United States (1) Genentech, San Ramon, California, United States  

Idiopathic pulmonary fibrosis (IPF) is a chronic interstitial lung disease characterized by 
uncontrolled deposition of extracellular matrix leading to progressive loss of lung 
function. Patients diagnosed with IPF experience progressive pulmonary insufficiency 
with a variable course and ultimately die of respiratory failure. The median survival upon 
diagnosis is ~3 years, similar to the most deadly of cancers. Until 2014, there were no 
FDA approved therapies for IPF. 
 
Several years ago, pirfenidone became the first agent approved to treat IPF in the EU, 
Canada and certain territories in Asia. In 2014, pirfenidone was approved to treat IPF by 
the US FDA. 
 
Pirfenidone is an orally bioavailable small molecule comprising a modified phenyl 
pyridone. It was initially identified as having anti-inflammatory activity in animal models. 
The unexpected identification of anti-fibrotic effects redefined interest in the compound. 
Subsequently, pirfenidone has been shown to attenuate fibrosis in numerous animal 
models across organ systems, including lung, liver, heart and kidney. 
 
Clinical investigation of pirfenidone in IPF was initiated based on the broad anti-fibrotic 
activity observed in animal models. Pirfenidone’s activity in IPF has been demonstrated 
by InterMune’s CAPACITY and ASCEND, and Shionogi’s Phase 2 and Phase 3 
programs. 
 
Despite its unknown molecular target, clinical validation of the pirfenidone chemotype 
represents a watershed moment in the treatment of fibrotic conditions. Starting from an 
understanding of pirfenidone’s clinical safety and efficacy, optimization was undertaken 
to improve the profile of molecules based on the pirfenidone chemotype. Pirfenidone 
analogues have been developed that show activity in animal models of pulmonary and 
liver fibrosis and minimal effects in nonclinical safety models 
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Thermodynamic-based approach to the inhibition of HIV-1 cell infection 

E Freire, ef@jhu.edu. Biology, Johns Hopkins University, Baltimore, Maryland, United 
States  

The viral envelope glycoprotein gp120 is responsible for the initial event in HIV-1 
infection. This event is initiated by the protein/protein association between gp120 and 
the cell surface receptor CD4. In its unliganded state, gp120 is characterized by the 
presence of intrinsically disordered domains. Binding to CD4 triggers the structuring of 
these domains, making gp120 competent to bind to the co-receptor CCR5 and initiate 
the cascade of events that lead to cell entry. The development of gp120/CD4 inhibitors 
have been hampered by the existing coupling between conformational change and 
binding. This coupling may effectively transform potential antagonists into agonists, a 
trait reflected in their thermodynamic signatures. The rational design and optimization of 
viable inhibitors have required a precise thermodynamic dissection of conformational 
and binding events. This thermodynamic-based approach is generalizable and can be 
applied to the development of inhibitors of other protein/protein interactions. Supported 
by grants from the National Science Foundation (MCB-1157506) and the National 
Institutes of Health (GM56550). 
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Thermodynamics guided lead discovery and optimization 

Gyorgy M. Keseru, keseru.gyorgy@ttk.mta.hu. Research Centre for Natural Sciences, 
HAS, Budapest, Hungary  

In addition to the binding affinity towards the primary target thermodynamics profile of 
ligand binding impacts physicochemical and ADMET features as well as selectivity and 
specificity. The talk focuses on recent applications of thermodynamics guided medicinal 
chemistry optimizations and analyses the strengths and limitations of this approach in 
drug discovery settings. 
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Ligand-protein binding thermodynamics from fragments to drugs 

Gyorgy Ferenczy, ferenczy.gyorgy@ttk.mta.hu. Research Centre for Natural Sciences, 
Budapest, Hungary  

Ligand-protein binding thermodynamics as the function of ligand size is discussed. 
Experimental evidences and theoretical considerations support that smaller molecules 
typically exhibit enthalpy dominated binding that becomes entropy dominated with 
increasing ligand size. This finding gives thermodynamic rational to fragment based 
drug discovery and has important implications for medicinal chemistry optimizations.  
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Exploring applications and origins of binding kinetics in structure-based drug 
discovery 

Derrick Meinhold, derrick.w.meinhold@gsk.com. Chemical Sciences, 
GlaxoSmithKline, Royersford, Pennsylvania, United States  

Protein:ligand interaction kinetics are often more tightly connected to drug efficacy than 
a simple measure of steady-state binding affinity, and in some cases, the half life of the 
interaction is a more powerful driver of chemistry in lead-optimization than steady-state 
affinity. Moreover, kinetic parameters of drug:target interactions can be holistically 
combined with biological and physiochemical information to prioritize chemical series 
beyond what is possible with affinity and biochemical activity alone. This talk will focus 
on applications and outcomes of using SPR kinetic data to drive chemistry at GSK. 
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Accelerating drug discovery: the role of free energy calculations 

Robert Abel1, robert82a@gmail.com, Richard Friesner2, Ramy Farid1, Teng Lin1, Leah 
Frye1, Jennifer Knight1, Goran Krilov1, Lingle Wang1. (1) Schrödinger Inc., New York, 
New York, United States Minor Outlying Islands (2) Department of Chemistry, Columbia 
University, New York, NY, United States Minor Outlying Islands  

Achieving highly potent binding, while maintaining a host of other ligand properties 
required for safety and biological efficacy, is a primary objective of small molecule drug 
discovery. During the past 15 years, free energy calculations have benefited from 
improved force fields and sampling algorithms, as well as the advent of low cost parallel 
computing. Such developements have enabled free energy calculations to yield useful 
comparisons with experiment, and play a role in academic drug discovery efforts. 
However, it has been challenging to develop free energy calculation protocols that 
achieve the accuracy, reliability, and throughput that would be needed for such 
calculations to impact lead optimization in an industrial setting. We here will report a 
free energy calculation protocol that appears poised to meet this need, and has 
provided substantial value in a number of prospective drug discovery collaborations. 
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Lipophilic efficiency as a tool for identifying and optimizing enthalpic interactions 

Michael D. Shultz, michael.shultz@novartis.com. Novartis, Cambridge, Massachusetts, 
United States  

In the course of optimizing molecular interactions it is believed that while affinity is 
important, having enthalpy-based interactions can be particularly attractive. It has been 



a long standing challenge to identify entalpic interactions due to the lack of correlation 
with molecular properties or absolute affinity. The circumstances under which lipophilic 
efficiency (LipE) might be used to approximate changes in enthalpy of binding will be 
discussed. 
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Nucleoside analogs: Synthesis and medicinal chemistry 

Yvan Guindon, yvan.guindon@ircm.qc.ca, Michel Prévost, Starr Dostie, Philippe 
Mochirian, Guillaume Tambutet. Institut de Recherches Cliniques de Montreal, 
Montreal, Quebec, Canada  

The synthesis of nucleoside, and analogues thereof, will be presented. One of the 
approaches developped is based on the stereoselective construction of acylic 
molecules possessing a nucleobase at their C1’-terminal end, which undergo kinetically 
controlled cyclization reactions. Diastereoselective free radical based reactions will also 
be described in the course of these synthesis, as the biological properties of lead 
molecules. 
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Therapeutic opportunities of chemical targeting of mitochondria 

Peter Wipf, pwipf@pitt.edu. Univ of Pittsburgh, Pittsburgh, Pennsylvania, United States  

Mitochondria are key organelles that perform essential cellular functions and play 
pivotal roles in cell death and survival signaling. Hence, they represent an attractive 
target for drugs to treat metabolic, degenerative and hyperproliferative diseases. 
Shuttling organelle-specific agents or prodrugs into mitochondria holds considerable 
promise as an effective therapeutic strategy. XJB-5-131 (XJB) is a mitochondrial 
targeted reactive therapeutic that delivers a nitroxide, 4-amino-TEMPO (4-AT), to the 
inner mitochondrial membrane. It has shown in vivo efficacy against hemorrhagic shock, 
traumatic brain injury (TBI), and age-related neurodegenerative diseases, such as 



Huntington’s disease (HD), and it reduces tissue damage during brain microdialysis and 
decreases aging-related intervertebral disk degeneration. The compound neutralizes 
electrons escaping from the electron transport chain in the IMM and ROS before they 
can impact membranes, proteins, and DNA. XJB is currently at the preclinical 
development stage. In vitro and in vivo biological analyses have demonstrated that it is 
superior to 4-AT or TEMPO alone in preventing ischemia-reperfusion-induced 
mitochondrial superoxide production and caspase activation, thus reducing apoptosis 
and enhancing cell survival in primary cortical neurons. In vivo, XJB-5-131 shows 
promising drug-like behavior in preliminary pharmacokinetic studies. Close structural 
analogs of XJB-5-131 also demonstrated efficacy in models of radiation damage 
prevention and mitigation. Studies are underway to evaluate the ADME-Tox profile of 
XJB-5-131 and to determine if it can serve as a therapeutic for mitochondrial diseases. 

 



 
 
Structure of the mitochondrial reactive oxygen species (ROS) and electron scavenger XJB-5-131 
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Targeting protein-protein interactions for new cancer therapeutics 

Shaomeng Wang, shaomeng@umich.edu. Medicinal Chemistry, Pharmacology and 
Internal Medicine, University of Michigan, Ann Arbor, Michigan, United States  

Targeting protein-protein interactions (PPIs) using non-peptide small-molecules has 
been traditionally difficult and is an under-explored area for new therapeutic discovery. 
In this presentation, I will talk about several approaches we have employed in our 
laboratory for the discovery and optimization of highly potent, specific and orally 
bioavailable small-molecule inhibitors targeting several different PPIs. A number of 
these small-molecule inhibitors are now in clinical development for the treatment of 
different types of human cancers. 
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Discovery of novel therapeutics for treating various types of viral diseases, 
cancers, and inflammatory disorders 

Dennis Liotta1,2, dliotta@emory.edu. (1) Chemistry Dept, Emory University, Atlanta, 
Georgia, United States (2) The Emory Institute for Drug Development, Emory 
University, Atlanta, Georgia, United States  

The first part of this presentation will focus on the discovery, development and impact of 
two breakthrough antiviral agents, 3TC and FTC. These compounds are components of 
ten FDA-approved therapies for treating HIV and HBV (Epivir, Combivir, Trizivir, 
Epzicom, Epivir-HBV, Emtriva, Truvada, Atripla, Complera and Stribid). The second part 
of the presentation will describe our work on CXCR4 modulators for controlling a variety 
of cancers, virals diseases and inflammatory conditions. 
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Rings in drugs 

Rich Taylor, rich.taylor@ucb.com. CADD, UCB , Slough, United Kingdom  

We have analyzed the rings, ring systems and frameworks in drugs listed in the FDA 
Orange Book over the last thirty years, to understand the frequency, timelines, 
molecular property space and application in different therapeutic areas and to different 
target classes. Analysis from our recent publication “Rings in Drugs” (J. Med. Chem., 
2014, 57 (14), pp 5845–5859) will be discussed, and we will show the utility of this work 
in fragment library assessment. Furthermore, we will present a large scale fragment 
screen, using SPR technology, against a range of biologically relevant Protein-Protein 
Interaction targets. Along with an analysis of the binding hit rates and the associated 
ring systems across all targets, specific results from Biacore binding and X-ray 
crystallography will be presented for the cytokine IL-6. We will show how such 
information can provide insight into fragment library design, the chemical novelty of 



fragment hits, and the development of compounds from hit identification through to lead 
optimization and beyond. 
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Small, medium, and large ring systems: Observations and examples of their roles 
in molecular recognition and drug design 

Daniel L. Cheney, cheneyd@bms.com. Molecular Structure and Design, Bristol-Myers 
Squibb, Princeton, New Jersey, United States  

Rings play essential roles in molecular recognition and drug design. In this presentation, 
a range of topics will be discussed such as rings as bio-isosteres and modulation of the 
electronic properties of arenes to improve chemical properties and protein - ligand 
interactions. Macrocycles will also be discussed in terms of inherent challenges in their 
design and specific examples of their successful application in drug discovery. 
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Development of novel transition metal-catalyzed approaches toward heterocycles 

Vladimir Gevorgyan, vlad@uic.edu. Chemistry, Univ of Illinois at Chicago, Chicago, 
Illinois, United States  

We have developed a set of new transition metal-catalyzed methodologies for synthesis 
of furan, pyrrole, and N-fused heterocycles. These methods operate via several types of 
novel cycloisomerizations, including migratory cycloisomerizations, and recently 
discovered transannulation reaction. 
 
We have also developed several new two- and tri-component coupling reactions toward 
synthesis of indolizines, indolines, indoles, and imidazopyridines. Some of these 
methods have been applied to a synthesis of focused and mid-sized libraries of small 
molecules for wide biological screening. 
 
The scope of these and some other transformations will be demostrated and the 
mechanisms will be discussed. 
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Rings in (candidate) drugs: Case stories 

Jonas Boström, jonas.bostrom@astrazeneca.com. Medicinal Chemistry, AstraZeneca, 
Mölndal, Sweden  

Selected project impacts from over a decade of using insights from computational 
chemistry will be presented and discussed. The focus will be on heterocyclic rings in 



candidate drugs discovered at CVMD AstraZeneca and the strategies used in their 
design. The case stories will include a variety of examples, such as (i) replacing 
unwanted functional groups like acids and esters with heterocyclic rings, (ii) using rings 
purely for geometrical reasons and (iii) using heterocyclic rings to fine-tune 
electrostatics to obtain improved properties. In most cases the key computational 
approach for designing "the right" candidate drug has been the use of shape and 
electrostatic comparisons between molecules. The role of luck will also briefly be 
discussed. 
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Sulfur-containing heterocycles in drug design 

Michael D. Bartberger, michael.d.bartberger@gmail.com. Molecular Structure and 
Characterization, Amgen, Sherman Oaks, California, United States  

 
The rationale for incorporation of the sulfur atom into the cyclic moieties of druglike 
compounds is multifold. Modulation of local or overall molecule polarity or other physical 
properties, adjustment of substituent trajectory in order to fine tune their placement in a 
ligand binding site to maximize complimentarity, and capitalization upon the larger size, 
yet greater polarizability, of the sulfur atom compared to carbon are but a few of the 
reasons for the prevalence of sulfur-containing rings in pharmaceutical agents. 
 
More recently, examples within the medicinal chemistry community have emerged 
featuring an additional, yet still underappreciated, role of sulfur in cyclic systems-- the 
ability of sulfur to serve as means of conformational control. Whereas examples of 
strategies such as cycle formation (e.g. amide to imidazole), intramolecular hydrogen 
bonding, use of macrocycles, etc. to enforce a particular, bioactive conformation are 
widespread, significantly less common from a medicinal chemistry perspective is the 
rational incorporation of sulfur into a ring system in order to bias a particular core or 
substituent orientation. Moreover, the electronic characteristics inherent to cyclic 
(particularly aromatic) sulfur compounds, from which these particular conformational 
characteristics arise, may also be at play to some extent in an intermolecular sense. 
 
This presentation discusses the structural and electronic characteristics of cyclic sulfur 
species, combining literature examples with theoretical and experimental data, in order 
to provide the physical basis, scope, and potential applications of sulfur-containing 
heterocycles beyond their use as straightforward carbocycle or non-sulfur heterocycle 
mimics. 
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Discovery and synthesis of first-generation single-drug “cocktails” to combat HIV 

Anthony R. Prosser, anthonyprosser77@yahoo.com, Bryan D. Cox, Shruti Gupta, 
Lawrence J. Wilson, Dennis C. Liotta. Chemistry, Emory University, Atlanta, Georgia, 
United States  

Current HIV regimens require at least three antiviral drugs to arrest ongoing viral 
replication and restore immune function. Unfortunately, these so-called “drug cocktails” 
come with significant financial burden, a continually emerging set of long term side 



effects, and the potential for resistance if not taken as prescribed. Resistance develops 
due to the plasticity of the viral genome which is able to produce several isoforms of the 
protein that are targeted by antiretroviral therapy. Thus, it would be advantageous to 
target specific host proteins which exist as a single isoform and are not significantly 
responsive to selective pressures. Of particular interest are the chemokines CCR5 and 
CXCR4, which are required for HIV cellular entry. Unfortunately, inhibition of CCR5 
facilitates viral evolution toward CXCR4 entry and vice versa. Therefore, it is necessary 
to inhibit both chemokines simultaneously to completely blockade HIV. We have 
discovered and synthesized a novel series of small molecules that demonstrate potent 
anti-HIV activity against both R5 and X4 tropic viral strains that specifically bind both co-
receptors at once with minimal impact on cellular signaling. Additionally these molecules 
have been shown serendipitously to be potent inhibitors of HIV reverse transcriptase. 
These three complementary methods of action may yield a single drug therapy for HIV. 
The discovery, synthesis, SAR, and unique biological profile for these molecules will be 
discussed. 
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B-DNA structure-based removal of genotoxicity from a series of inhibitors of the 
IκB-kinase IKK2 

Lena Borjesson1, lena.borjesson@astrazeneca.com, Igor Shamovsky1, 
igor.shamovsky@astrazeneca.com, Marjana Andersson1, Thomas Brimert1, Christina 
Ekström3,4, Asim K. Ray1, Pavol Zlatoidsky1, Per Åberg2. (1) Medicinal Chemistry, RIA 
iMed, AstraZeneca R&D, Mölndal, Sweden (2) Drug Safety and Metabolism, 
AstraZeneca R&D, Mölndal, Sweden (3) Global Safety Assessment, AstraZeneca R&D, 
Södertälje, Sweden (4) Currently at Department of Cytology, Huddinge Karolinska 
University Laboratory, Karolinska University Hospital, Solna, Sweden  

Toxicological evaluation of an inhaled IKK2 inhibitor (AZD2230) for treatment of Chronic 
Obstructive Pulmonary Disease (COPD) showed mutagenic effects in mammalian 
(Mouse Lymphoma Assay - MLA) and bacterial (Ames) in vitro genotoxicity tests. The 
five strain Ames genotoxicity tests demonstrated that AZD2230 is positive only in one 
particular strain, TA1537, with and without S9. This strain is responsive to simple 
intercalators, which target a monotonous run of guanine residues in the hisC3076 allele. 
Indeed, AZD2230 fits the current portrayal of typical nonclassical DNA intercalators that 
have a nearly planar aromatic system with at least two aromatic rings plus a basic 
center. We describe lead re-optimization efforts to remove compound genotoxicity, 
while retaining a number of important compound properties, including the primary IKK2 
potency, lipophilicity, PBMC cell potency, selectivity, lung retention, binding to the OCT-
1 transporter and in vivo potency. Molecular modeling of DNA intercalation played the 
key role in these efforts. The DNA intercalation was studied by force-field calculations 
using the B-DNA icosamer duplex dG20/dC20 model, high quality OPLS2.1 force field 
and the GB/SA implicit solvation model. Aromatic systems of mutagenic molecules fit to 
the intercalation site and cause minimal disturbances on the locations of the B-DNA 
phosphate groups. Extension of the longest dimension of compounds is an effective tool 



to prevent genotoxicity in the TA1537 assay. Optimized compounds retain the desired 
properties and are non-mutagenic in the TA1537 and MLA assays. 
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Selective inhibition of group-II p-21-activated kinases (PAKs) 

Steven T. Staben, sstaben@gmail.com, Jianwen Feng, Weiru Wang. Genentech Inc, 
South San Francisco, California, United States  

Optimization of a series of 3-alkynyl-1-heteroaryl-benzimidazoles toward potent and 
selective group-II PAK inhibitors will be described. Within these type I ½ class kinase 
inhibitors, filling hydrophobic space past the methionine gatekeeper as well as 
optimizing the biaryl torsion directing the hinge-binding element was important for both 
potency and selectivity. A structure-based hypothesis driven by back pocket residue 
identity and flexibility will be used to rationalize both PAK-group and kinome selectivity. 
Compound 2 proved a useful tool to evaluate group-II PAK biology in vitro. 
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Discovery of novel indole derived mineralocorticoid receptor antagonists 

Anthony K. Ogawa, anthony_ogawa@merck.com. Merck and Co, New Providence, 
New Jersey, United States  

The mineralocorticoid receptor (MR) is a member of a super-family of nuclear hormone 
receptors that responds to aldosterone signaling and is associated with chronic kidney 
disease, resistant hypertension and congestive heart failure. Spironolactone and 
eplerenone represent approved MR antagonists that have shown positive effects on the 
diseases mentioned, but each drug possesses individual shortcomings that limit their 
use. As a result, the identification of a novel, potent, and selective non-steroidal MR 



antagonist could represent a significant advance for this validated mechanism. To that 
end, we report the discovery of a novel indole derived class of potent and selective MR 
antagonists, exemplified by compound 1, that has demonstrated in vivo efficacy in rat 
natiuresis models. 
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Discovery of phosphonic acid containing LpxC inhibitors as broad spectrum 
antibacterial agents 

Qun Dang1, qun_dang@merck.com, Paul McNicholas1, David Olsen1, Peter T. 
Meinke2. (1) Mailstop: K15-1-A111, Merck Co., Kenilworth, New Jersey, United States 
(2) RY800-A302, Merck Co Inc, Rahway, New Jersey, United States  

Gram-negative bacteria are increasingly resistant to most available antibiotics, therefore 
discovery of new antibacterial agents against gram-negative pathogens such as 
Escherichia coli (EC) and Pseudomonas aeruginosa (PA) is urgently needed. LpxC, a 
Zn2+-dependent enzyme, is required for lipid A biosynthesis by Gram-negative 
pathogens. Consequently the search for potent LpxC inhibitors as potential antibacterial 
agents has received a great deal of attention. To date, most potent LpxC inhibitors use 
a hydroxamic acid as the zinc-binding group (ZBG). Our goal is to discover novel LpxC 
inhibitors with a non-hydroxamic acid ZBG, which may have improved safety profiles. 
Using a combination of structure-based design and HTS approaches, several series of 
novel LpxC inhibitors were discovered with a phosphonic acid ZBG. Key phosphonate 
LpxC inhibitors were identified that exhibit IC50 <10 nM against both EC and PA LpxC 
enzymes, and demonstrated whole cell antibacterial activity. The design, synthesis and 
evaluation of these novel inhibitors will be presented. 
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Discovery of novel anti-chagas agents targeting T. cruzi CYP51 

Jun-Yong Choi1, jchoi@scripps.edu, Debor Vieira4, Calvet Claudia5, Jair Siqueira-
Neto6, Danielle Kellar7, Jiri Gut8, Jonathan Johnston9, Michael Cameron10, James 



McKerrow11, Larissa Podust2, William R. Roush3. (1) Chemistry, The Scripps Research 
Institute-Florida, Jupiter, Florida, United States (2) UCSF, San Francisco, California, 
United States (3) Scripps Florida, Jupiter, Florida, United States (4) Department of 
Pathology, University of California San Francisco, San Francisco, California, United 
States (5) Cellular Ultra-Structure Laboratory, Oswaldo Cruz Institute (IOC), FIOCRUZ, 
Rio de Janeiro, Brazil (6) Department of Pathology, University of California, San 
Francisco, California, United States (10) Department of Molecular Therapeutics, The 
Scripps Research Institute-Florida, Jupiter, Florida, United States (11) Skaggs School of 
Pharmacy and Pharmaceutical Sciences, University of California, San Diego, California, 
United States  

Chagas disease is a neglected tropical disease caused by the protozoan Trypanosoma 
cruzi, mainly transmitted by insect vectors called triatominae. T. cruzi colonizes the 
heart, gastrointestinal tract, and nervous system, causing progressive inflammation, 
which can lead to chronic human cardiopathy and/or gastrointestinal dysfunction. T. 
cruzi infects around 8 million people worldwide, mostly in Latin America. More recently 
Chagas disease has expanded beyond tropical zones to become an emerging 
economic and health burden in the United States, Spain, and the UK. 
Chemotherapeutic options for Chagas disease are limited to benznidazole and 
nifurtimox, which are used during the acute phase but cause severe side effects. The 
efficacy of these drugs in the chronic stage is debated, and neither drug is approved by 
the FDA for use in the USA. 
 
Sterol 14α-demethylase (CYP51) is an important therapeutic target for fungal and 
parasitic infections due to its key role in the biosynthesis of ergosterol, an essential 
component of the cell membranes of these pathogenic organisms. For the discovery of 
novel anti-Chagas agents targeting T. cruzi CYP51, a screening hit, which possesses 
moderate potency (EC50 = 680 nM) and poor microsome stability (t1/2 = <5 min) and 
selectivity (inhibition of human CYP enzymes >90% at 1 μM), was optimized through 
structure-based drug design and structure activity relationship approaches. Significantly 
improved CYP51 inhibitors have been developed, with EC50 = <1 nM (cell-based 
assay), t1/2 = >30 min, <30% inhibition of human CYP enzymes at 1 μM, and excellent 
in vivo PK properties. The optimized inhibitors also showed excellent in vivo efficacy vs. 
T. cruzi in a mouse model, when delivered orally (>99.9% suppression of parasites at 
25 mg/kg, b.i.d, PO, 4-day treatment). This efficacy is similar to that obtained by using 
the current drug, benznidazole (50 mg/kg). Furthermore, the optimized inhibitors did not 
show any toxicity during 21-day treatment; mice maintained their body weight perfectly 
in this study. Clinical blood chemistry from the 21-day toxicity study also showed no 
difference between control and treated mice. 
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Potent and selective pyridone BTK inhibitors with activity against mutant forms 
of BTK 



James Crawford, jamescrawford@hotmail.com. MS18b, Genentech, South San 
Francisco, California, United States  

Bruton’s tyrosine kinase (BTK) plays a critical role in the development, differentiation 
and proliferation of B-lineage cells, making it an attractive target for the treatment of 
immunological disorders as well as B-cell lymphoma. There have been significant 
efforts from the pharmaceutical community with the goal of identifying BTK inhibitors for 
the treatment of immune disorders. Of these, the most advanced to date is Ibrutinib, 
which launched in 2013 for cancer indications.  
 
With our primary interest being the treatment of patients with rheumatoid arthritis, we 
sought non-covalent inhibitors of BTK. In this presentation we will describe the 
development of our BTK inhibitors from our first generation through to our advanced 
leads, culminating in the highly optimised inhibitors GNE-504 and GNE-309. These 
inhibitors are highly selective, have clean safety profiles and good pharmacokinetic 
properties. 
 
Additionally, it has been reported that some patients have acquired resistance to 
Ibrutinib therapy, and these have been shown to have mutations in BTK (C481S) and its 
direct substrate PLCγ2 (R665W). In this presentation we will disclose the activity of 
these compounds against a range of BTK-mutant enzymes and cell-lines, including 
those with the C481S mutation, with their activity rationalized through structure based 
design. 

MEDI 231 

Understanding our love affair with para-chlorophenyl: Scientific rationale or 
unsubstantiated bias? 

Dean G. Brown1, dean.brown@astrazeneca.com, Moriah Gagnon1, Jonas 
Boström2. (1) AstraZeneca Pharmaceuticals, Waltham, Massachusetts, United States 
(2) AstraZeneca Pharmaceuticals, Mölndal, Sweden  

Reagent selection in library design is guided by many factors including emerging SAR, 
physical properties, accessibility and individual bias. Thus, one might expect screening 
collections to be evenly distributed populations of incorporated reagents arising from the 
diversity of targets found within pharmaceutical companies. To understand the diversity 
of reagent incorporation, a set of mono-substituted regiosiomeric aromatic cores was 
examined for relative frequency in both external and internal databases. From this 
analysis, para-substitution was significantly favored over meta and ortho regioisomers, 
with p-chlorophenyl (p-ClPh) being one of the most predominant (Figure 1). We 
considered three hypotheses for this observation, which were the following: a) the 
biased distribution is driven by cost and or availability, b) p-ClPh is a privileged scaffold, 
or c) bias is based on medicinal chemistry preference. Examination of current costs and 
availability did not provide a satisfactory reason for the bias in Figure 1. Using matched 
pair analysis and interrogation of protein structures, we were unable to find strong 



evidence that p-ClPh was a substantially unique core relative to the other regioisomers 
to justify the heavy bias. The frequency of p-ClPh is likley traced back to the seminal 
work by Topliss in 1972 in which it is recommended that if Ph is active, one should then 
test p-ClPh due to ease of synthesis and hydrophobic driven potency. The choice of 
para-substitution has been useful conventional wisdom for the medicinal chemist, but it 
appears that selection of this substitution pattern has likely been overused at the 
expense of other possibilities. In the current era, many building blocks are available now 
which were not easily accessed in past decades, and subsequently the aromatic 
substitution decision trees deserve a new look. It is hoped that this analysis will catalyze 
new approaches for reagent selection within screening collections. 
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Learning from experience: 15 years of protein-fragment X-ray crystal structures 
and the consequences for fragment library design 

David Norton, davidnorton78@gmail.com. Medicinal Chemistry, Astex 
Pharmaceuticals, Cambridge, United Kingdom  

In the last 15 years, fragment-based drug discovery has become a mainstream method 
to deliver high-quality lead and candidate compounds in medicinal chemistry 
programmes. A reliable and effective fragment library is required at the heart of this 
methodology. During this period, Astex has generated >2300 fragment-protein crystal 
structures, many with associated affinity values, providing a large privileged data set for 
the analysis of fragment library performance. Concurrent development of bespoke 
computational tools has ensured that further library enhancement can be driven by this 
structural and physico-chemical information. This presentation will outline what has 
been learned and the methods that are currently employed to evolve our fragment 
library. 
 
