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OTHER SYMPOSIA OF INTEREST: 
 Advances in Molecular Recognition of Double-Helical DNA & RNA (see CARB, Mon, Tue) 
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SUNDAY MORNING 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

Leveraging Atropisomers in Medicinal Chemistry 

 
M. M. Weiss, Organizer, Presiding 
 

8:30 Introductory Remarks. 

8:35 1. Atropisomer axial chirality as a valuable tool in drug discovery.  S. LaPlante 

9:10 2. Atropisomerism in macrocyclic factor VIIa inhibitors.  P. Glunz, N. Wurtz, X. 
Zhang, L. Mueller, D.L. Cheney, A. Wei, P. Wong, R.R. Wexler, E.S. Priestley 

9:45 3. Leveraging atropisomerism in the identification of NaV1.7 inhibitors for the 
treatment of pain.  B.C. Milgram, M. Chu-Moyer, E.F. DiMauro, H. Gao, A. 



Guzman-Perez, D. La, I.E. Marx, B. Moyer, A. Boezio, J. Butler, R. Graceffa, C. 
Kreiman, E. Peterson, B. Sparling, K. Romero, M.M. Weiss 

10:20 4. Atropisomerism as a means to modulate target selectivity and an inspiration 
for new chemistry.  J. Gustafson 

10:55 5. Optimizing kinase in the development of lorlatinib: The challenge of 
atropisomerism.  P. Richardson 

11:30 6. Twisted road to the discovery of BMS-986142: Using conformationally 
locked atropisomers to drive potency in a reversible inhibitor of Bruton’s tyrosine 
kinase (BTK).  S.H. Watterson, G.V. De Lucca, Q. Shi, C.M. Langevine, Q. Liu, 
D.G. Batt, M. Beaudoin Bertrand, H. Gong, J. Dai, H. Yip, P. Li, D.Z. Sun, D. Wu, C. 
Wang, Y. Zhang, S.C. Traeger, M. Pattoli, S. Skala, L. Cheng, M.T. Obermeier, R. 
Vickery, L. Discenza, C. D'Arienzo, K.M. Gillooly, T. Taylor, C. Pulicicchio, K.W. 
McIntyre, M.A. Galella, A. Tebben, J. Muckelbauer, C. Chang, L. Salter-Cid, J.C. 
Barrish, P.H. Carter, A. Fura, J.R. Burke, J.A. Tino 

 Section B 

Ernest N. Morial Convention Center 
Rooms 252-254 

General Orals 

 
A. W. Stamford, Organizer 
J. R. Allen, Presiding 
 

8:30 7. Inhaled Janus kinase 1 (JAK1) inhibitors as potential treatments for asthma.  
M. Zak, N. Ray, S. Goodacre, N. Ghilardi, H. Dengler, C. Rinderknecht, A. Johnson, 
M. Briggs, B. McKenzie, D. Brown, J. Kenny 

8:50 8. Discovery of LAS194046, a potent pan-JAK inhibitor for the inhaled 
treatment of respiratory diseases.  J. Bach 

9:10 9. Design of KDM4C inhibitors with antiproliferative effects in cancer models.  
Y. Chen 



9:30 10. Small molecules as frontline therapy for immune oncology: Experience from 
ubiquitin pathway targets.  J. Wu, S. Kumar, F. Wang, I. Sokirniy, M. Mattern, J. 
Weinstock 

9:50 11. Small molecule screening approaches for inhibition of Ubc9 and the 
sumoylation pathway.  K. Zlotkowski, W.M. Hewitt, G. Lountos, S. Dahlhauser, L. 
Saunders, R. Sinniah, D. Needle, J. Tropea, B. Ma, P. Yan, H. Bokesch, M.L. Peach, 
M.C. Nicklaus, J.J. Barchi, J. McMahon, R. Nussinov, D. Waugh, K. Gustafson, J. 
Schneekloth 

10:10 12. Evaluation of triazolopyrimidine microtubule-stabilizing small molecules as 
potential candidates for the treatment of Alzheimer’s disease and related tauopathies.  
C. Ballatore, Y. Yao, K. Oukoloff, A. Cornec, M. James, J. Trojanowski, V. Lee, 
A.B. Smith, K. Brunden 

10:30 13. Synthesis and characterization of a highly potent series of substituted N-
(indanyl)piperidine-4-carboxamides as positive allosteric modulators of the 
M5 muscarinic acetylcholine receptor.  A. Bender, K.D. Nance, H.P. Cho, T.M. 
Bridges, P.M. Sexton, A. Christopoulos, P.J. Conn, C.W. Lindsley 

10:50 14. Discovery and design of novel selective kappa opioid antagonists.  M. 
Green, N. Kablaoui, R. Danica, C.M. Stiff, B. Brian, K.J. Coffman, M.A. Brodney, 
P.R. Verhoest 

11:10 15. Macrocyclic peptides as novel LSD1 inhibitors and their biological 
evaluation.  I.R. Kumarasinghe, P.M. Woster 

11:30 16. Design and synthesis of lysine-targeted covalent inhibitors of HSP72.  J. 
Pettinger, Y. Le Bihan, M. Powers, M. Widya, R. van Montfort, K. Jones, M. 
Cheeseman 

11:50 17. Indole-2-carboxamides (I2Cs) targets mycolic acid transport and offer a 
potential treatment for Mycobacterium abscessus infections.  O. Onajole, J. Stec, C. 
Dupont, A. Viljoen, M. Richard, T. Chaira, S. Lun, W. Bishai, S. Raj, D. Ordway, 
A.P. Kozikowski, L. Kremer 

 

LGBTQ+ Graduate Student & Postdoctoral Scholar Research Symposium 

Emerging Applications of Organic & Biochemistry: Soil Science, Biomaterials & 
Synthesis 



Sponsored by PROF, Cosponsored by ANYL‡, BIOL‡, BIOT, CHED, CMA, COLL, 
COMP‡, CWD, ENVR, INOR‡, MEDI‡, ORGN, PHYS‡, PMSE‡, POLY‡, PRES‡, 
WCC and YCC 
 

 

Large-Scale Applied Molecular Modeling 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 

SUNDAY AFTERNOON 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

General Orals 

 
A. W. Stamford, Organizer, Presiding 
 

1:30 18. Discovery of a potent and efficacious Mcl-1 inhibitor featuring an α-hydroxy 
phenylacetic acid pharmacophore.  G. Rescourio, S.P. Brown 

1:55 19. Discovery of SAM competitive, brain-restricted PRMT5 inhibitors with 
potent antitumor activity.  J.H. Tatlock, J. Billitti, J.F. Braganza, A. Brooun, Y. 
Deng, B. Hirakawa, K. Jensen-Pergakes, R. Kumpf, W. Liu, K. Maegley, I.J. 
McAlpine, M. McTigue, R. Patman, E. Rui, S.A. Scales, M.B. Tran-Dube, F. Wang, 
Z. Wang, S. Yamazaki, T. Zhang, M. Wythes 

2:20 20. Optimization of S1P1 partial agonists leading to the identification of BMS-
986166.  A.J. Dyckman, J.L. Gilmore, M. Yang, T. Dhar, D. Marcoux, Z. Xiao, H. 
Xiao, L. Li, A. Mathur, J. Xie, K. McIntyre, R. Thomas, T. Taylor, X. Yang, L. 
Lehman-McKeeman, H. Shi, P.C. Levesque, H. Sun, A.M. Marino, Z. Yang, G. 
Cornelius, C. D'Arienzo, D. Shen, M. Cvijic, B.M. Warrack, L. Salter-Cid, L. 
Lombardo, J.E. Macor, P.H. Carter 

2:45 21. Inhibition of glutaminyl cyclase as a new concept for the treatment of 
Alzheimer’s disease: PQ912, the first-in-class QC-inhibitor in clinical development 



for AD.  U. Heiser, T. Hoffmann, A. Meyer, R. Sommer, D. Ramsbeck, M. 
Kleinschmidt, H.U. Demuth, K. Glund, I. Lues 

3:10 22. Discovery of clinical candidate TAK-915, a highly potent, selective, and 
brain-penetrating phosphodiesterase 2A inhibitor for the treatment of cognitive 
disorders.  S. Mikami, S. Nakamura, T. Ashizawa, I. Nomura, M. Kawasaki, S. 
Sasaki, H. Oki, H. Kokubo, I.D. Hoffman, H. Zou, N. Uchiyama, K. Nakashima, N. 
Kamiguchi, H. Imada, N. Suzuki, H. Iwashita, T. Taniguchi 

3:35 23. Discovery of potent and orally bioavailable macrocyclic peptide-peptoid 
hybrid CXCR7 modulators.  M. Boehm 

4:00 24. Novel RORγ inverse agonists: From GDC-0022 to a novel pyridazine-based 
series.  J.J. Crawford 

4:25 25. Discovery and development of novel small molecule modulators of TNF 
alpha signalling.  D. Brookings, R.P. Alexander, T. Arakaki, J. Bentley, T. Bourne, 
J.A. Brown, A. Burgin, M. Calmiano, B. Carrington, M. Deligney, D. Fox III, A. 
Foley, H.T. Horsley, J. Heer, J. Henshall, M. Hutchings, V. Jackson, C. Johnstone, J. 
Kennedy, L. King, B. Kroeplien, A. Lawson, F. Lecomte, J. Madden, K. Menochet, 
M. Merriman, T. Norman, J. O'Connell, A. Payne, J. Porter, J. Quincey, S. Rapecki, 
M.D. Selby, A. Vugler, G. Watt, S. Wright, Z. Zhu 

4:50 26. Discovery of a novel series of small molecule modulators of TNF alpha 
binding and signalling through a novel mechanism of action.  T. Norman, F. 
Lecomte, J. Kennedy, B. Carrington, J. Porter, J. O'Connell, A. Lawson, R. Davis, S. 
Rapecki, B. Kroeplien, A. Burgin, T. Arakaki 

 Section B 

Ernest N. Morial Convention Center 
Rooms 252-254 

Medicinal Chemists' Toolbox Series: Dipole & Charge in Drug Design 

 
N. A. Meanwell, P. M. Scola, K. Yeung, Organizers, Presiding 
 

1:30 Introductory Remarks. 



1:35 27. Deeper understanding of molecular recognition through modern 
computational techniques.  C.D. Sherrill, R.M. Parrish, D. Sitkoff, D.L. Cheney 

2:10 28. Electrostatic basis of anomalous SAR and molecular properties: Tactical 
lessons in drug design.  D.L. Cheney, D. Sitkoff, X. Zhu, M. Dhar, B.W. Bakr, C.D. 
Sherrill 

2:45 29. Fluorine multipolar interaction: how much does it contribute to binding free 
energy?  L. Xing 

3:20 30. Understanding stacking interactions of heterocyclic drug fragments.  S.E. 
Wheeler, A.N. Bootsma, A.C. Doney 

3:55 31. Polar protein-ligand interactions: Statistical significance and use in structure-
guided drug design.  B. Kuhn 

 

LGBTQ+ Graduate Student & Postdoctoral Scholar Research Symposium 

Experimental & Computational Frontiers in Inorganic & Materials Chemistry 

Sponsored by PROF, Cosponsored by ANYL‡, BIOL‡, BIOT, CHED, CMA, COLL, 
COMP‡, CWD, ENVR, INOR‡, MEDI‡, ORGN, PHYS‡, PMSE‡, POLY‡, PRES‡, 
WCC and YCC 
 

 

Large-Scale Applied Molecular Modeling 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 

SUNDAY EVENING 

 Section A 

Ernest N. Morial Convention Center 
Hall E 

General Posters 



 
A. W. Stamford, Organizer 
 

7:00 - 9:00 

32. Discovery of a highly selective BTK inhibitor Tirabrutinib(ONO/GS-4059) for B-
cell lymphoma and inflammatory diseases.  S. Yamamoto, R. Suzuki, A. Hiramatsu, 
H. Kijima, T. Watanabe, H. Egashira, S. Takai, M. Terakado, S. Ogawa, M. Ima, T. 
Nishiyama, I. Doi, M. Kurono, R. Omi, K. Kayasuga, S. Kusuda, A. Imagawa, H. 
Habashita, T. Seko, K. Moriarty, Z. Konteatis, K. Moffett, Y. Lee, W. Chao 

33. Photoaffinity labeling approach towards binding site identification of chroman-4- 
one based sirtuin 2 inhibitors.  T. Seifert, M. Malo, J. Lengqvist, C. Sihlbom, E.M. 
Jarho, K. Luthman 

34. Discovery of a novel kinase inhibitor ON 150030, a type 1 inhibitor for relapsed 
and refractory AML.  M. Reddy, H. Ghaffari, B. Akula, S.C. Cosenza, M.R. 
Mallireddigari, V. Dandu, P. Reddy 

35. Discovery of pyrrolo[1,2-b]pyridazine-3-carboxamides as potent JAK1/3 
inhibitors with selectivity against ROCK family kinases.  S. Spergel, M.E. Mertzman, 
S. Lin, G. Brown, J. Kempson, J. Guo, S.M. Stachura, J.S. Lippy, R.F. Zhang, S. Pitt, 
A. Fura, V. Tang, J.S. Tokarski, J. Sack, J. Khan, J. Li, J. Hennan, P.C. Levesque, 
P.H. Carter, J.C. Barrish, L. Salter-Cid, G.L. Schieven, S. Wrobleski, W.J. Pitts 

36. Discovery and structure-activity relationship of pyrrolo[2,1-f][1,2,4]triazines as 
inhibitors of phosphatidylinositol 3-kinase δ (PI3Kδ) for the treatment of 
immunological disorders.  Q. Shi, D. Marcoux, Q. Liu, D.G. Batt, L. Cornelius, A.S. 
Srivastava, R.J. Cherney, L. Qin, Z. Ruan, J. Neels, R.S. Bhide, L. Li, M. Beaudoin 
Bertrand, H. Gong, S.H. Watterson, J. Pan, H. Tang, J. Fan, M. Yarde, M. Cvijic, 
M.T. Obermeier, A. Fura, C.A. Weigelt, M.A. Galella, J. Sack, J. Muckelbauer, K.M. 
Gillooly, K.W. McIntyre, Q. Ruan, M.A. Poss, J. Hynes, J.E. Macor, P.H. Carter, S. 
Ruepp, G.L. Schieven, J.A. Tino 

37. Highly delta selective quinazolinone PI3K inhibitors.  J.A. Treiberg, J. 
Chandrasekhar, C. Ip, D. Koditek, E. Lepist, M. McGrath, J. Mwangi, S. Perreault, J. 
Somoza, B. Steiner, J.H. Therrien, A.G. Villasenor, S. Wise, B. Wong, G. Phillips 

38. Dual kinase-bromodomain inhibition of Brd4 and p38a using trisubstituted-
imidazoles.  A. Divakaran, S.K. Talluri, A.M. Ayoub, N.K. Mishra, J.C. Widen, J. 
Zhu, N. Berndt, E. Schonbrunn, D.A. Harki, W.C. Pomerantz 



39. Identification of a novel DYRK1A inhibitor lead from computational modeling of 
kinase inactive conformations.  K. Kumar, P.M. Ung, P. Wang, H. Wang, H. Li, 
M.K. Andrews, A. Stewart, A. Schlessinger, R. deVita 

40. Trifluoromethyl oxetanes: Synthesis and evaluation as a tert-butyl isostere in the 
gamma secretase modulator program.  P. Mukherjee, C. am Ende, M. Pettersson, 
J.K. Dutra, L. Xie 

41. Highly selective dopamine D3 receptor (D3R) antagonists with arylated diazaspiro 
alkane cores.  S. Reilly, S. Griffin, M. Taylor, K. Sahlholm, C. Weng, K. Xu, R.R. 
Luedtke, R.H. Mach 

42. Discovery of new indomethacin-based analogs with potentially selective 
cyclooxygenase-2 inhibition and observed diminishing to PGE2 activities.  S.E. 
Kassab, M.A. Khedr, H. Ali, M.M. Abdalla 

43. Thiol-reactive vancomycin-resistant Staphylococcus aureus (VRSA) inhibitors.  
A. Kulkarni, I. Soni, D. Kelkar, D. Allimuthu, R. Sankar, S. Kamat, S. Chopra, H. 
Chakrapani 

44. Utilizing small molecule adjuvants to increase colistin efficacy against Gram-
negative bacteria.  B. Minrovic, C. Melander 

45. Assessment of mitochondrial membrane potential in cells and in vivo using click 
chemistry and mass spectrometry.  K. Shaffer, R.A. Smith, M.P. Murphy 

46. Discovery of reactive oxygen species inducer for treatment of lung cancer.  F. 
Ndombera 

47. Development of novel penicillin binding protein 2 (PBP2) inhibitors as drug 
candidates for penicillin- and cephalosporin-resistant Neisseria gonorrhoeae.  J.M. 
Turner, P.M. Woster, C. Davies 

48. 1,2,4-triazolidine-3-thiones as narrow spectrum antibiotics against Acinetobacter 
baumannii.  W. Huggins, C. Melander 