Fragment hits from different screening methods that have been confirmed by X-ray 
crystallography are defined as validated hits. We will show how the validated hit rate 
varies with lipophilicity and heavy atom count for a number of target classes and how 
this impacts on our filters for these properties. A key feature is the classification of 
fragments according to their minimal pharmacophore binding elements – carefully 
defined from our ensemble of fragment-protein crystal structures. We also present our 
data-driven view of the consequences of fragment shape (2D vs 3D), including validated 
hit rates during fragment screens and how the size of the fragment should be 
considered in this analysis. 
 
Finally, we will describe examples of how Astex fragment screening methodology has 
delivered differentiated starting points, through the optimisation of fragment hits into 
lead compounds and beyond. 
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Organ and tissue fibrosis: Principles and prospects for therapy 

Scott Friedman, scott.friedman@mssm.edu. Medicine, Icahn School of Medicine at 
Mount Sinai, New York, New York, United States  

Activation of resident mesenchymal cells is a common theme in tissue fibrosis across 
organs. In liver hepatic stellate cells (HSC) are the primary source of extracellular matrix 
in normal and fibrotic liver. They undergo an “activation” or transdifferentiation in 



progressive stages yielding a cell type that is highly proliferative, fibrogenic and 
contractile; similar cells contribute to fibrosis in kidney, lung and other tissues. Activation 
of resident pericytes in all tissues is the central event of fibrogenesis, combined with 
variable recruitment of other mesenchymal cells that also become activated 
myofibroblasts. The increasing evidence that fibrosis is a dynamic and reversible 
process, the clarification of the underlying sources and mediators of fibrosis 
progression, and advances in non-invasively assessing fibrosis have generated 
enthusiasm towards developing effective anti-fibrotic drugs, although none are 
approved yet. In reality, there may already be many existing drugs with well-established 
safety profiles, whose mechanism of action will be also anti-fibrotic even though they 
have been developed for other indications. Increasingly, such targets for repurposed 
drugs can be uncovered using high throughput methods combined with ‘big data’ 
analysis. 
 
There are several therapeutic target classes in developing anti-fibrotic agents: 
Eliminate the cause of injury and their mediators 
Attenuate hepatocyte injury – ‘Hepatoprotectants’ 
Reduce inflammation and the immune response 
Target specific signaling – receptor-ligand interaction, intracellular signaling 
Reduce fibrogenesis, inhibit matrix synthesis  
Resolve fibrosis by 
- Increasing scar matrix degradation 
- Stimulating apoptosis or reversion of stellate cells 
- Bone marrow or cell transplantation 
Regulatory Challenges in Developing Novel drugs  
 
A key challenge in the testing of anti-fibrotic drugs is the need for endpoints that are 
noninvasive, yet correlate well with clinical outcomes. Moreover, in trials that include 
patients who are clinically stable, reliance on clinical events as a ‘hard’ endpoint is 
desirable. Stratification of risk for progression should ideally be incorporated into clinical 
trial design wherever possible. Despite the challenges, increasing cooperation among 
stakeholders in fibrosis therapeutics development is likely to foster improvements in trial 
design that accelerate drug approval. 
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Therapeutic targeting of Nox4 leads to reversal of age-associated persistent 
fibrosis 

Louise Hecker1, lhecker@email.arizona.edu, Naomi Logsdon3, Laurence H. Hurley2, 
Victor thannickal 3, Joe Garcia1. (1) Medicine , University of Arizona , Tucson, Arizona, 
United States (2) College of Pharmacy, University of Arizona, Tucson, Arizona, United 
States (3) University of Alabama at Birmingham , Birmingham, Alabama, United States  

Idiopathic pulmonary fibrosis (IPF) is a fatal disease, characterized by progressive scar 
tissue formation leading to respiratory failure. The incidence and prevalence of IPF 



increase with age, with a mean age of 66 years at the time of diagnosis. However, the 
mechanism(s) for this age-associated predilection are not known. Aged (18m) C57BL6 
mice were subjected to bleomycin-induced lung fibrosis. We evaluated the efficacy of 
genetic and pharmacologic strategies to inhibit Nox4 in aged mice with established 
persistent fibrosis. Fibrosis was assessed at 6 weeks post-injury by whole tissue 
morphology, immunohistochemistry, and biochemical assays. Body weights and 
survival were monitored throughout the study. Our studies indicate that Nox4 
expression remains elevated in fibrogenic regions of aged mice with persistent lung 
fibrosis; Genetic or pharmacologic inhibition of Nox4 in these mice led to recovery to 
baseline body weights, whereas vehicle-treated mice remained below baseline levels 
throughout the observation period. Further, inhibition of Nox4 led to decreased 
myofibroblast accumulation with decreased expression of senescence markers p21 and 
p16. Importantly, Nox4 inhibition led to a reversal of age-associated persistent fibrosis 
and improved survival. These studies indicate that upregulation of the ROS-generating 
enzyme, Nox4, results in sustained and persistent senescence of myofibroblasts that 
confer an apoptosis-resistant phenotype to these reparative cells. While we have shown 
previously that targeting Nox4 at the time of injury ameliorates the development of 
injury-induced lung fibrosis in young mice, these studies demonstrate for the first time 
that targeting Nox4 in aged mice with established lung fibrosis promotes resolution. 
These studies demonstrate proof-of-concept for therapeutic targeting of Nox4 which 
may represent an effective therapeutic strategy for age-associated fibrotic lung disease. 
Finally, these target validation studies are the basis of novel a high throughput 
screening strategy to identify novel compounds that are highly selective for Nox4. 
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Development of a small molecule inhibitor of integrin αvβ1 

William F. Degrado, william.degrado@ucsf.edu. UCSF, San Francisco, California, 
United States  

Hyunil Jo1, Nilgun I. Reed2 , Yongen Chang2, Dean Sheppard2, William F. DeGrado1,3  
 
1. University of California, San Francisco, Department of Pharmaceutical Chemistry, 
San Francisco, California, 94158, United States 
2. University of California, San Francisco, Lung Biology Center, Department of 
Medicine, San Francisco, California, 94143, United States 
3. University of California, San Francisco, Cardiovascular Research Institute, San 
Francisco, California, 94158, United States 
 
Tissue fibrosis plays a central role in most chronic diseases that lead to organ failure, 
but there are no currently approved, effective therapies specifically targeting fibrosis in 
the US. Transforming growth factor β (TGFβ) is a central mediator of fibrotic processes, 
and its activation thorough av integrins has been increasingly important in therapeutic 



development. We have developed a potent and highly specific small molecule inhibitor 
of the αvβ1 integrin and show that this inhibitor completely inhibits TGFβ activation by 
primary fibroblasts from several organs. We also show that the inhibitor is 
therapeutically effective in vivo in mouse models of lung, liver and kidney fibrosis. This 
study suggests that αvβ1 inhibitors may be useful therapeutics for treating fibrotic 
diseases of multiple organs. 
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Development of novel sGC activators that protect against the progression of 
diabetic nephropathy in ZSF-1 rats 

Christopher R. Sarko1, christopher.sarko@boehringer-ingelheim.com, Jehrod 
Brenneman1, Todd Bosanac1, Carine Boustany3, Hongxing Chen3, Holly Clifford3, Ryan 
Fryer3, John Ginn1, Paul C. Harrison3, Jeremy I. Levin1, Kathleen Lincoln3, Hu_Sheng 
Qian3, Steven Pullen3, Glenn Reinhart3, Jeremy Richman2, Hong Wang3, Diane Wong1, 
Kristina Gueneva-Boucheva1. (1) Medicinal Chemistry, Boehringer Ingelheim 
Pharmaceuticals Inc., Ridgefield, Connecticut, United States (2) Boehringer Ingelheim 
Pharmacueticals Inc., Ridgefield, Connecticut, United States (3) Cardiometabolic 
Disease Research, Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, Connecticut, 
United States  

The prevalence of diabetes and diabetic nephropathy (DN) is a rising global concern. 
The pathogenesis of diabetic nephropathy is associated with abnormalities of renal nitric 
oxide generation and signaling. A soluble guanylate (sGC) activator restores cGMP 
production under conditions of high oxidative stress in which NO-mediated sGC 
signaling is defective, thus producing beneficial effects on kidney function. We have 
evaluated multiple sGC activators on the progression of diabetic nephropathy in male 
ZSF-1 rats using both stand-alone and on-top-of the current standards of care 
(angiotensin converting enzyme inhibitors) dosing regimens. Treatment with these 
activators in either mode demonstrated a profound reduction of urinary protein 
excretion, incidence of glomerular sclerosis, and alpha-smooth muscle actin expression. 
These results support the potential of an sGC activator as a therapeutic for preventing 
the progression of diabetic nephropathy. 
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Galectin-3 antagonists with therapeutic implications in fibrosis 

Ulf J. Nilsson1, ulf.nilsson@chem.lu.se, Hakon Leffler2, Hans Schambye3, Alison 
Mackinnon4, Tariq Sethi5. (1) Department of Chemistry, Lund University, Centre for 
Analysis and Synthesis, Lund, Sweden (2) Section of Microbiology Immunology and 
Glycobiology, Lund University, Department of Laboratory Medicine, Lund, Sweden (3) 
Galecto Biotech Aps, Copenhagen, Denmark (4) The Queen’s Medical Research 
Institute, University of Edinburgh, MRC Centre for Inflammation Research, Edinburgh, 



United Kingdom (5) Kings College, Hill Campus, Department of Respiratory Medicine 
and Allergy, London, United Kingdom  

The galectin family of proteins that recognise ß-galactopyranoside-containing 
glycoproteins and glycolipids has been implicated to be rate-limiting regulators of 
important biological functions including inflammatory processes, cell migration, 
apoptosis, and tumor cell proliferation and metastasis.[1] Several studies on galectins 
suggest that antagonists of their glycoconjugate-binding site may be of therapeutic 
value.[2] This presentation will cover how small-molecule antagonists against galectins 
can be discovered and developed towards high selectivity and potency by fine-tuning 
arene interactions and exploiting unique binding site topologies of individual galectins.[3] 
Furthermore, the use of such inhibitors for validation of galectin-3 as a target in fibrosis, 
for deciphering molecular mechanisms of galectin-3 in fibrosis,[4] and key aspects of 
IND-enabling investigations will be presented. 
[1] aJ. W. Dennis, C. F. Brewer, Mol. Cell. Proteomics 2013, 12, 913-920; bS. Di Lella, V. 
Sundblad, J. Cerliani, C. M. Guardia, D. A. Estrin, G. R. Vasta, G. A. Rabinovich, 
Biochemistry 2011, 50, 7842-7857. 
[2] R. J. Pieters, ChemBioChem 2006, 7, 721-728. 
[3] aI. Cumpstey, E. Salomonsson, A. Sundin, H. Leffler, U. J. Nilsson, Chem. Eur. J. 
2008, 14, 4233-4245; bI. Cumpstey, A. Sundin, H. Leffler, U. J. Nilsson, Angew. Chem. 
Int. Ed. 2005, 44, 5110-5112; cB. A. Salameh, I. Cumpstey, A. Sundin, H. Leffler, U. J. 
Nilsson, Bioorg. Med. Chem. 2010, 18, 5367-5378; dP. Sörme, P. Arnoux, B. Kahl-
Knutsson, H. Leffler, J. M. Rini, U. J. Nilsson, J. Am. Chem. Soc. 2005, 127, 1737-1743. 
[4] aA. C. MacKinnon, S. L. Farnworth, P. S. Hodkinson, N. C. Henderson, K. M. 
Atkinson, H. Leffler, U. J. Nilsson, C. Haslett, S. J. Forbes, T. Sethi, J Immunol 2008, 
180, 2650-2658; bA. C. Mackinnon, M. A. Gibbons, S. L. Farnworth, H. Leffler, U. J. 
Nilsson, T. Delaine, A. J. Simpson, S. J. Forbes, N. Hirani, J. Gauldie, T. Sethi, Am. J. 
Resp. Crit. Care Med. 2012, 185, 537-546. 
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Needs and challenges in anti-fibrosis drug discovery: Experience from JNK 
inhibitors 

Yoshitaka Satoh, YSatoh@CELGENE.com. Medicinal Chemistry Department, 
Celgene, San Diego, California, United States  

The recent surge in interest for effective anti-fibrotic therapy is well justified due to the 
inadequacy of existing treatments. This discussion will focus on the optimization of JNK 
inhibitors for the treatment of Idiopathic Pulmonary Fibrosis leading to the discovery of 
CC-930. Lead optimization strategies and pharmacology of this program will be 
discussed in detail. 
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Harnessing rodent models to develop new therapeutic targets in autism spectrum 
disorder 

Jeremy Veenstra-VanderWeele1,2, jeremy.vvw@gmail.com. (1) Psychiatry, Columbia 
University, New York, New York, United States (2) New York State Psychiatric Institute, 
New York, New York, United States  

Autism spectrum disorder (ASD) manifests as impaired social communication and 
repetitive, perseverative behavior. Intensive behavioral interventions improve outcomes, 
but almost all affected children have life-long impairment. No available medication has 
been shown to improve core symptoms. With a dearth of available treatments, interest 
has turned to emerging genetic and environmental risk factors that may point to 
underlying mechanisms. The most promising initial leads have been in rare genetic 
syndromes (<2% of total cases) that frequently include ASD symptoms, including fragile 
X syndrome, Rett syndrome, and tuberous sclerosis complex. Studies in genetic mouse 
models of these syndromes have identified potential treatments that rescue brain and 
behavioral phenotypes. The first portion of the presentation will focus on efforts to 
translate these findings from mice into humans, including initial results of clinical trials in 
each syndrome. The second portion of the presentation will focus on opportunities to 
identify convergent mechanisms that may extend to larger subgroups of children 
defined by either biomarkers or genetics. As an example of this possibility, elevated 
blood serotonin levels are found in ~25-30% of children with ASD and are modeled in a 
knock-in mouse for a rare serotonin transporter Ala56 variant. Discussion will focus on 
opportunities and challenges in developing novel medications based upon rare risk 
factors as well as the potential for one or more of these treatments to translate into the 
broader ASD population. 
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Therapeutic strategies for restoring excitatory/inhibitory balance in Rett 
syndrome: Focus on BDNF/TrkB signaling 

David Katz, david.katz@case.edu. Neurosciences, Case Western Reserve University 
School of Medicine, Cleveland, Ohio, United States  

Rett syndrome (RTT) is a severe neurodevelopmental disorder with autistic features 
caused by loss-of-function mutations in the gene encoding methyl-CpG-binding protein 
2 (MeCP2; Amir et al., 1999). Studies in genetic mouse models indicate that Mecp2 
mutation results in deficits in brain microcircuitry, including reduced dendritic spine 
density, excitatory/inhibitory (E/I) imbalance and altered functional connectivity 
(Shepherd & Katz, 2011; Katz et al., 2012) and that restoration of Mecp2 gene function 
can significantly reverse disease symptoms (Guy et al., 2007). Although loss of MeCP2 
results in dysregulation of many genes, reduced levels of Brain Derived Neurotrophic 
Factor (BDNF), a key neuronal signaling molecule, are thought to play an important role 
in the pathophysiology of RTT (Katz, 2014; Li and Pozzo-Miller, 2014). In Mecp2 mutant 
mice, BDNF deficits have been associated with breathing abnormalities, a core feature 



of RTT, as well as synaptic hyperexcitability within the brainstem respiratory network. 
Application of BDNF can reverse hyperexcitability in acute brainstem slices from Mecp2 
null mice (Kline et al., 2010), suggesting that therapies targeting BDNF or its receptor, 
TrkB, may be effective at acute reversal of respiratory abnormalities in RTT. To 
approach this issue we examined the ability of LM22A-4, a small molecule BDNF loop 
domain mimetic and TrkB partial agonist (Massa et al., 2010), to modulate synaptic 
excitability within respiratory cell groups in the brainstem nucleus tractus solitarius (nTS) 
and to acutely reverse abnormalities in breathing at rest and during behavioral arousal 
in Mecp2 mutants (Kron et al., 2014). Patch clamp recordings in Mecp2 null brainstem 
slices demonstrated that LM22A-4 decreases excitability at primary afferent synapses in 
nTS. In vivo, acute treatment of Mecp2 null and heterozygous mutants with LM22A-4 
completely eliminates spontaneous apneas as well as respiratory dysregulation during 
behavioral arousal, a prominent feature of human RTT. Together, these data support 
the hypothesis that reduced BDNF signaling and respiratory dysfunction in RTT are 
linked and establish the proof-of-concept that treatment with a small molecule structural 
mimetic of a BDNF loop domain and a TrkB partial agonist can acutely reverse 
abnormal breathing at rest and in response to behavioral arousal in symptomatic RTT 
mice. Supported by NS057398 (NINDS), the Rett Syndrome Research Trust and Autism 
Speaks. 

MEDI 241 

Utility of NMDA antagonists for the treatment of Rett syndrome 

Robert J. Mather, joe.mather@azneuro.com. Neuroscience, AstraZeneca, Cambridge, 
Massachusetts, United States  

Patients with Rett syndrome (RTT), a severe neurodevelopmental disorder caused by 
mutations in the MECP2 gene exhibit postnatal neurological regression leading to motor 
and cognitive impairments, respiratory and autonomic dysregulation, seizures and 
autism-like behaviors. Preclinical studies have demonstrated that a sub-anesthetic dose 
of the non-selective NMDA antagonist ketamine acutely reverses cortical hypofunction 
in Mecp2 null and heterozygous mice (Kron et al., 2012), suggesting the potential utility 
of NMDA antagonists for treatment of RTT. Ketamine and glutamate antagonists as a 
class represent a therapeutically challenging target both from a safety and tolerability 
perspective but also from target engagement perspective. We have now examined a 
number of NMDA channel blockers previously in clinical development for the treatment 
of epilepsy, major depression and ischemic brain damage for behavioral and 
physiological effects in a mouse model of Rett syndrome. Mecp2 null and heterozygous 
mice were treated with these compounds and were analyzed for effects on EEG, 
breathing and locomotor function. Our preliminary studies suggest that some NMDA 
antagonists reverse key phenotypic deficits of the model at clinically achievable 
exposures and may be of therapeutic value for the treatment of RTT patients. 
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Development of a highly selective and CNS penetrant mGlu3 NAM: An in vivo tool 
for further elucidating the role of group II mGlus in psychiatric disorders 

Julie L. Engers1,2, Leah C. Konkol1,2, Alice L. Rodriguez1,2, Ryan D. Morrison1,2, Frank 
W. Byers1,2, Analisa D. Thompson Gray1,2, J. S. Daniels1,2, Colleen M. Niswender1,2, 
Carrie K. Jones1,2, P. J. Conn1,2, Craig W. Lindsley1,2, Kyle A. Emmitte1,2, 
kyle.a.emmitte@vanderbilt.edu. (1) Department of Pharmacology, Vanderbilt University 
Medical Center, Nashville, Tennessee, United States (2) Vanderbilt Center for 
Neuroscience Drug Discovery, Vanderbilt University Medical Center, Nashville, 
Tennessee, United States  

Aberrant glutamatergic neurotransmission has been linked to a number of psychiatric 
disorders including autism spectrum disorders (ASDs). Glutamate, the major excitatory 
transmitter in the central nervous system (CNS), is mediated by two types of receptors: 
ionotropic and metabotropic glutamate (mGlu) receptors. The mGlu family of G-protein-
coupled receptors (GPCRs) is divided into three groups based on their structure, 
preferred signal transduction mechanisms, and pharmacology. Group II mGlus (mGlu2 
and mGlu3) are located pre-synaptically and are similarly distributed in brain regions. 
Both orthosteric antagonists and negative allosteric modulators of the group II mGlus 
have been developed and studied pre-clinically. These tool compounds have 
demonstrated efficacy in rodent models of fragile X syndrome and autistic like 
behaviors. Furthermore, they have proven effective in models of other disorders 
comorbid with ASDs such as anxiety, depression, and obsessive compulsive disorder 
(OCD). While these tool compounds exhibit good selectivity versus other mGlus, they 
lack selectivity between mGlu2 and mGlu3. Thus, selective antagonists of each of these 
receptors are desirable for further elucidating their respective roles in these disorders. 
This presentation will describe a lead optimization effort leading to the identification of a 
highly selective and CNS penetrant mGlu3 NAM in vivo tool compound. Beginning with 
a hit compound identified through cross screening, structure activity relationships (SAR) 
were developed around potency, selectivity, protein binding, and clearance. The effort 
culminated in the discovery of a tool compound with the balance of properties suitable 
for use in rodent behavioral assays. The initial profiling of this new tool compound in 
selected behavioral assays will also be disclosed. 
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Approaches toward the identification of rodent models of autism spectrum 
disorder suitable for use in lead optimization efforts 

Carrie K. Jones1,2, carrie.jones@vanderbilt.edu. (1) Department of Pharmacology, 
Vanderbilt University Medical Center, Nashville, Tennessee, United States (2) 
Vanderbilt Center for Neuroscience Drug Discovery, Vanderbilt University Medical 
Center, Nashville, Tennessee, United States  

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder that results 
in lifelong disability and represents a critical public health problem. ASD patients 



experience severe repetitive, perseverative behaviors and deficits in social 
communication. To date, the only effective treatment interventions involve specialized 
behavioral therapies that while beneficial in many instances, do not fully remediate the 
symptoms observed in individuals with ASD. Thus, there remains a critical unmet need 
to develop novel therapeutic strategies for the treatment of symptoms associated ASD. 
This presentation will focus on an innovative strategy to characterize preclinical genetic 
models of ASD to be used in early drug discovery efforts for key proof-of-concept in vivo 
validation, known as the Preclinical Autism Consortium for Therapeutics (PACT), 
developed and funded by the Autism Speaks Foundation. Discussions will focus on past 
successes and failures in drug discovery efforts relevant to ASD therapeutics and how 
the PACT strategy is expanding and utilizing state-of-the-art rodent behavioral 
phenotyping and EEG neurophysiology techniques across a range of novel genetic 
mouse and rat models of ASD to more rapidly and reproducibly validate novel 
pharmacology for future clinical trials in ASD clinical populations. 
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Discovery of JNJ-42847922, a selective orexin-2 antagonist for the treatment of 
insomnia disorder 

Michael A. Letavic1, letavicmal@aol.com, Pascal Bonaventure1, Kiev S. Ly1, Zuleima 
Aguilar2, Leah Aluisio1, Nicholas I. Carruthers1, Sandra Chaplan2, Christine Dugovic1, 
Robin Halter2, Tatiana Koudriakova2, Brian Lord1, Timothy W. Lovenberg1, Michelle 
Kramer2, Kirsten L. Morton1, Anthony Ndifor2, Michele Rizzolio2, Chandra Shah2, 
Jonathan Shelton1, James Shoblock1, Steven Sutton1. (1) Neuroscience Drug 
Discovery, Janssen Pharmaceutical Company, San Diego, California, United States (2) 
Janssen Pharmaceutical Company, San Diego, California, United States  

Orexins (OX), also known as hypocretins, are the common names given to a pair of 
excitatory neuropeptides called OX-A and OX-B (also termed hypocretin-1 and 
hypocretin-2) derived from the common precursor prepro-OX that are exclusively 
produced by hypothalamic neurons. OX-producing neurons project widely to key areas 
of the brain and are predominantly involved in the control of wakefulness and also in the 
regulation of food intake, reward, addictive behaviors and stress. The OX neuropeptides 
mediate their effect by stimulating two distinct G-protein coupled receptors, orexin-1 
(OX1R) and orexin-2 (OX2R) that are co-located or selectively located in specific brain 
areas suggesting differentiated roles. As such, orexin receptor antagonists have been 
pursued by numerous laboratories as potential sleep promoting agents and several 
groups have demonstrated that blockade of the orexin-1 and orexin-2 receptors by dual 
OR1R/OR2R antagonists promotes sleep both in rats and in humans. Our research 
efforts have focused on the discovery of selective OR2R antagonists, selective OR1R 
antagonists, and the characterization of the sleep promoting effects of selective 
blockade of either the orexin-2 receptor or the orexin-1 receptor. Pre-clinical studies 
have shown that selective orexin-2 receptor antagonists are effective sleep promoting 
agents, indicating that selective antagonism of the orexin-2 receptor is sufficient to 
promote sleep. Additional studies have shown that an orexin-1 receptor antagonist, 



when dosed alone, has no significant effect on sleep parameters in rat and in fact can 
attenuate the sleep promoting effects of a selective orexin-2 antagonist when dosed 
together with an orexin-2 antagonist. These data led us to develop selective orexin-2 
receptor antagonists as sleep promoting agents. Towards that end, we now present the 
medicinal chemistry efforts and the pre-clinical characterization of a series of novel 
selective orexin-2 receptor antagonists that led to the discovery of JNJ-42847922 along 
with human pharmacokinetic data and safety data from Phase 1 clinical trials in healthy 
volunteers. 
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Discovery and optimization of the human histamine H4 antagonist Toreforant 
(JNJ38518168) for the treatment of inflammatory diseases 

Jennifer D. Venable, jvenable@its.jnj.com, David E. Kindrachuk, Daniel J. Buzard, 
Paul J. Dunford, Lars Karlsson, Robin L. Thurmond, James P. Edwards. Janssen 
Research & Development, La Jolla, California, United States  

The human histamine H4 receptor (H4R) is expressed primarily on hematopoietic cells 
including eosinophils, dendritic cells, and mast cells, and ligand-mediated modulation of 
H4R has been implicated in inflammatory and immune responses. Correspondingly, 
antagonists of the H4 receptor have demonstrated activity in numerous pre-clinical 
models of inflammation. Herein is described the synthesis and SAR investigation that 
led to the identification of the human H4R antagonist JNJ38518168 from a high-
throughput screening hit. This molecule is being studied in human clinical trials for the 
treatment asthma, rheumatoid arthritis, and psoriasis. 
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Discovery of MK-8931: A BACE inhibitor in Phase 3 clinical development for 
Alzheimer’s disease 

Jared N. Cumming, jared.cumming@merck.com, Jack D. Scott, Sarah W. Li, Mark 
Cartwright, Xia Chen, Kathleen Cox, Mark Forman, Eric J. Gilbert, Robert Hodgson, 
Lynn Hyde, Yan Jin, Irina Kazakevich, Reshma Kuvelkar, Xian Liang, Hong Mei, Jeffrey 
Misiaszek, Peter Orth, Julie Stone, Corey Strickland, Johannes H. Voigt, Hongwu 
Wang, Bonnie Werner, Jesse Wong, Eric M. Parker, William J. Greenlee, Matthew E. 
Kennedy, Andrew W. Stamford. Merck, Kenilworth, New Jersey, United States  

Alzheimer’s disease represents one of the most significant unmet medical needs of the 
21st century. This progressive, ultimately fatal neurodegenerative disease is 
responsible for the majority of dementias in the elderly and is a leading cause of death 
in the United States. Indeed, with no disease modifying therapy currently available, AD 
is the only major cause of death whose mortality rate has increased over the past 
decade. According to the amyloid hypothesis, aggregates of β-amyloid (Aβ) peptides 
are central to the etiology of AD. The aspartyl protease β-secretase (BACE1) is 



responsible for the first step in the proteolytic pathway that produces Aβ in the brain. 
Extensive genetic and pharmacological studies in animals and humans have shown that 
BACE1 inhibition has the potential to slow or halt the progression of AD with a sufficient 
therapeutic window for the requisite long term dosing. We have previously described 
our discovery of diverse BACE inhibitors with different iminoheterocycle scaffolds 
originating from a fragment-based drug design approach. Building on those efforts, we 
have now designed an additional iminoheterocycle scaffold and in parallel have worked 
to further optimize binding interactions in subsites adjacent to the catalytic dyad. From 
this research, we identified MK-8931, which potently inhibits BACE1 in biochemical and 
cellular assays and is very selective over other key aspartyl proteases. Its excellent 
physicochemical and pharmacokinetic properties translate to potent inhibition of central 
Aβ40 in pre-clinical species, from which we projected robust Aβ40 lowering in humans 
with a low dose. In this presentation, we will discuss the discovery of MK-8931, its pre-
clinical profile, and Phase 1 pharmacodynamic data from AD patients dosed with this 
compound. MK-8931 is currently in Phase 3 clinical trials in mild-to-moderate and 
prodromal AD patients with the potential to definitively test the amyloid hypothesis of 
AD. 
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Discovery of GSK2881078A: A selective androgen receptor modulator (SARM) for 
the treatment of muscle wasting disorders 

Philip Turnbull1, philip.s.turnbull@gsk.com, Rodolfo Cadilla1, Ying Shen2, Chuck 
Poole3, Eugene Stewart4, Robert Gampe4, Richard Clark5, Brad R. Henke1, Alan 
Russell2. (1) Medicinal Chemistry, GlaxoSmithKline, Durham, North Carolina, United 
States (2) Biology, GlaxoSmithKline, Durham, North Carolina, United States (3) DMPK, 
GlaxoSmithKline, Durham, North Carolina, United States (4) MDR Chemical Sciences, 
GlaxoSmithKline, Durham, North Carolina, United States (5) Discovery Medicine, 
GlaxoSmithKline, Durham, North Carolina, United States  

The development of non-steroidal selective androgen receptor modulators (SARMs) 
offers potentially beneficial androgen-dependent effects in a tissue-selective manner, 
while avoiding unwanted androgenic effects observed with steroidal agents. SARMs are 
not substrates for metabolic conversion to dihydrotestosterone or estradiol, thus limiting 
the potential for development of benign prostatic hyperplasia and gynecomastia in men 
and masculinization in women. These selective compounds bind to the androgen 
receptor inducing unique receptor conformations, which allow only certain co-activator 
and co-repressor proteins to interact. Unique receptor-cofactor ensembles confer 
differential regulation of target genes and other receptor-mediated pathways. This 
differential activity allows SARMs to have strong agonistic anabolic properties in target 
tissues such as muscle and bone, but function as antagonists or partial agonists in the 
prostate, uterus, and ovary. 
The discovery path resulting in the identification of GSK2881078A, GSK’s current 
SARM clinical asset, will be described. Structurally informed iterative design laid the 
foundation for the chemical series from which GSK078A emerged. GSK078A has been 



evaluated in a series of in vitro and in vivo assays exemplifying its activity as a SARM 
and clearly differentiating it from the androgenic sex hormones T and DHT. 
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Discovery of a next generation irreversible inhibitor targeting the resistance 
mutation T790M and activating mutations in NSCLC with a broad selectivity 
margin over EGFR wild type 

Simon Planken, simon.planken@pfizer.com, Brion W. Murray, Jennifer Lafontaine, 
Scott Weinrich, michelle hemkens, John C. Kath, Sajiv K. Nair, Theodore O. Johnson, 
Henry Cheng, Scott C. Sutton, Michael Zientek, Min-Jean Yin, jim solowiej, asako 
nagata, ketan gajiwala. Pfizer Global RD La Jolla, San Diego, California, United States  

The EGFR T790M gatekeeper mutation is the predominant mechanism of acquired 
resistance to current EGFR TKIs used to treat patients with EGFR-mutant NSCLC. In 
ca: 60 % of patients who initially respond but then become resistant to first generation 
reversible inhibitors, acquisition of this second mutation confers resistance by rendering 
the kinase insensitive to the current first generation reversible and second generation 
irreversible inhibitors. In addition, current EGFR TKIs are potent inhibitors of EGFR wild 
type, causing dose-limiting toxicity in the form of skin rash and diarrhea. 
 
We present here the discovery and development of a novel series that shows activity 
against the T790M gatekeeper mutation in addition to the single activating mutations 
Del and L858R, whilst retaining selectivity over EGFR wild type. This discovery effort 
culminated in the advancement of the clinical candidate which will be disclosed in the 
presentation. 
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Discovery and early development of vibegron (MK-4618): A potent and selective 
β3-AR agonist for the treatment of overactive bladder 

Scott Edmondson2, scott_edmondson@merck.com, Cheng Zhu3, Nam F. Kar3, 
Richard Berger3, Stephen D. Goble3, Bart Harper3, Gregori Morriello3, Chris Moyes3, 
Liping Wang3, Patricia N. Brown3, Karen H. Dingley3, Jerry DiSalvo3, Aileen 
Fitzmaurice3, Tara Frenkl3, Stuart A. Green3, Amanda L. Hurley3, Nina Jochnowitz3, 
Sauzanne Khalilieh3, Randy R. Miller3, Hiroshi Nagabukuro3, James D. Ormes3, 
Beatrice Sacre-Salem3, Gino M. Salituro3, Dominique Stickens3, Alison A. Kulick3, 
Anthony T. Sanfiz3, Andra Stevenson3, Katherine Villa3, L. A. Wickham3, Beata A. 
Zamlynny3, Mary Struthers3, Ann E. Weber1. (1) K15 F220, Merck Co Inc, Kenilworth, 
New Jersey, United States (2) K15-MN212, Merck and Co, Inc., Kenilworth, New 
Jersey, United States (3) Merck and Co., Inc., Kenilworth, New Jersey, United States  

β3 Adrenergic receptor (AR) agonists were studied in the 1990's as a potential treatment 
for obesity. MK-0634 was identified as a potent and selective human β3-AR agonist, but 



development of this compound was terminated for obesity because of a lack of 
sustained efficacy in humans. Subsequent studies suggested that β3-AR agonists could 
also be used for the treatment of overactive bladder (OAB), and the recent approval of 
mirabegron confirmed that β3-AR agonists can be an effective treatment for OAB in 
humans. MK-0634 was also studied in the clinic for the treatment of OAB, but ultimately 
the development of this compound was discontinued. A back-up program was initiated 
to address the liabilities associated with MK-0634 and to identify a potential best-in-
class β3-AR agonist. This presentation will describe the discovery and early 
characterization of vibegron (MK-4618), a β3-AR agonist that addresses many of the 
liabilities associated with MK-0634 and is currently under investigation for the treatment 
of OAB. 
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Phenylalkylaminome: Scaffolding for drugs of abuse, with a focus on synthetic 
cathinones 

Richard A. Glennon, glennon@vcu.edu. VA Commonwealth University, Richmond, 
Virginia, United States  

Many psychoactive agents, including drugs of abuse, possess an arylalkylamine [ARYL-
(C)n-N) skeleton. Perhaps this is because certain neurotransmitters (e.g. serotonin, 
dopamine) are arylalkylamines associated with distinct receptors, receptor subtypes, 
and membrane transporters. Phenylalkylamine- (PAA-) related agents constitute the 
largest category of arylalkylamines; the term ‘phenylalkylaminome’ is used to embrace 
the enormity of the class. β-Phenylethylamines (PEAs), in particular, serve as a 
structural backbone for many neuropsychiatric agents including drugs of abuse. Very 
small molecular modifications of the PEA moiety alters their pharmacology (i.e., action, 
selectivity) from, for example, receptor agonists, to antagonists, to releasing agents. 
Described here are some of our investigations with PEA analogs with a focus on the 
currently popular and abused beta-substituted PEAs (i.e., beta-keto PEAs or cathinone 
analogs – sometimes termed ‘bath salts analogs’). 
 
Psychoactive ‘bath salts’ originally consisted of one or more synthetic cathinones. 
Nearly 30 years ago we showed that ‘methcathinone’ (or, b-keto methamphetamine; 
MCAT), like cathinone, is a dopamine (DA) releasing agent. We, and others, found that 
certain new cathinone and MCAT analogs act as DA and/or serotonin releasing agents 
whereas some act as cocaine-like DA reuptake inhibitors. Methylenedioxypyrovalerone 
(MDPV), an agent found in some early ‘bath salts’ preparations, is a DAT (dopamine 
transporter) reuptake inhibitor. Studies (together with Baumann/NIDA, Negus and 
DeFelice/VCU) were directed toward understanding the SAR of these agents. 
Structurally, a) what controls the selectivity of substrates (i.e., releasing agents), b) what 
converts a substrate to an inhibitor; c) why is S-MDPV (IC50 = 2 nM) 200 times more 
potent at DAT than its R-enantiomer? We deconstructed MDPV and then elaborated on 
its structure to systematically determine which features contribute to potency/selectivity. 
These studies will not only allow us to forecast the actions of new clandestine drugs, but 



can also provide new pharmacological tools and, potentially, novel neuropsychiatric 
agents. [Support: DA033930] 
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Award Address (George and Christine Sosnovsky Award for Cancer Research 
sponsored by the George and Christine Sosnovsky Endowment Fund). Design 
and development of ligand-targeted therapies and imaging agents for multiple 
human diseases 

Philip S. Low2,1, plow@purdue.edu, Christopher P. Leamon1, Joe Reddy1, Iontcho R. 
Vlahov3. (1) Endocyte Inc, West Lafayette, Indiana, United States (2) Chemistry, Purdue 
University, West Lafayette, IN, Indiana, United States (3) Endocyte, Inc., West 
Lafayette, Indiana, United States  

We have been developing methods to target drugs specifically to pathologic cells, 
thereby avoiding collateral toxicity to healthy cells. In the case of cancer, we have 
exploited up-regulation of the folate receptor on cancers of the ovary, lung, kidney, 
endometrium and breast to target imaging and therapeutic agents to these cancers. 
Clinical trials of six folate-linked drugs demonstrate that the ligand-targeting strategy 
holds promise for increasing drug potency while reducing unwanted toxicity. 
We have also developed a targeting ligand that selectively delivers attached drugs to 
PSMA on prostate cancer cells. Imaging and therapeutic studies suggest that this 
targeting ligand can not only improve the diagnosis of prostate cancer, but also enhance 
treatment of the disease. Recent pre-clinical and clinical data on this targeting ligand 
confirm this anticipation. 
Additional cancer-specific ligands that target malignancies of the pancreas, stomach, 
brain, liver, colon, skin and esophagus are also under investigation. Moreover, use of 
these ligands to “light up” cancer tissues with tumor-targeted fluorescent dyes during 
surgeries are being developed and videos of recent surgeries of ovarian and lung 
cancer patients will be presented. 
Finally, targeted imaging and therapeutic agents for the diagnosis and treatment of 
autoimmune, inflammatory and infectious diseases will also be briefly described. 
Included in this part of the talk will be a brief description of novel targeted therapies for 
rheumatoid arthritis, heart disease, Crohn’s disease, psoriasis, influenza virus infections 
and malaria. 
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Award Address (George and Christine Sosnovsky Award for Cancer Research 
sponsored by the George and Christine Sosnovsky Endowment Fund). 
Personalized medicine using targeted small molecule drug conjugates and 
companion imaging agents for cancer therapy 

Christopher P. Leamon, chrisleamon@endocyte.com. Endocyte Inc, West Lafayette, 
Indiana, United States  



Tissue-specific targeting approaches may enhance a drug’s selectivity and also reduce 
unwanted toxicity. The folate receptor (FR) represents an accepted tumor biomarker 
that can functionally deliver folates as well as folate-based small molecule drug 
conjugates (SMDC) inside cells via a non-destructive endocytosis mechanism. Tumor 
response to folate-SMDCs is dependent on FR expression, which can be anatomically 
assessed in a non-invasive, real-time format using the folate-targeted companion 
imaging agent, 99mTc-etarfolatide. In early 2006, the first folate-SMDC, EC145 (folate-
desacetylvinblastine; vintafolide), entered the clinic for the treatment of refractory 
cancer. Together with etarfolatide which is used for FR-positive patient selection, 
vintafolide has been evaluated both as a single agent against a variety of tumor types, 
and in combination with Doxil® to treat platinum-resistant ovarian cancer patients 
(PRECEDENT and PROCEED trials), as well as with docetaxel to treat non-small cell 
lung cancer (TARGET trial). The outcomes of these groundbreaking trials will be 
reviewed, and future directions of this novel and personalized SMDC approach will be 
presented, including an update on advances with EC1456, the first tubulysin-based 
SMDC to be tested clinically. 
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Award Address (Earle B. Barnes Award for Leadership in Chemical Research 
Management sponsored by the Dow Chemical Co. Foundation). Division of 
Medicinal ChemistryGetting the chemistry right: Catalyzing translational 
innovation at NIH 

Christopher P. Austin, austinc@mail.nih.gov. MSC 2128, NCATS/NIH, Bethesda, 
Maryland, United States  

The process by which observations in the laboratory, the clinic or the community are 
transformed into demonstrably useful interventions that tangibly improve human health 
is frequently termed “translation.” This multi-stage and multifaceted process that ranges 
from target validation through intervention development to demonstration of public 
health impact is poorly understood scientifically. In addition, many operational issues 
make the translation process slow and costly. As a result, biomedical science is in a 
paradoxical era of unprecedented scientific accomplishment without concomitant 
improvements in meaningful health outcomes, creating pressures that extend from the 
scientific to the societal and political. To meet the opportunities and needs in 
translational science, NCATS was created as NIH’s newest component in December 
2011. NCATS is scientifically and organizationally different from other NIH Institutes and 
Centers. It focuses on what is common to diseases and the translational process, and 
acts as a catalyst to bring together the collaborative teams necessary to develop new 
technologies and paradigms to improve the efficiency and effectiveness of the 
translational process. Interventions of many kinds, both diagnostic and therapeutic, rely 
on chemistry – be it synthetic, process, or analytical. Thus innovation in chemistry is 
central to the NCATS mission. This talk will provide an overview of NCATS mission, 
programs, and deliverables, with an emphasis on the critical role for chemistry in 



translational science, and a view toward future developments in drug discovery and 
development. 
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Design, synthesis, and biological evaluation of manassantin analogues for HIF-1α 
inhibition 

Do-Yeon Kwon1, dk102@duke.edu, Kyunghye Park2, Douglas Weitzel3, Sun Hee Lee2, 
Tesia Stephenson1, Chen-Ting Lee3, Jen-Tsan Chi4, Robert Mook5, Mark Dewhirst3, 
You Mie Lee2, Jiyong Hong1. (1) Department of Chemistry, Duke University, Durham, 
North Carolina, United States (2) College of Pharmacy, Kyungpook National University, 
Daegu, Korea (the Republic of) (3) Department of Radiation Oncology, Duke Univeristy 
Medical Center, Durham, North Carolina, United States (4) Molecular Genetics and 
Microbiology, Duke Univeristy Medical Center, Durham, North Carolina, United States 
(5) Department of Medicine, Duke Univeristy Medical Center, Durham, North Carolina, 
United States  

HIF-1 plays a significant role in the adaptation of tumor cells to hypoxia by activating the 
transcription of genes involved in critical aspects of cancer, making it a leading target for 
the treatment of cancer. Despite several small molecules have been reported to inhibit 
the HIF-1 signaling pathway, these compounds exhibit relatively low HIF-1 inhibitory 
activity. In addition, most of them lack the desired selectivity or toxicity profiles required 
for a useful therapeutic agent. Therefore, development of potent and selective HIF-1 
inhibitors is urgently needed. Manassantin A, a dineolignan isolated from Saururus 
cernuus L. (Saururaceae) has been shown to be a potent inhibitor of HIF-1α in vitro with 
minimal cytotoxicity. Previously, we reported a convergent and efficient synthesis of 
manassantin A, which enables the creation of various analogues. This presentation will 
describe our medicinal chemistry efforts for design, synthesis, and biological evaluation 
of manassantin analogues to establish structure-activity relationships of the natural 
product. 
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First discovery of a single digit nanomolar small molecule protein-protein 
interaction blocker 

Lars K. Petersen, Frank Sloek, Peter Blakskjaer, Leif Larsen, Johan Holmkvist, Allan B. 
Christensen, Judith Rasmussen-Dietvorst , Tara Hansen, Nils Hansen, 
nha@vipergen.com. Vipergen ApS, Copenhagen, Denmark  

Protein-protein interactions (PPI) are involved in almost all physiological processes and 
diseases, and hold a tremendous potential for drug development. However, discovery of 
small molecule blockers of PPIs has been limited due to technological hurdles, and 
when hits were successfully identified these had typically modest potencies in the high 
nanomolar to micromolar range. Here, we present efficient small molecule PPI blocker 
discovery using a high fidelity DNA-encoded library technology platform, which provides 
access to (1) drug-like and diverse chemical matter and (2) and an efficient low-noise 
homogeneous screening assay. The screen employs a unique principle of trapping 
small molecule binders together with the protein target in miniscule droplets and 
enables direct identification of potent inhibitors directly from the library. Case stories will 
be presented, including interleukin 6 receptor (IL-6R) which is a clinically validated 
target implicated in cancer, and multiple inflammatory and autoimmune diseases. For 
IL-6R, discovery of single digit nanomolar potency hits (MW ~500 Da) is demonstrated 
belonging to two series exhibiting clear instant structure activity relationships. The latter 
allows instant determination of the core motif (350 Da) which itself exhibits a potency of 
16 nM. These findings represent PPI target hits with 1000 fold greater potency than 
previously reported and represent a major leap forward in the endeavour to develop 
orally bioavailable therapeutics for this important yet untapped target class. 
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Discovery of the mGlu5 receptor NAM HTL14242 by fragment based drug 
discovery 

Miles Congreve, miles.congreve@heptares.com, Sarah J. Aves, Kirstie A. Bennett, 
John A. Christopher, Andrew S. Doré, Jayesh C. Patel, Benjamin Tehan, Fiona H. 
Marshall. Heptares Therapeutics Ltd, Welwyn Garden City, United Kingdom  

The G protein-coupled receptor (GPCR) superfamily is involved in many diseases and 
has been a drug-discovery focus for decades. However, instability of GPCRs when 
removed from the cell membrane has severely limited the application of fragment-based 
and structure-based techniques. Generation of stabilised receptors (StaR® proteins) 
facilitates biophysical and biochemical fragment screening and allows X-ray structural 
information to be obtained for GPCRs. In the first application to a family C GPCR target, 



an mGlu5 StaR has been created, using a negative allosteric modulator (NAM) ligand to 
introduce a conformational bias towards the desired pharmacology for drug discovery. 
Enhanced stability of the mGlu5 StaR, coupled with increased expression, facilitated 
both fragment screening and protein-ligand structure determination using X-ray 
crystallography. Multiple fragment hits were identified and one series was rapidly 
advanced in a medicinal chemistry campaign using SBDD. 
 
The mGlu5 receptor NAM pre-clinical candidate HTL14242 has been identified using 
fragment-based drug discovery. The medicinal chemistry SAR campaign, supporting X-
ray crystallography data of NAMs bound to the mGlu5 receptor StaR, and the data 
associated with HTL14242 will be presented. HTL14242 exhibits high affinity and also 
potency determined by ex vivo receptor occupancy. HTL14242 has favourable in vivo 
PK in both rat and dog. Excellent selectivity within the mGlu receptor sub-family is 
matched by a clean profile against an extensive panel of targets. HTL14242 is ready to 
be progressed towards clinical trials for a range of CNS disorders, including refractory 
depression. 
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Small molecules targeting XBP-1s expression in CLL 

Juan R. Del Valle2,3, juan.delvalle@moffitt.org, Sujeewa Ranatunga1, Chang Won 
Kang1, Chih-Chi Hu1. (2) Moffitt Cancer Center, Tampa, Florida, United States (3) 
University of South Florida, Tampa, Florida, United States  

The endoplasmic reticulum (ER) stress response is a cytoprotective mechanism 
activated in response to proteotoxic burden and is crucial for homeostatic regulation. 
IRE-1 is an ER-resident dual kinase/RNase that splices 26 nucleotides from the mRNA 
of the transcription factor XBP-1. This spliced XBP-1 mRNA variant encodes a 
functional 54-kDa, which translocates into the nucleus and regulates ER stress 
response genes, contributing to tumor progression. Until recently, the functional roles of 
the ER stress response pathways in chronic lymphocytic leukemia (CLL) had been 
largely overlooked because CLL cells do not develop a prominent ER structure. 
However, our studies have shown that CLL growth and survival is highly dependent on 
hyperactivation of the IRE-1/XBP-1 pathway. Here, we present our efforts to target 
XBP-1s expression though direct inhibition of IRE-1 RNase activity (J. Med. Chem. 
2014, 57, 4289; J. Clin. Inv. 2014, 124, 2585). A series of novel formylated tricylic 
chromenones was synthesized via a Duff reaction that is attended by an unusual 
intramolecular cyclization. Using an in vitro FRET-suppression assay, we identified 
several potent inhibitors (IC50 0.05 – 1 uM) of IRE-1-induced XBP-1 mRNA splicing that 
also block XBP-1s expression and bind directly to endogenous IRE-1 in whole cells. 
Chemical optimization of our lead inhibitor using a prodrug strategy led to B-I09, which 
inhibits the growth of Eu-TCL1 mouse CLL cells as well as CLL cells freshly isolated 
from human patients. Since inhibition of the IRE-1/XBP-1 pathway compromises BCR 
signaling, we demonstrated that B-I09 and related compounds synergize with the BTK 
inhibitor ibrutinib to induce apoptosis in various B-cell cancer cell lines. Efforts toward 



the development of related IRE-1 inhibitors with enhanced efficacy in a transgenic 
mouse model of CLL will also be discussed. 
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Stabilized cyclopropane analogs of the spliceosome Inhibitor FD-895 

Michael D. Burkart, mburkart@ucsd.edu. Mail Code 0358, University of California, San 
Diego, La Jolla, California, United States  

Targeting the spliceosome with small molecule inhibitors offers an opportunity to target 
alternate mRNA splicing pathways for therapeutic applications. Although our 
understanding of alternate mRNA splicing remains poorly understood, it provides an 
escape pathway for many cancers resistant to current therapeutics. We describe the 
application of semi-synthesis and total synthesis to reveal key structure activity 
relationships for FD-895 spliceosome inhibition and the applicaiton of this information to 
deliver new analogs with improved stability and potent activity at inhibiting splicing in 
patient-derived cell lines. 
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Investigating aromaticity effects In the tail region of sphingosine kinase 2 
selective guanidine-based inhibitors 

Molly D. Congdon1,2, mdaycongdon@gmail.com, Yugesh Kharel3, Kevin Lynch3, 
Webster Santos1. (1) Chemistry Department, Virginia Tech, Blacksburg, Virginia, United 
States (2) Sphynkx Therapeutics, Charlottesville, Virginia, United States (3) Department 
of Pharmacology, University of Virginia School of Medicine, Charlottesville, Virginia, 
United States  

Increased expression of sphingosine kinases (SphK) and elevated levels of 
sphingosine-1-phosphate (S1P) have been implicated in a variety of diseases including: 
fibrosis, multiple sclerosis, Alzheimer’s, asthma, inflammation, and sickle cell disease. 
Of the two isoforms, SphK1 is localized in the cytosol, while SphK2 is nuclear bound; 
however, studies have shown that SphK2 can be exported to the cytosol. SphK1 has 
been shown to promote cellular proliferation, whereas SphK2 has been shown to be 
proliferative and pro-apoptotic, depending upon its localization in the cell. As a result of 
its undefined cellular role, SphK2 has attracted attention as a potential therapeutic 
target. Previously our group published a Sphk2 selective inhibitor, SLR080811, which 
displays five-fold selectivity for mSphK2 over hSphK1 and a Ki of 1.3 µM. Modifications 
to the tail region of this novel scaffold demonstrated that the aryl ring adjacent to the 
1,2,4-oxadiazole ring is vital for compound potency and selectivity. Herein, we report the 
design, synthesis and biological evaluation of our investigation into SLR080811 
derivatives containing bicyclic aromatic rings adjacent to the 1,2,4-oxadiazole. These 
compounds display excellent inhibition activity, good SphK2 selectivity, and low micro-
molar range Ki values for hSphK2. Various analogs of our lead compound, SLR080811, 



were synthesized containing a bicyclic aromatic ring in the tail region. These 
compounds reveal a preliminary structure-activity-relationship around the bicyclic 
aromatic tail motif that examines both the substitution around the bicyclic system and 
optimization of the remaining portion of the tail group. 
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Repurposing aspartic protease inhibitors as novel antimalarial agents 

Marvin J. Meyers, mmeyers8@slu.edu. Center for World Health & Medicine, Saint 
Louis University, Wentzville, Missouri, United States  

Malaria is caused by the parasite Plasmodium and kills nearly one million people every 
year. P. falciparum, the most lethal species, has developed varying degress of 
resistance to all currently used antimalarial drugs. Thus there is a need to develop new 
antimalarial drugs with novel mechanisms of action. Since Plasmodium expresses a 
number of aspartic proteases necessary for its survival, we have mined antimalarial 
datasets for drug-like aspartic protease inhibitors as leads for drug discovery, identifying 
two chemotypes previously developed as beta-secretase inhibitors with antimalarial 
activity. Evaluation of aminohydantoin and spiropiperidine hydantoin chemotypes as 
potential antimalarial leads, structure-activity relationships, optimization of their 
antimalarial activity, and progress towards identification of their Plasmodium targets will 
be presented. 
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Chemical optimization of novel inhibitor classes selectively targeting PI4KIIIbeta: 
A host lipid kinase crucial for enterovirus replication 



Anna Leivers2, anna.l.leivers@gsk.com, Andrew Maynard1, Andrew J. Peat2, Eldridge 
Nartey1, J. Brad Shotwell2, Janos Botyanszki2, Jeff Gobel1, John Catalano2, John F. 
Miller2, John Seal1, Liping Want1, Lisa Shewchuk-Chapman1, Pek Y. Chong2, Ping 
Xiong2, Scott Dickerson1, Shihyun You2, Vincent W. Tai2. (1) Platform Technology and 
Science, GlaxoSmithKline, Durham, North Carolina, United States (2) Antiviral 
Discovery Unit, GlaxoSmithKline, Durham, North Carolina, United States  

The replication of multiple enteroviruses including poliovirus, human rhinovirus, and 
coxsackievirus has been shown to require a myriad of host cellular factors for replication 
including phosphatidylinositol 4-kinase III beta (PI4KIIIβ). Since PI4KIIIβ is a crucial host 
factor for many viruses, PI4KIIIβ is an attractive drug target with a potential for multiviral 
therapeutic indications. We solved the structure of small moluclue inhibitors bound to 
PI4KIIIβ by X-ray crystallography. Leveraging of this structural information enabled the 
design of inhibitors that were highly potent for PI4KIIIb and highly selective over other 
lipid and protein kinases. Three scaffolds of ATP competitive reversible inhibitors were 
investigated for biochemical and antiviral potency, kinase selectivity, antiviral efficacy, 
and safety in vivo. The medicinal chemistry lead optimization of the developed 
compounds will be presented. 
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Variation in ADC linker composition generated from aldehyde-tagged antibodies 
impacts both efficacy and PK 

Albert W. Garofalo, awgarofalo@gmail.com. Chemistry, Catalent Biologics - West, S 
San Fran, California, United States  

Linkers are key components of antibody-drug conjugates (ADCs) and their chemical 
and structural properties can be exploited in the design of these therapeutic agents. We 
generated a panel of anti-HER2 ADCs that vary at the linker portion to examine the 
contribution of linker chemistry to ADC activity. The ADCs were made using aldehyde-
tagged anti-HER2 proteins conjugated using the hydrazinyl-iso-Pictet-Spengler (HIPS) 
ligation to a maytansine payload. The resulting ADCs were highly homogenous, with 
well-defined drug-to-antibody ratios (DARs). The synthesis, cytotoxicity, stability and 
efficacy of the panel will be discussed. 
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HIV microbicide development using a combination of QSAR and structure-based 
approaches 

Laura Guasch, lguasch@helix.nih.gov, Alexey V. Zakharoz, Marc C. 
Nicklaus. Chemical Biology Laboratory, National Institutes of Health, Frederick, 
Maryland, United States  



Computer-aided drug design methods were applied to identify compounds that show 
cell-protective/microbicidal activity in cell-based assaying, which could be used in, e.g., 
topical prevention strategies against HIV infection. Relevant targets in the early stages 
of the exposure to the virus were selected for the study, including HIV-1 integrase and 
reverse transcriptase. Accurate training sets of anti-HIV agents were collected to build 
highly predictive quantitative structure-activity relationship (QSAR) models with the 
program GUSAR. In parallel, docking approaches were used to determine putative 
binding modes of potential hits. Drug-likeness and pharmacokinetic filters were applied. 
The biological assay results obtained so far in this project provide evidence that our 
workflow is capable of identifying novel anti-HIV agents. 
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Dihydroquinazolines: A novel class of hOCT3 inhibitors 

Malgorzata Dukat1, mdukat@vcu.edu, Xiaolei Pan2, Malaika Argade1, Kavita A. Iyer1, 
Philip D. Mosier1, Douglas Sweet2. (1) Medicinal Chemistry, VCU, Richmond, Virginia, 
United States (2) Pharmaceutics, VCU, Richmond, Virginia, United States  