49. Nitrogen-containing derivatives of O-trimethyl-2,3-dehydrosilybin: Design, 
synthesis, and in vitro evaluation in prostate cancer cell models.  B. Vue, S. Zhang, A. 
Vignau, G. Chen, X. Zhang, Q. Chen 

50. Discovery of hydroxylated benzofuro[3,2- b]pyridin-7-ol derivatives as DNA 
topoisomerase inhibitors: Synthesis, biological evaluation and structure-activity 



relationship study.  A. Shrestha, T.M. Kadayat, G. Bist, T.B. Thapa Magar, P. 
Katila, Y. Kwon, E. Lee 

51. Evaluation of serotonin modulators as a novel treatment for inflammatory bowel 
disease.  D.J. Canney, B.E. Blass, K. Blattner, R. Gao, J. Gordon, H. Wang, W. 
Khan, D. Pippin 

52. Applying EPSA in guiding permeability optimization of small molecules.  K. 
Song, R. Romero 

53. Towards understanding the unbound state of drug compounds: Implications for the 
intramolecular reorganization energy upon binding.  I. Chen 

54. Examination of proteins bound to nascent DNA in mammalian cells using: BrdU-
ChIP-Slot-Western technique.  D. Pablito, S. Bhaskara 

55. Structure−activity relationship of a tetrahydroisoquinoline class of N–methyl–D–
aspartate receptor modulators that potentiates GluN2B–containing N–methyl–D–
aspartate receptors.  M. Epplin, K.L. Strong, J. Bacsa, C.J. Butch, P.B. Burger, D.S. 
Menaldino, S. Traynelis, D. Liotta 

56. Synthesis and biological effects of a novel carborane-based α-amino acid for the 
treatment of glioblastoma.  T. He, S.V. Chittur, R. Musah 

57. Synthesis of novel CCR1 antagonists for treatment of glioblastoma.  F. Faizal, K. 
Mack, E. Shepherd, S. Chakravorti, M. Gill, M. Notarmaso, I. Pabon, N. Patel, H. 
Rao, J. Yarfi, J. Xie, J.R. Merritt 

58. (1-4)-S-thiodisaccharides: Potential anticancer drug candidates against human 
malignant gliomas.  J. Sarnik, M. Toma, A. Czubatka-Bienkowska, A. Macieja, T. 
Sliwinski, Z.J. Witczak, R. Bielski, T. Poplawski 

59. HPLC detection of ferulic acid, gallic acid and quercetin from aqueous extracts 
of Moringa oleifera.  A.G. Gonzalez, A. Mar, H.M. Morales 

60. Synthesis of JMS-17-2 and its analogs as new potential CX3CR1 antagonists.  M. 
Gao, M. Wang, J.A. Meyer, J.S. Peters, H. Zarrinmayeh, P. Territo, G.D. Hutchins, Q. 
Zheng 

61. Developing structure-phototoxicity relationships for the better prediction of 
phototoxicity.  T. Takai, Y. Dragan, R. Naven 



62. Resurrecting aged acetylcholinesterase to combat organophosphorus poisoning.  
N. Rigel, S. Davis, A.J. Franjesevic, B. Scarpitti, Q. Zhuang, C.S. Callam, C.M. 
Hadad 

63. Design and synthesis of dual ALK/BRD4 inhibitors.  E. Watts, E. Tucker, D. 
Heidenreich, B. Bellenie, S. Knapp, L. Chesler, S. Hoelder 

64. Discovery of IACS-6274: A potent, selective GLS1 inhibitor with excellent 
pharmacokinetic properties under development for cancers with specific metabolic 
vulnerabilities.  M.J. Soth, K. Le, G. Liu, J.P. Burke, J.J. Kovacs, J.P. Bardenhagen, 
C.A. Bristow, B. Czako, C. Carroll, M.E. Di Francesco, M.M. Hamilton, M. Geck-
Do, A. Harris, V. Giuliani, Y. Jiang, T. Johnson, Z. Kang, Z. Liu, T. McAfoos, M. 
Miller, W.S. Palmer, N.E. Rogers, H.E. Shephard, N.D. Spencer, J. Theroff, A. Yau, 
G. Draetta, T. Heffernan, C. Toniatti, P. Jones 

65. Discovery of novel bicyclic pyridone derivatives as inhibitors of EZH2.  M.A. 
Marx, T.P. Bobinski, D.M. Briere, J.G. Christensen, R.A. Galemmo, M.R. Lee, N. 
Sudhakar, J.W. Winkelman 

66. Potent small-molecule inhibitors of tubulin polymerization targeted for selective 
release mediated by tumor-associated hypoxia.  Z. Shi, R. Guddneppanavar, B.A. 
Winn, C. George, T.E. Strecker, Y. Wang, J. Gerberich, A. Winters, E. Lin, C.J. 
Maguire, J. Ford, D.J. Chaplin, R.P. Mason, M.L. Trawick, K.G. Pinney 

67. Development and screening of new cathepsin B and K inhibitors utilizing 
substituted thiosemicarbazones.  R. McConnell, H. Sarepalla, P. Akula, B. Guda, D. 
Yermala, N. Kadasala, K. Sayyar, W. Godwin, L. Wen 

68. Development and screening of new cathepsin D inhibitors.  R. McConnell, K. 
Malayala, K. Yarlagadda, K. Sayyar, C. Trana, W. Godwin, L. Wen 

69. Lead optimization of cathepsin K inhibitors for disease-modifying osteoarthritis.  
A. Ginnetti, D. Paone, K. Nanda, A. Green, C.S. Burgey, L. Duong, H. Glantschnig, 
L. Huang, P. Lu, S. McElwee-Witmer, R. Vogel, N. Wei, G. Wesolowski, S. Carroll, 
S. Mosser, R. Robinson, S. Adamski, D. Eular, N. Hatcher, B. Luo, L. Lubbers, H. 
Webber, k. wessner, K. Anderson, S. Crathern, D. Dooney, J.D. Ellis, Y. Kuo, B. Ma, 
D. Rudd, B. Wan, C. Wudarski, M. Zrada, S. Stachel 

70. Small molecules inhibitors of PCSK9-LDLR protein-protein interaction.  J. 
Taechalertpaisarn, C.M. Serrano, B. Zho, X. Liang, K. Burgess 



71. Using in-line ion-exchange impurity scavenging to improve flash purification 
efficiency.  J.R. Bickler 

72. Lead optimization of novel CETP inhibitors for cardiovascular diseases.  G. Park, 
S. Kim, H. Hwang, E. Lee, S. Woo, E. Ko, C. Im, S. Lee, W. Lee, M. Ma, S. Lee, M. 
Song 

73. Histone H3 and H4 acetylation of gamma-globin gene induced by 
phenylsulfonylfuroxan.  J.L. Dos Santos, T.R. Melo, C. Kumkhaek, C. Lanaro, K.P. 
Barbieri, M.E. Lopes-Pires, R.C. Chelucci, I.Z. Carlos, S. Marcondes, K. Chegaev, S. 
Guglielmo, L. Lazzarato, R. Fruttero, M. Chung, G.P. Rodgers, F.F. Costa 

74. Design and synthesis of novel peroxisome proliferator-activated receptor δ 
agonists.  K. Jung, K. Kim, S. Cho, J. Chin 

75. Cyclohexyl GPR40 full agonists for the treatment of Type 2 diabetes.  S.K. 
Meegalla, J. Lanter, H. Huang, S. Lee, T. Martin, J. Silva, M. Otieno, B. Rady, L. 
Norquay, J. Xu, J. Qi, M. Rankin, Y. Wang, S. Zhao, E. Arnoult, Y. Gong, J. Liu, X. 
Fran, F. Du, S. Lohani, A. Pocai, M.R. Player 

76. Imidazopyridazine analogues as anti-malarial PfPI3K inhibitors.  R. Liu, T. 
Pandharkar, I. Safeukui, S. Bhattacharjee, H. Liu, O. Wiest, K. Haldar, M.J. Miller 

77. Structure based drug design in the search of selective inhibitors of the plasmepsin 
V (PmVPf) from Plasmodium falciparum.  W. Ferraz, G.M. Ferreira, G.H. Trossini 

78. Design and synthesis of new peptide-benznidazole conjugates 
targeting Trypanosoma cruzi fibronectin receptor.  P. Pitasse-Santos, D. Decoté-
Ricardo, C.G. Freire-de-Lima, A.K. Giri, V.J. Hruby, M.E. Freire De Lima 

79. Identification of ligand-efficient inhibitors of Trichomonas vaginalis uridine 
nucleoside ribohydrolase using NMR-based fragment screening.  S. Auletta, W. 
Caravan, J. Persaud, D.G. Brown, D.W. Parkin, B.J. Stockman 

80. Ribavirin selectively inhibits the guanosine/adenosine/cytidine nucleoside 
hydrolase from Trichomonas vaginalis.  W. Caravan, R. Alam, A. Barbarovich, M. 
Ismail, A. Barskaya, D.W. Parkin, B.J. Stockman 

81. Emerging SAR for several series of Trichomonas vaginalis adenosine/guanosine 
preferring nucleoside ribohydrolase inhibitors derived from fragment analog 
screening.  J.A. Gonzalez, A. Kaur, V. Sapojnikov, D.G. Brown, D.W. Parkin, B.J. 
Stockman 



82. Organizing 3D project data for structure-based drug design.  E. Metwally 

83. MOEsaic: Application of matched molecular pairs to interactive SAR exploration.  
A. Ajamian 

84. Multi-target molecular profiling using MOE: A CYP450 isoform selectivity case 
study.  M.R. Goldsmith 

85. Exploiting solvent effects in drug design and optimization.  C. Williams 

86. Problem based learning with MOE.  A. Bonin 

87. Total synthesis and analogue development of the cyclic imine natural product 
scytonemide A.  R.J. Tokarski, T. Wilson, J.E. Orjala, H.L. Rakotondraibe, J. Fuchs 

88. Using small-molecule structural chemistry to inform drug discovery: Applications 
of the Cambridge Structural Database.  P. Sanschagrin, S. Sekharan 

89. Behavior and biological significance of caseinolytic protease P in Clostridium 
difficile.  N. Lavey, A.S. Duerfeldt 

90. Development and construction of an original compound library for CNS drug 
discovery: Combining computational and wet data to enhance CNS drug-likeness.  D. 
Hasegawa, P.P. Graczyk, R. Nicewonger, G.S. Bhatia, L. Birch, P. Dimopoulos, A.H. 
Payne, Y. Kobayashi, T. Terauchi, R. Clark, S. Suzuki, M. Watanabe, T. Nishioka, H. 
Terauchi, S. Ozaki, I. Kushida, T. Suh, M.J. Yu, F. Benayoud, K. Sanders, F. Fang 
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V. Pallela, S.C. Cosenza, C. Ren, M. Maniar, P. Reddy, M. Reddy 

211. Molecular dynamics simulations of the epsilon unit in HBV pgRNA.  R.P. 
Pemberton 

212. Near-IR cyanine optical/PDT theranostic for TrkC+ breast cancer.  J.P. 
Shrestha, K. Burgess 

213. SAR study of novel FABP inhibitors as antinociceptive, anti-inflammatory, and 
anticancer agents.  S. Yan, M. Elmes, M. Awwa, J. Li, K. Ziadkhanpour, M. 
Kaczocha, D. Deutsch, I. Ojima 

214. Chemo-enzymatic synthesis of “clickable” and photoactive NAADP analogs for 
identification of the NAADP receptor.  P. Su, J. Bretz, T. Asfaha, C. Trabbic, T. 
Walseth, J. Slama 

215. Structure activity relationship studies of indole-containing heterocycles targeting 
lipid regulation pathways.  H. Xie, K. Yang, G.N. Winston-Mcpherson, W. Tang 

216. Targeting lipid regulation pathways by novel small molecules.  K. Yang, H. Xie, 
G.N. Winston-Mcpherson, D. Stapleton, M. Keller, A. Attie, W. Tang 

217. Binding of silymarin flavolignan isomers to human serum albumin: Experimental 
and computational studies.  D. Hlangothi, K. Anthony, M.A. Saleh 

218. Chemoenzymatic synthesis of novel O-linked glycopeptide cancer vaccine 
candidates.  J. Zhang 

219. Synthesis and evaluation of 7-O-aminoalkyl-3,3',4'-O-trimeylfisetins as anti-
prostate cancer cell agents.  M. Lee, K. Muthima, X. Li, G. Chen, Q. Chen 

220. Nitrogen-containing derivatives of tertramethylquercetins: A new group of anti-
prostate cancer agents.  P.S. Rajaram, Z. Jiang, A. Phasakda, A. Rivera, G. Chen, Q. 
Chen 

221. Synthesis of N-(9-acridinyl)-O-phenylhydroxylamines as anti-cancer agents.  
C.I. Muldoon, A.L. Johnson, M.D. Mosher 

222. Identification of conserved waters in macromolecular structures using ProBiS 
H2O.  M. Jukic, J. Konc, S. Gobec, D. Janezic 



223. Suppressive effect of benzoxazinoids on prostate cancer cells.  B. Bhattarai, 
P.L. Gregersen, M.T. Skaanild, I.S. Fomsgaard 

 
 

MONDAY MORNING 

 Section A 

Ernest N. Morial Convention Center 
Rooms 252-254 

Impact of Small-Molecule Breakthrough Therapies on Human Health 

 
N. A. Meanwell, P. M. Scola, K. Yeung, Organizers, Presiding 
 

8:30 Introductory Remarks. 

8:35 224. Breakthrough therapies - FDA perspective.  D. Matecka 

9:10 225. Discovery and development of alectinib, a selective and potent ALK 
inhibitor for treatment of ALK-positive advanced non-small cell lung cancer.  K. 
Kinoshita 

9:45 226. Discovery of oliceridine (TRV130), a novel G protein biased ligand at the 
µ-opioid receptor, for the management of moderate to severe acute pain.  A.L. 
Crombie, X. Chen, F. Skobieranda, D.G. Soergal, J. Violin, M. Lark 

10:20 227. US FDA breakthrough designation: Impact and benefits on the 
development of TAGRISSOTM (osimertinib).  B. Barlaam, R. Finlay, R. Ward 

10:55 228. Targeting the cause of cystic fibrosis: Recent progress.  P. Grootenhuis 

 Section B 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

Recent Advances in the Discovery of Deubiquitinase Inhibitors 



 
E. F. DiMauro, E. R. Strieter, Organizers, Presiding 
 

8:30 229. Selenocysteine as a latent bioorthogonal probe for deubiquitylating 
enzymes.  C. Chatterjee 

9:00 230. Chemical approach to manipulate the protein degradation machinery for 
human health.  B. Lee, R. King, D. Finley 

9:30 231. Targeting the deubiquitinase STAMBP inhibits NALP7 inflammasome 
activity.  J. Bednash, N. Weathington, J. Londino, M. Rojas, D. Gulick, B.B. Chen, 
R.K. Mallampalli 

10:00 Intermission. 

10:15 232. Targeting DUBs in hematological malignancies.  S. Buhrlage, E. 
Weisberg, I. Lamberto, X. Liu, N. Schauer, J. Yang, S. Dhe-Paganon, H. Seo, J. 
Griffin, V. DeCesare, S. Ritorto, M. Trost 

10:45 233. Target selection and small molecule development in the DUB space.  M. 
Clague 

11:15 234. Fragment guided path to a selective inhibitor of USP7 and its implications 
for chain linkage specificity.  T. Maurer 

11:45 235. Reactive site-centric chemoproteomics identifies a new class of 
deubiquitinase enzymes.  I.E. Wertz 

12:15 Concluding Remarks. 

 Section C 

Ernest N. Morial Convention Center 
Rooms 255-257 

Emerging Therapeutics: Gasotransmitters 

 
L. M. Berreau, P. K. Mascharak, Organizers 
B. Wang, Organizer, Presiding 
 



8:00 Introductory Remarks. 

8:05 236. Releasing and sensing reactive sulfur species.  M. Xian 

8:35 237. New strategies for carbonyl sulfide (COS) and hydrogen sulfide (H2S) 
delivery.  M.D. Pluth 

9:05 238. Discovery and clinical evaluation of MK-8150, a novel nitric oxide donor 
with a unique mechanism of nitric oxide release.  A. Ali 

9:35 239. Development of novel hydrogen sulfide donors to treat cardiovascular 
diseases.  D. Lefer, Z. Li, J. Kang, M. Xian 

10:05 Intermission. 

10:20 240. Carbon monoxide is hepatoprotective through generation of nitric oxide.  
L. Otterbein, D. Gallo, S. Otterbein, X. Ji, B. Wang, B. Zuckerbraun, S. Robson 

10:50 241. Inhibition of cystathione beta-synthase by CO in human breast cancer 
cells: Implications in chemotherapeutic drug sensitivity.  P.K. Mascharak 

11:20 242. Flavonol-based carbon monoxide releasing molecules.  L.M. Berreau 

 

International Symposium on Biorelated Polymers: Innovations in Biomedical 
Polymers 

Sponsored by POLY, Cosponsored by BIOT, MEDI and PMSE 
 

 

Insights into Structure, Function, Dynamics & Evolution of Enzymatic 
Mechanisms from Computational Simulation 

Sponsored by COMP, Cosponsored by CINF, MEDI and PHYS 
 

 

Large-Scale Applied Molecular Modeling 



Sponsored by COMP, Cosponsored by CINF and MEDI 
 

MONDAY AFTERNOON 

 Section A 

Ernest N. Morial Convention Center 
Rooms 252-254 

Identifying Selective PI3K Inhibitors 

 
G. Phillips, Organizer, Presiding 
 

1:30 Introductory Remarks. 

1:40 243. Identification of alpelisib as a selective inhibitor of PI3Kα.  R.A. 
Fairhurst, G. Caravatti, V. Guagnano, P. Imbach-Weese, R. Mah, M. Gerspacher, I. 
Bruce, P. Furet, M. Knapp, C. Fritsch, C. Schnell, F. Blasco, J. Blanz, H. Seiler 

2:10 244. Discovery of two clinical candidates as isoform selective PI3K inhibitors: 
AZD8835 a potent and selective inhibitor of PI3Kα/δ and AZD8186 a potent and 
selective inhibitor of PI3Kβ/δ for the treatment of cancers.  B. Barlaam, S. Cosulich, 
S. Degorce, B. Delouvrie, M. Fitzek, H. Germain, S. Green, U. Hancox, C. Harris, K. 
Hudson, C. Lambert-van der Brempt, M. Lamorlette, A. Le Griffon, J. Lohmann, M. 
Maudet, R. Morgentin, G. Ouvry, K. Page, G. Pasquet, M. Pasquet, A. Peru, P. Ple, L. 
Ruston, T. Saleh, M. Vautier, M. Walker, L. Ward, N. Warin 

2:40 245. Discovery of isoform-selective inhibitors of PI3K in a series of propeller-
shaped compounds.  L. Patel 

3:10 246. Exploration and enhancement of PI3Kdelta selective compounds: The 
discovery of Nemiralisib and beyond.  K. Down 

3:40 247. Discovery of potent and selective inhibitors of PI3Kgamma and production 
of a roadmap for selectivity design.  P. Collier 

4:10 248. Discovery of taselisib.  T.P. Heffron 

 Section B 



Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

Advancing Clinical Candidates from Phenotypic Screening 

 
A. K. Cheung, Organizer, Presiding 
 

1:30 Introductory Remarks. 

1:35 249. Chemotype - phenotype - target.  H. Waldmann 

2:05 250. Discovery of CFTR modulators for the treatment of cystic fibrosis.  S.S. 
Hadida-Ruah 

2:35 251. In vivo translatability: Lessons learned from a phenotypic screen designed 
to identify small molecules that selectively decrease endogenous c-MYC protein 
levels in cancer cells.  J.R. Medina 

3:05 Intermission. 

3:20 252. Phenotypic drug discovery: Probing emerging biology to delivering clinical 
candidates.  A. Plowright, J. Lillie, P. Mason, E. Makino 

3:50 253. From here to there: Recognizing paths leading to treatments for spinal 
muscular atrophy and other diseases.  M.G. Woll, G.M. Karp, N.A. Naryshkin, A. 
Dakka, A.A. Branstrom, J. Narasimhan, L. Cao, Y.C. Moon 

4:20 254. Proteasome inhibitors: A single cure for multiple kinetoplastid diseases.  
A.S. Nagle, V. Molteni, F. Supek 

4:50 Panel Discussion. 

 Section C 

Ernest N. Morial Convention Center 
Rooms 255-257 

2018 MEDI Young Investigators Symposium 



 
T. E. Prisinzano, Organizer, Presiding 
 

1:30 Introductory Remarks. 

1:35 255. Small molecule disruptors of the GK-GKRP interaction.  K. Ashton 

2:05 256. Immune modulation by butyrophilin ligands and their prodrugs.  A.J. 
Wiemer 

2:35 257. Discovery and SAR evolution of a novel class of selective adenosine 
A2A antagonists for the treatment of Parkinson's disease.  Y. Lim, G. Gallo, M.M. Lo, 
E. Metzger, B.R. Whitehead, Q. Deng, H. Wang, Y. Yu, R. Anand, R. Hodgson, L. 
Hyde, D. Mullins, D. Prelusky, E. Parker, A.W. Stamford, A. Ali 

3:05 258. Discovery of small molecule and nucleic acid inhibitors of APOBEC3 
deaminases.  D.A. Harki 

3:35 259. Generating selective inhibitors of methionine-gatekeeper kinases: Case 
studies on NIK, PAKs and PKD1.  S.T. Staben, J. Feng 

4:05 260. Optimization of non-covalent Nrf2 activators for use in models of chronic 
wound healing.  T.W. Moore, B. David, B.G. Richardson, A.D. Jain, L. Chen, L.A. 
DiPietro, S. Reddy, H. Potteti 

4:35 Concluding Remarks. 

 

Advances in Molecular Recognition of Double-Helical DNA & RNA 

Sponsored by CARB, Cosponsored by MEDI and ORGN 
 

 

International Symposium on Biorelated Polymers: Innovations in Biomedical 
Polymers 

Sponsored by POLY, Cosponsored by BIOT, MEDI and PMSE 
 



 

LGBTQ+ Graduate Student & Postdoctoral Scholar Research Symposium 

Sponsored by PROF, Cosponsored by ANYL, BIOL, BIOT, CHED, CMA, COLL, 
COMP, CWD, ENVR, INOR, MEDI, ORGN, PHYS, PMSE, POLY, WCC and YCC 
 

 

Insights into Structure, Function, Dynamics & Evolution of Enzymatic 
Mechanisms from Computational Simulation 

Sponsored by COMP, Cosponsored by CINF, MEDI and PHYS 
 

 

Large-Scale Applied Molecular Modeling 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 

 

Undergraduate Research Posters 

Medicinal Chemistry 

Sponsored by CHED, Cosponsored by MEDI and SOCED 
 

MONDAY EVENING 

 Section A 

Ernest N. Morial Convention Center 
Halls D/E 

Sci-Mix 

A. W. Stamford, Organizer 
 



8:00 - 10:00 

33, 38, 39, 43, 47-48, 63, 101, 104, 114-115, 120, 122, 126-
127, 146, 152, 159, 165, 167, 189, 192, 204, 221. See previous listings. 

322-325, 330, 332, 338, 347, 349, 353, 358, 384, 389, 400, 409-411. See subsequent 
listings. 

 
 

TUESDAY MORNING 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

Remarkable Women of Medicinal Chemistry 

Cosponsored by PROF and WCC 
P. L. Ornstein, A. S. Ripka, Organizers, Presiding 
 

8:30 Introductory Remarks. 

8:35 261. There and back again: Therapies for the treatment of obesity and diabetes.  
A.E. Weber 

9:10 262. From organic chemistry to the discovery of PET ligands.  C.D. Jesudason 

9:45 263. Malaria drug discovery: How medicinal chemistry and global responsibility 
intersect.  S.S. Canan 

10:20 264. Novel and atypical DAT inhibitors for the treatment of psychostimulant 
use disorders.  A.H. Newman 

10:55 265. From bench to clinic: The discovery of GDC-0853 a potent, selective and 
reversible Btk inhibitor.  W.B. Young 

11:30 266. Science of medicinal chemistry in the discovery of medicines: From ideas-
to-trenches-to-the corner office-to-medicine cabinet.  N.T. Zaveri 



 Section B 

Ernest N. Morial Convention Center 
Rooms 252-254 

Eyeing Effective Treatment for Retinal Diseases with Small Molecules 

 
T. P. Heffron, Organizer, Presiding 
 

8:30 267. Strategies to deliver small molecules to the retina by topical drops: A 
paradigm shift.  A.K. Mitra, A. Mandal, K. Cholkar 

9:10 268. Optimizing ophthalmic drug delivery strategies to enhance efficacy: 
Modeling, formulation technology, and oBCS.  H. Gukasyan 

9:40 269. PI3K inhbitors for the treatment of retinal diseases.  T.P. Heffron 

10:10 Intermission. 

10:25 270. Design, synthesis, and evaluation of nonretinoid retinol binding protein 4 
antagonists for the potential treatment of atrophic age-related macular degeneration 
and Stargardt disease.  C.L. Cioffi, N. Dobri, E. Freeman, M.P. Conlon, P. Chen, D. 
Stafford, D. Schwarz, K. Golden, L. Zhu, D.B. Kitchen, K. Barnes, B. Racz, Q. Qin, 
E.L. Michelotti, C.L. Cywin, W.H. Martin, P. Pearson, G. Johnson, K. Petrukhin 

10:55 271. Structure-based design of small-molecule Factor D inhibitors targeting the 
alternative complement pathway.  A. Vulpetti, S. Randl, S. Ruedisser, N. Ostermann, 
P. Erbel, A. Mac Sweeney, B. Gerhartz, F. Cumin, C. Dalvit, K. Anderson, U.A. 
Argikar, S. Liao, E. Lorthiois, J.K. Maibaum 

11:25 272. Drug discovery on a challenging target: inhibiting the alternative 
complement pathway with small molecule factor B inhibitors.  H. Sellner 

 Section C 

Ernest N. Morial Convention Center 
Rooms 255-257 

General Orals 



 
A. W. Stamford, Organizer 
G. Wang, Presiding 
 

8:30 273. Synthesis and optimization of novel inhibitors targeting M. 
tuberculosis polyketide synthase 13 thioesterase domain.  R.C. Dhakal, A. Aggarwal, 
M.K. Parai, R. Shrestha, A. Acharya, J.C. Sacchettini 

8:55 274. Orally-active inhibitors of H-PGDS for the treatment of asthma, allergic 
rhinitis and chronic obstructive pulmonary disease.  S. Thurairatnam 

9:20 275. Optimization of the chemical matter and synthesis leading to a 
ketohexokinase inhibitor clinical candidate.  A.C. Smith, S.B. Coffey, M.S. Dowling, 
D.P. Fernando, K. Futatsugi, K. Huard, T.V. Magee, B. Raymer, A. Shavnya, A.S. 
Tsai, M. Tu, H.M. Wisniewska 

9:45 276. Small molecules inhibiting PD1-PDL1 immune checkpoint.  S. Shaabani, 
T. Zarganes-Tzitzikas, C. Neochoritis, N. van Oosterwijk, A. Dolga, K.M. Zak, P. 
Grudnik, K. Magiera, P. Elsinga, G. Dubin, T. Holak, A. Doemling 

10:10 277. RMC-4550: An allosteric inhibitor optimized for in vivo studies of SHP2.  
A.L. Gill, N. Aay, A. Buckle, M.A. Goldsmith, A. Jogalekar, G. Kiss, E.S. Koltun, A. 
Marquez, K. Mellem, K. Mordec, R.J. Nichols, M. Saldajeno-Concar, C. Semko, M. 
Singh, J.A. Smith, N. Tibrewal, C. Tzitzilonis, Z. Wang, D. Wildes, S.E. Wilson, W. 
Won 

10:35 278. ASTX660, the first fragment-derived IAP antagonist in the clinic.  C. 
Griffiths-Jones 

11:00 279. Rapid development of potent and selective CBP inhibitors: The impact of 
a tetrahydroquinoline LPF binder.  S.M. Bronner 

11:25 280. Discovery and characterization of ingrezza (valbenazine): A VMAT2 
inhibitor approved for the treatment of tardive dyskinesia.  N.D. Harriott, J.P. 
Williams, E. Smith, H. Bozigian, D.E. Grigoriadis 

11:50 281. Strategies and challenges on the GluN2A-selective NMDA PAM program: 
A perspective on positive allosteric modulator (PAM) drug discovery.  M. Volgraf 

 



International Symposium on Biorelated Polymers: Innovations in Biomedical 
Polymers 

Sponsored by POLY, Cosponsored by BIOT, MEDI and PMSE 
 

 

Insights into Structure, Function, Dynamics & Evolution of Enzymatic 
Mechanisms from Computational Simulation 

Sponsored by COMP, Cosponsored by CINF, MEDI and PHYS 
 

 

Advances in Molecular Recognition of Double-Helical DNA & RNA 

Sponsored by CARB, Cosponsored by MEDI and ORGN 
 

 

ACS Award for Computers in Chemical & Pharmaceutical Research: 
Symposium in honor of Jürgen Bajorath 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 

TUESDAY AFTERNOON 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

MEDI Awards Symposium 

 
A. W. Stamford, Organizer 
P. L. Ornstein, Presiding 
 



1:30 282. Award Address (George and Christine Sosnovsky Award for Cancer 
Research sponsored by the George and Christine Sosnovsky Endowment Fund). 
Anticancer drug discovery, for pets and people.  P.J. Hergenrother 

2:15 283. Award Address (ACS Award for Team Innovation sponsored by the ACS 
Corporation Associates). Discovery and development of Ibrance®, a first-in-class 
CDK4/6 inhibitor.  P.L. Toogood, D.W. Fry, N. Do, V.G. Beylin, B.P. Chekal, N.D. 
Ide, B.P. Jones, H. Zhou 

3:00 284. Leveraging diverted total synthesis to elucidate the mechanism of action of 
a pseudomonad-specific antibiotic.  W.M. Wuest 

3:30 285. HIV-1 drug discovery: Inhibitors of virus attachment and virion maturation.  
N.A. Meanwell 

4:00 286. Drug discovery in academia.  M.E. Jung 

4:30 Introduction of Awardee. 

4:35 287. Award Address (Alfred Burger Award in Medicinal Chemistry sponsored 
by Gilead Science Inc.). Discovery and development of novel therapeutics for treating 
viral diseases, cancers, and inflammatory disorders.  D. Liotta 

 Section B 

Ernest N. Morial Convention Center 
Rooms 252-254 

Boron in Medicinal Chemistry & Chemical Biology 

 
R. Moreira, Organizer, Presiding 
 

1:30 Introductory Remarks. 

1:35 288. Towards boron based antibiotics and beta-lactamase inhibitors.  C. 
Schofield 

2:05 289. Translating new chemical space to new function: The case of BN/CC 
isosterism in biomedical research.  S.Y. Liu 



2:35 290. Boron heterocycles: Studies on their properties and applications in drug 
discovery and chemical biology.  D.G. Hall, B. Akgun, M. Boghi 

3:05 Intermission. 

3:20 291. Boroscan: An enabling technology for the discovery of bioactive molecules 
containing boron.  A.K. Yudin 

3:50 292. Exploring iminoboronates in the assembly of reversible bioconjugates.  
P.M. Gois 

4:20 Concluding Remarks. 

 

Elias J. Corey Award for Outstanding Original Contribution in Organic 
Synthesis by a Young Investigator: Symposium in honor of Seth B. Herzon 

Sponsored by ORGN, Cosponsored by MEDI 
 

 

International Symposium on Biorelated Polymers: Innovations in Biomedical 
Polymers 

Sponsored by POLY, Cosponsored by BIOT, MEDI and PMSE 
 

 

Insights into Structure, Function, Dynamics & Evolution of Enzymatic 
Mechanisms from Computational Simulation 

Sponsored by COMP, Cosponsored by CINF, MEDI and PHYS 
 

 

Discovery of Small Molecules Targeting RNA 

Sponsored by ORGN, Cosponsored by CARB and MEDI 
 



 

ACS Award for Computers in Chemical & Pharmaceutical Research: 
Symposium in honor of Jürgen Bajorath 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 

TUESDAY EVENING 

 

International Symposium on Biorelated Polymers: Innovations in Biomedical 
Polymers 

Sponsored by POLY, Cosponsored by BIOT, MEDI and PMSE 
 

 

Radiopharmaceutical Chemistry 

Sponsored by FLUO, Cosponsored by INOR‡, MEDI‡ and NUCL‡ 
 
 

WEDNESDAY MORNING 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

First Time Disclosure of Clinical Candidates 

 
J. B. Schwarz, Organizer, Presiding 
 

9:00 293. Discovery of AZD0364, a potent and selective oral inhibitor of ERK1/2 that 
is efficacious in both monotherapy and combination therapy in models of NSCLC.  I. 
Simpson, M. Anderton, D.M. Andrews, J. Breed, C. Cook, E. Davies, J.E. 
Debreczeni, H. Emtenas, V. Flemington, F.D. Gibbons, M.A. Graham, P.J. Hopcroft, 



T. Howard, J. Hudson, C. Jones, C.D. Jones, N. Lindsay, M. Malmgren, M. Osborne, 
J.E. Pease, S. Pithani, P. Rawlins, K. Roberts, S. St-Gallay, S. Swallow, M. Tonge, R. 
Ward 

9:35 294. GDC-0927, a selective estrogen receptor degrader and full antagonist for 
ER+ breast cancer.  X. Wang 

10:10 295. Discovery of LSZ102, a potent, orally bioavailable selective estrogen 
receptor degrader (SERD) for the treatment of estrogen receptor positive breast 
cancer.  G. Tria, T. Abrams, J. Baird, H.E. Burks, B. Firestone, L. Gaither, L.G. 
Hamann, G. He, C.A. Kirby, S. Kim, F. Lombardo, K.J. Macchi, D.P. McDonnell, Y. 
Mishina, J.D. Norris, J. Nunez, C. Springer, Y. Sun, N.M. Thomsen, C. Wang, J. 
Wang, B. Yu, C.T. Yip, S. Peukert 

10:45 296. Discovery of PRN1008: A reversible covalent BTK inhibitor for treatment 
of autoimmune diseases.  T.D. Owens 

11:20 297. Discovery of BMS-986195: A strategy for identifying a highly potent and 
selective covalent inhibitor providing rapid inactivation of Bruton’s tyrosine kinase 
(BTK).  S.H. Watterson, Q. Liu, D.G. Batt, M. Beaudoin Bertrand, W. Guo, H. 
Gong, S. Ahmad, L. Negash, K. Ngu, M. Pattoli, S. Skala, L. Cheng, M.T. Obermeier, 
R. Moore, R. Vickery, P.A. Elzinga, J. Dai, L. Discenza, C. D'Arienzo, K.M. Gillooly, 
T. Taylor, C. Pulicicchio, K.W. McIntyre, M.A. Galella, A. Tebben, J. Li, R. Zhao, D. 
Smith, R. Rampulla, A.J. Allentoff, M.A. Wallace, K.N. Voronin, A. Mathur, L. 
Salter-Cid, J.E. Macor, P.H. Carter, A. Fura, J.R. Burke, J.A. Tino 

 Section B 

Ernest N. Morial Convention Center 
Rooms 252-254 

Discovery of Small Molecules Targeting RNA: Where Are We & Where Are We 
Going? 