Human Organic Cation Transporters (hOCTs) are an alternative/complementary 
clearance pathway for biogenic amines. Thus, OCTs could represent a new target for 
the development of mechanistically novel drugs to treat depression and related 
neuropsychiatric disorders. We have found that 2-amino-6-chloro-3,4-
dihydroquinazoline (A6CDQ) possesses antidepressant-like activity in the mouse tail 
suspension test. A6CDQ lacks affinity for the serotonin transporter (SERT; K i >10,000 
nM) but displayed inhibitory action (IC50 = 3.91 µM) at hOCT3s expressed in HEK293 
cells. The des-Cl counterpart (ADQ) of A6CDQ showed significantly decreased 
inhibitory activity (IC50 = 12.16 µM) indicating a role for the Cl substituent. The 5-Cl 
(A5CDQ) and 7-Cl (A7CDQ) positional isomers of A6CDQ displayed comparable 
inhibitory action (IC50 = 0.88 and 5.93 μM, respectively) to A6CDQ implying that the 
position of the Cl-group might not be an important factor. To determine whether the 6-Cl 
group exerts its effect via its electronic or lipophilic character, we synthesized the 6-Me 
analog (A6MDQ) that bears an electron donating group as opposed to the electron 
withdrawing Cl-group. Methyl and chloro groups possess similar lipophilic (i.e., p = 0.56; 
0.71, respectively), but opposite electronic, character. A6MDQ inhibited hOCT3 (IC50 = 
2 μM) suggesting that the lipophilic character of the substituent plays an important role 
in the inhibitory actions of hOCT3. We generated the first 3-D graphics models of 
hOCT3 using the inorganic phosphate transporter (PDB:4J05) as a template and 
studied plausible binding modes for dihydroqinazolines. Hydropatic INTeraction (HINT) 
analysis for all the docked analogs revealed a positive relationship between 
hydrophobic interactions of the substituents and their potencies. Dihydroquinazolines 
represent a unique class of hOCT3 inhibitors lacking SERT affinity. [Supported in part 
by PeRQ Fund] 
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Physical compatibility of co-solubilized vancomycin, piperacillin, and tazobactam 
in aqueous solution 

Rachel N. Mason1, rmason@uttyler.edu, Sean C. Butler2, Howard N. Gray3, Hailey S. 
Gray4. (1) Chem Dept, Univ Texas Tyler, Tyler, Texas, United States (2) Department of 
Chemistry, The University of Texas at Tyler, Tyler, Texas, United States (3) Univ of 
Texas at Tyler, Tyler, Texas, United States (4) Chemistry & Biochemistry, University of 
Texas at Tyler, Tyler , Texas, United States  

Combining vancomycin (V) with the b-lactam/b-lactamase inhibitor pair 
piperacillin/tazobactam (PT) has shown a synergistic enhancement of pharmacokinetic 
and pharmacodynamic properties compared to either antibiotic alone when the 
combined concentrations are maintained above minimum inhibitory concentration (MIC) 
for an extended period of time. In addition, the combined V/PT drug regimen has shown 
superior activity against methicillin-resistant Staphylococcus aureus (MRSA) and 
vancomycin-intermediate S. aureus (VISA) in severely ill patients. Current dosing 
protocols involving V and PT take advantage of both synergistic benefits and prolonged 
infusions have been implemented at some institutions. Limited access to intravenous 
lines often leads to the simultaneous administration of all three drugs through a 
common Y-site. Safely co-administering these drugs requires a thorough understanding 
of their physical compatibility when co-solubilized in aqueous solutions. While some 
studies have addressed mutual solubility of these drugs, results are inconsistent or 
focus on a narrow concentration range. Here we use nephelometric titration, turbidity 
measurements of simulated Y-site injection samples, and turbidity measurements of 
static solutions of known concentration to examine the physical compatibility of these 
solutions over a wider range of conditions. 
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Development and validation of RP-HPLC method for simultaneous determination 
of guaifenesin impurities in multidrug combinations 

Rosa Grigoryan, rosartt@yahoo.com. Organic chemistry, State Engineering University 
of Armenia, Yerevan, Armenia  

 
A High Performance Liquid Chromatographic method was developed and validated for 
quantitative determination of Guaifenesin impurities including 2-(2- 
methoxyphenoxy)propane-1,3-diol (β-isomer) and 2- methoxyphenol (guaiacol) in 
different multi drug components pharmaceutical dosage forms, containing guaifenesin, 
ambroxol hydrochloride and salbutamol sulfate . The different analytical performance 
parameters such as linearity, precision, accuracy, limit of detection (LOD), limit of 
Quantification (LOQ) were determined according to International Conference on 
Harmonization (ICH) Q2B guidelines. The chromatographic separation was achieved on 
EC NUCLEODUR-100-3C18 (250x4,6 mm, 5μm packing) column using gradient elution 
of Solvent A (0.1 M ammonium acetate buffer of pH 6.8) and solvent B (acetonitrile : 



methanol (80:20)) The Ultra Violet spectrophotometric determination was performed at 
275 nm. The Linearity of the calibration curves for the analytes in the desired 
concentration range is good (r2 = 0.999) by High Performance Liquid Chromatography. 
The LOQ were 1 and 0.1 μg/ml respectively for guaifenesin β-isomer and guaiacol. The 
average percentage recovery of guaifenesin impurities was found to be within 98.6 – 
101.2% of range. The developed method can be successfully used for identification and 
quantification of guaifenesin impurities β-isomer and guaiacol in the presence of 
guaifenesin, ambroxol hydrochloride and salbutamol sulfate in multi drug components 
pharmaceutical formulations. 
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Carbon monoxide releasing property of amine carboxyboranes 

Nin N. Dingra, nin.dingra@oswego.edu. Chemistry Department, SUNY Oswego, 
Oswego, New York, United States  

Since the finding of endogenous production of carbon monoxide (CO) in the cells, 
beneficial effect of CO has been studied extensively. Most studies have used gaseous 
CO but it is not the most suitable method due to its well-known toxic effect for inhalation. 
Consequently, molecules that are capable of releasing CO, referred to as CORM, have 
been developed for usage as therapeutic agents. Our group has synthesized a group of 
novel molecules that are capable of releasing CO. These molecules are stable in 
physiological condition and can be induced to release CO by certain conditions. This 
presentation illustrates CO release studies on a few of these molecules using 
commercially available instrument compared with a traditional detection method using 
myoglobin. 
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Use of Fc receptor affinity separation resin to obtain high potency glycoforms 
(nonfucocylsated) of antiviral immunoglobulin 

Austin Boesch, austin.boesch@zepteon.com, Glen Bolton. Zepteon, Boston, 
Massachusetts, United States  

Recent literature data indicates that recombinant antibodies depend in part on the 
engagement of immune cells by the antibody Fc region for effectiveness against 
viruses. This engagement allow for the lysis and killing of cells as viruses enter or as 
viruses bud from infected cells. 
 
Recombinant antibodies that contain optimal Fc glycosylation (lacking core fucose) bind 
immune cells with higher affinity. Antibodies without core fucose have been shown to be 
more effective against viral infections such as ebola and RSV in mouse models. It is 
therefore probable that hyperimmune immunoglobulin (IgG) from convalescent plasma 
would be more effective if only the antibodies lacking core fucose were isolated and 
administered. However antibodies lacking core fucose have not been successfully 
isolated using charge, size, immunoaffinity or hydrophobicity based separation 
methods. 
 
To address this need, in this study chromatography resins that contained FcgRIIIa 
receptors immobilized on resin beads were developed and used to separate antibodies 
lacking core fucose from mixtures containing predominantly fucosylated antibodies. The 



protein FcgRIIIa is an immune cell receptor that can selectively bind antibodies lacking 
core fucose with 50 fold higher affinity than that for fucosylated antibodies. The 
separation increased the levels of antibodies lacking core fucose by a factor of 7 using a 
recombinant IgG1 model. 
 
The revolutionary separation technology developed in this study has the potential to 
allow production of new, more potent therapeutic hyperimmune immunoglobulins 
lacking core fucose. The focus of future work is demonstrating increased potency of 
hyperimmune immunoglobulin from convalescent plasma against a number of viruses in 
animal models. 
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Structure-activity relationships of prazole fragment inhibitors of T. vaginalis 
uridine nucleoside ribohydrolase using NMR-based activity and binding assays 

Tara A. Shea1, tarashea@mail.adelphi.edu, Melissa A. VanAlstine-Parris2, Brian J. 
Stockman3. (1) Adelphi University, Rockaway Park, New York, United States (2) 
Chemistry, Adelphi University, East Meadow, New York, United States (3) Department 
of Chemistry, Adelphi University, Garden City, New York, United States  

The potent proton-pump inhibitors omeprazole, pantoprazole, and rabeprazole have 
been previously identified as μM inhibitors of T. vaginalis uridine nucleoside 
ribohydrolase (UNH). The compounds provide a starting point to develop novel 
antitrichomonal agents. As a first step in reengineering the compounds to be nM 
inhibitors of UNH, structure-activity relationships for fragments of the prazole 
compounds have been determined. The parent prazole compounds consist essentially 
of substituted benzimidazole and pyridine rings separated by a methylsulfinyl linker. 
Substituted benzimidazole and pyridine rings selected to represent the structural space 
around each of the two halves of the prazole parent compounds were obtained 
commercially. Fragments were tested for activity using an 19F NMR-based activity assay 
at concentrations of 500 μM and 1 mM. The fragments were also tested for UNH 
binding using WaterLOGSY 1H NMR experiments. Eight fragments exhibited weak 
inhibitory activity while two fragments exhibited stronger inhibitory activity, namely 2-
(methylthio)benzimidazole and 2-(chloromethyl)-3-methyl-4-(2,2,2-
trifluoroethoxy)pyridine. Five of the fragments, including both of those with strong 
inhibitory activity, gave WaterLOGSY signals indicative of binding to UNH. The activity 
and binding data for 2-(methylthio)benzimidazole is interesting in that it was the only 
fragment tested that contained a sulfur substituent in the same location as the parent 
prazole compounds. In order to test the requirement for a sulfur substituent at this 
position, the compound 1-(1H-benzimidazol-2-yl)-2-phenylethanol was synthesized. 
This compound replaces the sulfoxide group in the parent compound with an alcohol. 
This compound was found to be active as an inhibitor, suggesting that the sulfoxide is 
not required for activity. Oxidation of the alcohol group would essentially replace the 
sulfoxide group with a ketone and is expected to improve inhibition further. The 



synthesis strategy used to create the ketone linker will ultimately be utilized to link the 
substituted benzimidazole and pyridine rings with the best activities. 
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Aminomethyl spectinomycins as novel therapeutics for drug resistant respiratory 
tract and sexually transmitted bacterial infections 

Samanthi L. Waidyarachchi1, samanthi.waidyarachchi@stjude.org, David F. Bruhn1, 
Jiuyu Liu1, Dora B. Madhura3, Dimitri Shcherbakov4, Zhong Zheng6, Yasser 
Abdelrahman5, Aman Singh1, Chetan Rathi3, Robert Belland5, Bernd Meibohm3, Jason 
Rosch2, Erik Böttger4, Richard E. Lee1. (1) Department of Chemical Biology and 
Therapeutics, St. Jude Childrens Research Hospital, Memphis, Tennessee, United 
States (2) Infectious Diseases Department, St. Jude Children’s Research Hospital, 
Memphis, Memphis, Tennessee, United States (3) Department of Pharmaceutical 
Sciences, University of Tennessee Health Science Center, Memphis, Tennessee, 
United States (4) Institut für Medizinische Mikrobiologie, Universität Zürich, Zürich, 
Switzerland (5) Department of Microbiology, Immunology, and Biochemistry, University 
of Tennessee Health Science Center, Memphis, Tennessee, United States (6) Scripps 
Research Institute, La Jolla, California, United States  

The increasing prevalence of antibiotic resistance among bacteria requires the 
discovery and development of new antimicrobials agents. In this regard, using structure 
based drug design aminocyclitol antibiotic Spectinomycin was modified to generate a 
substituted 3'-aminomethyl-3'-hydroxy spectinomycins (mSPCs). The synthesis of 
mSPCs was achieved in 5 steps from spectinomycin and their activities were evaluated 
in vitro and in vivo. Compounds in the series demonstrated increased potency against a 
broad spectrum of gram positive and negative pathogens, including common respiratory 
tract pathogen Streptococcus pneumoniae as well as sexually transmitted bacteria 
Neisseria gonorrhoeae. Lead mSPCs show low protein binding, excellent solubility, no 
hepatic metabolism and are excreted unchanged renally. These compounds show 
excellent sterilizing activity in vivo in a mouse model of invasive pneumococcal infection 
at a dose of 5 mg/kg. 
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Targeting Mycobacterium tuberculosis biotin protein ligase (MtBPL): Synthesis 
and evaluation of nucleoside-based bisubstrate adenylation inhibitors 

Matthew R. Bockman1, bockm002@umn.edu, Alvin Kalinda1, Divya Tiwari2, Teresa De 
la Mora3, Barry Finzel1, Dirk Schnappinger2, Courtney C. Aldrich1. (1) Medicinal 
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States (2) 
Microbiology and Immunology, Weill Cornell Medical College, New York, New York, 
United States  



Mycobacterium tuberculosis (Mtb) is responsible for both latent and symptomatic 
tuberculosis (TB). TB remains the second leading cause of mortality among infectious 
diseases worldwide, primarily due to the emergence of multidrug-resistant (MDR-TB) 
and extensively drug-resistant (XDR-TB) strains. To combat this pathogen, the 
development of new antitubercular agents is essential. Mycobacterial biotin protein 
ligase (MtBPL) regulates lipid metabolism in Mtb through the post-translational 
biotinylation of acyl coenzyme A carboxylases that catalyze the initial step in fatty acid 
biosynthesis. Additionally, MtBPL biotinylates pyruvate coenzyme A carboxylase, a 
gluconeogenic enzyme integral for lipid catabolism. We will present the synthesis as 
well as biochemical and structural characterization of a systematic series of bisubstrate 
biotin-nucleoside inhibitors with modifications to the ribofuranosyl ring. Several of these 
inhibitors including ribofuranosyl, 3′-deoxy, acyclo and morpholino analogs display sub-
nanomolar inhibition of MtBPL as determined by isothermal titration calorimetry (ITC) 
and potent whole-cell activity against Mtb. While many analogs exhibit less than five-
fold decrease in potency or are equipotent to the parent inhibitor containing a 
ribofuranose ring, certain modifications including the 2′-β-fluoro, 2′-β-azido, 2′-bβ-methyl 
and carbocycle completely abolish activity in whole-cell assays. The lack of correlation 
between biochemical and whole-cell activity suggests certain modifications severely 
impede intracellular accumulation. 
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Hybridization of metronidazole with natural product tetramic acids improves its 
antidifficile efficacy 

Philip T. Cherian2, philip.cherian@stjude.org, Xiaoqian Wu3, Richard E. Lee1, Julian 
Hurdle3. (1) Mail Stop 1000, St Jude Childrens Research Hospital, Memphis, 
Tennessee, United States (2) Chemical Biology and Therapeutics, St. Jude Children's 
Research Hospital, Memphis, Tennessee, United States (3) Department of Biology, 
University of Texas at Arlington, Arlington, Texas, United States  

Clostridium difficile, an anaerobic, gram positive, spore-forming bacterium is the most 
common cause of antibiotic-associated diarrhea. Over the recent years, clostridium 
difficile infections (CDI) have become a cause of major concern due to the emergence 
of highly virulent strains such as NAP1/027. The antibiotic metronidazole (MTZ) is 
widely-used as the first line of treatment for mild to moderate CDI. However, it is 
associated with high relapse rates and performs poorly against severe NAP1/027 
infections. This can be attributed to the high absorption (80-90%) of MTZ from the GI 
tract that leaves a low concentration of drug at the site of infection. Recently, we have 
shown that the tetramic acid reutericyclin and its analogs were highly effective against 
virulent C. difficile strains and that several of these analogs show poor intestinal 
absorption. Based on this, we explored whether hybridizing metronidazole with the 
tetramic acid moiety could improve its retention in the GI tract, whilst enhancing its anti-
difficile action. We synthesized a series of metronidazole-tetramic acid hybrids and 
compared their activity to MTZ. In in vitro studies, these hybrids displayed comparable 
activity to MTZ, while in in vivo efficacy studies in the hamster model of CDI, several 
lead hybrids displayed better efficacy than MTZ. This improved efficacy is unlikely to be 
due to differences in mode of action as des-nitro hybrids lacked efficacy and MTZ and 
the hybrids induced similar cellular responses. However, in our Caco-2 cell permeability 
assay, these hybrids were less permeable than MTZ predicting lower intestinal 
absorption. Additional studies are underway including determination of compound 
pharmacokinetics in hamsters, efficacy in the mouse model of relapse and probing of 
cross-resistance. 
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Lipidated cyclice gamma-AA peptides display both antimicrobial and anti-
inflammatory activities 

Yaqiong Li1, yaqiong@mail.usf.edu, Christina Smith2, Haifan Wu1, Shruti Padhee1, 
Hang H. Yin2, Jianfeng Cai1. (1) Chemistry, University of South Florida, Tampa, Florida, 
United States (2) University of Colorado at Boulder, Boulder, Colorado, United States  



Antimicrobial peptides (AMPs) are host-defense agents capable of both bacterial 
membrane disruption and immunomodulation. However, the development of natural 
AMPs as potential therapeutics is hampered by their moderate activity and susceptibility 
to protease degradation. Herein we report lipidated cyclic γ-AApeptides that have potent 
antibacterial activity against clinically relevant Gram-positive and Gram-negative 
bacteria, many of which are resistant to conventional antibiotics. We show that lipidated 
cyclic γ-AApeptides mimic the bactericidal mechanism of AMPs by disrupting bacterial 
membranes. Interestingly, they also harness the immune response and inhibit 
lipopolysaccharide (LPS) activated Toll-like receptor 4 (TLR4) signaling, suggesting that 
lipidated cyclic γ-AApeptides have dual roles as novel antimicrobial and anti-
inflammatory agents. 
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Design and biological evaluation of novel Cdc42 inhibitors 

Byron J. Aguilar1, byron.j.aguilar@gmail.com, Brian Hinckley2, 
hinckleyb11@students.ecu.edu, Shouquan Huo2, Yan-Hua Chen1, Qun Lu1,3. (1) Dept 
of Anatomy & Cell Biology, The Brody School of Medicine, East Carolina University, 
Greenville, North Carolina, United States (2) Dept of Chemistry, East Carolina 
University, Greenville, North Carolina, United States (3) The Harriet and John Wooten 
Laboratory for Alzheimer’s and Neurodegenerative Diseases Research, East Carolina 
University, Greenville, North Carolina, United States  

Cdc42 is an important signaling protein involved in various biological processes such as 
actin filopodia formation, cell motility, directional migration, and cell growth. As a 
member of the Rho GTPase family, Cdc42 cycles through its active, GTP-bound state 



and inactive, GDP-bound state for proper protein function. Protein activity is also 
controlled by its interactions with effectors and regulators. Dysregulation of Cdc42 may 
have dire consequences. For instance, Cdc42 has been found to be highly active in 
neurodegenerating brain tissues and is overactive/overexpressed in cancers. Thus, 
inhibiting Cdc42 activity may have therapeutic value. ZCL278 is a novel selective, small 
molecule inhibitor of Cdc42. The purpose of this study was the design, in silico analysis, 
and biological evaluation of novel ZCL278 analogs, as well as a small library of 
compounds. 
The in silico analysis of Cdc42 revealed several unique potential binding sites that can 
be subcategorized into three groups based on location. The A-sites are located near the 
GTP binding pocket, the B-sites are located on the opposite face of the protein, and the 
C-sites are located in between. B-sites are only be engaged when binding to effectors. 
Compound I was observed to have high affinity for all sites. Compound II showed 
considerably more favorable interactions with A-sites than both B- and C-sites. 
Compound III showed increased selectivity for C-sites while commercially available 
AZA1 showed only slightly more affinity for B-sites. These compounds may be valuable 
inhibitors of Cdc42 that prevent the interactions with the effectors responsible for cell 
signaling while not interrupting interactions with other regulators. 
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Development of α6β3γ2-subtype selective ligands for GABAA receptors 

Ranjit S. Verma2, ranjit_s_verma@yahoo.com, Christopher Witzigmann3, James M. 
Cook1. (1) Univ of Wisconsin, Milwaukee, Wisconsin, United States (2) Dept. of 
Chemistry and Biochemistry, University of Wisconsin, Milwaukee, Wisconsin, United 
States  

GABAA receptors are an important class of receptors in the brain that are involved in 
controlling very vital functions. Our lab is engaged in designing subtype selective 
ligands targeting various receptor subunits of GABA. The present project is directed 
towards developing ligands that are α6 subtype selective ligands, these cells are 
present predominantly in the granule cells of the cerebellum, the cochlear nucleus and 
in the peripheral ganglia1. Ligands of type I have shown promising results. The oocyte 
and other data will be discussed. 
 
1. Zdravko Varagic, Joachim Ramerstorfer, Shengming Huang, Sundari Rallapalli, 
Isabella Sarto-Jackson, James Cook, Werner Sieghart and Margot Ernst, British J. 
Pharmacology (2013), 169(2), 384-399. 
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Quantitative structure-activity relationship (QSAR) investigations of 
abuse-related neurochemical and behavioral effects 
of para-substituted methcathinone derivatives 

Farhana Sakloth1, saklothft@vcu.edu, Renata Kolanos1, Melissa Barnier1, Philip D. 
Mosier1, John Partilla2, Michael H. Baumann2, Richard A. Glennon1. (1) Medicinal 
chemistry, Virginia Commonwealth University, Richmond, Virginia, United States (2) 
National Institute of Drug Abuse, National Institutes of Health, Baltimore, Maryland, 
United States  

Methcathinone (MCAT) analogs are popularly abused street drugs, and about 15 have 
now been classified as US Schedule 1 substances. Here we investigated seven such 
analogs that differed only with respect to their 4-position substituents (Figure1). Each of 
the compounds was characterized by elemental and instrumental analysis. All were 
found to act as substrates (i.e., releasers) at the dopamine and serotonin transporters 
(DAT and SERT, respectively) as determined using rat brain synaptosomal assays. 
Quantitative structure-activity relationships (QSAR) revealed that SERT/DAT selectivity 
is related to substituent volume and width (r>0.9, p<0.01), with larger substituents being 
favored by SERT. Docking studies using homology models (based on the crystal 
structure of Drosophila melanogaster DAT) indicated that analogs with larger 4-position 
substituents are better accommodated by SERT than DAT due to the presence of A169 
in the former and S149 in the latter. HINT (Hydropathic INTeraction) analysis suggested 
that hydrophobic contributions account for increased hSERT selectivity. (This research 
was supported by National Institutes of Health grant R01DA033930.) 

 



 
 
Figure 1. MCAT and the analogs examined. 
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Structure-activity studies on the α-modified analogs of the abused substance 
methylenedioxypyrovalerone (MDPV) as reuptake inhibitors at the dopamine 
transporter (DAT) 

Farhana Sakloth1, saklothft@vcu.edu, Renata Kolanos1, Atul D. Jain1, John Partilla2, 
Michael H. Baumann2, Richard A. Glennon1. (1) Medicinal chemistry, Virginia 
Commonwealth University, Richmond, Virginia, United States (2) National Institute of 
Drug Abuse, National Institutes of Health, Baltimore, Maryland, United States  

Initial structure-activity studies on the abused drug methylenedioxypyrovalerone 
(MDPV) indicated that the tertiary amine and/or the extended n-propyl side chain (α-
substituent) are important contributors for inhibitory action at the human dopamine 
transporter (hDAT). Here, we modified the α-substituent of MDPV analogs to determine 
the optimum length and the amount of steric bulk that can be tolerated at this position. 
We synthesized compounds where we 1) modified chain length by extending (n-butyl) 
and shortening the n-propyl side chain (ethyl, methyl and des alkyl), and 2) increased 
steric bulk (cyclohexyl, cyclopentyl, and isopropyl) at the α-substituent of the parent 
compound (Figure 1). In vitro reuptake inhibition assays in rat synaptosomes indicated 
that the n-butyl analog (IC50 =11.6 nM) was 270 times more potent than the des alkyl 
counterpart (IC50 =3,250 nM), and the bulkier side chain analog e.g. cyclohexyl (IC50 
=8.25 nM) was 24-fold more potent than the methyl analog at DAT. Thus, increased 
chain length and steric bulk favored DAT inhibitory activity. Quantitative structure-
activity relationship (QSAR) analyses indicated a positive correlation (r>0.9, n=8, 
p<0.01) between pIC50 at DAT for both volume and lipophilicity of the α-substituent. 
Increased steric bulk and chain length at this position increases potency and could be 
important structural features contributing to the abuse potential of these compounds. 
(This research was supported by National Institutes of Health grant R01DA033930.) 

 



 
 
Figure 1. Parent compound. 
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Synthesis, SAR, and progress toward orally available, brain penetrant P2X7R 
antagonists for the treatment of neuroinflammatory disorders 

Christa Chrovian, cchrovia@its.jnj.com. Janssen Research and Development, San 
Diego, California, United States  

The P2X7 receptor is a ligand-gated ion channel expressed predominantly on 
hematopoietic cells, including macrophages and monocytes in the periphery and 
microglia and astrocytes in the CNS. P2X7 is activated by high intracellular 
concentrations of ATP, which are present following inflammatory stimuli. The 
downstream effects of P2X7 activation, both in the periphery and the CNS, include the 
upregulation of signalling pathways involved in the release of pro-inflammatory 
cytokines. Various neuropsychiatric and neurodegenerative disorders are associated 
with neuroinflammatory cascades, which may be initiated by inflammatory cytokine 
signalling in the brain. Over the last decade, P2X7 antagonists have been evaluated in 
the clinic for their ability to attenuate rheumatoid arthritis in patients whose disease was 
inadequately controlled. Although these clinical trials have not been successful, to date 
P2X7 antagonists have not been tested for the treatment neuroinflammatory disease 
states associated with microglia or astrocyte activation. Herein we disclose novel P2X7 
antagonists, their synthesis, SAR, and potential as orally available brain penetrant 
compounds for the treatment of a variety of neuroinflammatory disorders. 
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Structure-activity relationships of iminoheterocyclic BACE1 inhibitors: Discovery 
of MK-8931 for the treatment of Alzheimer's disease 

Jack D. Scott, jack.scott@merck.com, Sarah W. Li, Xia Chen, Kathleen Cox, Jared 
Cumming, Mark Forman, Eric J. Gilbert, William J. Greenlee, Robert Hodgson, Chunli 
Huang, Lynn Hyde, Yan Jin, Ulrich Iserloh, Irina Kazakevich, Reshma Kuvelkar, 
Guoqing Li, Xian Liang, Jeffrey Misiaszek, Peter Orth, Eric M. Parker, Corey Strickland, 



Johannes H. Voigt, Hongwu Wang, Bonnie Werner, Jesse Wong, Matthew E. Kennedy, 
Andrew W. Stamford. Merck, Kenilworth, New Jersey, United States  

Currently there are no disease modifying therapies for the treatment of Alzheimer's 
disease (AD). Based on the amyloid hypothesis, reduction of β-amyloid (Aβ) peptide 
monomers, oligomers and/or plaques by inhibition of the aspartyl protease β-site 
amyloid precursor protein cleaving enzyme 1 (β-secretase or BACE1) has the potential 
to slow or halt the progression of this devastating disease. In our pursuit of brain 
penetrant BACE inhibitors, we started from a fragment-based hit and made intensive 
use of X-ray crystallography and in vivo screening for central Aβ lowering in rodents to 
guide the development of structure activity relationships (SAR). In this poster, we will 
present our discovery of a novel iminoheterocylic scaffold, and the design, synthesis, 
and SAR of a series of potent BACE1 inhibitors based on this scaffold. These inhibitors 
exhibited robust reduction of central Aβ in a rat pharmacodynamic model through their 
optimized physicochemical properties and pharmacokinetic profiles. From these efforts, 
we identified MK-8931, a potent and selective BACE inhibitor that is undergoing clinical 
evaluation in two Phase 3 trials in mild-to-moderate and prodromal AD patients. In this 
poster, we will also present details of the preclinical profile of MK-8931 along with 
Phase 1 clinical data. 
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Robust and efficient amination route toward the development of N-substituted 
piperazines as serotonergic ligands for autism spectrum disorder 

Jyothi Dhuguru1, jdhuguru@usj.edu, Steven W. Goldstein2, Ashraf Khalil3, Ola M. 
Ghoneim1. (1) Pharmaceutical Sciences, University of Saint Joseph-School of 
Pharmacy, Hartford, Connecticut, United States (2) Chemistry Department, University of 
Saint Joseph-School of Health and Natural Sciences, West Hartford, Connecticut, 
United States (3) Pharmaceutical Sciences, Qatar University-College of Pharmacy, 
Doha, Qatar  

N-substituted piperazines are common motifs in many antidepressants, antihistamines, 
antiarrhythmic, antipsychotic agents and recently reported as potent ligands for the 
serotonergic 5-HT1A and 5-HT1B/1D autoreceptors. We hypothesized that incorporating 
N-substituted piperazines in our designed hybrid serotonergic molecules will increase 
their activities towards serotonin transporter and 5-HT autoreceptors with the potential 
goal to alleviate the disruptive repetitive behaviors associated with autism spectrum 
disorder. In this direction, we developed a reliable protocol for structurally diverse and 
functionalized N-substituted piperazines. 
 
Herein, we present a robust and efficient amination route to synthesize N-substituted 
piperazines, primary and secondary amines and anilines via nucleophilic aromatic 
substitution. This amination route utilizes isopropyl alcohol as the sole reagent/solvent. 
The high yields, lack of side reactions, wide range of substitutions, and the short 
reaction times, make them highly attractive over the existing reaction methodologies. 