Cosponsored by CARB and ORGN 
S. C. Zimmerman, Organizer 
A. E. Hargrove, Organizer, Presiding 
 

8:00 Introductory Remarks. 



8:05 298. Targeting G-quadruplexes in the Zika virus RNA genome.  C.J. Burrows, 
A.M. Fleming, Y. Ding, N. Nguyen 

8:30 299. Structure and assembly of the U6 snRNP.  E.J. Montemayor, A.L. 
Didychuk, Y. Nomura, G. Sidhu, A. Yake, D. Brow, S. Butcher 

8:55 300. Riboswitches as targets, models, and tools for small molecule-RNA 
interactions.  M. Hammond 

9:20 301. High performance virtual screening by targeting a high-resolution RNA 
dynamic ensemble.  H.M. Al-Hashimi 

9:45 Intermission. 

10:15 302. Covalent mRNA labeling using fluorescent self-alkylating ribozymes.  T. 
Ayele, S. Ellipilli, J.M. Heemstra 

10:40 303. Small-molecule covalent probes for study and control of RNA.  E.T. Kool 

11:05 304. Structural studies of long non-coding RNAs and riboswitches.  K. 
Sanbonmatsu 

11:30 305. Rational design of cell-permeable, multivalent ligands for repeat disease 
RNA.  Y. Bai, J. Lee, U. Chembazhi, L. Hagler, S. Peng, E. Chan, A. Kalsotra, S.C. 
Zimmerman 

11:55 Concluding Remarks. 

 

Radiopharmaceutical Chemistry 

Fluorine 

Sponsored by FLUO, Cosponsored by INOR‡, MEDI‡ and NUCL‡ 
 

 

Structure-Based Drug Design for GPCRs 

Sponsored by COMP, Cosponsored by CINF and MEDI 
 



WEDNESDAY AFTERNOON 

 Section A 

Ernest N. Morial Convention Center 
La Nouvelle Orleans Ballrooms A/B 

First Time Disclosure of Clinical Candidates 

 
J. B. Schwarz, Organizer, Presiding 
 

1:30 306. Invention of INCB054329 and INCB057643, two potent and selective BET 
inhibitors in clinical trials for oncology.  A.P. Combs 

2:05 307. Advances in understanding the relationship of pharmacology to GPCR 
structure and function: A GPR40 journey from the lab to diabetic patients.  C. 
Hamdouchi 

2:40 308. Design, identification and clinical progression of RV521, an inhibitor of 
respiratory syncytial virus fusion.  G.S. Cockerill, A. Bedernjak, D. Brookes, R. 
Dowey, R. Harland, S.M. Johnson, N. Mathews, M. Paradowski, M. Peeples, C. Scott, 
M. Steadman, G. Taylor, M. Thom, E. Thomas, S.E. Ward, D. Watterson, P. Young, 
K. Powell 

3:15 309. Discovery of VNRX-5133: A broad-spectrum serine- and metallo-beta-
lactamase inhibitor (BLI) for carbapenem-resistant bacterial infections ("superbugs").  
C.J. Burns, B. Liu, G. Chu, R. Trout, R. Jackson, D. McGarry, J. Hamrick, D. Daigle, 
S. Cusick, D. Pevear, L. Xerri 

3:50 310. Discovery and synthesis of JNJ-54861911, a novel orally active BACE1 
inhibitor.  Y. Koriyama, A. Hori, S. Yonezawa, T. Yamamoto, Y. Baba, H. Ito, A. 
Kato, G. Sakaguchi 
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1:30 311. Amphiphilic heterocyclic sulfonamides as carbonic anhydrase inhibitors 
with selectivity for tumor-overexpressed isozymes – towards theranostic systems for 
cancer detection and treatment.  M.A. Ilies, S. Akocak, U. Mondal, C.T. Supuran 

1:50 312. Investigating the impact of covalency on PROTAC-mediated degradation of 
BTK.  H. Lithgow, C. Tinworth, J.D. Harling, I. Smith, g. burley 

2:10 313. Applications of protein-observed 19F NMR (PrOF NMR) for inhibitor 
discovery of BET and non-BET bromodomains.  W.C. Pomerantz 

2:30 314. Identification of potent, selective, cell-active class 1 histone deacetylase 
inhibitors lacking a zinc binding group.  D.C. Beshore 

2:50 315. LAT1 membrane transporter: reevaluating the meaning of L and A.  A.A. 
Thomas, H. Chien, A.A. Zur, K. Giacomini, C. Colas, a. schlessinger, L. Lin, K. 
Finke, E. Augustyn, S. Springer, L. Stoner, A. Flint, N. Heeren, L. Hansen, A. 
Anthony, C. Hernandez, B. Venteicher, J. Campbell, C. Hall 

3:10 316. Inhibition of nutrient acquisition and metabolism in pathogenic bacteria.  
T.A. Wencewicz 

3:30 317. Phospholipase A2: A target for the development of anti-inflammatory 
agents.  V. Mouchlis, E.A. Dennis, J. McCammon 

3:50 318. Fragment-based ligand design of carbohydrate receptor ligands.  H. 
Baukmann, J. Schulze, R. Wawrzinek, J. Aretz, E. Wamhoff, M. Nazare, C. 
Rademacher 

4:10 319. Targeting myeloid differentiation using potent human dihydroorotate 
dehydrogenase (hDHODH) inhibitors designed by scaffold hopping using regio 
substituted hydroxyazole scaffolds.  M.L. Lolli, S. Sainas, A.C. Pippione, D. 
Bonanni, M. Giorgis, E. Giraudo, E. Lupino, P. Goyal, M. Piccinini, R. Friemann, C. 
Garino, G. Saglio, A. Cignetti, V. Gaidano, P. Circosta, S. Al-Karadaghi, D. Boschi 

4:30 320. Discovery of benzimidazole derivatives as water-soluble CLK1/4 kinase 
inhibitors and their anticancer activity.  J. Cheong, M. Zaffagni, B.R. Zetter, L. Sun 



4:50 321. Design, synthesis and application of clickable β-secretase photoaffinity 
probes for (off-)target identification.  C. am Ende, A. Zuhl, C. Nolan, M.A. Brodney, 
S. Niessan, K. Atchison, C. Houle, D. Karanian, C. Ambroise, J. Brutlet, E. Beck, S. 
Doran, B.T. O'Neill, C. Change, K.F. Geoghegan, G. West, J. Judkins, X.J. Hou, D. 
Riddell, E.A. LaChapelle, D.S. Johnson 
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322. Design, synthesis and biological evaluation of hydrogen persulfide donors.  B. 
Yu, Y. Zheng, B. Wang 



323. Long wavelength visible-light triggered hydrogen sulfide donors.  A. Sharma, 
A. PK, H. Chakrapani 

324. Small molecule based tools for localized delivery of hydrogen sulfide.  P. 
Chauhan, P. Bora, R. Govindan, S. Jos, H. Chakrapani 

325. Augmenting protein stability and function through hydrogen-bond-enhanced 
halogen bonds.  A.C. Carlsson, M.R. Scholfield, R.K. Rowe, M.C. Ford, A.T. 
Alexander, R.A. Mehl, P.S. Ho 

326. Next generation antibiotics: Progress toward the synthesis of an enzyme-
activated nitric oxide-releasing antimicrobial fluorescent prodrug.  H. Hibbard, M.M. 
Reynolds 

327. Discovery and development of novel diazeniumdiolate derivatives as nitric oxide 
donors.  T.J. Henderson, A. Ali, M.M. Lo, B.R. Whitehead, L. Yan, P. Huo, D. 
Cully, K. Mitra, Y. Li, S. Hoerrner, M.D. Weisel, L. Yang 

328. Comparison of NO donors, N-N-di-N'-butyl-1,6-hexanediamine and N-N-di-N'-
propyl-1,6-hexanediamine, attenuating thrombogenicity in extracorporeal circuits.  
M.M. Jeakle, T. Johnson, T. Major, M.E. Meyerhoff, R. Bartlett 

329. Stimuli-activated metal-free CO prodrugs: A general strategy.  X. Ji, Z. Pan, L. 
De La Cruz, B. Wang 

330. Cancer targeted nitric oxide delivery with a fluorescence reporter.  R. Govindan, 
M. Bagheri, D.K. Saini, H. Chakrapani 

331. Organic CO prodrugs activated by endogenous ROS.  Z. Pan 

332. Development of sulfur dioxide prodrugs with triggered release and tunable 
release rate.  W. Wang, X. Ji, Z. Du, E. El-labbad, K. Ji, B. Wang 

333. Design, synthesis and biological evaluation of nitrate ester analogs of SCP-1.  M. 
Das, N.G. Bazan, M.L. Trudell 

334. Immunostimulatory mannose derived glycoclusters as potential cancer 
therapeutics.  R. Leino, E. Narvi, V. Kähäri, J. Rahkila, J. Markola, E. Veräjänkorva, 
K. Elenius, R. Ekambaram 

335. Design, synthesis and evaluation of novel sphingosine kinase 1 inhibitors with 
improved hydrophilic properties.  S. Manore, J.C. Hurlbert, T. Grattan 



336. Fisetin sensitize the head and neck cancer (HNC) cells to radiation 
treatment via mitochondrial exchange inhibition.  R. Singh, D. Tailor, D. 
Nambiar, S.V. Malhotra 

337. Synthesis of heterocyclic bioactive compounds.  M. Collins, M.L. Henning, K. 
Elkin, N. Arai, K. Ohgo, D. Gilmore, J. Hershberger 

338. Discovery of a binding site hot spot for non-steroidal anti- inflammatory drugs 
on the cellular nucleosome.  A.M. Mfuh 

339. Novel fluoroaryl acetamides: orally bioavailable lead compounds for the 
treatment of medically refractory epilepsy.  A. Dubrovskiy, A.V. Krivoshein, J.L. 
Guevara, J. Renfrow, J. Jaimes 

340. Combined fluorescence and circular dichroism spectroscopic investigations 
examining the influence of buffer components on the stability and solubility of free 
and warfarin-bound serum albumins.  G. Bishop, Y. Satterwhite, S. Weber, R. 
Williams, K.M. Bishop, L. Robinson 

341. Encapsulation of thioguanine anti-cancer drug by adsorption on microporous 
MOF Basolite A100 and its controlled release.  C. Grinnell, A. Samokhvalov 

342. Molecular modelling, synthesis and bioactivity of peptide as anti-angiogenic and 
anti-dengue NS2B/NS3 protease inhibitors.  E.E. Kamarulzaman, R. Vanderesse, A. 
Mohd Gazzali, M. Barberi-Heyob, C. Boura, C. Frochot, O. Shawkataly, M. Mohd 
Rawi, S. Mohamad, H.A. Wahab 

343. Novel levodopa-PAK-Tempo conjugate (LPTC) protects the heart against 
ischemia/reperfusion injury via inhibiting mitochondrial fission and oxidative stress.  
S. Hou 

344. Scaffold Hopping approach for the development of a potent class of allosteric 
HIV-1 integrase inhibitors.  T. Wilson, N.T. Cockroft, J. Antwi, P. Koneru, M.J. 
Kobe, M. Kvaratskhelia, J. Fuchs 

345. Investigation of synthetic strategies for the development of heterocyclic small 
molecule HIV-1 integrase inhibitors.  N. Jentsch, J. Sun, M.G. Donahue, J. Kessl 

346. Design and synthesis of a series of non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) exhibiting potent activity against wild-type and resistant strains 
of HIV.  N. Pribut, A.E. Basson, W. Van Otterlo, D. Liotta, S.C. Pelly 



347. Synthesis and biological properties of pyridine-fused cyclotriazadisulfonamides 
(CADA) against HIV.  L. Lumangtad, D. Schols, K. Vermeire, T.W. Bell 

348. Drug discovery at the speed of sound.  S. Shaabani, T. Zarganes-Tzitzikas, C. 
Neochoritis, J. Olechno, A. Doemling 

349. Synthesis and characterization of sulfonium silent agonists of the alpha 7 
nicotinic receptor.  M. Quadri, C. Stokes, A. Gulsevin, A. Felts, K.A. Abboud, R. 
Papke, N. Horenstein 

350. Advantages of an ocean of compounds over the usual fishing pond.  Y. Moroz, 
C. Detering, O. Savych, C. Lemmen 

351. Towards selective inhibitors of the astacin proteases Meprin α and β.  D. 
Ramsbeck, A. Hamann, K. Tan, D. Schlenzig, S. Schilling, M. Buchholz 

352. Composition and endogenous biosynthesis of the chemical defense 
of Pyractomena borealis.  D.A. Posner 

353. Co-crystal technology for drug development.  S. Andree, C.B. Aakeroy, A. 
Sinha 

354. Self-assembling peptide-nanosponges for cell-mediated cytotherapy.  A.S. Yapa, 
M. Kalubowilage, H. Wang, P. Thapa, T.B. Shrestha, J. Yu, O. Covarrubias-
Zambrano, M. Pyle, D.L. Troyer, S.H. Bossmann 

355. Bringing β-lactam antibiotics back to life: Strategies for restoring their activity 
against resistant bacteria.  M.A. Boudreau 

356. Synthesis of berberine derivatives as potential antibiotics.  J. Rusnak, L.M. Mori 
Quiroz, A. De Los Santos, M. Anyika, M.D. Clift 

357. Anti-obesity potential inhibitors from natural products.  N. Mohamed, E.E. 
Kamarulzaman, H.A. Wahab 

358. Targeting multiple myeloma: Toxicity elucidation and structural modification of 
6-thiopurine and development of new targeting delivery systems.  R. Rafferty, C.J. 
Weeramange, V. Hoang, A. Fatino 

359. Design, synthesis, and pharmacokinetic evaluation of 4-aminopyridones as 
glutaminase inhibitors of cancer cell metabolism.  J.P. Burke, M.M. Hamilton, M. 
Han, Z. Kang, K. Le, Z.J. Herrera, H.E. Shephard, J.P. Bardenhagen, N.E. Rogers, Z. 



Liu, T. Johnson, Y. Jiang, J.J. Kovacs, M. Geck-Do, G. Draetta, T. Heffernan, C. 
Toniatti, P. Jones, M.E. Di Francesco, M.J. Soth 

360. Cucurbit[7]uril based main-chain polymer as drug carrier for supramolecular 
polymeric chemotherapy.  H. Chen, Y. Chen, H. Wu, J. Xu, Z. Sun, X. Zhang 

361. New vacuolar-ATPase inhibitors as antiviral therapies.  A. Lindstrom, D.P. 
Petrov, R. Davey, V.J. Davisson 

362. CRAFT'ing a human serum albumin-ligand screen: A CPMG relaxation-editing 
approach using 1H NMR spectroscopy and complete reduction to frequency amplitude 
table (CRAFT) to characterize ligand binding to human serum albumin.  D.P. Soulsby 

363. Discovery of bicyclic carboxamides as hepatitis B virus (HBV) core protein 
assembly modulators.  Y. Du, N. Hwang, M.R. Campagna, S. Wu, J. Guo 

364. Synthesis and biological evaluation of novel long acting muscarinic antagonists.  
J.F. Boulos, J. Baquier 

365. Design and synthesis of thiophene-N-methylbenzimidazole diamidines exploiting 
the “σ-hole” concept for specific recognition of DNA G-C base pairs.  A.A. Farahat, 
A. Kumar, P. Guo, A. Paul, W. Wilson, D.W. Boykin 

366. Synthesis and biological evaluation of novel tumor-targeting biotin-linker-fluoro-
taxoid conjugate.  Y. Jing, C. Wang, X. Wang, I. Ojima 

367. Trisubstituted cyclohexanes as dual antagonists of CCR2 and CCR5.  R.J. 
Cherney, D.G. Batt, G. Brown, S. Kumar, P. Anjanappa, Y. Zhang, S.S. Ko, A.S. 
Srivastava, J.V. Duncia, J.B. Santella, D. Gardner, R. Mo, A.V. Rose, J. Chen, J. 
Pang, S. Xu, M. Dabros, M.A. Galella, A. Mathur, M. Cvijic, J.C. Barrish, S. 
Mandlekar, Q. Zhao, P.H. Carter 

368. Regioselective synthesis of N-substituted pyrazoles.  N. Norman, T. Mello, N. 
Kneitschel, D. Cheon, O. Moeller, A. Huang 

369. Facile synthesis of fucosylated peptides.  C. Gibbons 

370. Nanomedicine for trans-epithelial oral delivery of ivermectin for Zika.  B. 
Surnar, S. Dhar 

371. SAR of novel anti-fungal agents targeting the synthesis of fungal GlcCer.  K. 
Haranahalli, Y. Sun, C. Lazzarini, J.E. Zambito, M. Del Poeta, I. Ojima 



372. Synthesis and biological activity of coumarin-containing prodrugs of a 
butyrophilin ligand.  N.M. Harmon, B.J. Foust, C.C. Hsiao, A.J. Wiemer, D.F. 
Wiemer 

373. Reactive oxygen species (ROS) triggered 5-fluorouracil prodrugs.  Y. Ai, O. 
Obianom, Y. Shu, F. Xue 

374. Identification and optimization of potent and selective RIPK2 inhibitors.  S. 
Nikhar, G. Cuny, A. Degterev 

375. Design and synthesis of substituted 3-(tert-butylamino)-2-phenylpropanoate 
esters as potential dopamine transporter inhibitors.  M. Cooper, D. Dukes, L.A. 
Bonner 

376. Synthesis of α,α-difluoromethyl halohydrins and their application in the synthesis 
of γ-aminobutyric acid type B (GABAB) receptor agonists.  M. Sowaileh, R. Hazlitt, 
D.A. Colby 

377. Development of a practical synthesis of THC and CBD enabling access to novel 
analogs.  Z. Shultz, J.W. Leahy, G. Lawrence 

378. Discovery of a pyridomorpholinone series of small molecule inhibitors of TNF 
alpha signalling.  F. Lecomte, M. Calmiano, J. Johnson, B. Kroeplien, M. Lowe, T. 
Norman, J. Porter, Z. Zhu, K. Menochet, A. Payne, P. Loke, P. Pena, G. Trani, G. 
Brace, D. Smyth, A. Burgin 

379. Synthetic study of orally available selective ASIC inhibitor.  K. Fujii, H. 
Nakamura, Y. Umezaki, R. Takano, Y. Numata, T. Tanimoto, S. Wakimoto, L. 
Sitong, M. Izumi, T. Watanabe, T. Deguchi, T. Matsuo, T. Hirayama, S. Marumoto, 
M. Yoshida 

380. Emerging synthetic cannabinoids and their primary metabolites.  R.J. McKinnie, 
C. Biggers, B. Euceda, T. Darweesh, X. Cao, M.L. Trudell 

381. Analysis of fluorescent thermal shift screening hits against Burkholderia 
pseudomallei IspF.  S.M. Watkins, D.L. Grote, C.A. Muller, J.M. Blain, C. Luan, J.R. 
Horn, T.J. Hagen 

382. Discovery of tetrahydropyran derivatives as inhibitors of indoleamine 2,3-
dioxygenase – in silico screen and structure-activity relationship studies.  J. Cheong, 
F.E. Jernigan, L. Sun 



383. Transesterification and bacterial quorum sensing inhibition of β-keto esters.  
S.M. Meschwitz , R. Ruest 

384. Development of the phyllanthusmin class of natural products: SAR, mechanistic 
probes, and drug property optimization.  A.C. Huntsman, A. Young, J.L. Woodard, 
H. Chai, Y. Ren, M.A. Phelps, A.D. Kinghorn, J.E. Burdette, J. Fuchs 

385. Lessons taken from the study of HCV-NS3 protease affinity to its NS4A cofactor 
at different conditions.  M.T. Khayat, M.E. El-Araby, A.M. Omar, M. El-Faky, S.T. 
Arold, S. Soror, H. Asfour, A. Khayyat 

386. Design, synthesis and bio evaluation of novel liver X receptor ligands.  R. 
Komati, M. Ndukwe, K. LaMark, K. Payne, M. Bratton, J. Sridhar, K.E. Riley 

387. Design, synthesis and bio evaluation of amido phthalimides as CDK9 and VEGF 
inhibitors.  R. Komati, V.C. Miles, M.M. Ismail, H. McFerrin, J. Sridhar 

388. Amidophthalimides derivatives as CDK9 and VEGFR inhibitors.  L. Ha, F.J. 
Richard, R. Komati, J. Sridhar 

389. PROTACs – Small molecule induced protein degradation.  M. Pettersson, C.M. 
Crews 

390. Synthesis and biological studies of C1β-(aminoalkyl)carbapenem antibiotics.  
T.Q. Nguyen, M. Alqurafi, P.W. Thomas, Z. Sun, T. Durand-Reville, R. Iyer, A. 
Shapiro, A. Miller, N. Al-Kharji, J. Kim, M. Cox, O. Marx, B. Meshram, P. Nguyen, 
C. Jacobson, T. Kongara, C. Shi, T. Palzkill, W. Fast, R. Tommasi, J.D. Buynak 

391. Next generation small molecule inhibitors of 5'-
Methylthioadenosinenucleosidase (MTN) as novel antimicrobial agents.  J.H. 
Thurston, L. Wayment, M. Vitale-Sullivan, A. Tao, K. Cornell, D. Xu 

392. Synthesis and biological evaluation of new hybrids phthalimide-furoxan 
derivatives useful in the treatment of Alzheimer's disease.  R.C. Chelucci, D.E. 
Chiba, M. Placeres, I.Z. Carlos, J.L. Santos, M. Chung 

393. Biochemical analysis of Guayacan and Huisache: Two potential medicinal plants 
for the treatment of diabetes.  M. Jimenez, H.M. Morales, A. Mar, J. Lara 

394. Design and synthesis of new dibenzofuranol ether derivatives for human 
cytochrome P450 design and synthesis of new dibenzofuranol ether derivatives for 



human cytochrome P450.  M. Hill-Odom, K. Bongay-Williams, T. Hill, E. Kantrow, 
N. Goyal, M. Foroozesh 

395. Identification of inhibitors of the Pseudomonas aeruginosa HasA/HasR protein-
protein interaction.  G. Centola, W. Jiang, K. Hom, A.D. Mackerell, A. Wilks, F. Xue 

396. Synthesis of analogues of nosokophic acid.  T.J. Tetrault, D. Peña-Romero, 
M.A. Boudreau 

397. Examining the interactions of novel furoxans using techniques in chemical 
biology.  E. Tackie-Yarboi 

398. Novel charge-reduced heparin derivatives revealed as direct allosteric inhibitors 
of thrombin.  E.C. de Souza, I. Craciun, C.A. Kulkarni, R.J. Kerns 

399. Structure-based drug design, synthesis, and evaluation of peptidic inhibitors of 
thrombin-mediated activation of platelets aggregation.  C.C. Clement 

400. Incorporation of therapeutic proteins into polyester nanofibers via protein-
polyelectrolyte complexes.  A. Mancuso, A. Sadek, N. Pillarella, K.S. Raja 

401. Polyester films/implants loaded with insulin-polyelectrolyte particles for the 
treatment of diabetes.  A. Mancuso, N. Pillarella, K.S. Raja 

402. Identification of dual AAK1/GAK inhibitors as host-targeted antiviral agent.  
N.R. Kapadia, B. Zuercher, t. wiillson 

403. Chiral optical properties of kavalactones from root extracts of kava-
kava assessed by combined experimental and computational methods.  G. Bishop, 
L.C. Bishop, L.K. DeShetler, B. Herrington, K.M. Bishop, H. McAlexander 

404. Chloromethyl verdazyls as novel spin probes for biological systems.  D.J. 
Brook, A. Herrera 

405. Differential scanning calorimetry studies reveal the curious influence of buffer 
salts on the stability and aggregation of serum albumin.  S.I. Ngwudike, G. Bishop 

406. Design, synthesis and cytotoxity of new quinoline/oxime hybrids.  S.H. Abbas, 
M.E. Shoman, K.N. Dalby, T.S. Kaoud, H.A. Hassan 

407. Design and synthesis of potent and selective HDAC6 inhibitors.  B. Vergani, G. 
Sandrone, D. Modena, F. Leoni, G. Caprini, G. Pavich, M. Lattanzio, M. Marchini, 



M. Pezzuto, M. Skorupska, P. Cordella, P. Pagani, P. Pozzi, R. Perego, C. 
Steinkuhler, G. Fossati, A. Stevenazzi 

408. Discovery of hydrazine-bearing selective HDAC inhibitor based on 
panobinostate: Structure-activity relationship, anti-tumor mechanism and 
pharmacokinetics study.  X. Li, C. Chou 

409. Synthesis and biological evaluation of HDAC inhibitors with an imidazole-based 
metal-binding group.  S.M. Dlamini, A. Al-Hamashi, A. Lateef, R. Koranne, M. 
Rashid, W. Taylor, V. Tillekeratne 

410. Probing the CXCR4 receptor using novel small molecule-based fluorescent 
antagonists.  S. Dekkers 

411. Expanding the pharmacological toolkit to study the CXCR4 receptor by 
developing fluorescent probes.  S. Dekkers, B. Caspar, S. Hill, S. Briddon, B. Kellam, 
M. Stocks 

412. Active-state cannabinoid 1 (CB1) receptor: Protein modeling and comparison to 
recently published X-ray structures of the inactive-state and active-state CB1 
receptors.  P. Pandey, A. Aderibigbe, K. Roy, R.J. Doerksen 

413. Identification of novel small-molecule bioactive compounds in Baltic amber.  
E.A. Ambrose, C.M. McDermott, J. Thomforde 
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MEDI 1 

Atropisomer axial chirality as a valuable tool in drug discovery 

Steven LaPlante, Steven.LaPlante@iaf.inrs.ca. University Quebec Centre 
INRS Institut Armand Frappier, Laval, Quebec, Canada 

The chirality of molecules is critical for all living systems. Given this, the 
design of chiral drugs could benefit enormously by building complementary fits 
to pockets of target macromolecules. This presentation focuses on a largely 
overlooked alternative source of drug chirality – atropisomerism, which has 
the distinct feature of creating molecular chirality as a result of hindered 
rotation about a bond axis. Practical tools and strategies are discussed to 
reveal and exploit this time-dependent property. A variety of chemotypes will 
be presented as an aid for recognizing atropisomeric compounds, along with 
computational and experiment tools for predicting and monitoring rotational 
characteristics. This should provide medicinal chemists with multiple options 
for designing compounds that rotate faster or slower, with the goal of 
optimizing 3D complementarity and specificity for the desired target protein. In 
collaboration with the FDA, a categorization scheme is proposed as a guide to 
help bridge the efforts of chemists at the early drug discovery stages with later 
efforts of development and clinical scientists. Overall, this presentation 
emphasizes the view that atropisomeric compounds can be successfully 
developed with caution and proper management. 

MEDI 2 

Atropisomerism in macrocyclic factor VIIa inhibitors 

Peter Glunz1, peter.glunz@bms.com, Nicholas Wurtz1, Xiaojun Zhang1, 
Luciano Mueller2, Daniel L. Cheney3, Anzhi Wei2, Pancras Wong2, Ruth R. 
Wexler1, Eldon S. Priestley1. (1) Discovery Chemistry, Bristol-Myers Squibb, 
Princeton, New Jersey, United States (2) Bristol-Myers Squibb, Princeton, 
New Jersey, United States (3) Molecular Structure and Design, Bristol-Myers 
Squibb, Princeton , New Jersey, United States 

Atropisomerism is commonly recognized in ortho-substituted biaryl systems, 
where chirality arises from restricted rotation around a single bond. However, 
restricted conformational interconversion in cyclic systems can also generate 
atropisomers. In the course of preparing macrocyclic factor VIIa inhibitors, we 
observed atropisomers due to slow rotation of a central phenyl ring, which 
complicated isolation, affected analytical characterization and impacted 



inhibitory activity. We explored two different strategies to address the 
challenges related to atropisomerism. First, the axis of chirality was eliminated 
by symmetrization of the substitution pattern on the slowly rotating phenyl 
ring. Second, the macrocycle was locked into the desired, bioactive 
atropisomer by the incorporation of a designed conformational constraint. 
These approaches will be discussed in the context of the design and 
synthesis of macrocyclic factor VIIa inhibitors. 

MEDI 3 

Leveraging atropisomerism in the identification of NaV1.7 inhibitors for 
the treatment of pain 

Benjamin C. Milgram1, bmilgram@amgen.com, Margaret Chu-Moyer1, Erin 
F. DiMauro2, Hua Gao1, Angel Guzman-Perez1, Daniel La4, Isaac E. Marx3, 
Bryan Moyer1, Alessandro Boezio1, John Butler1, Russell Graceffa1, Charles 
Kreiman1, Emily Peterson3, Brian Sparling1, Karina Romero1, Matthew M. 
Weiss1. (1) AMGEN Inc., Cambridge, Massachusetts, United States (2) 
Medicinal Chemistry, Merck & Co., Inc., Boston, Massachusetts, United 
States (3) Biogen, Cambridge, Massachusetts, United States (4) Sage 
therapeutics, Cambridge, Massachusetts, United States 

The voltage-gated sodium channel NaV1.7 serves as a primary driver of action 
potential firing and neuronal excitability in the pain processing pathway. 
Genetic evidence supports the role of NaV1.7 in a range of inherited pain 
syndromes, both gain-of-function and loss-of-function. Consequently, there 
has been considerable interest in the development of an isoform-selective 
NaV1.7 inhibitor for the management of chronic neuropathic pain. This 
presentation will describe our efforts to leverage atropisomerism to balance 
DDI liabilities, pharmacokinetic parameters, and sodium channel isoform 
selectivity in the identification of heteroaryl sulfonamide-derived NaV1.7 
inhibitors with robust in vivo analgesic activity. 

MEDI 4 

Atropisomerism as a means to modulate target selectivity and an 
inspiration for new chemistry 

Jeffrey Gustafson, Jgustafson@mail.sdsu.edu. Chemistry, San Diego State 
university, Escondido, California, United States 



Atropisomerism is a potentially dynamic form of chirality that is ubiquitous 
throughout drug discovery, most prominently as a rapidly interconverting 
racemate. While rapidly interconverting atropisomers are not typcally dealt 
with as chiral, they will in fact bind their targets in single atropisomer form. 
Herein we will discuss our efforts towards exploiting atropsiomer conformation 
as a way to modulate the selectivity profile of promiscuous kinase inhibitors. 
These endeavors inspired the development of several new regio- and 
enantioselective methodologies that proved to be crucial for our studies on 
atropisomerism, of which a kinetic resolution that affords direct access to 
atropisomerically pure kinase inhibitors will be discussed. 

MEDI 5 

Optimizing kinase in the development of lorlatinib: The challenge of 
atropisomerism 

Paul Richardson, paul.f.richardson@pfizer.com. Medicine Design, Pfizer, 
San Diego, California, United States 

Lorlatinib (PF-06463922) is under clinical development as an inhibitor for both 
wild type ALK and Xalkori resistant ALK mutants. Because brain metastates 
has been seen in patients with NSCLC, PF-06463922 was also designed to 
be brain penetrant. Given the potential for numerous adverse effects due to 
off-target activity, kinase selectivity was prioritized as a key goal within the 
discovery cascade for this program. With both this, and a desire to reduce 
synthetic complexity, a series of macrocycles were accessed featuring 
removal of the one chiral element present in the lead series. Although, high 
levels of desired selectivity were observed, the compounds also were 
observed to be atropisomers. The talk will focus on our studies of this 
phenomenon in our lead series, and further efforts to mitigate this whilst 
maintaining the potency required to deliver a development candidate.  

MEDI 6 

Twisted road to the discovery of BMS-986142: Using conformationally 
locked atropisomers to drive potency in a reversible inhibitor of 
Bruton’s tyrosine kinase (BTK) 

Scott H. Watterson, scott.watterson@bms.com, George V. De Lucca, Qing 
Shi, Charles M. Langevine, Qingjie Liu, Douglas G. Batt, Myra Beaudoin 
Bertrand, Hua Gong, Jun Dai, Henry Yip, Peng Li, Dawn Z. Sun, Dauh-Rurng 
Wu, Chunlei Wang, Yingru Zhang, Sarah C. Traeger, Mark Pattoli, Stacey 



Skala, Lihong Cheng, Mary T. Obermeier, Rodney Vickery, Lorell Discenza, 
Celia D'Arienzo, Kathleen M. Gillooly, Tracy Taylor, Claudine Pulicicchio, Kim 
W. McIntyre, Michael A. Galella, Andrew Tebben, Jodi Muckelbauer, 
ChiehYing Chang, Luisa Salter-Cid, Joel C. Barrish, Percy H. Carter, Aberra 
Fura, James R. Burke, Joseph A. Tino. Bristol-Myers Squibb Research and 
Development, Princeton, New Jersey, United States 

Bruton’s tyrosine kinase (BTK), a non-receptor tyrosine kinase, plays an 
essential role in B cell receptor (BCR)-mediated signaling, Fc-gamma receptor 
signaling in monocytes, and Fc-epsilon receptor signaling in mast cells and 
basophils. All of these signaling mechanisms have been implicated in the 
pathophysiology of autoimmune disease. As a result, BTK inhibition is 
anticipated to provide an effective strategy for the clinical treatment of 
autoimmune diseases such as rheumatoid arthritis. This presentation will 
outline our journey to better understand atropisomerism and how 
conformationally locked atropisomeric centers can be used to provide 
enhanced potency and selectivity, as well as reduced safety liabilities. BMS-
986142, a single, stable atropisomer with excellent in vivo efficacy and a very 
desirable tolerability profile, is currently undergoing Phase II clinical 
evaluation. 