The reaction conditions, and the electronic characterization of the successful 
piperazines/anilines will be reported. The applications of the synthesized N-substituted 
piperazines towards the inhibition of serotonergic 5-HT1A and 5-HT1B/1D autoreceptors 
will also be presented. 
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Computational approach for performing medchem transformations within a 3D 
active site 

Michael R. Goldsmith, r.goldsmith@chemcomp.com. 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. 
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Applying extended Huckel theory to pharmacophore modeling 

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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Exploring the role of solvation in drug design and optimization 

Michael L. Drummond1, private.mdrummond@chemcomp.com, Jean-Francois 
Truchon2, Chris Williams1, Paul Labute1. (1) Chemical Computing Group, Montreal, 
Quebec, Canada (2) Vertex Pharmaceuticals, Laval, Quebec, Canada  

There is significant interest in understanding the behavior of water molecules as it 
relates to ligand-receptor interactions. In specific cases, ambiguous and counterintuitive 
SAR seems to be linked to solvent effects. Ligand affinity and specificity appear to be 
influenced by the action of water molecules on the solvated ligand-receptor complex. As 
such, a deeper analysis of solvent effects would expose potential ligand design 
opportunities that were previously not conceivable. Here we report the application of the 
3D Reference Interaction Site Model (3D-RISM) as a potential method to account for 
such solvent effects. 
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Performance of structure based and ligand based virtual screening methods for 
ten selected anticancer targets 

CHELLIAH SELVAM1, chelliahs@tsu.edu, Thilagavathi Ramasamy2. (1) 
Pharmaceutical SCIENCES, TEXAS SOUTHERN UNIVERSITY, Houston, Texas, 
United States (2) Department of Biotechnology, Faculty of Engineering, Karpagam 
University, Coimbatore, India  



Virtual screening has become an integral part of any drug designing process. Structure 
based and ligand based are the two approaches generally used in the virtual screening 
process. To evaluate the performance of virtual screening tool, several benchmark sets 
were designed by different research groups. Such benchmark sets are easily 
accessible. In this work, we report the comparative study on the performance of both 
structure based and ligand based virtual screening methods. We have selected ten anti-
cancer targets and their corresponding benchmark sets from demanding evaluation kits 
for objective in silico screening (DEKOIS) library. For our virtual screening tests against 
the selected anticancer targets in the DEKOIS database, a set of 30 decoys per active 
was used. 40 active ligands for each targets and their corresponding DEKOIS set 
produced 1240 total number of compounds. The X-ray crystal structures of protein-
ligand complexes were selected based on their resolution. Openeye tools such as 
FRED, vROCS were used and the results were carefully analyzed. The comparison 
between ligand-based (vROCS) and structure-based method (FRED) demonstrated that 
the ligand based methods performed superior and thereby it has yielded higher 
enrichment during early retrieval of active compounds at EF1% for 5 out of 7 kinases 
selected. Both the methods performed equally well for the remaining two kinases at 
EF1%. Among the 7 kinases, vROCS yielded a very good enrichment factor i.e. 28.4 for 
B-Raf. Structure based method performed well for B-Raf, p53-binding protein MDM2, 
pim-1, and VAGFR2 targets at 1% enrichment level. 

 



 
 
Fig. 1. Ligand query models with the pharmacophore features generated by vROCS for Aurora A 
kinase inhibitors. Green sphere represents the ring structure, red sphere represents the acceptor 
feature, yellow represents the hydrophobic feature and the blue sphere represents the donor 
feature. 
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Scaffold hopping: Balancing novelty, accessibility, and physicochemical 
properties 

Tim Cheeseright, tim@cresset-bmd.com, Susana Tomásio, Paolo Tosco, Mark 
Mackey. Cresset, Litlington, 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 which has 
been extended to include R-group replacement. The approach uses a database of 
molecule fragments or available reagents to suggest replacements that maintain the 
shape and electrostatic character of a known active molecule. 
 
However, for both of scaffold hopping and R-group replacement activity is not the only 
requirement for any suggested replacement. To be useful they must be synthetically 
accessible and must fall within the window of acceptable physicochemical properties for 
the project. The task of ranking scaffold hops or bioisosteric replacements is thus one of 
multi-parameter optimisation, where several often-competing requirements have to be 
considered simultaneously. 
 
In this poster we suggest methods to address these issues with reference to case 
studies of both scaffold hops and R-group replacements. Synthetic accessibility can be 
handled by tying the bioisostere search to addressable chemistry space, utilising the 
chemist’s knowledge of what synthetic routes are feasible to guide the search. The best 
guide of novelty in a scaffold-hopping situation is the experience of the user: what other 
scaffold are known in the literature or in patents? To this end, we suggest a clear and 
minimal user interface to allow rapid triage of large result lists. Finally, assessing results 
in the light of physicochemical and predicted ADMET requirements can be achieved 
through a configurable radar plot giving clear visual feedback on how close any 
suggested replacement is to the ideal. 
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Discovery of KSI-6666, a novel S1P1 antagonist for the treatment of autoimmune 
disease 

Yusuke Ohsawa, yuusuke_oosawa@pharm.kissei.co.jp, Hitoshi Inoue, 
hitoshi_inoue@pharm.kissei.co.jp, Takayuki Suzuki, Yuya Maruyama, Kohsuke Ohno, 
Nobuhiko Arisaka, Shinichi Muto, Yuji Okuhara, Morimichi Hayashi, Akitoshi Yamamoto, 
Kouichi Kaidoh, Harunobu Mukaiyama, Masahiro Hiratochi. Research and 
Development, Kissei Pharmaceutical Co.,Ltd., Azumino-City, Nagano, Japan  

Sphingosine-1-phospate (S1P) plays critical roles in regulation of cardiovascular, 
immune and nervous systems via S1P receptor 1 (S1P1). We have recently discovered 
a novel S1P1 antagonist, KSI-6666, which had potent and highly selective inhibitory 
activity for S1P1 in vitro with desirable pharmacokinetic profiles. In rats and cynomolgus 



monkeys, KSI-6666 significantly induced peripheral blood lymphopenia, almost equal to 
that induced by fingolimod (Gilenya), an S1P receptor agonist. 
The therapeutic efficacies of KSI-6666 were evaluated in two rodent models of 
autoimmune diseases, an inflammatory bowel disease (IBD) model induced by adoptive 
transfer of CD45RBhigh naive T cells and experimental autoimmune encephalomyelitis 
as a model of multiple sclerosis (MS). Administration of KSI-6666 (15 mg/kg, po, b.i.d.) 
significantly improved the clinical symptoms associated with autoimmune disorder in 
both models. Especially, in the case of IBD model, the histological scores and the level 
of inflammatory cytokines were also normalized in KSI-6666-treated group. 
Fingolimod, approved as a drug for the treatment of MS, has special attention to a 
serious bradycardia caused by the activation of S1P1. It was also confirmed in the 
present study fingolimod (0.03 mg/kg, iv) evoked a reduction of heart rate in guinea pig, 
but KSI-6666 (even at 30 mg/kg, iv) did not affect it. Meanwhile, it has been reported 
that antagonism of S1P1 induces pulmonary vascular leakage. Therefore, we performed 
safety study with repeated oral administration of KSI-6666 for 4 weeks in rats. Although 
pulmonary vascular leakage was observed at 1 week after the first administration, the 
degree of severity was relieved after that. Furthermore, we did not find any signs of 
fibrosis in lung histopathology during the study period. 
This presentation will disclose the chemical structure and preclinical characterization of 
KSI-6666. 
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Discovery of a new indole-based group IVA cytosolic phospholipase A2 inhibitor 
as a promising drug candidate for treatment of respiratory diseases 

Toshiyuki Tomoo, tomoo.toshiyuki.fg@asubio.co.jp, Takashi Nakatsuka, Toyoko 
Katayama, Yasuhiro Hayashi, Yusuke Fujieda, Maki Terakawa, Kazuhiro 
Nagahira. Asubio Pharma Co.,Ltd., Kobe, Hyogo, Japan  

Group IVA cytosolic phospholipase A2 (GIVA cPLA2, cPLA2α) is a key enzyme of the 
inflammatory cascade. Therefore, inhibitors of GIVA cPLA2 are considered as attractive 
treatment options in the management of inflammatory diseases. Although considerable 
efforts in the development of clinical usable inhibitors of GIVA cPLA2 have been made 
by researchers in industry and academy for a couple of decades, no such substance 
has been commercialized up to now. The conventional GIVA cPLA2 inhibitors showed 
significant potency for the inhibition of the enzyme, but they had problems of low 
bioavailability due to their long alkyl side chains or large hydrophobic substituents in the 
molecule. 
Based on the crystal structure of a hit compound from our compound library, we 
originally designed a new series of indole-based small molecular GIVA cPLA2 inhibitors, 
3-(1-aryl-1H-indol-5-yl)propanoic acids, which don’t have such unprofitable characters in 
their structure. In this study, we summarize hit-to-lead optimization of our new inhibitors 
that demonstrate nanomolar inhibitory potency against this enzyme with good cellular 
activity. PK profiles and the oral efficacies in animal models for the selected inhibitors 
are also described. ASB14780, one of the selected inhibitors, showed good oral 



efficacy in asthma model using guinea pig, which means this new inhibitor is a very 
promising drug candidate for the treatment of respiratory diseases. 
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Controlled-release mechanism for sulfur mustard anti-inflammatory drugs based 
on polyamine platform 

Carl J. Lacey1, Jaya Saxena1, Christophe D. Guillon1, chg3@lehigh.edu, Gabriella M. 
Composto2, Laurie B. Joseph2, Diane E. Heck3, Jeffrey D. Laskin4, Ned D. Heindel1, 
ndh0@lehigh.edu. (1) Chemistry, Lehigh University, Bethlehem, Pennsylvania, United 
States (2) Pharmacology and Toxicology, Rutgers University Ernest Mario School of 
Pharmacy, Piscataway, New Jersey, United States (3) Environmental Health Science, 
New York Medical College, Valhalla, New York, United States (4) Environmental & 
Occupational Medicine, Rutgers University, Robert Wood Johnson Medical School, 
Piscataway, New Jersey, United States  

A new class of terpene and vanilloid anti-inflammatory agents, conjugated to a 
polyamine backbone, has proven to be highly effective in suppression of chemically-
induced inflammation by topical application. While amides of spermidine and spermine 
are stable under physiological conditions, carbamates of these polyamines proved 
capable of slowly releasing pharmacologically active phenols conjugated through 
carbamate linkages. Choice of pH, media polarity, temperature, and structure of the 
linked pharmaceutical, controlled the rate of appearance of the free drug. Phorbol 
acetate, chloroethyl ethyl sulfide, and sulfur mustard have been used as the irritants in a 
rodent model and >85% suppression of erythema/edema has been achieved in an 
ointment prepared from these polyamine conjugates. 
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Synthesis and anti-inflammatory activity of three nitro chalcones 

Abraham Gómez Rivera1, abgori@gmail.com, Carlos E. Lobato Garcia1, Hidemi 
Aguilar Mariscal2, Nancy Romero Ceronio1. (1) Division Academica de Ciencias 
Basicas, Universidad Juarez Autonoma de Tabasco, Villahermosa, Tabasco, Mexico (2) 



Division Academica de Ciencias de la Salud, Universidad Juarez Autonoma de 
Tabasco, Villahermosa, Tabasco, Mexico  

The aim of this study was to synthesize three nitro substituted chalcones and to 
evaluate their anti-inflammatory activity in the model of carrageenan induced edema in 
rats. The nitro chalcone were prepared by aldol condensation using of mechanical 
agitation and environmentally friendly solvents with 72-73% yields in approximately 2 
hours. The three structures were evaluated on biological activity at dose of 200 mg/Kg 
and they showed anti-inflammatory protective effect by both oral and intraperitoneal 
administration, this effect was time dependent. 
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Microwave assisted synthesis, pharmacological activities, and molecular docking 
studies of Ethyl 2-substituted-4-(2-thienyl) thiazole-5-acetates 

Mahesh Attimarad, mattimarad@gmail.com, Mohammed A. Khedr, Bander E. 
AlDubaib. College of Clinical Pharmacy, Al-Ahsa, Saudi Arabia  

A series of ethyl 2-arylamino-4-(2-thienyl)thiazole acetates (5a-5k) and ethyl 2-
(arylhydrazino)-4-(2-thienyl)thiazole acetates (9a-9g) were synthesized and screened 
for their anti-inflammatory, analgesic and antioxidant activities. It is evident from invivo 
test results that, the compounds with halogen substitution (5c, 5g, 5h, 5i and 5j) at para 
position on 2-aryl amino group exhibited good anti-inflammatory and analgesic activities 
similar to that of indomethacin and aspirin respectively. The ethyl 2-(arylhydrazino)-4-(2-
thienyl)thiazole acetates (9a-9g) showed good anti-oxidant activity than compounds 5a-
5k comparable to ascorbic acid. However, these compounds showed moderate to weak 
anti-inflammatory and analgesic activities. A molecular docking study was performed to 
predict the possible binding modes on cyclooxygenase-1 (COX-1) and COX-2 for the 
tested compounds. Good correlation was observed between anti-inflammatory activity 
of compounds and the results of binding modes in COX-2. 
 
Figure 1: The lipophilicity map of the binding site of COX-2 enzyme along with most 
active compounds (5c, 5g, 5h, 5i and 5j), showing the appropriate fitting and active site 
[more lipophilic parts in red, hydrophilic parts in blue and moderate lipophilic parts in 
orange]. 
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Toward a bioisosteric alkahest: Targeting the human dehydroorotate 
dehydrogenase (hDHODH) by a scaffold hopping bioisosteric approach using 
hydroxylated pentaatomic heterocycles 

Marco L. Lolli, marco.lolli@unito.it. Science and Drug Technology, University of Turin, 
Torino, Italy  

Bio(iso)steric replacement is a powerful tool for the Medicinal chemist [1]. Two 
functional groups should be called isoster if they share similar physico-chemical 
properties and bioisosters if they have the same biological profile. It could be said that 
while chemistry rules the isosteric similarity between groups, only the biological target 
will be able to answer positively to the following bioisosteric hypothesis. In recent years 
[2] our group at DSTF is directing its efforts towards the investigation of a general tool 
able to mimic the carboxyl group in a universal “alkahest” way. Instead of deeply 
investigating a single moiety, we focused our attention on a pool of over ten acidic 
hydroxylated pentatomic heterocyclic systems. The result of such affords was the 
development of a flexible tool capable to be adapted to the requirements of different 
targets both in terms of acidity as well as general chemio-physical profiles. In this 
occasion is presented a first successfully application of this approach directed toward 
the development of potent human Dihydroorotate Dehydrogenase (hDHODH) inhibitors, 
as possible immunosuppressive agents. Starting from structural information rising from 
both Brequinar and A771726, the Lefluonimde metabolite, a scaffold hopping approach 
using our heterocyclic panel afforded models in the low nM range on hDHODH.  
 
[1] Meanwell NA. Synopsis of some recent tactical application of bioisosteres in drug 
design. J Med Chem. 2011, 54(8), 2529-91. 
[2] Lolli, M.L.; Giorgis, M.; Tosco P., Foti A., Fruttero, R.; Gasco, A New inhibitors of 
dihydroorotate dehydrogenase (DHODH) based on the 4-hydroxy-1,2,5-oxadiazol-3-yl 
(hydroxyfurazanyl) scaffold Eur. J Med Chem. 2012, 49, 102-109 
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Discovery of thienopyrimidinones as a new series of potent phosphodiesterase 7 
inhibitors 

Yusuke Endo, endo_yusuke@kaken.co.jp, Kentaro Kawai, Takeshi Asano, Seiji 
Amano, Keisuke Sawada, Keiji Ogura, Noriko Ueo, Nobuaki Takahashi, Yo Sonoda, 
Mika Nagai, Noriyuki Kamei. Kaken Pharmaceutical Co.,Ltd., Kyoto, Japan  

Phosphodiesterase 7 (PDE7) is an enzyme that selectively hydrolyzes cAMP. Currently, 
PDE7 is considered to be a possible target for treating inflammatory diseases. 
We report herein the identification of a new thienopyrimidinone series as potent and 
selective PDE7 inhibitors. 
Thienopyridmidinone hits were discovered to be the most potent compound series from 
our chemical library. 
Computer modeling of the hits revealed three key interactions with PDE7. We 
developed synthetic strategy to obtain a lead compound maintaining the interactions. In 
addition, to obtain a desirable lead, ligand efficiency was used as an important metric. 
As a result of the study, we obtained a potent and selective lead compound with high 
ligand efficiency. We carried out further modifications starting from the lead. The 
introduction of asymmetric substituents led to more soluble compounds with good PDE7 
potency. The compounds were tested in phorbol ester-induced mouse ear edema 
model and exhibited good potency. 
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Development of fluorescent affinity probes for the P2Y14 G protein-coupled 
receptor 

Evgeny Kiselev2, ekiselev82@gmail.com, Matthew Barrett1, Eva Hammes2, Vsevolod 
Katritch3, Ramachandran Balasubramanian2, Andrew Yin2, Silvia Paoletta2, Calrissa 
Weitzer1, Qiang Zhao4, Raymond Stevens3, T. Kendall Harden1, Kenneth Jacobson2. (1) 
Department of Pharmacology, University of North Carolina, Chapel Hill, North Carolina, 
United States (2) Molecular Recognition Section, Laboratory of Bioorganic Chemistry, 
National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of 
Health, Bethesda, Maryland, United States (3) Department of Integrative Structural and 
Computational Biology, The Scripps Research Institute, La Jolla, California, United 
States (4) CAS Key Laboratory of Receptor Research, Shanghai Institute of Materia 
Medica, Chinese Academy of Sciences, Shanghai, China  

The P2Y14R is a Gi/o-coupled receptor, a member of the P2Y family of purinergic 
receptors, which is activated by extracellular UDP and UDP-glucose. The development 
of fluorescent affinity probes for P2Y14R will be described. The structure of P2Y14R was 
modeled based on recent P2Y12R X-ray structures (45% sequence identity). Analogues 
of potent and selective antagonist PPTN and nucleotide agonists were docked into the 
P2Y14R homology model to determine sites suitable for fluorophore conjugation. 
Subsequently, the antagonist PPTN (a 2-naphthoic acid derivative) and agonist UDP-
glucuronic acid (UDPGA) were modified with appropriate linkers and conjugated to 



fluorescent moieties through alkyne-azide click reaction or amide coupling. As a result, 
two of the fluorescent conjugates, an AlexaFluor488 conjugate of functionalized PPTN 
(MRS4174, Ki 80 pM in cyclic AMP functional assay) and BODIPY conjugate of UDPGA 
(MRS4183) were found to bind specifically to the P2Y14R expressed in CHO cells. The 
cell binding of both agonist and antagonist fluorescent conjugates was inhibited by other 
known P2Y14R agonists and antagonist PPTN. The level of fluorescence binding 
inhibition seems to correlate with the relative potencies of competing ligands. The 
further studies of these ligands with regard to fluorescence binding and receptor 
pharmacology as well as their suitability for ligand affinity screening are currently 
underway. The success in the identification of new P2Y14R fluorescent ligands 
illustrates the advantages of rational design based on homology modeling and 
highlights the value of X-ray structures to the medicinal chemistry of GPCRs. 
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Design, evolution, and in vivo profile of a novel series of GPBAR 1 agonists for 
the treatment of diabetes and metabolic syndrome 

Ravi Kurukulasuriya1, ravi.kurukulasuriya@merck.com, Shrenik K. Shah1, James 
Dellureficio1, Selena Fung1, Liangqin Guo1, Jason Szewczyk1, Maria Trujillo3, Ravi P. 
Nargund2, William K. Hagmann4, Alessandro Pocai4, Robert J. Devita5. (1) Medicinal 
Chemistry, Merck, Boston, Massachusetts, United States (2) K15-F220, Merck Co Inc, 
Kenilworth, New Jersey, United States (3) Pharmacology, Merck, Rahway, New Jersey, 
United States (4) Merck, Westfield, New Jersey, United States  

GPBAR1 (TGR5), a G protein coupled bile acid receptor, represents an important 
signaling pathway for regulating energy homeostasis and metabolic control. Activation 
of GPBAR1 stimulates cAMP production in both adipose tissue and enteroendocrine 
cells leading to an increase in mitochondrial function and GLP-1 secretion in the 
respective tissues. Herein, we report our efforts on GPBAR1 receptor agonists that led 
to the discovery of a potent series of heterocyclic linked di-aryl compounds with 
balanced activity on both human and mouse receptor. Lead optimization, SAR, in vitro 
potency and in vivo efficacy will be discussed. 
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Discovery of novel small molecule inhibitors of monoacylglycerol acyltransferase 
2 (MGAT2) 

Masatsugu Noguchi2, nog0913@gmail.com, Wataru Miyanaga2, Takahiro Koshiba1, 
Atsushi Tsuruta2, Yukio Iino2, Ippei Kawanish2, Amane Kanagawa2, Sen Takeshita2, 



Nozomu Ishida2, Yoichiro Shima2, Atsushi Konishi1, Koji Ohsumi1, Keigi Chin1. (1) 
Ajinomoto Co., Inc., Kawasaki-shi, Kanagawa, Japan (2) Ajinomoto Pharmaceuticals 
Co., Ltd., Kawasaki-shi, Kanagawa, Japan  

Monoacylglycerol acyltransferase 2 (MGAT2) is one of the key metabolic enzymes in fat 
absorption in the intestine. Triacylglycerol, a main constituent of dietary fat, is digested 
into monoacylglycerol and fatty acid by pancreatic lipase in intestinal lumen and 
absorbed into small intestinal epithelial cells, in which they are resynthesized into 
triacylglycerol to be excreted into portal blood as chylomicron. MGAT2 catalyzes the 
first step of the triacylglycerol resynthesis where monoacylglycerol and fatty acyl-CoA 
are converted into diacylglycerol. Therefore, MGAT2 activity is assumed to be crucial for 
dietary fat absorption. Several studies using gene knockout techniques have also 
suggested that MGAT2 is an attractive target for the treatment of obesity and metabolic 
syndrome. 
We have successfully identified novel small molecule inhibitors against human MGAT2 
with IC50 values of 10nM or less as a result of structural optimization. Repeated oral 
administration of these compounds showed significant anti-obesity effects with once 
daily doses of 3 to 10 mg/kg in the diet-induced obesity (DIO) mouse model. 
In this presentation, SAR study and their preclinical characterization, including in vitro / 
in vivo pharmacology, ADME and safety profile, will be discussed. 
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Benzothiazolyl substituted iminothiazolidinones and benzamido-oxothiazolidines 
as potent and partly selective aldose reductase inhibitors 

Jamshed Iqbal, drjamshed@ciit.net.pk. Centre for Advanced Drug Research, 
COMSATS, Institute of Information Technology, Abbottabad, Abbottabad, Pakistan  

Regardless of gradually more sophisticated treatments for diabetes mellitus, ultimate 
development of tissue damaging complications in patients was seen which may result in 
high number of morbidity and mortality. Novel oxothiazolidine benzoate and acetate 
derivatives were synthesized and evaluated in vitro as aldehyde reductase (ALR1) and 
aldose reductase (ALR2) inhibitors. Compounds displayed significant activity against 
aldose reductase. Putative binding modes of selected inhibitors were explored by 
docking into the active site of theALR2. Preferred putative binding modes were in 
accord with the in vitro inhibition studies. These compounds can be further modified to 
optimize ALR2 inhibitors and their selectivity over ALR1 for the prevention and 
treatment of diabetic complications. The new aldose reductase inhibitors are thought to 
represent useful lead structures for the generation of candidate compounds to target a 
number of pathological conditions, most notably the long-term diabetic complications. 
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Design and bioevaluation of novel human 4-hydroxyphenylpyruvate dioxygenase 
inhibitors 



hongyan lin, 913975503@qq.com, Guang-Fu Yang, Wen-Chao Yang. College of 
Chemistry, Central China Normal University, Wuhan, Hubei, China  

(4-Hydroxyphenyl)pyruvate dioxygenase (HPPD) is a non-heme Fe(II) enzyme that 
catalyzes the conversion of (4-hydroxyphenyl)pyruvate (HPP) to homogentisate as part 
of the tyrosine catabolism pathway. Inhibition of HPPD by the triketone 2-[2-nitro-4-
(trifluoromethyl)benzoyl]- 1,3- cyclohexanedione (NTBC) is used to treat type I 
tyrosinemia. In the present study, we elucidated the structure-based design of series of 
pyrazolone derivatives as novel potent human HPPD inhibitors. Among those new 
inhibitors, compound 2e with K i value of 0.88 nM was identified as the most promising 
herbicide candidate, significantly more potent than the commercially available HPPD 
inhibitor NTBC. To our knowledge, this is the first HPPD inhibitor with a potency of 
subnanomolar K i value discovered through structure-based design. The subsequent 
mechanism study based on molecular modeling and site-directed mutagenesis 
indicated that, 2e strongly binds in HPPD through notable hydrophobic interaction, π-π 
interaction and chelation. 
References: 
1. Kyung Hee Kim, Maike Petersen. Plant Science 2002,163, 1001-1009 
2. Kayunta Johnson-Winters, Vincent M. Purpero, Michael Kavana, Tamara Nelson, and 
Graham R. Moran*. Biochemistry 2003, 42, 2072-2080 
3. Alphonso A. Amaya, Kotanee T. Brzezinski, Natasha Farrington, and Graham R. 
Moran*. Archives of Biochemistry and Biophysics 2004,421. 135–142. 

 



 
 
Figure  Simulated binding mode of 2e. 
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Targeting integrin αvβ3 receptors with multivalent RGD peptidomimetics 



James L. Teh1, teh.j@husky.neu.edu, Robert N. Hanson1, Srinivas Sridhar2. (1) 
Chemistry and Chemical Biology, Northeastern University, Boston, Massachusetts, 
United States (2) Electronic Materials Research Institute and Department of Physics, 
Northeastern University, Boston, Massachusetts, United States  

As part of our program to develop selectively targeted imaging and therapeutic agents 
for cancer, we have undertaken the preparation of specifically modified ανβ3 integrin 
receptor ligands. It is known that overexpression of these receptors on cancer cells is a 
hallmark of aggressive and metastatic behavior, and the targeted delivery of therapeutic 
drugs to these cells would enhance efficacy and reduce off-target toxicity. Our research 
design involved identification of a high affinity, ανβ3 integrin receptor selective RGD-
peptidomimetic as a targeting groups and a variety of payloads, including imaging and 
therapeutic agents. To enhance selectivity and affinity, we chose to introduce a (1-> 3) 
Newkome-type Dendron to provide trivalency. Each compound could be ligated to the 
other using heterobifunctional linkers and chemoorthogonal conjugation reactions. We 
will describe the synthesis of the RGD-peptidomimetic and its control analog, the 
modified trivalent Newkome Dendron, and the assembly to form the prototypical 
targeted probe bearing a fluorescent dye. Biological results in cancer cells will also be 
described. 
This work is supported by IGERT fellowship (NSF DGE 0965843). 

 

 
 
Newkome-type dendron functionalized with RGD/RG peptidomimetics. 
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Design, synthesis, topoisomerase I and II inhibitory activity, cytotoxicity, and 
structure-activity relationship study of novel 2-phenyl-4-aryl indenopyridines 



Ganesh Bist2, ganesbist@gmail.com, Tara M. Kadayat2, Til Bahadur Thapa Magar2, 
Aarajana Shrestha2, Youngjoo Kwon1, Eung-Seok Lee2. (1) Ewha Womans University, 
Seoul, Korea (the Republic of) (2) College of Pharmacy, Yeungnam University, 
Kyongsan, Kyongbuk, Korea (the Republic of)  

DNA topoisomerases have been established as molecular targets of anticancer drugs. 
Our previous research group had synthesized several conformationally constrained rigid 
analogs of 2,4,6-trisubstituted pyridine such as 5,6-dihydrobenzo[h]quinolone, 5H-
chromeno[4,3-b]pyridine, 5,6-dihydro[1,10]phenanthroline, 5,6-dihydrothieno[2,3-
h]quinolone, and benzofuro[3,2-b]pyridines, and they showed considerable topo I and II 
inhibitory activities, and cytotoxicity against several human cancer cell lines. It has been 
reported that compounds containing indenopyridine moiety showed several biological 
activities such as anticancer and anti-inflammatory activity Therefore, we designed and 
synthesized 2-phenyl-4-aryl indenopyridines, and evaluated their topoisomerase 
inhibitory activity as well as their cytotoxicity against several human cancer cell lines. 
Generally, compounds containing furyl or thienyl moiety at 4- position of central pyridine 
exhibited strong and selective topoisomerase II inhibitory activity compared to positive 
control, etoposide in low micromolar range. The structure-activity relationship study 
demonstrated the compounds with hydroxyl group at meta position of 2-phenyl ring 
displayed significant topoisomerase II inhibitory activity. Positive correlation between 
cytotoxicity and topoisomerase II inhibition was observed for compounds 12, and 26-29. 
 