MEDI 7 

Inhaled Janus kinase 1 (JAK1) inhibitors as potential treatments for 
asthma 

Mark Zak1, mzak@gene.com, Nicholas Ray2, Simon Goodacre2, Nico 
Ghilardi1, Hart Dengler1, Cornelia Rinderknecht1, Adam Johnson1, Mike 
Briggs2, Brent McKenzie1, Dave Brown2, Jane Kenny1. (1) Genentech, South 
San Francisco, California, United States (2) Charles River Discovery, Harlow, 
United Kingdom 

The JAK/STAT signaling pathway is a key regulator of immunity/inflammation, 
blood cell production, and cell proliferation. The JAKs (Janus Kinases) play a 
central role in this pathway, becoming phosphorylated and activated upon 
cytokines binding to their receptors. Of the four known JAKs (JAK1, JAK2, 
JAK3, and TYK2), JAK1 is known to be especially important for signaling of 
asthma relevant cytokines such as IL-13 and IL-4. There is, thus, interest in 
targeting JAK1 inhibition as a potential treatment for asthma. Although 
multiple JAK inhibitors have either been approved as drugs or are in late 
stage clinical development, all such compounds are orally delivered systemic 
agents for diseases such as rheumatoid arthritis or polycythemia vera. The 



side effect profiles of these orally delivered compounds are likely not 
compatible with the asthma population. However, localizing JAK inhibition to 
the lung may provide therapeutic benefit in asthma while providing an 
improved systemic safety margin. This disclosure will describe the discovery 
of inhaled JAK1 inhibitors intended for local action in the lung. Optimization of 
potency, selectivity, and lung retention will be presented. Finally, the 
preclinical characterization of an optimized molecule, including efficacy in an 
ovalbumin-induced model of eosinophilic asthma will disclosed. 

MEDI 8 

Discovery of LAS194046, a potent pan-JAK inhibitor for the inhaled 
treatment of respiratory diseases 

Jordi Bach, jordi.bach@almirall.com. Medicinal Chemistry & Screening, 
Almirall SA, Sant Feliu de Llobregat, Barcelona, Spain 

JAK (Janus) kinases are a family of four enzymes (JAK1, JAK2, JAK3 and 
TYK2) implicated in cell signalling processes relevant in immunity and 
inflammation. In recent years, many efforts have been devoted to the 
development of JAK inhibitors for the treatment of myeloproliferative and 
autoimmune diseases which have culminated in the progression of several 
compounds into clinical trials. Among them, Ruxolitinib, Tofacitinib and 
Baricitinib have reached the market for the oral treatment of myelofibrosis and 
rheumatoid arthritis. On the other hand, the potential use of JAK inhibitors for 
the treatment of inflammatory respiratory diseases has been far less explored 
with no compounds in clinical development. 
 
This presentation will focus on the design, synthesis and biological activity of 
a series of novel pyrazolo[1,5-a]pyridines and imidazo[1,2-a]pyridines as 
potent pan-JAK inhibitors with a suitable profile for inhaled administration. 
Work in this series culminated in the identification of LAS194046 as preclinical 
candidate. 
 
A rationally designed modification of a competitor’s JAK3 inhibitor resulted in 
the discovery of a novel series of pan-JAK inhibitors bearing pyrazolo[1,5-
a]pyridine and imidazo[1,2-a]pyridine scaffolds as hinge binder motifs. Co-
crystallisation studies with JAK enzymes were used to increase potency and 
improve kinase selectivity of initial hits. Relevance of physicochemical 
properties in lung retention was then evaluated leading to the identification of 
potent and soluble inhibitors with long retention time in the lung and low 
systemic exposure. Among them, LAS194046 was selected for further 



profiling. 
 
LAS194046 is a potent and balanced pan-JAK inhibitor with an excellent 
physicochemical and ADME profile for inhaled administration. In addition, 
LAS194046 is not genotoxic and has limited off-target activities. LAS194046 
has proven to be efficacious in animal models of respiratory diseases by 
inhaled route and has progressed to preclinical studies for the treatment of 
respiratory diseases such as asthma and COPD. 

MEDI 9 

Design of KDM4C inhibitors with antiproliferative effects in cancer 
models 

Young Chen, yochen@celgene.com. Medicinal Chemistry, Celgene, San 
Diego, California, United States 

Lysine histone demethylase 4C (KDM4C), a member of the 2-oxogluatrate 
and Fe (II) dependent dioxygenase family, plays a vital role in the regulation of 
chromatin remodeling processes. KDM4C catalyzes the removal of repressive 
H3K9me2/3 methyl marks and permissive H3K36me2/3 methyl marks on 
chromatin. However, the dysregulation and overexpression of KDM4C is 
implicated in a number of human pathologies, including cancers. In this report, 
we will describe the discovery of QC6352, a KDM4C inhibitor that is strongly 
anti-proliferative in cancer lines and efficacious in breast and colon PDX 
models. The alteration of H3K9me3 and H3K36me3 upon treatment with 
QC6352 was verified by Western blots and HTRF assays utilizing a KDM4C 
overexpressed cell line. Mass spectroscopy detection of post-translational 
modifications of global methyl marks will also be described. 

MEDI 10 

Small molecules as frontline therapy for immune oncology: Experience 
from ubiquitin pathway targets 

Jian Wu, wu@progenra.com, Suresh Kumar, Feng Wang, Ivan Sokirniy, 
Michael Mattern, Joseph Weinstock. Progenra, Inc, Malvern, Pennsylvania, 
United States 

The utility of current immune checkpoint inhibitors (e.g., Keytruda, Opdivo and 
other biologicals) is limited as they are effective in approximately 20-25% of 
the patient population. Treatment employing combinations of 



chemotherapeutics and biologicals is a viable strategy for increasing the 
response rates. Progenra is currently developing a small molecule that inhibits 
the cancer-supporting deubiquitylating enzyme USP7. This inhibitor is capable 
of killing tumor cells directly as well as suppressing regulatory T cells and 
thereby unleashing effector T cells, which identify and kill tumor cells. 
Experimental evidence shows that tumor cells are dependent on USP7 for 
growth and metastasis. In immune competent animal models, USP7 inhibitors 
are potent anti-tumor agents, not only blocking tumor growth but also 
eliminating tumor metastasis. These results constitute the first example of a 
small molecule single agent that works by targeting both the tumor itself and 
the host immune system and also by eliminating tumor metastasis. In animal 
models, the USP7 inhibitor demonstrates activity that is superior to that of 
PD1 and CTLA4 antibodies. We believe that a small molecule with such dual 
properties can replace biologicals as frontline cancer therapy. 

MEDI 11 

Small molecule screening approaches for inhibition of Ubc9 and the 
sumoylation pathway 

Katherine Zlotkowski, khz7s@virginia.edu, William M. Hewitt, George 
Lountos, Samuel Dahlhauser, Lindsey Saunders, Ranu Sinniah, Danielle 
Needle, Joseph Tropea, Buyong Ma, Pengcheng Yan, Heidi Bokesch, Megan 
L. Peach, Marc C. Nicklaus, Joseph J. Barchi, James McMahon, Ruth 
Nussinov, David Waugh, Kirk Gustafson, John Schneekloth. National Cancer 
Institute, Frederick, Maryland, United States 

Covalent attachment of the small ubiquitin-like modifier (SUMO) protein to 
substrate targets is a posttranslational modification critical for cellular 
homeostasis. SUMO conjugation, and particularly the SUMO E2 ligase Ubc9, 
is often dysregulated in cancer. Targeting this cycle thus has been 
hypothesized as a chemotherapeutic option. Our group takes a multi-pronged 
approach toward the discovery of inhibitors of Ubc9, including X-ray 
crystallographic, small molecule microarray, and natural product screening. 
Our X-ray crystallographic screen revealed two small molecule fragments that 
bound to an allosteric site on Ubc9 and inhibited SUMO conjugation in 
biochemical assays by ligand-induced rigidification of the enzyme, as 
determined by molecular dynamics simulations. Small molecule microarray 
screening identified a degradation product of a commercially available 
compound as an inhibitor of Ubc9, with binding confirmed through ligand-
detected NMR techniques. Our natural product screen resulted in the 
discovery of a novel pyrroloiminoquinone from the hydroid Macrorhynchia 



philippina with inhibitory activity against sumoylation. We elucidated the 
structure of this natural product, macrophilone A, and developed a 5-step, 
protecting group-free total synthesis. Macrophilone A, as well as a synthetic 
analog, acted via an oxidative mechanism to crosslink the E1 and E2 
enzymes, arresting the SUMO conjugation cascade. This compound was 
observed in lung adenocarcinoma cells to increase intracellular reactive 
oxygen species levels and oxidative damage proteome-wide with 
submicromolar cytotoxicity. 

 

MEDI 12 

Evaluation of triazolopyrimidine microtubule-stabilizing small molecules 
as potential candidates for the treatment of Alzheimer’s disease and 
related tauopathies 

Carlo Ballatore1, cballatore@ucsd.edu, Yuemang Yao3, Killian Oukoloff1, 
Anne-Sophie Cornec3, Michael James3, John Trojanowski3, Virginia Lee3, 
Amos B. Smith2, Kurt Brunden3. (1) University of California San Diego, La 
Jolla, California, United States (2) Department of Chemistry , University of 
Pennsylvania, Philadelphia, Pennsylvania, United States (3) University of 
Pennsylvania, Philadelphia, Pennsylvania, United States 

In Alzheimer’s disease and related neurodegenerative tauopathies, the 
aggregation of the microtubule (MT)-associated protein tau is believed to have 
neuropathological consequences that result from toxic gains and/or losses of 
tau functions. Different MT-stabilizing natural products, including selected 
taxanes, epothilone D and dictyostatin, have been found effective in animal 



models of neurodegenerative tauopathies due to their ability to compensate 
for MT deficits presumed to result from the loss of tau MT-stabilizing function 
in neurons. Among non-naturally occurring MT-stabilizing compounds, the 
triazolopyrimidines comprise a promising class that is characterized by 
generally favorable drug-like properties, including brain-penetration and oral 
bioavailability. At the molecular level, however, such molecules have been 
found to act on MTs in a substantially different manner compared to typical 
MT-stabilizing natural products. To investigate the potential of this class of 
compounds in the context of neurodegenerative tauopathies, structure-activity 
relationship (SAR) studies resulted in the identification of a prototype 
triazolopyrimidine congener, CNDR-51657, with suitable PK/PD properties. 
Evaluation of this compound in aged (9-month-old) PS19 tau transgenic mice 
that harbor neurofibrillary tangle (NFT)-like tau pathology in the CNS revealed 
that low doses (3 or 10 mg/Kg) twice-weekly for 3 months produce 
improvements in neuronal outcomes that resemble those previously observed 
upon treatment with MT-stabilizing natural products. Moreover, mice treated 
with either dose of CNDR-51657 did not show signs of compound intolerance 
during treatment. These results further confirm that stabilization of axonal MTs 
may be a promising strategy to treat neurodegenerative tauopathies and 
suggest that triazolopyrimidines hold considerable promise as CNS-active 
MT-stabilizing candidate therapeutics. 

 

MEDI 13 

Synthesis and characterization of a highly potent series of substituted 
N-(indanyl)piperidine-4-carboxamides as positive allosteric modulators 
of the M5 muscarinic acetylcholine receptor 

Aaron Bender1, aaron.bender@vanderbilt.edu, Kellie D. Nance1, Hyekyung 
P. Cho1, Thomas M. Bridges1, Patrick M. Sexton2, Arthur Christopoulos2, P J. 
Conn1, Craig W. Lindsley1. (1) Pharmacology, Vanderbilt Center for 
Neuroscience Drug Discovery, Nashville, Tennessee, United States (2) 
Pharmacology, Monash University, Melbourne, Victoria, Australia 



Knockout (KO) mice of the muscarinic acetylcholine receptor (mAChR) 
subtype M5 have revealed the receptor’s role in a multitude of CNS processes. 
Animals lacking this receptor have demonstrated decreased dilation of 
vasculature in response to acetylcholine (ACh), leading to cognitive deficits 
and highlighting the possible involvement of M5 in various CNS disorders 
including Alzheimer’s disease (AD) and ischemic stroke. 
M5 is currently the least characterized of the mAChR subtypes, due largely in 
part to its relatively low expression level in the CNS and lack of subtype 
selective tool compounds. Building on the recent optimization of potent and 
selective M5 positive allosteric modulators (PAMs) featuring a N-benzyl-1-
(phenylsulfonyl)piperidine-4-carboxamide structure, we report here a 
constrained series of chiral indane analogs with superior potency (and 
subtype selectivity) for M5, and demonstrate enantiopreference for the (R)-
indane analogs in this series. Despite some PAM activity at the other mAChR 
subtypes, these second generation M5 compounds were demonstrated to bind 
M5 allosterically in [3H]-NMS radioligand binding assays, and additional in 
vitro pharmacological characterization has demonstrated a unique positive 
cooperativity profile with the other mAChRs. 

 

MEDI 14 

Discovery and design of novel selective kappa opioid antagonists 

Michael Green, michael.green@pfizer.com, Natasha Kablaoui, Rankic 
Danica, Cory M. Stiff, Boscoe Brian, Karen J. Coffman, Michael A. Brodney, 
Patrick R. Verhoest. Medicinal Chemistry, Pfizer, Boston, Massachusetts, 
United States 

Opioid receptors (OR), belonging to the G-Protein Coupled Receptor (GPCR) 
family, are comprised of κ (KOR), µ (MOR), δ (DOR) subtypes, and have been 
shown to play a critical role in the regulation of pain, mood, stress, anxiety, 
motivation, and addiction. The pharmacology of several OR ligands has been 
well researched, with many of the available tools displaying competing activity 



across the aforementioned subtypes, leading to suboptimal efficacy at the 
desired subtype, or dose limitations due to off target activity. Of considerable 
interest are KOR antagonists, which have been shown to provide anxiolytic 
and anti-depressant like effects in a number of models. As such, the 
development of new and selective KOR antagonists has been of increasing 
interest to the research community. Herein we will detail our medicinal 
chemistry efforts toward the development of novel KOR antagonists with 
improved physical chemical property space relative to known antagonists, the 
results of which ultimately led to the development of a brain penetrant tool 
compound with rodent in vivo efficacy. 

MEDI 15 

Macrocyclic peptides as novel LSD1 inhibitors and their biological 
evaluation 

Isuru R. Kumarasinghe, ikum007@gmail.com, Patrick M. Woster. Dept of 
Drug Discovery and Biomedical Science, Medical University of South 
Carolina, Charleston, South Carolina, United States 

Lysine specific demethylase 1 (LSD1), a chromatin remodeling histone 
demethylase, is upregulated in several cancer cell lines and is considered to 
be a valid drug target for anticancer drug development. In a number of tumor 
types, excess LSD1 demethylates the transcription activating chromatin marks 
monomethyl histone 3 lysine 4 (H3K4me1) and dimethyl histone 3 lysine 4 
H3K4me2 and aberrantly silences the expression of tumor suppressor genes 
significant in cancer. We previously reported the discovery of a novel cyclic 
peptide derivative, compound 1, that acts as a potent LSD1 inhibitor, and that 
displays antitumor activity in the Calu6 lung adenocarcinoma line, the MCF7 
breast cancer line and a variety of other tumor types. We have now extended 
our study by synthesizing alanine, D amino acid and fatty acid substituted 
derivatives of 1, as well as truncated peptides, and evaluated their biological 
effects using the following techniques: LSD1 inhibition assay, metabolic 
stability, enzyme kinetics, cell viability, Western blot and ChIP-qPCR 
experiments. Through the results of these studies, we have identified 
derivatives that display improved LSD1 inhibition, enhanced antitumor effects 
and high metabolic stability, and that enhance local and global expression of 
H3K4me2. 