Keywords: 2-phenyl-4-aryl indenopyridines, Anticancer agents, Topoisomerase I and II 
inhibitor, Cytotoxicity 
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Importance of side chain orientation on large macrocycles: Structure activity 
relationship of sanguinamide B analogs on colon cancer HCT-116 cells 

Adrian Pietkiewicz, a.pietkiewicz@student.unsw.edu.au, Hendra Wahyudi, Jeanette 
McConnell, Shelli McAlpine. University of New South Wales, Kingsford, New South 
Wales, Australia  

Natural product macrocycles have been studied for their biological activity, and some 
have shown potential as novel anti-cancer therapeutics. Macrocycles possess several 
advantages over linear peptides including: a more rigid conformation, the ability to bind 
to their target effectively, and they have lower rates of degradation by proteases. One 
particular macrocycle, Sanguinamide B (SanB) contains an unusual 4,2-linked-oxazole-
thiazole moiety, and its analogues have the potential to be biologically active. These 
linked azole pairs are thought to play an important role in biological activity, as these 
groups are also present in a number of cytotoxic macrocycles. The McAlpine group 
synthesized numerous SanB derivatives that were cytotoxic against the colorectal 
cancer cell line HCT-116, with the most potent being SanB-14 (IC50 = 15.9 ± 1.3μM), 
which contained an L-leucine, D-phenylalanine and a Cbz-lysine group.1 This molecule 
was identified to bind to the ribosome, and block protein synthesis. Our work will 



discuss SAR the on SanB-14, whereby we modify amino acid residues on this 
macrocycle, and incorporate new functional groups. We discovered two new molecules, 
SanB-25 and SanB-26 (IC50 = 16.1 ± 0.8μM and 11.2 ± 3.0μM). We concluded that 
specific amino acid stereochemistry dictates SanB’s biological activity, and outweighs 
the impact of the actual side chain structure.2 
1. W. Tantisantisom, D. M. Ramsey and S. R. McAlpine, Org. Lett., 2013, 15, 4638-
4641. 
2. A. Pietkiewicz et al., Tetrahedron Lett., 2014, In press 
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Synthesis, characterization, and in vitro anticancer activity of quinolylmethyl- and 
napthylmethyl-substituted imidazolium salts 



Patrick O. Wagers, pow1@zips.uakron.edu, Michael DeBord, Matthew J. Panzner, 
Claire Tessier, Wiley J. Youngs. Chemistry, The University of Akron, Akron, Ohio, 
United States  

A large library of hydrophobic imidazolium salts has been synthesized and 
characterized, and several of the compounds have displayed moderate to high 
antitumor activity against a variety of non-small cell lung cancer cell lines – NCI-H460, 
NCI-A549, NCI-H1975 and HCC827 – in vitro. The efficacy appears to be strongly 
related to the inclusion of aromatic, planar substituents in the N1 and N3 positions of the 
imidazole ring and the overall hydrophobic nature of the salts. Substiuents of this nature 
have included derivitzied naphthylmethyl and quinolylmethyl groups. The inhibitory 
concentration (IC50) values of these imidazolium salts, as determined by the MTT 
assay, fall in a clinically achievable range and are comparable to current cancer 
therapeutics, i.e. cisplatin. The imidazole molecule presents a template that can be 
modified by standard synthetic techniques, allowing the chemist to easily modify the 
properties of the imidazolium salts so as to probe structure-activity relationships or add 
beneficial solubilizing or targeting groups to the salts. We report the synthesis, 
characterization, and in vitro anticancer activity of select imidazolium salts from our 
library, demonstrating their potential as new therapeutic agents for the treatment of non-
small cell lung cancers. 

 



 



 
Crystal structure of a bis-quinolylmethyl-substituted imidazolium salt. 



 



 
MTT assay is used to determine cell viability. 
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Development of novel casein kinase 1 nhibitors 

Richard L. Schroeder1, rschroeder203@gmail.com, Nancy A. Pham1, Phan Tram1, 
Treasure Stone1, Kathy Nguyen1, Jasmine Geathers1, Don Q. Nguyen1, Elena 
Skripnikova2, Melyssa R. Bratton2, Jayalakshmi Sridhar1. (1) Chemistry, Xavier 
University of Louisiana, New Orleans, Louisiana, United States (2) College of 
Pharmacy, Xavier University of Louisiana, New Orleans, Louisiana, United States  

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder associated with 
the accumulation of the neurotoxic peptide Amyloid β (Αβ). Casein kinase 1 family 
comprises of eight isozymes, two of which CK1δ and CK1ε are predominantly 
expressed in the brain. CK1δ plays a critical role in AD through phosphorylation of tau, 
a protein associated with microtubules, which precedes neuritic lesion formation, 
implicating CK1δ in the tau fibrillization reaction pathway. CK1δ has been reported to be 
associated with pathological accumulation of tau in several neurodegenerative diseases 
including AD, Down syndrome, progressive supranuclear palsy, and parkinsonism 
dementia complex of Guam. Inhibition of CK1δ has been shown to reduce fibrillar 
lesions and to inhibit Aβ production. Our recent work investigating quinones as kinase 
inhibitors revealed a quinone compound that inhibited CK1δ and Pim1 kinase 
preferentially over CK1γ2 and 98 other human protein kinases. Similarity search and 
preliminary in-vitro CK1δ kinase inhibition assay have yielded a few compounds with 
good potency. 
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Synthesis and biological evaluation of novel naphthoquinones as HER2 inhibitors 
for the treatment of trastuzumab resistant breast cancer 

Richard L. Schroeder1, rschroeder203@gmail.com, Mary E. Sfondouris3, Melyssa R. 
Bratton4, Nancy A. Pham1, Phan Tram1, Treasure Stone1, Kathy Nguyen1, Jasmine 
Geathers1, Don Q. Nguyen1, Cheryl L. Stevens5, Frank E. Jones3, Jayalakshmi 
Sridhar2. (1) Chemistry, Xavier University of Louisiana, New Orleans, Louisiana, United 
States (3) Cell and Molecular Biology, Tulane University, New Orleans, Louisiana, 
United States (4) Cell and Molecular Biology Core, Xavier University of Louisiana, New 
Orleans, Louisiana, United States (5) Ogden College of Science and Engineering, 
Western Kentucky University, Bowling Green, Kentucky, United States  

Overexpression of the human epidermal growth factor receptor 2 (HER2) is responsible 
for nearly 15-30% of breast cancers, and is associated with aggressive metastasis 
resulting in poor patient survival. Current treatment options including the monoclonal 
antibody targeted therapy, trastuzumab (Herceptin®), usually results in acquired 



resistance within a year. The dual EGFR/HER2 kinase inhibitor lapatinib 
(Tykerb/Tyverb®) showed promising phase II results, but a recent phase III trial found 
no significant advantage to single-agent lapatinib treatments over trastuzumab 
treatments alone. Recently our group developed 4 novel naphthoquinones highly 
effective at promoting cell death and auto-phosphorylation inhibition of the Y1248 
residue in breast tumor cells, as well as trastuzumab resistant oncogenic isoform 
HER2Δ16 cells. In the initial high-throughput assay, all 4 compounds showed significant 
inhibition of the MCF7-HER2, MCF7-HER2Δ16 cell lines. The synthesis and biological 
activity of naphthoquinones targeting the HER2 kinase domain are presented. 
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Anthracenyl isoxazole amides (AIMs) stabilize quadruplex DNA structures in 
telomeric and c-MYC promotor sequences 

Sascha Stump, sascha.stump@umontana.edu, Matthew J. Weaver, Nathan S. 
Duncan, Alison K. Kearns, Nicholas R. Natale, Howard D. Beall. University of Montana, 
Missoula, Montana, United States  

The anthracenyl isoxazole amides (AIMs) have been demonstrated to possess anti-
tumor activity in the NCI-60 cell line panel and inhibit growth of SNB-19 glioblastoma 
cells at low micromolar and nanomolar concentrations. Our working hypothesis is that 
the mechanism of growth inhibition is through binding of quadruplex DNA. Various 
promoter sequences, such as the c-MYC oncogene promoter, and repeating sequences 
formed at the end of telomeres adopt quadruplex structures. Ligands that stabilize this 
conformation have been reported to modulate expression of genes and inhibit 
telomerase activity. The objective of this research is to elucidate the underlying 
mechanism of the anti-tumor activity of the AIMs. This work focused on utilizing circular 
dichroism (CD) spectroscopy thermal melting studies to establish whether interactions 
between the AIMs and various quadruplex-forming sequences act to stabilize the 
quadruplex tertiary structure. Our results demonstrated the AIMs (2 equiv.) increase the 
melting temperature (Tm) of the c-MYC promoter and telomeric sequences both by 
approx. 2°-3° C with strong statistical significance. This method allows the use of low 
micromolar concentrations of DNA and will be used in the future to rapidly develop 
structure-activity relationships between novel AIMs and quadruplex forming sequences. 
Our laboratory has also shown chemical shifts in the imino region upon treatment with 
the AIMs for both the c-MYC promotor and telomeric sequences by NMR. Additionally, 
fluorescence microscopy of SNB-19 cells treated with AIMs show their localization is 
primarily in the mitochondria, and mitochondrial DNA contains several quadruplex 
sequences of interest. Mitochondrial-dependent apoptosis has been suggested for other 
quadruplex ligands and therefore our future work will examine the potential stabilization 
of mitochondrial quadruplexes by these and other novel AIMs. 
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Design, synthesis, and biological screening of novel estrone analogs toward 
treatment of hepatocellular carcinoma 

Mater Mahnashi, mater.mahnashi@sdstate.edu. South Dakota State University, 
Brookings, South Dakota, United States  

Cucurbitacins (Cucs) are natural product with highly oxygenated tetracyclic triterpenes 
produced mostly by Cucurbitaceae. They are known for their therapeutic efficiency with 
different biological activities, such as anti-inflammatory, hepatoprotective and anti-
cancer targeting different types of cancer. Hepatocellular carcinoma (HCC) is the third 
leading cause of death worldwide. Previous reports have shown the ability of cucs to 
inhibit the growth of HepG-2 (hepatocellular carcinoma) cell lines significantly. Structural 
activity relationship studies suggested the potential of the 23, 24 enone side chain of 
Cucs to bind to the Epidermal Growth Factor Receptor (EGFR). Due to the limited 
quantities of cucs upon isolation and the challenges of total synthesis of Cucs, therefore 
estrone skeleton was used as a starting scaffold to synthesize cucs like structures 
targeting HCC. Molecular docking of estrone analogs study was conducted using 1M17 
(EGFR receptor) co-crystallized with Erolitinib (known EGFR inhibitor anti-cancer 
agent). Several analogs were identified for synthesis. Two novel steroidal analogs (Fig 
1, 2) were synthesized by installing the cucs side chain. The novel analogs showed a 
comparable affinity to the receptor based on the docking study the synthesized estrone 
analogs showed hydrophobic filling the binding pocket of EGFR and hydrogen bonding 
interactions. This work will open novel frontiers towards investigating insertion of 
functional groups to be synthesized, followed by in-vitro biological screening. 
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Synthesis, structure-activity relationship (SAR) study, and mode of action study 
of cationic triazole analogs of 1,4-naphthoquinone: A new class of highly potent 
anticancer agent 

Jaya P. Shrestha, jpshrestha@aggiemail.usu.edu, Cheng-Wei T. Chang. Utah State 
Univ, Logan, Utah, United States  

Our laboratory is dedicated to synthesis of small molecules containing quinone motif. 
We have already published several cationic 1,4-naphthoquinone analogs that possess 
either antibacterial activities or anticancer activities. Here we discuss synthesis, 
structure-activity relationship, biological activity, and mode of action of a series of novel 
4,9-dioxo-4,9-dihydro-1H-naphtho[2,3-d][1,2,3]triazol-3-ium salt. These cationic 1,4-
naphthoquinone analogs possess a very potent anti-proliferative activities (low mM to 
nM GI50) against a broad range of cancer cells. Low molecular weight, few easy 
synthetic steps, and scalable synthetic protocol make it an ideal candidate for further 
study. The mode of action study has revealed that these cationic 1,4-naphthoquinone 
analogs trigger apoptosis by generating extensive reactive oxygen species (ROS). The 
generation of extensive ROS species causes oxidative stress, decrease in 



mitochondrial membrane potential, depletion of glutathione (GSH), and release of 
caspase-3; which ultimately kills cancer cells by programmed apoptosis. 
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ZMPSTE24 protease inhibitors as senescence agonists for cancer chemotherapy 

Dimitrios Xanthopoulos1, xanthod@gmail.com, Alexios Matralis1, Hugo de Vries1, 
Geneviève Huot2, Gerardo Ferbeyre2, Youla S. Tsantrizos1. (1) Chemistry, McGill 
University, Montreal, Quebec, Canada (2) Biochemistry, University of Montreal, 
Montreal, Quebec, Canada  

ZMPSTE24 is a zinc metalloproteinase responsible for the maturation of the nuclear 
envelope filament lamin A. Lamin A contributes to the structure of nuclei in all 
mammalian cells. Inhibition of ZMPSTE24 leads to accumulation of the farnesylated 
precursor protein, pre-lamin A, leading to premature cell senescence. There is 
increasing interest in drug-induced cell senescence as a new way of combating cancer, 
since unlike apoptosis, cellular senescence is a permanent cell cycle arrest that halts 
tumorigenesis and simultaneously activates an antitumor immune response. 
Accumulation of pre-lamin A is presumed to be responsible for the low incidence of 
cancer in children with progeria and resistance to cancer invasion in zmpste24 knockout 
mice, thus supporting the assumption that ZMPSTE24 is a valuable therapeutic target 
for the treatment of cancer. 
To date, selective inhibitors of ZMPSTE24 have not been identified and structural 
information is limited to one low resolution X-ray structure of the enzyme in complex 
with a substrate-based tetrapeptide. Interestingly, some HIV-1 protease inhibitors were 
accidently found to also inhibit ZMPSTE24 with low micromolar potency. Based on the 
common structural features of these ligands, we initiated SAR studies. A library of 35 
analogs was synthesized and tested in our cell-based assay using immunoblotting to 
detect accumulation of pre-lamin A in osteosarcoma cells (U2OS). We identified 
compounds that cause the accumulation of pre-lamin A and inhibit proliferation of these 
cells, but do not inhibit the proliferation of normal fibroblasts (IMR90). The synthesis and 
biological evaluation of these compounds will be discussed. 

MEDI 308 

Thio-sugars can sensitize human cervixadenocarcinoma (Hela) cancer cells to 
Bleomycin and ROS generator 

Joanna Sarnik2, Anna Czubatka2, 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) Department of Molecular Genetics, University of 
Lodz, Lodz, Poland  

Thio-sugars are biologically active with many important effects, pharmacologically 
distinctive from their oxygen analogs. Additionally, they possess some biological 



properties that made them potentially useful in cancer therapy as they are insensitive to 
carbohydrates degrading enzymes. We demonstrated earlier, that mono- and di-thio-
sugars are cytotoxic on Hela cell line [1]. In the present study, our model thio-sugars 
showed the ability to sensitize HeLa cells to bleomycin treatment. More inspiringly, 
those thio-sugars markedly enhanced the antitumor activity of ROS in HeLa cells. Tert-
Butyl hydroperoxide (t-BuOOH) was employed as ROS generator. Compared to 
treatment with bleomycin and t-BuOOH alone, treatment with combination of thio-sugars 
and bleomycin/ t-BuOOH remarkably inhibited the growth of Hela cells. Our study has 
identified specifically functionalized thio-sugars as a promising sensitizer for cancer 
chemotherapy. 
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Low glucose level enhances the cytotoxicity of CARB-pharmacophore to cancer 
cells 

Anna Czubatka2, 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) Department of Molecular Genetics, University of 
Lodz, Lodz, 90-236, Poland  

Carbohydrates are diverse and complex compounds with many biological functions. 
They are a main source of energy for cells but also could inhibit cellular enzymes or be 
a drug carriers. These properties of carbohydrate are used to develop of new 
carbohydrate-based therapies which are based on novel functionalization of biologically 
active carbohydrates. The common modification of carbohydrates is a specific addition 
of new functional groups which makes them therapeutically useful. In this study we used 
six CARB-pharmacophores representing different sugar moiety including mono-thio-
sugars, 1-4-thio-disaccharides and 4-thiofunctionalized 1,6-anhydro-sugars. They were 
shown to be cytotoxic in normal glucose medium for cancer cells. When glucose is 
lowered, CARB-pharmacophores becomes increasingly cytotoxic to human cervix 
adenocarcinoma (Hela) cancer cells. In low glucose conditions (5 mM), CARB-
pharmacophores were more cytotoxic to Hela cells. When, glucose level was increased 
to 25 mM, cell line become less responsive to CARB-pharmacophores treatment. These 
results clearly suggest that lower glucose level significantly potentiates CARB-
pharmacophores and consequently induce the cell death. The thio-sugar motif appears 
[1] to be a promising lead for future developments, which warrants further investigation. 
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N,N’-bisquinolylmethyl-2-alkyl and N-quinolylmethyl-N’-naphthylmethyl-2-alkyl 
substituted imidazolium salts as potential therapeutics for the treatment of lung 
cancer: Synthesis, characterization, and in vitro anticancer activity 

Michael DeBord, mad151@zips.uakron.edu, Patrick O. Wagers, Matthew J. Panzner, 
Claire Tessier, Wiley J. Youngs. Department of Chemistry, The University of Akron, 
Akron, Ohio, United States  

The synthesis of a series of N,N’-bisquinolylmethyl-2-alkyl and N-quinolylmethyl-N’-
naphthylmethyl-2-alkyl substituted imidazolium salts will be presented. Characterization 
techniques will include 1H NMR, 13C NMR, mass spectrometry, and single crystal X-ray 
crystallography of select derivatives. The anticancer activity against a variety of non-
small cell lung cancer lines (NCI-H460, NCI-H1975, HCC827, NCI-A549) will be 
discussed. Quinolyl derivatives are of interest to aid with increasing the aqueous 
solubility of previous N,N’-bisnaphthylmethyl-2-alkyl substituted imidazolium salts with 
high anticancer activity. Lung cancer is the leading cause of cancer related deaths in 
the United States. Current chemotherapy agents used for the treatment of lung cancer 
include platinum based drugs in combination with organic based drugs. However, the 5 
year survival rate in lung cancer patients remains low when compared with other 
cancers. Napthylmethyl and quionolylmethyl substituted imidazolium salts are promising 
candidates for use as new chemotherapy agents which is necessary for the treatment of 
lung cancer. Finding new therapeutics is essential to increase the survival rate and 
quality of life for lung cancer patients. 
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2,4-Diaryl-indenopyridine derivatives: Design, synthesis, topoisomerase I and II 
inhibition, cytotoxicity, and structure-activity relationship study 

Til Bahadur Thapa Magar1, laphale@hotmail.com, Tara M. Kadayat1, Ganesh Bist1, 
Aarajana Shrestha1, Youngjoo Kwon2, Eung-Seok Lee1. (1) College of Pharmacy, 
Yeungnam University, Kyongsan, Kyongbuk, Korea (the Republic of) (2) Ewha Womans 
University, Seoul, Korea (the Republic of)  

Topoisomerase (topo) II plays crucial role in many nuclear processes that generate 
topological problems. In addition, topo II is the only enzyme available to disentangle the 
topological problems in chromosomes, which must occur during the completion of 
replication, and to decatenate the replicated chromosomes by transiently breaking of 
double strands of DNA. Therefore, many researches are attracted to develop selective 



topo II inhibitors as antitumor agents. Our previous studies showed that 
conformationally constrained rigid analogs of 2,4,6-trisubstituted pyridine containing 5,6-
dihydrobenzo[h]quinoline moiety is important for topo inhibitory activities, and 
cytotoxicity against several human cancer cell lines. Various compounds possessing 
indenopyridine moiety were reported to have anticancer activity. For the development of 
potential anticancer agents, we designed and synthesized 30 new 2,4-diaryl 
indenopyridine derivatives containing aryl moiety such as 2- or 3- furyl, 2- or 3-thienyl, 
2- or 3-pyridyl, and phenyl at 2- or 4- position of central pyridine. They were evaluated 
for topoisomerase I and II inhibitory activity, and cytotoxicity against several human 
cancer cell lines. Among prepared 30 compounds, 7, 8, 9, 10, 12, 14, 16, 19, 20, 22, 
and 23 with 2- or 3-furyl and/or 2- or 3-thienyl either at 2- or 4-position of central 
pyridine showed the significant or moderate topoisomerase II inhibitory activity. 
Compounds 7, 8, 11, 12, 13, and 22 with 2-furyl, 2- thienyl or 3-thienyl at 2-position of 
central pyridine showed the significant or moderate topoisomerase I inhibitory activity. 
Especially, compound 12 with strong topoisomerase II inhibitory activity at 100 µM and 
20 µM, and moderate topoisomerase I inhibitory activity displayed strong cytotoxicity 
against several human cancer cell lines. 
 
Keywords: 2,4-Diaryl indenopyridine; Topoisomerase I and II inhibition; Cytotoxicity; 
Anticancer agents 
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Mechanistic studies of imidazolium salts as antitumor agents 

Marie R. Southerland, mariezie914@yahoo.com, Patrick O. Wagers, Michael DeBord, 
Kerri L. Shelton, Leah Shriver, Sailaja M. Paruchuri, Claire Tessier, Matthew J. 
Panzner, Wiley J. Youngs. Department of Chemistry, The University of Akron, Akron, 
Ohio, United States  

The anti-tumor effects of imidazolium salts on non-small cell lung carcinoma cell lines 
have been previously determined by MTT assay, showing their great potential as future 
chemotherapeutic agents. By varying the substituents on the imidazole, a variety of 
activity levels have been seen, most notably numerous IC50 values are in the single digit 
µM range. Planar substituents on the nitrogen atoms have given rise to compounds with 
great potential. Due to their planar nature, it is proposed that these compounds may 
interact with DNA. The variability in IC50 values of these compounds show that not all 
imidazolium salts behave in the same way. Annexin V staining and fluorescent 
intercalator displacement assays are employed to identify apoptosis and determine the 
level of interaction with DNA. 
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Design, synthesis, and in vitro anticancer activities the 7-chloro-6-fluoro-N-
subsituted-2-phenylquinoline-4-carboxamide derivatives 



Abhishek P. Patel1, 13mph601@nirmauni.ac.in, Hardik G. Bhatt2. (1) computational 
chemistry, institute of pharmacy, Ankleshwar, Gujarat, India (2) Medicinal Chemistry, 
institute of pharmacy, Ahmedabad, Gujarat, India  

Cancer is a disease characterized by uncontrolled growth and spread of abnormal cells. 
The discovery of novel anticancer agents will hopefully provide the desired degree of 
selectivity for cancer cells, one of the most important therapeutic targets for cancer is 
Topoisomerase 1, which is enzyme essential for DNA replication, and chromosome 
segregation. In this present study, computational followed by synthetic approaches were 
used to design and evaluate small molecules targeting topoisomerase. Twelve 
molecules were selected to generate pharmacophore model using DISCOtech and 
refine the generated model from (GASP) Genetic algorithm similarity program. 
The best model contained 2 donor sites, 2 acceptor atoms and 2 hydrophobic 
regions and this model was subjected to virtual screening in which about 25,216 
molecules were retrieved. Hence we designed the molecule having quinoline moiety 
from pharmacophore modeling and virtual screening. From docking study we found 
that our designed molecules showing good score comparative to standard drug. All the 
newly synthesized compounds were characterized using physical and spectral 
properties. Anticancer activity was evaluated on three different cell-lines; MCF-7, A-375 
and HCT-15 by MTT assay. All compounds showed comparative good activity on all cell 
line as compared to standard. 
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Synthesis of pyrazole derivatives as potential cytotoxic agents 

Trent Rowe, trent.rowe@smail.astate.edu, Jamarcus Brider, 
jamarcus.brider@smail.astate.edu, Michael Branscum, Mohammad A. Alam. Chemistry 
and Physics, Arkansas State University, Jonesboro, Arkansas, United States  

Pyrazoles (1,2-diazole) are privileged heterocycles in drug discovery. Many pyrazole 
derivatives have been approved as drugs to treat various kinds of diseases. Two C-
arylpyrazoles, Ruxolitinib and Crizotinib, are being used to treat MPN (myeloproliferative 
neoplasm) and NSCLC (non-small cell lung carcinoma) respectively. Ruxolitinib is a 
Janus kinase 2 (JK2) inhibitor and Crizotinib behaves as a dual cMet/ALK inhibitor. We 
have designed and synthesized aldehyde and carboxylic acid functionalized pyrazole 
derivative as a starting material. In the synthesis, we have used commercially available, 
inexpensive starting materials, and achieved the target molecules in three steps in an 
appreciable quantity. Both the functional groups give huge scope to make new 
derivatives to manipulate the biological activities. Carboxylic acid group further gives the 
freedom to manipulate clogP values of the synthesized molecules. We have 
synthesized more than 30 new C-arylpyrazole derivatives so far. After synthesizing 50 
molecules, cytotoxic activity against various cell lines will be studied. 

 



 
 
Substituted pyrazole derivatives 
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Synthesis of curcumin mimics with substituted triazolyl groups and their 
sensitization effect of TRAIL against brain cancer cells 
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Woon-Seob Shin5. (1) Department of Pharmacology, Catholic Kwandong University 
College of Medicine, Gangneung, Korea (the Republic of) (2) Department of Basic 
Science, Catholic Kwandong University College of Medicine, Gangneung, Korea (the 
Republic of) (3) Department of Microbiology, Catholic Kwandong University College of 
Medicine, Gangneung, Korea (the Republic of)  

Glioblastoma multiforme (GBM) is one of the most aggressive forms of human 
malignant brain tumor and has a high mortality rate. Treatment for GBM is surgery, 
followed by radiotherapy and/or chemotherapy with drugs such as temozolomide (TMZ). 
However, its efficiency is not satisfactory. In this respect, tumor necrosis factor (TNF)-
related apoptosis-inducing ligand (TRAIL) that induces apoptosis of tumor cells without 
causing harm to normal cells seems to be a promising drug. In particular, co-treatment 
with a chemo-sensitizer and TRAIL is more efficient to treat against GBM than is 
treatment with TRAIL alone. When considering its low toxicity and efficacy with chemical 



sensitizer, novel small molecular sensitizer for TRAIL is very important and urgent for 
TRAIL combination therapy. In order to discover novel chemo-sensitizer from 
naturomimetic synthesis, we synthesized curcumin mimic library with variously 
substituted triazole groups as side chains using the Huisgen 1,3-cycloaddition reaction 
between various alkynes and three azide intermediates, with CuSO4 and sodium 
ascorbate in a solution mixture of chloroform, ethanol, and water (5:3:1) at room 
temperature for 5h. In the lactate dehydrogenase (LDH) release assay involving co-
treatment with TRAIL and/or synthetic curcumin derivatives using TRAIL-resistant 
human CRT-MG astroglioma cells, the novel curcumin mimic library was found to 
effectively stimulate the cytotoxicity of TRAIL, causing mild cytotoxicity when 
administered alone. 
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10-oxy-anthracenyl isoxazole amides (AIMs) as potential G-quadruplex stabilizing 
antitumor agents 

Nathan S. Duncan1, nsdcooljoe@hotmail.com, Nicholas R. Natale3, Howard D. 
Beall2. (1) Biomedical and Pharmaceutical Sciences, The University of Montana, 



Missoula, Montana, United States (2) Univ of Montana, Missoula, Montana, United 
States (3) Skaggs Bldg 477B, Univ of Montana, Missoula, Montana, United States  

Genomic DNA, which is organized around double-stranded B-form DNA, is both durable 
and flexible enough to store and pass on genetic information. Once freed from the 
associations of an extended complimentary sequence, single stranded DNA and RNA 
can adopt a vast array of other stable secondary structure motifs ideal for its 
involvement in other biological settings other than as a store of genetic information. 
Guanine-rich nucleic acids can fold into distinctive four-stranded conformers found in 
telomeric DNA repeats (i.e. TTAGGG), also known as G-quadruplexes (G4), as well as 
in sequences in the promoter and other regulatory regions of genes (i.e. c-myc), 
especially those involved in cellular proliferation. Small molecules that induce the 
formation of, and/or selectively bind to, G-quadruplex structures are of interest for 
development as potential therapeutic agents, particularly in the anticancer therapeutic 
area. To date, quarfloxin is the only G-quadruplex ligand that has progressed to clinical 
evaluation. Novel 10-oxy-substituted AIM derivatives were synthesized and will be 
presented. The isoxazole functionality establishes not only a pre-organized system for 
SAR exploration it is the biological handle that is the foundation of many medicines 
used in general medical practice today, and therefore should be a potent contender in 
the pool of small molecule antitumor agents. They have been evaluated for biological 
activity and cytotoxicity against SNB-19 CNS glioblastoma cells. The synthesis, 
characterization, biological studies, and future directions will be presented 
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Ferrocenyl derivatives as promising scaffolds for anticancer and antileishmanial 
agents 

Sumera Zaib1,2, sumera.biochem@gmail.com, Jamshed Iqbal2, Mukhtiar Hassan1, Fliur 
Macaev4, Annie K. Powell3. (1) Department of Biochemistry, Hazara University 
Mansehra, Mansehra, KPK, Pakistan (2) Centre for Advanced Drug Research, 
COMSATS, Institute of Information Technology, Abbottabad, Abbottabad, Pakistan (3) 
Karlsruhe Institue of Technology, Inst Anorg Chem, Karlsruhe, Germany (4) Institute of 
Chemistry ASM, Academiei 3, MD-2028, , Republic of Moldova, Germany  

Ionic liquids comprise a class of ferrocenyl derivatives which may act as encouraging 
platform for anticancer drugs. We synthesized and studied ferrocenyl derivatives that 
revealed anticancer and antileishmanial potency, with a significance on their structure 
activity relationships, so that it can help to provide the way for new advancement in this 
promising field of research. 
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Improved efficacy for a novel class of G-quadruplex binding anti-tumor agents 

Matthew J. Weaver1, matt.weaver@umontana.edu, Nicholas R. Natale2. (1) Biomedical 
and Pharmaceutical Sciences, The University of Montana, Missoula, Montana, United 
States (2) Skaggs Bldg 477B, Univ of Montana, Missoula, Montana, United States  

Structure based drug design has led to the synthesis of novel G-quadruplex binding 
anti-tumor agents. G4-DNA is most commonly found in the promoter region of many 
oncogenes and in telomeres. Stabilization of quadruplex DNA prevents replication and 
leads to cellular senescence or apoptosis. Having a higher affinity for oncogenic over 
telomeric G4 could give rise to a treatment with selectivity for cancerous cells. It is for 
this reason that many groups are focusing on this approach. Anthracenyl-isoxazolyl 
amides (AIMs) represent a new class of anti-tumor agents developed in our laboratories 
and show potential to stabilize G4. With the aid of NMR and CD spectroscopy AIMs 
have been shown to bind G4. In the NCI 60 cell lines, the AIMs exhibit activity 
comparable to some current chemotherapeutic agents. AIMs provide an interesting 
utility in that they are highly fluorescent, and may be used for confocal imaging. This 
feature coupled with excellent in vivo anti-tumor activity shows the great promise of the 
AIMs. Armed with a strong SAR, current efforts are being put towards increasing activity 
in confluence with optimizing pharmacokinetic properties. Synthesis of molecules 
containing fused aromatic rings becomes increasingly difficult with greater steric 
encumbrance. Using methods such as the Suzuki coupling and Weinreb amidation a 
late stage diversification point has been exploited. The ability to introduce functionality 
in the later stages of the synthesis has facilitated the possibility of generating a more 



diverse library of molecules. Our current methodology has led to the development of a 
10-phenyl AIM which exhibits sub-micromolar activity against human glioblastoma cells. 
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Design, synthesis, and antineoplastic evaluation of isoform selective inhibitors of 
AKR1C3 
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C. Trippier1,2. (1) Department of Pharmaceutical Sciences, Texas Tech University 
Health Sciences Center, Amarillo, Texas, United States (2) Center for Chemical 
Biology, Texas Tech University, Lubbock, Texas, United States (3) Department of 
Systems Pharmacology and Translational Therapeutics, Pearlman School of Medicine, 
University of Pennsylvania, Philadelphia, Pennsylvania, United States  

The aldo-keto reductase 1C3 (AKR1C3) enzyme belongs to the aldo-keto reductase 
superfamily of enzymes, a group of oxidoreductases which catalyze the NADP(H) 
dependent reduction of aldehyde and ketone functionalities, such as 17-β 
hydroxysteroid dehydrogenase activity. Elevated levels of AKR1C3 have been 
associated with castration resistant prostate cancer (CRPC) due to the production of 
enhanced levels of potent androgens such as testosterone and 5α dihydrotestoserone. 
The enzyme is also known to be an important regulator of myeloid cell proliferation and 
differentiation – important facets in leukemia’s, with the AKR1C3 isoform being 
overexpressed in a range of leukemia cell lines. These two activities make the enzyme 
a validated and promising target for the treatment of both CRPC and acute myeloid 
leukemia (AML). The enzyme shares close homology to its isoforms AKR1C1 and 
AKR1C2, which are implicated in normal steroid metabolism. Hence, the synthesis of 
potent and selective AKR1C3 inhibitors is paramount.. While AKR1C3 inhibitors have 
been generated with potency and desired selectivity, few have progressed through 
preclinical development. 
Natural products continue to provide valuable hit compounds for anticancer drug 
discovery. However, the natural products were never designed to be administered to 
humans and often possess unwanted side effects, low potency and/or toxicity that need 
to be addressed through medicinal chemistry manipulation. The structurally novel 
natural product baccharin isolated from Brazilian green propolis exhibits potent AKR1C3 
inhibition activity (IC50 =100 nM) and exquisite selectivity for the AKR1C3 isoform 
We have synthesized and characterized the hit compound Baccharin and its derivatives 
to elucidate its preliminary structure-activity relationship (SAR) regarding both potency 
and selectivity. In search for a more potent and selective inhibitors we have also 
synthesized a wide variety of analogues by respective modifications to the Baccharin 
structure. 
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Discovery and development of a series of irreversible EGFR_T790M 7H-
pyrrolo[2,3-d]pyrimidine inhibitors with high selectivity over EGFR wild type 



Simon Planken, simon.planken@pfizer.com, Sajiv K. Nair, John C. Kath, Jennifer 
Lafontaine, Scott Weinrich, Henry K. Cheng, Scott C. Sutton, Theodore O. Johnson, 
Michael Zientek, asako nagata, ketan gajiwala, jim solowiej, Brion W. Murray, Min-Jean 
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The EGFR T790M gatekeeper mutation is the predominant mechanism of acquired 
resistance to EGFR TKIs used to treat patients with EGFR-mutant NSCLC. Acquisition 
of this second mutation confers resistance by rendering the kinase less sensitive to first 
generation (reversible) and second generation (irreversible) EGFR inhibitors. It has 
been proposed that higher dosing of these agents to modulate the T790M mutant may 
be effective, however the exceptional potency of these agents against EGFR WT 
causes dose limiting toxicity in the form of severe skin rash and diarrhea. 
 
We present here the discovery and development of a 7H-pyrrolo[2,3-d]pyrimidine series 
from initial leads to the culmination of PF-06459988. The primary objectives of this effort 
were to develop irreversible inhibitors that provided i) high selectivity for T790M mutants 
over EGFR WT, ii) high binding affinity for T790M and iii) the ability to utilize warheads 
with low intrinsic reactivity to mitigate potential off-target binding. 
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Synthesis of PF-06459988; a next generation irreversible EGFR_T790M inhibitor 
for resistant non-small cell lung cancer 
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The EGFR_T790M gatekeeper mutation is a major mechanism of acquired resistance in 
patients treated with current EGFR TKIs for EGFR mutant NSCLC. Our recent program 
culminated in the nomination of PF-06459988, a selective covalent inhibitor of T790M 
mutant EGFR. Herein, we describe the evolution of our synthesis route to PF-
06459988. Notable challenges in the synthesis included the generation of an 
enantiomerically pure 3,4-disubstituted pyrrolidine, a protecting group free one-pot two-
step SNAr sequence on a pyrrolopyrimidine core, and the installation of a reactive 
acryloyl warhead moiety. The adaptation of the synthetic route to support the larger 
amounts of material required for clinical studies will also be addressed. 
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d]pyrimidine EGFR T790M inhibitors 
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Scaffolds play a fundamental role in delivering the warhead to the target cysteine 
(Cys 797) in the development of irreversible EGFR T790M inhibitors. 
Stereoelectronic effects are therefore paramount in the design of these scaffolds 
to optimize this interaction. Synthesis of unique scaffolds and their utilization 
towards irreversible 7H-pyrrolo[2,3-d]pyrimidine EGFR T790M inhibitors is 
described herein. 
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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 structure-
based 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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Radiology and Imaging Sciences, Indiana University, Indianapolis, Indiana, United 
States  



The epidermal growth factor receptor (EGFR) family of tyrosine kinases, also known as 
ErbB or HER receptors, comprises four related receptor kinases: EGFR (ErbB1, HER1), 
HER2 (ErbB2), HER3 (ErbB3) and HER4 (ErbB4). Deregulation of EGFR signaling is 
associated with the development of neurodegenerative diseases such as multiple 
sclerosis and Alzheimer’s disease, as well as various solid tumor. AZD8931 is an 
equipotent, reversible inhibitor of signaling by EGFR, HER2, and HER3 receptors 
recently discovered by AstraZeneca, and the IC50 of AZD8931 is 4, 3, ad 4 nM for 
EGFR, HER2, and HER3, respectively. EGFR has become a promising target for 
molecular imaging of EGFR-related diseases and image-guided therapy using the 
biomedical imaging technique positron emission tomography (PET). Here we present a 
fully automated radiosynthesis in a home-built automated 11C-radiosynthesis module of 
[11C]AZD8931 as a candidate PET tracer for imaging of EGFR, HER2 and HER3 
signaling. The reference standard AZD8931{2-(4-((4-((3-chloro-2-fluorophenyl)amino)-7-
methoxyquinazolin-6-yl)oxy)piperidin-1-yl)-N-methylacetamide} (11a) was synthesized 
from methyl 4,5-dimethoxy-2-nitrobenzoate or ethyl 4,5-dimethoxy-2-nitrobenzoate and 
2-chloro-N-methylacetamide in 11 steps with 2-5% overall chemical yield. The precursor 
N-desmethyl-AZD8931{2-(4-((4-((3-chloro-2-fluorophenyl)amino)-7-methoxyquinazolin-
6-yl)oxy)piperidin-1-yl)acetamide} (11b) was synthesized from methyl 4,5-dimethoxy-2-
nitrobenzoate or ethyl 4,5-dimethoxy-2-nitrobenzoate and 2-bromoacetamide in 11 
steps with 2-4% overall chemical yield. The target tracer [11C]AZD8931 {2-(4-((4-((3-
chloro-2-fluorophenyl)amino)-7-methoxyquinazolin-6-yl)oxy)piperidin-1-yl)-N-
[11C]methylacetamide} ([11C]11a) was prepared from N-desmethyl-AZD8931 (11b) with 
[11C]CH3OTf under basic condition (NaH) through N-[11C]methylation and isolated by 
HPLC combined with solid-phase extraction (SPE) in 40-50% radiochemical yield based 
on [11C]CO2 and decay corrected to end of bombardment (EOB) with 370-1110 
GBq/μmol specific activity at EOB. 
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Synthesis of carbon-11-labeled aminoalkylindole derivatives as new candidate 
CBR radioligands for PET imaging of alcohol abuse 

Mingzhang Gao, Andy Gao, Min Wang, wang1@iupui.edu, Qi-Huang 
Zheng. Department of Radiology and Imaging Sciences, Indiana University, 
Indianapolis, Indiana, United States  

Alcohol abuse is a major substance abuse, approximately 2.5 million people die from 
alcohol use every year, and its annual health- and crime-related costs are estimated 
around $235 billion. Endocannabinoid (eCB) system is involved in alcohol abuse, and 
cannabinoid (CB) receptor (CBR) antagonist/agonist might offer a new therapeutic 
direction for treatment of alcohol abuse. Recently a new class of aminoalkylindole 
derivatives has been developed by Vasiljevik et al. as CBR ligands with dual CB1R 
antagonist / CB2R agonist activity with potential for treatment of alcohol abuse. Here we 
report the design and synthesis of carbon-11-labeled aminoalkylindole derivatives as 
new candidate dual CB1R/CB2R radioligands for imaging of alcohol abuse using 
biomedical imaging technique positron emission tomography (PET). Aminoalkylindole 



derivative precursors (1-butyl-7-hydroxy-1H-indol-3-yl)(naphthalene-1-yl)methanone, 1-
butyl-7- hydroxy-3-(naphthalene-1-ylmethyl)-1H-indole, and 1-butyl-7-hydroxy-3-
(naphthalene-2-yl)-1H-indole and reference standards (1-butyl-7-methoxy-1H-indol-3-
yl)(naphthalene-1-yl)methanone, 1-butyl-7-methoxy-3-(naphthalene-1-ylmethyl)-1H-
indole, and 1-butyl-7-methoxy-3-(naphthalene-2-yl)-1H-indole were synthesized from 7-
methoxyindole in multiple steps with moderate to high yields. The target tracers carbon-
11-labeled aminoalkylindole derivatives (1-butyl-7-[11C]methoxy-1H-indol-3-
yl)(naphthalene-1-yl)methanone, 1-butyl-7-[11C]methoxy-3-(naphthalene-1-ylmethyl)-1H-
indole, and 1-butyl-7-[11C]methoxy-3-(naphthalene-2-yl)-1H-indole were prepared by O-
[11C]methylation of their corresponding precursors with [11C]CH3OTf under basic 
condition (2 N NaOH) and isolated by a simplified solid-phase extraction (SPE) method 
in 50-60% radiochemical yields based on [11C]CO2 and decay corrected to end of 
bombardment (EOB). The overall synthesis time from EOB was 23 min, the 
radiochemical purity was >99%, and the specific activity at end of synthesis (EOS) was 
185-555 GBq/μmol. 
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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, 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 detriments. 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 was developed and evaluated. The results from these studies will be 
presented. 
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Targeting Hsp90: Development of C-terminal inhibitors 

Mercy Anyika, anyika@ku.edu. Dept Chemistry, 5004 Malott Hall, Univ Kansas, 
Lawrence, Kansas, United States  

Hsp90 represents one of the most promising biological targets identified for the 
treatment of various diseases including cancer and neurodegenerative disorders, 



because it exhibits a wide range of functions stemming from its ability to assist in the 
proper folding, stability, and function of various proteins. Any interference of Hsp90 
chaperone activity leads to disruption of client proteins’ maturation, which can induce 
cell death. Since many of the proteins chaperoned by Hsp90 are associated with cancer 
growth as well as resistance to therapy, inhibiting the Hsp90 protein folding machinery 
is an attractive approach for effectively disrupting multiple pathways simultaneously. 
Although significant research has focused on inhibiting the N-terminal nucleotide-
binding pocket, clinical trials with Hsp90 N-terminal inhibitors have resulted in 
limitations, including induction of the pro-survival heat shock response, and toxicity. In 
contrast, we have pursued the development of Hsp90 inhibitors that bind to the C-
terminal binding site, and exhibit alternative behaviors. 
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Deuterated dabrafenib (BRAF kinase inhibitor): Metabolism and pharmacokinetics 

Jeffrey M. Ralph1, jeffreyrr@msn.com, Lauren E. Richards-Peterson2, Thomas Wilde2, 
David Bershas2, Elisabeth A. Minthorn1, Arun Kaura1, Maureen Bleam1, Sylvie 
Laquerre1, Marc Arnone1, Calvin Manning3, Jerry L. Adams1. (1) Cancer Research , 
Glaxosmithkline , Collegeville, Pennsylvania, United States (2) PTS DMPK, 
Glaxosmithkline , King of Prussia, Pennsylvania, United States (3) Isotope Chemistry, 
GlaxoSmithKline, Stevenage, United Kingdom  

Pre-clinical studies in rodents and dogs identified 3 major circulating metabolites 
derived from oxidation of the t-butyl group of BRAF kinase inhibitor GSK2118436 
(dabrafenib). We postulated that it might be possible to alter the metabolic profile of 
GSK2118436 by per-deuteration of the t-butyl group in order to exploit the high primary 
kinetic isotope effect which is often seen for cytochrome P450 mediated C-H bond 
oxidations. This poster describes the synthesis and in vitro and in vivo characterization 
of the deuterated analog, GSK2118636J. 
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Combination therapy with epothilone and aurora kinase inhibitors induces a 
novel form of cell death 

Laura Woods1, lwoods4@nd.edu, Richard E. Taylor1, Kevin T. Vaughan2. (1) 
Chemistry and Biochemistry, University of Notre Dame, South Bend, Indiana, United 
States (2) Department of Biological Sciences, University of Notre Dame, South Bend, 
Indiana, United States  

Microtubule stabilizing agents (MSAs) are an important class of therapeutic compounds 
used for the treatment of multiple cancers. Subtle differences in the affect of MSAs can 
provide an opportunity to increase the susceptibility of specific protein targets critical to 
the cell cycle. The epothilones are a relatively new class of MSAs effective for the 
treatment of Taxol® resistant breast cancer and the basis for the drug, Ixempra®. Using 



live cell analysis, we have shown that epothilones are effective at arresting cell division 
specifically at prometaphase. At this same stage of cell division, aurora B kinases are 
involved in chromosomal separation and inhibition of these kinases causes a frozen 
phenotype. When combining epothilone with aurora kinase inhibitors (AKIs), we 
observed a highly-penetrant mitotic defect that induced cell death. This defect was 
distinct from those caused by treatment with either epothilone or AKIs alone. More 
detailed analysis of this combinatorial defect identified similarities to Progeria Syndrome 
in humans, with formation of highly-lobulated nuclei and asymmetric deposition of 
nuclear lamina proteins. We will present a new model in which the combination of 
epothilones with AKIs shifts the specificity of aurora B from prometaphase substrates to 
telophase substrates. This outcome for combinatorial drug treatment provides a novel 
mechanism of action with broad potential. 

MEDI 330 

Identification of 2-(4-benzamidophenyl)-7-phenyl-5H-benzo[c]pyrimido[4,5-
e]azepines as potent aurora kinase inhibitors 

Rachel E. Gershman, rachel.gershman@takeda.com, Stephen G. Stroud, Dave A. 
Janowick, Todd B. Sells, Mansoureh Rezaei, Christopher F. Claiborne, Stephen J. 
Critchley. Takeda Pharmaceuticals International Co., Cambridge, Massachusetts, 
United States  

The Aurora kinases are essential for cell mitosis and the dysregulation of Aurora A and 
B have been linked to the etiology of human cancers. The p-carboxylic acid substituted 
2,7-diphenyl-5H-benzo[c]pyrimido[4,5-e]azepine 1 (MLN8054) has been previously 
identified as a potent Aurora A kinase inhibitor (Aurora A Delfia IC50 = 31 nM). 
Structure–activity relationship (SAR) guided studies of carboxamide derivatives of 1 led 
to inhibitors of Aurora A such as 2 that demonstrate increased potency in enzyme 
(Aurora A Delfia IC50 = 3 nM) and cell-based assays and display comparable efficacy to 
1 in certain xenograft models. 
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Rational design of ALK2 small molecule inhibitors for treatment of fibrodysplasia 
ossificans progressiva (FOP) 

Yun L. Luo1, luoy@westernu.edu, Abdelaziz Alsamarah2. (1) Pharmaceutical Sciences, 
Western University of Health Sciences, Chino Hills, California, United States (2) 
Pharmaceutical Sciences, Western University of Health Sciences, Pomona, California, 
United States  

Fibrodysplasia ossificans progressiva (FOP) is an appalling syndrome in which 
muscles, fascia and ligaments are slowly replaced by hard bone tissue leading to 
permanent immobility, pain and premature mortality. There is presently no treatment to 
prevent, slow or cure this disease. In all cases, the development of FOP is linked to 
constitutive/over activation of a serine/threonine kinase ALK2 (Activin-Like Kinase-2). A 
promising strategy to treat FOP and other diseases caused by ALK2 overactivation is to 
develop efficient inhibitors of ALK2 that exhibit no or minimal cross-reactivity over other 
kinases. However, this effort has been technically hampered by the high structural 
similarity between ALK isoforms and structrally closly related tyrosin kinase VEGFR2 
and TGF-β receptor ALK5. Therefore, molecular dynamics computer simulations 
constitute the best suitable tool to investigate the ligand-receptor binding mechanism in 
details and to identify potential ALK2-selective inhibitors. We have docked DMH1 into 
the kinase domain of ALK2, VEGFR2 and ALK5 X-ray structures. Instead of ranking the 
binding poses using docking score, we clustered all possible docking poses using 
RMSD criteria and calculated the absolute binding free energy for each cluster. We 
carried out alchemical free energy perturbation coupled with Hamiltonian replica 



exchange (FEP/REMD) to determine the absolute binding free energies. Each 
FEP/REMD simulation consist of 128 replicas, and the attempted neighboring λ-swap 
frequency is 0.2 ps-1. Even though, the docking scores suggested DMH1 binds equally 
well to all three receptors, rigorous free energy calculation confirmed that DMH1 does 
not bind to VEGFR2 and ALK5 (△G > -2 kcal/mol). We ruled out multiple binding poses 
and captured a single binding pose of DMH1 in ALK2 that gives binding affinity (-8.1 
kcal/mol) in agreement with kinase assay (-9.6 kcal/mol). Detailed and quantitative 
analysis of the trajectories revealed the distinct binding feature of DMH1, which is 
different from the crystal structures of its analogs. The key structure features and 
various thermodynamic contributions affecting the binding specificity of DMH1 to 
examined kinases will guide for developing the next generation of specific BMP 
inhibitors. 
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Discovery and SAR exploration of a novel series 8-oxo-8,9-dihydro-7H-purine-6-
carboxamides as mTOR kinase inhibitors 

patrick papa, pat.papa@yahoo.com. chemistry, celgene, Carlsbad, California, United 
States  

The PI3K/Akt pathway is frequently mutated in many cancers, leading to hyperactivation 
of mTOR signaling, making mTOR an attractive drug target. Here we describe our initial 
efforts towards the identification and SAR exploration of a potent series of mTOR kinase 
inhibitors. A series of 8-oxo-8,9-dihydro-7H-purine-6-carboxamide were developed into 
lead compounds with excellent mTOR inhibitory potency and exquisite kinase 
selectivity. Compounds from this series achieved mTOR pathway inhibition, blocking 
both mTORC1 and mTORC2 signaling in cancer cells, as measured by inhibition of S6 
and Akt (S473) phosphorylation.  
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Discovery of substituted morpholinothiophene and morpholinothiazole 
carboxylic acids as selective inhibitors of PI3Kb kinase 

Zhan Shi1, zhan.shi@takeda.com, David Cardin1, Jojo Chouitar2, Jeffrey Ecsedy3, 
Katherine Galvin2, Robert Griffin4, Paul Hales5, Masaaki Hirose1, Tiger Hu1, Natasha 
Iartchouk Natasha Iartchouk2, Dave A. Janowick1, Youichi Kawakita6, Mansoureh 
Rezaei1, Todd Sells1, Mike Smith2, Steve Stroud1, Leo Takaoka1, Stepan Vyskocil1, 
Deborah Wysong Deborah Wysong7, Tianlin Xu1, Wenhai Zhang8. (1) Oncology 
Chemistry, Takeda Pharmaceuticals International Co., Cambridge, Massachusetts, 
United States (2) Cancer Pharmacology, Takeda Pharmaceuticals International Co., 
Cambridge, Massachusetts, United States (3) TM Oncology, Takeda Pharmaceuticals 
International Co., Cambridge, Massachusetts, United States (4) DMPK, Takeda 
Pharmaceuticals International Co., Cambridge, Massachusetts, United States (5) Lead 
Discovery, Takeda Pharmaceuticals International Co., Cambridge, Massachusetts, 



United States (6) Pharmaceutical Research Division, Takeda Pharmaceutical Company 
Limited, Fujisawa, Japan (7) Molecular & Cellular Oncology, Takeda Pharmaceuticals 
International Co., Cambridge, Massachusetts, United States (8) Oncology Biochemistry, 
Takeda Pharmaceuticals International Co., Cambridge, Massachusetts, United States  

Literature reports have shown that PI3K signaling in PTEN mutated / null tumors may 
be dependent on the PI3Kβ isoform for pathway signaling. This isoform dependence 
provides a hypothesis for the investigation of PI3Kb selective inhibitors as potential 
treatment for patients with PTEN mutated tumors. Screening of a PI3K biased library 
revealed single hit with PI3Kb selectivity over the PI3Ka isoform. Compound 
optimization led to selective inhibitors of PI3Kb kinase with good cell activity, no off-
target promiscuity, physiochemical, and ADME properties. Example compounds 
demonstrated a pharmacodynamic response and antitumor activity in PTEN deficient 
xenografts. 
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Inhibition of the inositol phosphatase SHIP utilizing quinoline-based small 
molecules 

Christopher M. Russo1, Arijit A. Adhikari2, Daniel R. Wallach1, Robert Brooks3, 
Fernandes Sandra3, Amanda N. Balch3, William G. Kerr3, John D. Chisholm1, 
jdchisho@syr.edu. (1) Chemistry, Syracuse University, Syracuse, New York, United 
States (3) Microbiology and Immunology, SUNY Upstate Medical University, Syracuse, 
New York, United States  

The PI3K pathway is acknowledged as a major cell signaling axis. The SH2-containing 
inositol phosphatase SHIP plays a major role in this pathway, hydrolyzing the PI3K 
product PI(3,4,5)P3, which attenuates several different PI3K effector pathways. SHIP 
has therefore become a therapeutic target for the treatment of a number of disorders, 
including Graft vs. Host disease and cancer. Recent results have also shown that 
inhibition of SHIP promotes the expansion of some adult stem cell populations and to 
increases in blood cell production. Efforts towards finding new inhibitors of SHIP utilizing 
high-throughput screening lead to the discovery of two quinoline-based structures that 
showed significant inhibition of SHIP. Scalable syntheses of these inhibitors have been 
developed. Both routes demonstrate utility as reliable sequences for the stereoselective 
construction of the anti-1,2-aminoalcohol configuration commonly found in biologically 
active 4-substituted quinolines. The synthesis and preliminary biological evaluation of 
analogs of these structures will be presented along with a model for binding to the 
active site of SHIP. 

MEDI 335 

Disruption of STAT3 phosphorylation by novel pyrimidino-thiazinones, PI3K-α 
and δ inhibitors 



Balireddy Akula2, bakula@onconova.us, DRC Venkata Subbaiah1, Muralidhar R. 
Mallireddigari2, Stephen Cosenza1, Vijaya Bharathi1, Venkat Pallela2, Gayatri Panda1, E 
Premkumar Reddy1, M V Ramana Reddy1,2. (1) Department of Oncological Sciences, 
Icahn School of Medicine at Mount Sinai, New York, New York, United States (2) 
Department of Medicinal Chemistry, Onconova Therapeutics Inc, Newtown, 
Pennsylvania, United States  

PI3K is a lipid kinase that controls a core cellular signaling and regulatory network and 
STAT3 belongs to a family of transcriptional regulators, which are mobilized in response 
to interferon and initiate the transcription of interferon-induced genes. 
 
The consensus interaction networks of PI3K–TOR and STAT3 do not currently include 
established or default lines of communication, but increasing evidence from basic and 
clinical studies suggests that PI3K and STAT3 signaling in cancer is interdependent. 
Many human cancer cells show phosphorylation of STAT3, and the level of this 
phosphorylation varies within wide boundaries. In a small sample of such cell lines 
tested, about half show the diagnostic sensitivity of STAT3 phosphorylation to PI3K 
inhibition. 
 
Here we describe the discovery of a small molecule inhibitor ON 146040 a novel 
pyrimidino-thiazinone that targets the PI3K α/δ isoforms (with IC50 ≈ 14 and 20 nM for α 
and δ isoforms, respectively) and abrogates the oncogenic signaling of STAT3. ON 
146040 was highly potent in killing hematologic tumor cells with IC50 values in the 150 
to 1,000 nM range. 
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Structure based design, synthesis, and anticancer evaluation of human 
neutrophil elastase inhibitors 

Qi Sun2, Yong-Xin Li3, Jun Li1, Wenchao Yang1, Guang-Fu Yang1, 
gfyang@mail.ccnu.edu.cn. (2) ccnu, Wuhan, China (3) Central China Normal University, 
Wuhan, China  

The incidence of lung cancer is rapidly increasing in recent years due to the serious air 
pollution. Unfortunately, the treatment of lung cancer is discouraging. It is pretty urgent 
to develop efficient approach for lung cancer treatment. The human neutrophil elastase 
(HNE) has been reported to promote lung cancer cells proliferation, and treatment with 
HNE inhibitor completely suppressed tumor growth and metastasis in mice. Based on 
these evidences, it is assumable that inhibition of HNE could be an attractive novel 
approach to treat lung cancer. In this study, the rational design of new HNE inhibitors 
was performed by using the pharmacophore-linked fragment virtual screening (PFVS) 
method. Then the activities of screened compounds were evaluated by high throughput 
fluorescent assay we previously developed, followed by rational optimization and SAR 
studies. A series of potent HNE inhibitors with novel chemical scaffold was successfully 
synthesized. Among them, compound LYX151 displayed superior anti-cancer activity to 



paclitaxel in various lung cancer cell lines, indicating its potential to be further optimized 
for lung cancer therapy. 
Keywords: Lung cancer, Human neutrophil elastase, Pharmacophore-linked fragment 
virtual screening, Inhibitor, Rational design 
 
References 
[1] Yasutake A., Powers, J. C. Biochemistry, 1981, 20, 3675-3679. 
[2] Cojocaru I. M., Cojocaru M., Burcin C., European Journal of Neurology 2006, 13, 62. 
[3] Mittendorf E. A., Alatrash G., Qiao N., Wu Y., Sukhumalchandra P., L. John S. St, A. 
Philips V., Xiao H., Zhang M., Ruisaard K., Clise-Dwyer K., Lu S., Molldrem J. J., 
Cancer Res. 2012, 72, 3153-3162. 
[4] Fingleton B. Nature Medicine. 2010, 16, 161-163. 
[5] Sun Q., Li J., Liu W. N., Dong Q. J., Yang W. C., YangG. F. Anal Chem. 2013, 85, 
11304-11311. 