 



 

MEDI 16 

Design and synthesis of lysine-targeted covalent inhibitors of HSP72 

Jonathan Pettinger1, jonathan.pettinger@icr.ac.uk, Yann-Vai Le Bihan1, 
Marissa Powers1, Marcella Widya2, Rob van Montfort1, Keith Jones1, Matthew 
Cheeseman1. (1) Division of Cancer Therapeutics, The Institute Of Cancer 
Research, London, United Kingdom (2) Novartis Institute for BioMedical 
Research, Berkeley, California, United States 

The stress-inducible molecular chaperone, HSP72, is an important therapeutic 
target in oncology, but inhibiting this protein with small molecules has proven 
particularly challenging. Validation of HSP72 inhibitors in cells is difficult owing 
to competition with the high affinity and abundance of the endogenous 
substrate, ATP. Irreversible inhibition is an important strategy for tackling 
proteins with high-affinity substrates, as shown in the recent renaissance 
being led by drugs targeting the tyrosine kinase, EGFR, in refractory cancers. 
With the clear clinical potential that a HSP72 inhibitor could offer and the lack 
of cell-active chemical probes to study its role in cancer, we proposed that a 
nucleotide-competitive targeted covalent inhibitor could overcome many of 
these challenges. 
 
Our original rational design hypothesis was to exploit the 8-N-
benzyladenosine ligand, 1, to synthesize a cysteine-targeting irreversible 
inhibitor, 2. The time-dependent HSP72 inhibition and intact protein mass 
spectrometry data showed we were successful, but trypsin-digest mass 
spectrometry clearly contradicted our conclusion that any cysteine was the 
nucleophilic residue responsible. Using x-ray crystallography and site-directed 
mutagenesis to search for the key residue, we discovered that the highly-
conserved lysine-56 was responsible for the covalent bond formation. 
 



By developing a method to measure the covalent kinetic 
parameters, kinact and KI, from a fluorescence polarisation assay, we were able 
to design a second-generation covalent inhibitor, 3. This showed greater 
reversible affinity, and reactivity that is more suited to the harder lysine 
nucleophile. 
 
The discovery of the first lysine-selective targeted covalent inhibitors of 
HSP72 offer a potential new design paradigm in the development of cell-
active HSP72 chemical probes. We plan to use these compounds to develop 
chemical probes for use in activity-based protein profiling experiments, in 
order to better understand the role of HSP72 in cells. 

 
 
Figure 1. (top) Structure of 8-N-benzyladenosine inhibitor, 1; first-generation targeted 
covalent inhibitor, 2, and second-generation, 3. (bottom) Co-crystal structures of 8-N-
benzyl adenosine analogue and 2 reversibly bound to HSP72 

MEDI 17 

Indole-2-carboxamides (I2Cs) targets mycolic acid transport and offer a 
potential treatment for Mycobacterium abscessus infections 

Oluseye Onajole2, oonajole@roosevelt.edu, Jozef Stec1, Christian Dupont4, 
Albertus Viljoen4, Matthias Richard4, Tridib Chaira5, Shichun Lun6, William 
Bishai6, Samuel Raj5, Diana Ordway7, Alan P. Kozikowski3, Laurent 
Kremer4. (1) College of Pharmacy, Marshall B. Ketchum University, Fullerton, 
California, United States (2) Department of Biological, Chemical and Physical 
Sciences, Roosevelt University, Chicago, Illinois, United States (3) StarWise 
Therapeutics LLC, Madison, Wisconsin, United States (4) Institut de 



Recherche en Infectiologie (IRIM), Université de Montpellier, Montpellier, 
France (5) Centre for Drug Design Discovery and Development (C4D), SRM 
University, Sonepat, India (6) JHU Center for TB Research, Johns Hopkins 
School of Medicine, Baltimore, Maryland, United States (7) Department of 
Microbiology, Immunology & Pathology, Mycobacteria Research Laboratory, 
Colorado State University, Fort Collins, Colorado, United States 

Mycobacterium abscessus is a rapidly growing, multidrug-resistant organism, 
and has emerged as an opportunistic pathogen responsible for an increase in 
mortality especially in cystic fibrosis (CF) patients. There are limited 
chemotherapeutic options available for the treatment of infections caused 
by M. abscessus, mainly because of its resistance to many available 
antibiotics, including most anti-tubercular drugs. The need for novel and 
effective chemotherapeutic agents with a novel mode of action cannot be 
overemphasized. We recently reported that some indole-2-carboxamides 
(I2Cs) showed potent activity against M. abscessus. Two lead 
compounds, 1 and 2, showed potent in vitro activity against a range of M. 
abscessus isolates and in infected macrophages. In addition, 
compound 2displayed an acceptable ADME profile and a selectivity index of 
64-128. The mode of action of the I2Cs is believed to be associated with the 
mycolic acid transporter MmpL3 (figure 1) as evidenced by resistance caused 
by an A309P mutation in the gene encoding for that protein. Biochemical 
analyses showed that compounds 1 and 2 inhibit the transport of 
trehalosemonomycolate (TMM), causing the loss of trehalosedimycolate 
(TDM) production and cancelling mycolylation of arabinogalactan, a major 
structural component of the mycobacterial cell wall. The I2Cs thus represent a 
new class of chemical structures active against M. abscessus that may offer 
promise as possible treatment options for M. abscessus infection in CF 
patients. 



 

MEDI 18 

Discovery of a potent and efficacious Mcl-1 inhibitor featuring an α-
hydroxy phenylacetic acid pharmacophore 

Gwenaella Rescourio1, g_rescourio@yahoo.com, Sean P. Brown2. (1) 
Amgen, Cambridge, Massachusetts, United States (2) Amgen Inc, Thousand 
Oaks, California, United States 

Mcl-1, an anti-apoptotic protein of the Bcl-2 family, is overexpressed in many 
cancers providing a key survival advantage to these aberrant cells. To combat 
tumor progression and drug resistance, inhibition of Mcl-1 has been proposed 
as a suitable strategy for the treatment of certain types of cancer. In this 
presentation, we will describe the discovery of α-hydroxy phenylacetic acid 
inhibitors following a structure-based design approach and utilizing the X-ray 
co-crystal structure of a macrocyclic series of inhibitors bound to Mcl-1 as the 
starting point of this effort. This work culminated with the discovery of a potent 
Mcl-1 inhibitor with good pharmacokinetic properties and in vivo efficacy in an 
OPM-2 multiple myeloma xenograft model. 

MEDI 19 

Discovery of SAM competitive, brain-restricted PRMT5 inhibitors with 
potent antitumor activity 

John H. Tatlock, john.tatlock@pfizer.com, Joseph Billitti, John F. Braganza, 
Alexei Brooun, Ya-Li Deng, Brad Hirakawa, Kristen Jensen-Pergakes, Robert 
Kumpf, Wei Liu, Karen Maegley, Indrawan J. McAlpine, Michele McTigue, 



Ryan Patman, Eugene Rui, Stephanie A. Scales, Michelle B. Tran-Dube, Fen 
Wang, Zhenxiong Wang, Shinji Yamazaki, Tao Zhang, Martin Wythes. Pfizer, 
San Diego, California, United States 

PRMT5 is the primary type II arginine methyltransferase responsible for 
symmetric dimethylation of protein arginine residues and plays an important 
role in tumorigenesis through post-translational modification of cytoplasmic 
and nuclear substrates. The discovery of adenosine as an efficient inhibitor of 
PRMT5 catalyzed a design and synthesis effort aimed at nucleoside 
optimization. Protein structure-based and ligand property-based design were 
combined to deliver molecules with desirable potency, selectivity and ADME 
properties. Here we will describe the identification and characterization of PF-
06855800, a SAM competitive, brain-restricted lead molecule with 
antiproliferative activity in both in vitro and in vivo models. 

MEDI 20 

Optimization of S1P1 partial agonists leading to the identification of 
BMS-986166 

Alaric J. Dyckman1, Alaric.Dyckman@bms.com, John L. Gilmore1, Michael 
Yang1, T. G. Murali Dhar1, David Marcoux1, Zili Xiao1, Haiyun Xiao1, Ling Li1, 
Arvind Mathur1, Jenny Xie1, Kim McIntyre1, Rochelle Thomas1, Tracy Taylor1, 
Xiaoxia Yang1, Lois Lehman-McKeeman1, Hong Shi1, Paul C. Levesque1, 
Huadong Sun1, Anthony M. Marino1, Zheng Yang1, Georgia Cornelius1, Celia 
D'Arienzo1, Ding Ren Shen1, Mary Ellen Cvijic1, Bethanne M. Warrack1, Luisa 
Salter-Cid1, Louis Lombardo1, John E. Macor2, Percy H. Carter1. (1) Bristol-
Myers Squibb, Pennington, New Jersey, United States (2) Sanofi-Aventis, 
Cambridge, Massachusetts, United States 

Agonists of sphingosine-1-phosphate receptor 1 (S1P1) have demonstrated 
utility in the treatment of several autoimmune disorders in clinical trials, and in 
clinical practice for relapsing-remitting multiple sclerosis. However, several 
safety concerns have also been associated with full agonism at this receptor. 
For example, pulmonary edema was noted in preclinical toxicity studies, while 
cardiovascular effects in humans are now thought to be mediated by S1P1 
activation. In contrast to earlier examples within the field, our team has 
pursued next-generation modulators of S1P1 that exhibit ligand-biased 
signaling as a means to dissociate the desired efficacy from the undesired 
effects. The optimization of partial agonists of S1P1 leading to the 
identification of clinical compound BMS-986166 will be described.  



MEDI 21 

Inhibition of glutaminyl cyclase as a new concept for the treatment of 
Alzheimer’s disease: PQ912, the first-in-class QC-inhibitor in clinical 
development for AD 

Ulrich Heiser2, ulrich.heiser@probiodrug.de, Torsten Hoffmann2, Antje 
Meyer2, Robert Sommer3,2, Daniel Ramsbeck1,2, Martin Kleinschmidt1,2, Hans 
U. Demuth1,2, Konrad Glund2, Inge Lues2. (1) MWT, Fraunhofer IZI, 
Halle/Saale, Germany (2) Probiodrug AG, Halle, Germany (3) Salutas Pharma 
GmbH, Barleben, Germany 

The majority of Aβ peptides deposited in Alzheimer’s Disease (AD) reveals to 
be N-terminally truncated and post-translationally modified. Among these 
modified species, pyroglutamyl-Aβ (pE-Aβ, including N3pE-Aβ42) has been 
identified as particularly neurotoxic. The N-terminal pE-modification renders 
the peptide hydrophobic, reduces degradation by peptidases and leads to the 
accumulation of the peptide. It has been shown recently that pE-Aβ is seeding 
and sustaining the formation of highly neuro-/synaptotoxic oligomers which 
are assumed to be a key early pathological culprit. After showing that the 
formation of pE-residues in Abeta is catalyzed by Glutaminyl cyclase (QC), its 
prevention by inhibiting QC emerged as a potential new disease modifying 
treatment concept for AD. The identification of our QC-inhibitor PQ912 started 
out from one of the first potent representatives. The efforts for the 
improvement of the pharmacological and pharmaco-kinetic profile were 
supported by structure based design and thermo-dynamic investigations into 
the inhibitor binding to QC and resulted in an attractive candidate molecule for 
drug development. After successfully demonstrating efficacy in transgenic AD-
mice models by lowering the pE-Aβ content and the improvement of spatial 
learning and memory, the subsequent Phase I clinical study rendered PQ912 
as being safe and well tolerated, demonstrating a dose dependent exposure 
and high QC-target engagement in the cerebrospinal spinal fluid (CSF). A 
Phase IIa clinical study treating early AD patients with a high dose of PQ912 
(resulting in 90% target occupancy) for 3 month was recently completed. The 
trial confirmed the phase I findings regarding the target occupancy in the CSF. 
Moreover, positive exploratory efficacy signals were obtained, all indicating a 
synapto-protective effect of PQ912. At the biomarker level, a decrease of the 
number of patients with detectable pEAβ oligomer levels, a reduction of the 
synaptic marker Neurogranin, and the inflammatory marker YKL-40 was 
observed. At a functional pharmaco-dynamic level, the theta wave in the 
qEEG, described to be enhanced in early AD, was found to be significantly 
reduced. Moreover, the treatment group showed a significant improvement in 



working memory (‘one card back task’) as well as a trend for an improvement 
in the attention task. Further clinical studies towards identifying an optimal 
efficient dose after a longer treatment period are planned. 
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Discovery of clinical candidate TAK-915, a highly potent, selective, and 
brain-penetrating phosphodiesterase 2A inhibitor for the treatment of 
cognitive disorders 

Satoshi Mikami3, satoshi.mikami@takeda.com, Shinji Nakamura3, Tomoko 
Ashizawa3, Izumi Nomura3, Masanori Kawasaki3, Shigekazu Sasaki3, Hideyuki 
Oki3, Hironori Kokubo2, Isaac D. Hoffman1, Hua Zou1, Noriko Uchiyama3, 
Kosuke Nakashima3, Naomi Kamiguchi3, Haruka Imada3, Noriko Suzuki3, 
Hiroki Iwashita3, Takahiko Taniguchi3. (1) Takeda Calfornia, Inc., San Diego, 
California, United States (2) MCRL, Takeda Pharmaceutical, Fujisawa 
Kanagawa, Japan (3) Takeda Pharmaceutical Company, Fujisawa, 
Kanagawa, Japan 

Phosphodiesterases (PDEs) are intracellular enzymes that hydrolyze cAMP 
and/or cGMP, and are involved in a diverse array of biological responses. 
Phosphodiesterase 2A (PDE2A) is highly expressed in the brain, such as the 
cortex, hippocampus, and striatum, regions associated with cognitive function 
and memory. This distribution pattern suggests that selective inhibition of 
PDE2A could increase cAMP and/or cGMP within these brain areas and, 
thereby, ameliorate the cognitive dysfunction seen in a range of 
neuropsychiatric and neurodegenerative disorders, including schizophrenia 
and Alzheimer's disease. 
High-throughput screening of our in-house compound library identified the hit 
compound with a PDE2A IC50 of 3800 nM. The ensuing ligand-based 
modifications led to the discovery of the promising lead with a PDE2A IC50 of 
24 nM and 180-fold selectivity over all other PDE enzyme families. Further 
optimization of the lead compound was guided by its X-ray co-crystal structure 
in complex with PDE2A, culminating in the identification of the clinical 
candidate (TAK-915) as a highly potent, selective and brain-penetrating 
PDE2A inhibitor (IC50: 0.61 nM, PDE selectivity: 4100-fold). 
In this presentation, we highlight how through rational drug design using a co-
crystal structure, we were ultimately able to identify the clinical candidate with 
the best balance of potency, selectivity and brain penetration. 

  



MEDI 23 

Discovery of potent and orally bioavailable macrocyclic peptide-peptoid 
hybrid CXCR7 modulators 

Markus Boehm, markus.boehm1@pfizer.com. Pfizer, Cambridge, 
Massachusetts, United States 

The chemokine receptor CXCR7 is an attractive target for a variety of 
diseases. While several small molecules modulators of CXCR7 have been 
reported, peptidic macrocycles may provide advantages in terms of potency, 
selectivity, and reduced off-target activity. We produced a series of peptidic 
macrocycles that incorporate an N-linked peptoid functionality where the 
peptoid group enabled us to explore side chain diversity well beyond that of 
natural amino acids. At the same time, computational calculations and 
experimental assays were used to track and reduce polarity while closely 
monitoring physicochemical properties. This strategy led to the discovery of 
macrocyclic peptide-peptoid hybrids with high CXCR7 binding affinities (Ki < 
100 nM) and measurable passive permeability (Papp > 5 x 10-6 cm/sec). 
Moreover, one bioactive peptide (Ki = 9 nM) achieved oral bioavailability of 
18% in rats, which was commensurate with the observed plasma clearance 
values upon intravenous administration. 
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Novel RORγ inverse agonists: From GDC-0022 to a novel pyridazine-
based series 

James J. Crawford, jamescrawford@hotmail.com. Discovery Chemistry, 
Genentech, San Francisco, California, United States 

Retinoic acid receptor related orphan receptor gamma (RORc, RORγ, or 
NR1F3) is a nuclear receptor that plays a major role in the differentiation of 
naïve CD4+ T cells intoT helper-17 (TH17) cells, and the expression of diverse 
pro-inflammatory cytokines such as IL-17, IL-22, and GM-CSF. Ourselves and 
others have directed significant efforts toward the discovery of selective RORc 
inverse agonists as potential treatments for inflammatory diseases. In this 
presentation we report on the progression from our first clinical candidate, 
GDC-0022, to a novel structural class of inhibitors based upon a pyridazine 
scaffold with unusually drug-like physical properties for inhibitors of this target 
class. Additionally, given the continued safety concerns around inhibitors of 
RORc, particularly given the high incidence of thymic lymphomas in RORγ–

/– mice, we will share our own observations, as well as our current 
understanding of the risks surrounding these. 
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Discovery and development of novel small molecule modulators of TNF 
alpha signalling 

Dan Brookings1, daniel.brookings@ucb.com, Rikki P. Alexander1, Tracy 
Arakaki4, Jonathan Bentley2, Tim Bourne1, Julien A. Brown3, Alex Burgin4, 
Mark Calmiano1, Bruce Carrington1, Michael Deligney1, David Fox III4, Anne 
Foley1, Helen T. Horsley1, Jag Heer1, Jamie Henshall1, Martin Hutchings1, 
Victoria Jackson1, Craig Johnstone2, Jeff Kennedy1, Lloyd King1, Boris 
Kroeplien1, Alistair Lawson1, Fabien Lecomte1, James Madden2, Karelle 
Menochet3, Mark Merriman1, Tim Norman1, James O'Connell1, Andrew 
Payne1, John Porter1, Joanna Quincey3, Steve Rapecki1, Matthew D. Selby1, 
Alex Vugler1, Gill Watt1, Sara Wright1, Zhaoning Zhu1. (1) UCB Pharma, 
Slough, United Kingdom (2) Evotec, Oxford, United Kingdom (3) UCB 
Pharma, Berkshire, United Kingdom (4) Beryllium Discovery, Boston, 
Massachusetts, United States 