MEDI 337 

Synthesis and biological evaluation of potential isoform-selective benzimidazole-
4-carboxamide inhibitors of poly(ADP-ribose)polymerases 

James Pickles1, james.pickles@ncl.ac.uk, Celine Cano1, Bernard Golding1, Suzannah 
Harnor1, Steve Jackson2, Herbie Newell1, Jon Travers2, Roger Griffin1. (1) Newcastle 
University, Newcastle-upon-Tyne, United Kingdom (2) The Gurdon Institute, Cambridge 
University, Cambridge, Cambridgeshire, United Kingdom  

Poly(ADP-ribose)polymerases (PARPs) are a super-family of 18 enzymes that share 
close sequence homology, and play crucial roles in biological processes ranging from 
maintenance of genomic stability to apoptosis. These functions depend on PARP 
catalysing the formation of poly(ADP-ribose) from nicotinamide adenine dinucleotide 
(NAD+). Owing to its role in DNA single strand break repair via the base-excision repair 
pathway, PARP1 is an interesting cancer therapeutic target. Tumours with deficiencies 
in the breast cancer susceptibility gene (BRCA) are particularly susceptible to PARP 
inhibitors; due to a synthetic lethality arising through defective homologous 
recombination DNA repair. Rucaparib and BMN-673 are prominent examples of PARP1 
inhibitors in clinical trials, although neither fully discriminate between PARP isoforms. 
Multiple protein targets are usually disadvantageous for therapeutic agents, but 
evaluating multi-targeted versus target-selective inhibitors is extremely challenging due 
to this lack of selectivity. 
 
In order to develop PARP isoform-specific inhibitors, we have employed the 
benzimidazole-4- carboxamide broad spectrum PARP inhibitors NU1076 (1) and 
NU1085 (2) as templates to develop a focussed library of compounds functionalised at 
the 5-(R1)and 6-(R2) positions. These chemical probes were designed to exploit a 
unique selectivity pocket, engineered by site-directed mutagenesis, within the NAD-
binding domain of PARP1. The synthesis and biological evaluation of benzimidazole-4-
carboxamides against wild-type and mutant PARP1 enzymes, in tandem with structural 



biology studies, will guide the design of further inhibitors, with the objective of identifying 
potent and selective PARP inhibitors. 
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Novel strategies for improving the pharmacological properties of platinum-
acridine anticancer agents 

Song Ding1, dings0@wfu.edu, Amanda Pickard2,1, Gregory Kucera3, Ulrich 
Bierbach2. (1) Chem Dept Salem Hall 107, Wake Forest University, Winston Salem, 
North Carolina, United States (2) Department of Chemistry, Wake Forest University, 
Winston-Salem, North Carolina, United States (3) Department of Internal Medicine, 
Wake Forest University Health Sciences, Winston-Salem, North Carolina, United States  

Platinum-acridine hybrid agents show high activity in non-small cell lung cancer 
(NSCLC) and other solid tumors at low-nanomolar concentrations but prove to be quite 
toxic in test animals. To improve the tolerability of these agents, we are currently 
pursuing various delivery and prodrug strategies. We reasoned that nanoencapsulation 
of the dicationic, hydrophilic platinum-acridines in the aqueous core of liposomes may 
alter the pharmacokinetic properties of the agents by prolonging their circulation times 
and delivering the payload to the tumor site. To this end, the most cytotoxic analogue 
(IC50 = 1.3 nM in NCI-H460 cells) was successfully loaded into liposomes prepared from 
DPPG, HSPC, and DSPE-mPEG2k. This combination of lipids yields liposomes with a 
diameter of 120 nm and a drug loading of 20 % (based on Pt-to-lipid ratio, wt/wt). The 
formulation shows improved cytotoxicity compared to the free agent, and confocal 
microscopy images of cancer cells treated with liposome suggest a distinct mechanism 
of cellular uptake. Another strategy to overcome systemic toxicity are newly designed 
ester-based prodrugs, in which hydroxyl-modified derivatives have been masked with a 
cleavable lipophilic acyl moiety. Two distinct pathways by which the target compounds 
undergo effective ester hydrolysis, the proposed activating step, have been confirmed 
using spectroscopic and analytical methods: (i) platinum-assisted, self-immolative ester 
cleavage in a low-chloride environment and (ii) enzymatic cleavage by human 
carboxylesterase-2 (hCES-2). Among the derivatives, the valproic acid ester analogue 
shows excellent chemical stability and reduced systemic toxicity in vivo. Furthermore, to 
produce less genotoxic and more selective agents, modifications are introduced that 
allow targeting of nucleolar nucleic acids (rDNA and rRNA) involved in ribosome 
biogenesis. This can be achieved by minimizing the reactivity of platinum with the 
dsDNA of chromatin and by conjugating the cytotoxic agent to the vectors that 
selectively deliver the cargo to the nucleolus. 
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Labeling of TSPO PET radioligands by [18F]fluorination of diarylsulfoxide 
precursors 



Fabrice G. Simeon2, fabsime@hotmail.com, Elisabetta Barresi3, Shuiyu Lu1, Sabrina 
Taliani3, Federico Da Settimo3, Victor W. Pike2,1. (1) MIB, MSC1003, National Institute 
of Mental Health, Bethesda, Maryland, United States (2) Molecular Imaging Branch, 
National Institute of Mental Health, Washington, District of Columbia, United States (3) 
Dipartimento di Farmacia, Via Bonanno 6, Università di Pisa, 56126 Pisa, Italy  

[11C]PK11195 remains the most commonly used radioligand for imaging TSPO, a 
putative biomarker for inflammation in humans, with positron emission tomography 
(PET). However, and probably in part because of its high lipophilicity (clogD = 3.72), the 
receptor-specific binding signal obtained with [11C]PK11195 is generally very low and 
challenging to quantify. We hypothesized that other compounds belonging to the same 
structural class, but having lower lipophilicity might be potential candidates as new and 
improved PET radioligands. The isoquinoline carboxamide, PK14105, had previously 
been labeled with fluorine-18 (t1/2 = 109.7 min)1 and evaluated in rat2 as a prospective 
radioligand for imaging human TSPO. This radioligand initially appeared promising, but 
extensive evaluation was hindered by its rather difficult radiosynthesis based on 
nucleophilic substitution of a chloro-substituent with cyclotron–produced [18F]fluoride 
ion. Recently, we have shown that simple p-nitroaryl sulfoxides react readily with 
[18F]fluoride ion to produce the corresponding [18F]p-nitrofluoroarenes in good 
radiochemical yields.3 We considered to extend this method to the radiosynthesis of 
[18F]PK14105 and analogues. Here we report the synthesis of the isoquinoline 
carboxamide (R)-PK14105 (clogD = 3.56) and its quinazoline analogue (R)-FER176 
(clogD = 2.76) and the synthesis of their respective diarylsulfoxide precursors. 
Treatment of each of the diarylsulfoxide precursors with [18F]fluoride ion in a microfluidic 
apparatus produced the expected radioligands in good radiochemical yields (RCYs), 
e.g. [18F](R)-PK14105 (RCY = 57%) and [18F](R)-FER176 (RCY = 51%) respectively. 
Further optimization of the radiosynthesis for scale up is in progress. 
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Red blood cell-mediated photodynamic therapy for improved cancer treatment 

Wei Tang1, tangw@uga.edu, Jin Xie1,2, Zipeng Zhen1. (1) Chemistry, The University of 
Georgia, Athens, Georgia, United States (2) Bio-imaging Research Center, The 
University of Georgia, Athens, Georgia, United States  

Photodynamic therapy (PDT) has received wide attention in cancer treatment. PDT 
consists of three components: a photosensitizer (PS), light, and oxygen. PS is not toxic 
in the dark, but can be activated by light at specific wavelengths, producing reactive 
oxygen species including cytotoxic 1O2. One limitation of PDT, however, is its high 
dependence on oxygen which is a precious resource in vivo, especially for tumors of 
relatively large sizes. PDT can further potentiate hypoxia that impedes PDT efficacy. To 
address the issue, we developed a novel RBC-PDT technology which harnesses red 
blood cells (RBCs) as PS vehicles. RBCs have been extensively studied as a drug 
delivery system for their availability, inherent bio-compatibility, flexibility, high in vivo 
stability, and long systemic circulation; they however, have seldom been used for PDT-
related applications. RBCs afford high PS loading rate and long circulation half-lives. In 
this project, we first encapsulated a potent ZnF16Pc into ferritin nanocages (60 wt%) 
and then conjugated the resulting PS-loaded ferritins onto the surface RBCs by biotin-
streptavidin conjugation. It was shown that ~2 × 107 ZnF16Pc molecules can be loaded 
onto each RBC while not damaging it. More interestingly, we observed that the surface 
bound PS can benefit from O2 released from RBCs to constantly producing 1O2, even in 
hypoxic areas, which represents a unique advantage of the RBC-PDT in tumor 
treatment. When tested in U87-MG subcutaneous tumor models, RBC-PDT induced 
significantly improved tumor inhibition (63.66% on day 15) compared to treatment with 
PS-loaded ferritins (38.69%), while causing minimal toxicity to the skin and other major 
organs. Overall, RBC-PDT has shown great promise as a safe and efficient treatment 
method, and it holds great potential in clinical translation. 
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Molecular modeling studies of choline acetyltransferase inhibitors as potential 
PET probes 

Rajnish Kumar, rajnishjangra@gmail.com, Taher Darreh-Shori. Dept of Neurobiology, 
Care Sciences and Society, Center for Alzheimer Research Division of Translational 
Alzheimer Research, Karolinska Institutet, Stockholm, Sweden  

Choline acetyltransferase (ChAT) which is responsible for synthesis of acetylcholine is a 
potential PET biomarker of neuroinflammatory diseases and dementia disorders.1 Up to 
date no PET tracer for this enzyme exists thus there is an urgent need of development 
of PET tracers for this enzyme. In order to gain major insight into development of novel 
PET tracers for ChAT, molecular modeling studies were undertaken and are reported 
here. A series of known ChAT inhibitors, trans-1-methyl-4-(1-naphthylvinyl)pyridinium 
analogs (MNVP+s)2 was subjected to molecular docking studies using high resolution 
3D-structure of human ChAT (pdb id: 2FY3). Global minima conformation of the 
molecules from dataset was docked flexibly into active site of enzyme using Surflex-
Dock GeomX module of SYBYL-X 2.1.1 molecular modeling suite and scored using 
consensus scoring. The active molecules were also subjected to substructure similarity 
search to find novel analogs. Result of docking studies indicated strong interactions 
between enzyme active site and ligand involving hydrogen bonds, hydrophobic 
interaction through π-π interactions (figure 1). The results from the study also gave 
insight into the molecular interaction of MNVP+s which would further help in design of 
more potent ligand for ChAT as potential PET probes. 
 
References 
1. Vijayaraghavan, S.; Karami, A.; Aeinehband, S.; Behbahani, H.; Grandien, A.; 
Nilsson, B.; Ekdahl, K. N.; Lindblom, R. P.; Piehl, F.; Darreh-Shori, T., Regulated 
Extracellular Choline Acetyltransferase Activity- The Plausible Missing Link of the 
Distant Action of Acetylcholine in the Cholinergic Anti-Inflammatory Pathway. PloS one 
2013, 8 (6), e65936. 
2. Allen, R. C.; Carlson, G. L.; Cavallito, C. J., Choline acetyltransferase inhibitors. 
Physicochemical properties in relation to inhibitory activity of styrylpyridine analogs. 
Journal of medicinal chemistry 1970, 13 (5), 909-12. 
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Target identification and mechanism elucidation of chalcones’ cytotoxicity via 
photoaffinity probes 

Bo Zhou1, bo.zhou.821@gmail.com, Xingxin Yu3, Chunlin Zhuang4, Peixin Jiang6, 
Susith S. Wickramaratne2, Yong Lin5, Junxuan Lü6, Chengguo Xing1. (1) Dept of Med 
Chem, Univ of Minnesota, Minneapolis, Minnesota, United States (2) University of 
Minnesota, Minneapolis, Minnesota, United States (3) Fudan University, Shanghai, 



China (4) Second Militray Medical University, Shanghai, China (5) Lovelace Respiratory 
Research Institute, Albuquerque, New Mexico, United States (6) Texus Tech University 
Health Science Center, Amarillo, Texas, United States  

Chalcone-based compounds, both natural and synthetic, have shown a wide spectrum 
of biological activities with therapeutic potentials, including cytotoxicity, anti-
inflammation, anti-microbial, and others. Among these bioactivities, cytotoxicity is of 
particular interest due to its anti-cancer potential. Although chalcones' bioactivities have 
been studied extensively, the mechanistic insights and particularly the responsible 
cellular targets surprisingly remain largely unsettled, which significantly limits the 
development of chalcone-based compounds into potent and selective therapeutic 
agents. 
 
In this study, we aimed to identify the cellular target responsible for chalcones' 
cytotoxicity via photoaffinity labeling approach, and to further elucidate the cytotoxic 
mechanisms. We first developed a chalcone compound library targeting cytotoxicity. 
Guided by the sharp structure-activity relationship (SAR) obtained within our library, 
positive and negative photoaffinity probes were designed and synthesized for direct 
target labeling and pull-down experiments from cells. Various cell-based photoaffinity 
labeling experiments unambiguously identified a 52 kD protein as the responsible 
cellular target for chalcone’s cytotoxicity, which was revealed as β-tubulin by mass 
spectrometry. Furthermore, cytotoxic chalcones were shown to inhibit tubulin 
polymerization, disrupt the microtubule network in cells, and cause M-phase cell cycle 
arrest. These tubulin-related effects not only further supported β-tubulin as chalcones' 
direct cellular target responsible for cytotoxicity, but also provided a comprehensive 
view of the cellular mechanisms by which chalcones exert their cytotoxicity. 
 
Altogether, our results provided a target-level mechanistic insight into chalcones' 
cytotoxicity, which would be important for further development of chalcone-based 
compounds as potential anti-cancer agents. The methodology applied here could be 
adapted for the target identification and mechanism elucidation of chalcones' other 
biological activities. 
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Activity-based probe for acyl protein thioesterases 

Yiming Chen, Yiming_Chen@Brown.edu, Michael Zompa, Rachel Bisiewicz, 
Christopher T. Seto. Department of Chemistry, Brown University, Providence, Rhode 
Island, United States  

The S-palmitoylated signal-transducing rat sarcoma GTPase, which plays important 
roles in cellular growth, division, and differentiation, is frequently mutated in various 
types of cancer. Dynamic palmitoylation and depalmitoylation of RAS confers proper 



localization and signaling in cells. So far, only two enzymes have been characterized as 
being involved in depalmitoylation: including acyl protein thioesterase 1 and acyl protein 
thioesterase 2. To decipher the physiological functions of the enzymes involved in S-
depalmitoylation, we have designed a clickable activity-based probe for acyl protein 
thioesterases. The probe consists of a palmitoylated serine substrate linked to a 
trapping moiety that becomes reactive after enzymatic hydrolysis. This activity based 
probe will be critical for profiling the activities of acyl protein thioesterases in biological 
systems and also for inhibitor screening. 

 

 
 
An activity-based probe for acyl protein thioesterases which is compatible with the mass 
spectrometry, in-gel fluorescence analysis and other proteomics methods. 
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Design and application of lipid probes for proteomic characterization of protein 
binding partners 



Sammy Eni, senieni@utk.edu, Michael Best, Sam Mattern-Schain, Kathrin 
Tscherch. The University of Tennessee, Knoxville, Tennessee, United States  

Protein–membrane binding interactions denote crucial molecular recognition events that 
control key biological processes and are aberrant in many diseases including cancer. 
The characterization of these events is vital for understanding these processes and how 
they are transformed in disease. Signaling lipids are present at low percentages in 
cellular membranes. Their common role is to act as ligands in the binding and anchoring 
of proteins onto the membrane, which regulates both protein function and localization. 
Examples are diacylglycerol (DAG), phosphatidic acid (PA), and the family of seven 
naturally occurring phosphatidylinositol polyphosphates (PIPns). Synthetic lipid probes 
are invaluable for studying the biological roles of lipids. Our strategy for synthesizing 
lipid probes employs modular scaffolds that can be conveniently derivatized late in the 
synthesis. This allows for efficient production of many probes bearing different reporter 
tags that are useful for diverse applications. We have exploited this strategy to develop 
probes corresponding to DAG, PA, generic and the PIPns. The resulting probes were 
shown to retain the biological activities of the natural lipids. We have investigated this 
protein-membrane binding by incorporating our probes on liposomal membranes. Our 
study is aimed at identifying and characterizing novel protein targets from cell extracts, 
and particularly those that are involved in disease onset. 
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Design and synthesis of novel fluorinated amines 

Pavel Mykhailiuk, Pavel.Mykhailiuk@gmail.com. Chemistry, Enamine Ltd, Kyiv, Non-
US/Canada, Ukraine  

Modern drug discovery is hard to imagine without fluorine: ca. 20% of all 
pharmaceuticals contain this element. To date, however, only a tiny part of the 
theoretically possible building block structures are synthesized. Many simple 
combinations of fluorine with carbon and nitrogen atoms are still unknown. 
Commercially accessible fluorinated alicyclic amines are mostly limited to pyrrolidines 
and piperidines. The latter are quite popular in medicinal chemistry (Figure a). In this 
work, we synthesized a library of novel aliphatic saturated amines (Figure b).1-5 Details 
of their design and synthesis will be reported. 
 
1. A. Artamonov et al. Eur. J. Org. Chem. 2014, accepted. 
2. V. S. Yarmolchuk et al. Eur. J. Org. Chem. 2013, 3086. 
3. A. V. Shcherbatiuk et al. Tetrahedron 2013, 3796. 
4. D. S. Radchenko et al. Tetrahedron Lett. 2013, 1897. 
5. O. S. Artamonov et al. Synthesis 2013, 225. 
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Synthesis of conformationally restricted scaffolds by double-Mannich reaction of 
cyclic ketones 

Pavel Mykhailiuk, Pavel.Mykhailiuk@gmail.com. Chemistry, Enamine Ltd, Kyiv, Non-
US/Canada, Ukraine  

Conformational restriction is an effective tool used in medicinal chemistry to 
improve/modify pharmacological profiles of lead compounds. Due to a fixation of the 
functional groups in a biologically active conformation, the sterically restricted 
compounds are often more efficient and selective ligands for various targets, thus 
displaying pronounced biological activity.1 
In this work, we synthesized a library of novel conformationally restricted bicyclic 
scaffolds by Double-Mannich reaction of cyclic ketones. Details of the synthesis and 
application of the obtained compounds will be discussed. 
 
 
1 T. Druzhenko et al. 2014 Manuscript under preparation 
2 A. Mityuk et al. Synthesis 2010, 493. 
3 O. Denisenko et al. Tetrahedron Lett. 2010, 51, 1790. 
4 O. Denisenko et al. Org. Lett. 2010, 12, 4372. 
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Synthesis of novel unique pyrrolidines by [3+2]-cycloaddition of azomethine 
ylides with electron-deficient alkenes 

Pavel Mykhailiuk, Pavel.Mykhailiuk@gmail.com. Chemistry, Enamine Ltd, Kyiv, Non-
US/Canada, Ukraine  

Pyrrolidine is one of the most frequently used aliphatic amines in medicinal chemistry: 
its residue can be found in at least ten FDA-approved drugs. Therefore, elaboration of 
practical synthetic approaches to novel substituted pyrrolidines is important. 
In this work, we synthesized a library of novel unique pyrrolidine building blocks using 
[3+2] cycloaddition between electron-deficient alkenes and azomethine ylides.1-4 Some 
synthesized structures are mimics of morpholine, β-proline derivatives, and fluorinated 
pyrrolidines. 
1 V. Yarmolchuk et al. Tetrahedron 2014, in press (DOI: org/10.1016/j.tet.2014.03.002). 
2 V. Yarmolchuk et al. Eur. J. Org. Chem. 2013, 69, 3086. 
3 V. Yarmolchuk et al. Tetrahedron Lett. 2011, 52, 1300. 
4 V. Yarmolchuk et al. J. Org. Chem. 2011, 76, 7010. 
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Affinity selection-mass spectrometry screening: Development and validation of a 
384-well ultrafiltration format for drug discovery 

Robert e. Williamson1, rwilliamson4@knights.ucf.edu, David Terry1, Gregory Roth2. (1) 
Pharmacology, Sanford-Burnham Medical Research Institute, Orlando, Florida, United 
States (2) Sanford-Burnham Medical Research Institute, Orlando, Florida, United States  

High throughput screening (HTS) of novel protein targets is a chemistry-biology based 
foundation that is paramount for drug discovery with many types of technologies that 
are available. Most HTS campaigns require sophisticated equipment and an 
infrastructure that is not readily available. Herein we report advancements in the field of 
affinity selection mass spectrometry (AS-MS) which is one type of HTS format which 
allows for the identification of unique protein binding compounds based on compound 
affinity to the protein of interest. This efficient assay format is simple to conduct and 
allows for rapid and inexpensive identification of potential hit compounds. We have 
advanced and optimized this compound screening format starting from a single tube 
ultrafiltration format, through 96 well plate adaptation, to a 384 well protocol using 
mixtures of 400 compounds per well. This methodology advances this type of screening 
technology by reducing overall assay reagent requirements by 70% over the initial 96 
well plate format. 

 



 
 
Schematic diagram of the AS-MS process used for drug discovery 
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Plasma treatment of dentin surfaces for improving dental composite restoration 
bonding 

Xiaoqing Dong1, Meng Cheng2, Yong Wang3, Hao Li1, Qingsong Yu1, 
yuqs2012@gmail.com. (1) University of Missouri, Columbia, Missouri, United States (2) 
Nanova, Inc, Columbia, Missouri, United States (3) University of Missouri-Kansas City, 
Kansas City, Missouri, United States  

Polymethacrylate-based dental composites have received widespread clinical 
acceptance as alternative restorative materials to dental amalgam amid concern 
regarding the potential health risks associated with mercury release. However, the 
current dental composite restorations suffer from much reduced longevity mainly due to 
interfacial failures of dental adhesives to the surrounding tooth structures. This study is 
to evaluate plasma treatment effects on dentin surfaces for improving self-etching 
adhesive and dentin interface bonding and therefore for potential clinical applications. 



Extracted unerupted human third molars were used after removal of the crowns to 
expose the dentin surface. One half of dentin surface was treated with a non-thermal 
argon plasma brush, whilst another half was covered and used as untreated same tooth 
control. OptiBond All-In-One adhesive and Filtek Z250 dental composite were applied to 
the dentin surfaces as directed. Adhesive-dentin bonding strength was evaluated by 
micro-tensile bond strength (mTBS) test. Bonding strength data was analyzed using 
histograms and Welch’s t-test based on unequal variances. The experimental results 
showed that plasma-treated specimens gave 22% increase in adhesive-dentin bonding 
strength than that of untreated controls. To study the interface stability, mTBS test was 
performed with four plasma-treated teeth that were stored in phosphate buffered saline 
(PBS) at 37 oC for 2 months. The test results showed that, after 2 months PBS 
immersion, the adhesive-dentin bonding strengths of the plasma-treated specimens 
decreased 9.4%, which is much less than the 14.3% decrease observed with the 
untreated same tooth control specimens. The experimental results from this study 
demonstrate that non-thermal argon plasma treatment was very effective in improving 
adhesive/dentin interface bonding strength, which is crucial for increasing longevity of 
dental composite restorations. This study was supported in part by US National Institute 
of Health (NIH) with grant numbers of 5R44DE019041 and 1R01DE021431. 
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Synthesis and evaluation of inhibitors of the salicylate synthase (MbtI) involved in 
siderophore biosynthesis in mycobacterium tuberculosis 

Feng Liu, liuf@umn.edu, Zheng Liu. Department of Medicinal Chemistry, University of 
Minnesota, Minneapolis, Minnesota, United States  

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (Mtb) 
and is responsible for an estimated 1.5 million deaths annually. The emergence of 
multidrug-resistant TB (MDR-TB), and more recently, extensively drug-resistant TB 
(XDR-TB), has rendered treatment of TB very difficult, leading to high failure rates. Iron 
is essential for growth of Mtb; however, the concentration of free iron is extremely low in 
a human host (ca.10-24 M). Mtb overcomes iron restriction by the host through the 
synthesis, secretion, and reputake of small molecule iron chelators known as the 
mycobactins. The salicylate synthase (MbtI) catalyzes the first committed biosynthetic 
step of the mycobactins and thus represents an ideal target for development of new anti 
tubercular agents. The design, synthesis and biochemical evaluation of inhibitors based 
on the putative transition-state (TS) for the isochorismatase partial reaction catalyzed by 
MbtI will be reported. The stereocontrolled synthesis of the highly functionalized 
cyclohexene core of the inhibitors features regio- and stereoselective epoxidation and 
sulfoxide ring opening as key steps. These studies provide a synthetic and mechanistic 
foundation for future efforts to develop improved MbtI inhibitors. 
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Large scale storage stability analysis of molecules in the MLSMR 

Christian Laggner1, christian.laggner@evotec.com, Yuda Shayo1, Chayling Hendarto1, 
Charles R. Johnson1, Carson R. Loomis2. (1) Evotec (US) Inc, South San Francisco, 
California, United States (2) National Center for Advancing Translational Sciences 
(NCATS), Bethesda, Maryland, United States  

The Molecular Libraries Small Molecule Repository (MLSMR) was founded by NIH in 
2004 to provide the Molecular Libraries Screening Centers Network (MLSCN) with a 
collection of diverse small molecules for use in high-throughput screening.1 Since its 
inception, the collection of almost 390,000 unique and diverse compounds has been 
managed in the same facility that is now part of Evotec.2 One of defining criteria for the 
MLSMR has been its stringent QC requirements: new compounds are inspected for 
solubility in DMSO and have to pass a purity cutoff of >90% by LC/MS. The purity is 
analyzed again when compounds are requested for cherry-picks by the screening 
centers. Thus, we have accumulated over 3 million QC data points for this collection 
over the past 10 years. 
 
In the present study, we focus on 4259 compounds that despite stringent storage 
criteria (-20 °C, nitrogen) have decomposed in our storage over time. Such compounds 



are not only problematic to handle and store over an extended period of time – they 
may decompose or react more rapidly under assay conditions and can therefore provide 
screening results that are hard to follow up, leading to wasted efforts and resources. 
Cheminformatic clustering identified a number of scaffolds that are present in these low 
stability compounds. Some of these are known Pan Assay Interference Compounds 
(PAINS)3 or have other known reactive groups, while others represent new and 
interesting scaffold families. We present our preliminary results for some of these novel 
scaffolds, including hypotheses on their reaction mechanism and resulting products. 
Our long-term goal is to collect potentially unstable scaffolds as SMARTS patterns and 
to share them with the scientific community. 
 
1) http://mli.nih.gov/mli/secondary-menu/mlscn/ml-small-molecule-repository/ 
2) http://mlsmr.evotec.com 
3) Baell, J.B.; Holloway, G.A. New substructure filters for removal of pan assay 
interference compounds (PAINS) from screening libraries and for their exclusion in 
bioassays. J. Med. Chem. 2010, 53, 2719-40. 

MEDI 352 

Development of novel nitrogen based heterocyclic antibiotic advjuvants 

Robert E. Furlani2, refurlan@ncsu.edu, Christian Melander1. (1) North Carolina State 
Univ, Raleigh, North Carolina, United States (2) Chemistry, North Carolina State 
University, Raleigh, North Carolina, United States  

The emergence of multi-drug resistant bacteria has become a serious global health 
crisis, leading to significant levels of mortality and morbidity. The traditional route of the 
development of new classes of antimicrobial agents has been almost completely 
stagnant over the last 4 decades. As a result of this alarming trend, as well as the 
inherent ability of bacteria to develop drug resistance to new antimicrobial agents, a 
new therapeutic approach is necessary. One approach to address this growing problem 
is the use of antibiotic adjuvants. Recently our lab has shown that a class of 
compounds, 2-aminoimidazole/triazole conjugates, have the ability to render drug 
resistant bacteria more susceptible to antibiotic treatment. Expanding on this work we 
were interested in modifying the 2-aminoimidazole head, and replacing it with 
structurally similar nitrogen based heterocycles to probe their antibiotic adjuvant activity. 
Nitrogen based heterocyclic analogues were synthesized and tested against drug 
resistant bacteria. 
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