TNF alpha is a cell signalling protein involved in numerous autoimmune 
disorders. Antibody biologics that bind to TNF alpha have for some time 



demonstrated the clinical utility of anti-TNF therapy. Despite the clear clinical 
benefit demonstrated by TNF alpha inhibition, to date no small molecule 
inhibitor of TNF alpha has entered clinical development. The discovery and 
development of small molecule inhibitors of TNF alpha has therefore long 
been considered one of the holy grails of drug discovery. 
Here we describe our efforts leading to the discovery of a novel series of small 
molecule modulators of TNF alpha binding and function acting through a novel 
mechanism of action. Identification of the initial fragments by SPR followed by 
the medicinal chemistry programme leading to the development of selective 
TNF inhibitors with efficacy in murine models of arthritis will be presented. In 
addition key structural biology insights that illuminate a new mechanism of 
TNF alpha inhibition by small molecules will be disclosed. 
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Discovery of a novel series of small molecule modulators of TNF alpha 
binding and signalling through a novel mechanism of action 

Tim Norman1, tim.norman@ucb.com, Fabien Lecomte1, Jeff Kennedy2, Bruce 
Carrington2, John Porter1, James O'Connell2, Alistair Lawson2, Rachel Davis2, 
Steve Rapecki2, Boris Kroeplien2, Alex Burgin3, Tracy Arakaki3. (1) Medicinal 
Chemistry, UCB Pharma, Slough, United Kingdom (2) UCB Pharma, Slough, 
United Kingdom (3) Emerald BioStructures, Bainbridge Island, Washington, 
United States 

TNF alpha is a cell signalling protein involved in numerous autoimmune 
disorders. Antibody biologics that bind to TNF alpha have for some time 
demonstrated the clinical utility of anti-TNF therapy. Despite the clear clinical 
benefit demonstrated by TNF alpha inhibition, to date no small molecule 
inhibitor of TNF alpha has entered clinical development. The discovery and 
development of small molecule inhibitors of TNF alpha has therefore long 
been considered one of the holy grails of drug discovery. 
Here we describe the discovery of a novel series of small molecule 
modulators of TNF alpha binding and signalling with a novel mechanism of 
action. 
Fragment screening by SPR initially identified TNF alpha binders which were 
shown to weakly inhibit binding to TNFR1. The stoichiometry of binding was 
shown by mass spectrometry to be one small molecule per TNF alpha trimer 
and this was confirmed by X-ray crystallography. 
These fragment hits were elaborated to improve binding affinity and function. 
This initial chemistry, that ultimately formed the foundation for a full medicinal 
chemistry programme, will be described. 
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Deeper understanding of molecular recognition through modern 
computational techniques 

Charles D. Sherrill2, sherrill@gatech.edu, Robert M. Parrish2, Doree Sitkoff1, 
Daniel L. Cheney1. (1) Molecular Structure and Design, Bristol-Myers Squibb, 
Princeton , New Jersey, United States (2) School of Chemistry and 
Biochemistry, Georgia Inst of Technology, Atlanta, Georgia, United States 

Advances in computational chemistry have allowed for an unprecedented 
level of detail in analyzing intermolecular forces. For example, it is now 
possible to analyze the interactions between pairs of functional groups in a 
protein-ligand complex in terms of the fundamental intermolecular forces (e.g., 
electrostatic interactions, London dispersion forces, etc.), using accurate 
quantum chemistry. This talk will outline our lab's use of such tools to 
understand what's actually going in key interactions like π-π interactions, 
cation-π interactions, and S-π interactions, which are often critical to 
understand protein-ligand binding. Then it will present an analysis of protein-
ligand interactions involving factor Xa, where we find that substituent effects 
are governed primarily by long-range dipole-dipole interactions between the 
ligand and distant peptide bond dipoles in the protein, not by changes in the 
closest contacts to the substituent. Implications for drug design will be 
highlighted. 
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Electrostatic basis of anomalous SAR and molecular properties: Tactical 
lessons in drug design 

Daniel L. Cheney1, cheneyd@bms.com, Doree Sitkoff1, Xiao Zhu1, Murali 
Dhar3, Brandon W. Bakr2, Charles D. Sherrill2. (1) Molecular Structure and 
Design, Bristol-Myers Squibb, Princeton , New Jersey, United States (2) 
School of Chemistry and Biochemistry, Georgia Inst of Technology, Atlanta, 
Georgia, United States (3) Discovery Chemistry, Bristol-Myers Squibb, 
Princeton, New Jersey, United States 

Electrostatics, including dipoles and localized charges, are integral to the 
discussion of molecular recognition, including protein-ligand binding. Yet 
rationalization of SAR on this basis can sometimes be elusive. In this 
presentation, quantum chemical methods in combination with crystallographic 
structural data are used to elucidate the basis of otherwise anomalous SAR 



across a range of target classes. A number of observations will also be 
presented as to how electrostatics impact molecular properties in ways that 
are not always chemically intuitive. Tactical lessons related to molecular 
design will be described throughout. 
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Fluorine multipolar interaction: how much does it contribute to binding 
free energy? 

Li Xing, li.h.xing@gmail.com. WuXi Apptec, Cambridge, Massachusetts, 
United States 

Multipolar interactions have gained attention due to their roles in molecular 
recognition events of chemical and biological systems. Structural evidence 
suggests that the fluorine multipolar interaction is a favorable molecular 
interaction in the paradigm of protein-ligand recognition. With an aim to 
understand its propensity and energetics in ligand-protein assembly, we 
mined the protein-ligand X-ray structure database with three-dimensional 
constraints for the presence of such interactions. A set of transformation rules 
were applied to generate their corresponding matched molecular pairs 
(MMPs) that bear hydrogen(s) in place of the interacting fluorine(s). Biological 
activities were retrieved from our internal data warehouse for the MMPs with 
and without the ability to form the multipolar interaction. On the basis of the 
observed potency differences we determined the free energy gain associated 
with the fluorine multipolar interaction, and estimated its net impact on 
lipophilic efficiency (LipE). As a results a general guideline for medicinal 
chemists was proposed, enabling a more rational employment of this type of 
interaction in molecular design. 
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Understanding stacking interactions of heterocyclic drug fragments 

Steven E. Wheeler2,1, swheele2@uga.edu, Andrea N. Bootsma2, Analise C. 
Doney1. (1) Department of Chemistry, Texas AM University, College Station, 
Texas, United States (2) Center for Computational Quantum Chemistry, 
University of Georgia, Athens, Georgia, United States 

Stacking interactions are ubiquitous in drug binding sites, impacting both 
binding affinity and specificity. These interactions include stacking interactions 
of heterocyclic drug fragments with aromatic amino acid side chains as well as 



backbone amide bonds, Arg residues, and Arg-Asp salt bridges. Despite the 
importance of these non-covalent interactions in structure based drug design, 
our understanding of the factors that impact their strength and preferred 
orientation is still incomplete. I will discuss the importance of local dipole 
moments in our understanding of stacking interactions of substituted arenes 
(i.e. the ‘Local, Direct Interaction Model’ or ‘Wheeler-Houk Model’), correcting 
some misconceptions along the way. I will also present high-accuracy 
interaction energies for common heterocyclic drug fragments stacked with 
Phe, Trp, Tyr, and Arg side chains as well as amide backbones and Asp-Arg 
salt-bridges. Ultimately, I will introduce simple predictive models of the 
strength of these various stacking interactions based on readily-computed 
heterocycle descriptors, which should prove useful in scoring these 
interactions in drug binding sites. 
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Polar protein-ligand interactions: Statistical significance and use in 
structure-guided drug design 

Bernd Kuhn, bernd.kuhn@roche.com. F. Hoffmann-La Roche, Basel, 
Switzerland 

In structure-based design the accurate prediction of the affinity change of 
ligands with newly designed polar protein-ligand interactions remains a 
challenge. This is caused by sometimes non-obvious (de)solvation effects that 
take place during complex formation and geometric requirements for 
productive polar interactions that are often more stringent compared to apolar 
contacts. To further increase our understanding of favorable polar interactions 
and their preferred geometries we have derived quantitative interaction 
propensities for different functional groups using statistical analyses of crystal 
structures from the Protein Data Bank. Our approach is based on a line-of-
sight analysis introduced earlier by Taylor (DOI: 10.1039/c4ce00452c), which 
avoids the counting of confounding secondary interactions. We will present 
statistically preferred polar interaction partners and their geometries, with a 
focus on functional groups with large dipole moments. 
In the second part of the presentation, we will present case studies from 
internal PDE10 and Cathepsin L projects where different types of polar 
interactions were refined during hit optimization. 
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Discovery of a highly selective BTK inhibitor tirabrutinib(ONO/GS-4059) 
for B-cell lymphoma and inflammatory diseases 

Shingo Yamamoto1, sh.yamamoto@ono.co.jp, Ryo Suzuki1, Atsushi 
Hiramatsu1, Hideomi Kijima1, Toshihide Watanabe1, Hiromu Egashira1, 
Shigeyuki Takai1, Masahiko Terakado1, Seiji Ogawa1, Masaki Ima1, Taihei 
Nishiyama1, Issei Doi1, Masakuni Kurono1, Rie Omi1, Kana Kayasuga1, Shinya 
Kusuda1, Akira Imagawa1, Hiromu Habashita1, Takuya Seko1, Kevin Moriarty2, 
Zenon Konteatis2, Kristofer Moffett2, Younghee Lee2, Wenchun Chao2. (1) 
ONO Pharmaceutical Co., Ltd., Osaka, Japan (2) Locus Pharmaceuticals, 
Inc., Blue Bell, Pennsylvania, United States 

Bruton’s tyrosine kinase (BTK) is a TEC family kinase that is expressed in 
several hemopoietic lineages. BTK has been recognized to play an important 
role in the activation and proliferation of B cells. In recent years, it has been 
shown that BTK inhibitors suppress survival and proliferation of tumor cells for 
B-cell malignancies, and the first-in-class BTK inhibitor ibrutinib has been 
approved for the treatment of chronic lymphocytic leukemia (CLL) and other 
hematological malignancies. However ibrutinib could potentially lead to some 
adverse effects due to off-target inhibition against EGFR, ITK, and TEC family 
kinases. Therefore, more selective BTK inhibitors are being developed for 
various autoimmune indications． 
From initial virtual fragment screening, pyrrolopyrimidine derivatives were 
identified as a potential hit series. Further structure based design using X-ray 
crystallography brought us two types (non-covalent and covalent) of lead 
compounds. Adjustment of lipophilicity through modification of central core 
and careful optimization of the reactivity / electrophilicity of the warhead 
eventually led to the discovery of tirabrutinib (ONO/GS-4059) as a highly 
selective BTK inhibitor, which is currently in phase II clinical studies. The 
profile of tirabrutinib will be disclosed together with detailed discussion of the 
design strategy for improvement of biological activities and kinase selectivity. 
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Photoaffinity labeling approach towards binding site identification of 
chroman-4- one based sirtuin 2 inhibitors 

Tina Seifert1, tina.seifert@chem.gu.se, Marcus Malo1, Johan Lengqvist2, 
Carina Sihlbom2, Elina M. Jarho3, Kristina Luthman1. (1) Department of 
Chemistry and Molecular Biology, Medicinal Chemistry, University of 



Gothenburg, Göteborg, Sweden (2) The Proteomics Core Facility, University 
of Gothenburg, Göteborg, Sweden (3) School of Pharmacy, University of 
Eastern Finland, Kuopio, Finland 

A detailed understanding of the binding site and the interactions of a bioactive 
compound with its biotarget is important to make structural modifications to 
overcome obstacles in potency and selectivity. The light-induced covalent 
cross-linking of a photoreactive ligand with a biological macromolecule, known 
as photoaffinity labeling (PAL), is a powerful biochemical technique to study 
protein–ligand interactions. 
An increasing number of literature reports suggests an association of the 
aberrant enzymatic activity of the NAD+-dependent human lysine deacylase 
SIRT2 with diseases such as cancer and neurodegenerative disorders. As 
such, the development of potent and selective SIRT2 modulators is of great 
interest. We have applied a PAL approach in an effort to locate the binding 
site of our substituted 2-alkyl-chroman-4-one based SIRT2 inhibitors. 
We have developed a diazirine-based PAL probe based on SAR data around 
a parent ligand. The application of cross-linking experiments in combination 
with tandem mass spectrometry identified a modified tryptic peptide arising 
from the covalent attachment of the probe to SIRT2. The peptide covers both 
the active site of SIRT2 and the proposed binding site of the chroman-4-one 
based inhibitors. 
Currently, the work focuses on the development of bifunctional probes 
carrying the photophore and a functional group serving as handle for post-
labeling modifications with biotin for affinity enrichment of modified peptides or 
fluorescent dyes for visualisation purposes. 
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Discovery of a novel kinase inhibitor ON 150030, a type 1 inhibitor for 
relapsed and refractory AML 



M Reddy1,2, dr.reddy@msn.com, Helya Ghaffari1, Balireddy Akula2, Stephen 
C. Cosenza1, Muralidhar R. Mallireddigari2, Venkata Dandu1, Premkumar 
Reddy1. (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 

Acute Myeloid Leukemia (AML) is an aggressive form of leukemia with over 
20,000 new cases reported in the year 2015 in the US alone, as estimated by 
the American Cancer Society. The disease is associated with a block in 
differentiation of hematopoietic progenitor cells resulting in uncontrolled 
proliferation and a malignant clonal disorder. Approximately one third of 
patients suffering from Acute Myeloid Leukemia harbor a FLT3 internal 
tandem duplication mutation (FLT3-ITD). When mutated, this receptor tyrosine 
kinase promotes pathways for proliferation and blocks apoptosis. 
Here, we tested the utility of ON150030, developed in our laboratory, as a 
novel therapeutic agent to treat AML. Structural studies suggest ON150030 
binds to the active form of FLT3 (Type 1 inhibitor) so mutations such as 
D835X do not affect the inhibitory activity of the compound. In vitro kinase 
assays demonstrate that ON150030 potently inhibits Wildtype and FLT3-
D835Y forms, while Quizartinib fails to inhibit FLT3-D835Y. Additionally, 
ON150030 demonstrated time and temperature dependent inhibition of FLT3, 
suggesting that the compound could be an irreversible inhibitor of FLT3. 
Biological studies reveal that ON150030 specifically inhibits the growth of 
MV4-11 cells harboring the FLT3-ITD mutation (GI50: 10nM). Mouse 
xenograft models were used to assess the drug’s effect in vivo. Animals 
treated with ON150030 exhibited dramatic regression of subcutaneous tumors 
compared to control. 
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Discovery of pyrrolo[1,2-b]pyridazine-3-carboxamides as potent JAK1/3 
inhibitors with selectivity against ROCK family kinases 

Steven Spergel1, steven.spergel@bms.com, Michael E. Mertzman1, Shuqun 
Lin1, Gregory Brown1, James Kempson1, Junqing Guo1, Sylwia M. Stachura1, 
Jonathan S. Lippy1, Rosemary F. Zhang1, Sydney Pitt1, Aberra Fura1, Vickey 
Tang1, John S. Tokarski1, Jack Sack1, Javed Khan1, Julia Li1, James 
Hennan1, Paul C. Levesque1, Percy H. Carter1, Joel C. Barrish1, Luisa Salter-
Cid2,1, Gary L. Schieven1, Steve Wrobleski1, William J. Pitts1. (1) R&D, Bristol-
Myers Squibb, Warrington, Pennsylvania, United States (2) Bristol-Myers 
Suibb, Princeton, New Jersey, United States 



Our efforts to prepare inhibitors of JAK family kinases with a selective JAK1/3 
profile led to the discovery of a series of pyrrolo[1,2-b]pyridazine-3-
carboxamides. An early lead compound caused profound hemodynamic 
effects, which were believed to be a result of poor selectivity against a number 
of kinases, including those in the ROCK family. Compounds with improved 
selectivity were designed based on structural differences between JAK3 and 
ROCK. This led to the identification of a compound which produced minimal 
heart rate and blood pressure changes in a mouse telemetry study. 
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Discovery and structure-activity relationship of pyrrolo[2,1-
f][1,2,4]triazines as inhibitors of phosphatidylinositol 3-kinase δ (PI3Kδ) 
for the treatment of immunological disorders 

Qing Shi, qing.shi@bms.com, David Marcoux, Qingjie Liu, Douglas G. Batt, 
Lyndon Cornelius, Anurag S. Srivastava, Robert J. Cherney, Lan-ying Qin, 
Zheming Ruan, James Neels, Rajeev S. Bhide, Ling Li, Myra Beaudoin 
Bertrand, Hua Gong, Scott H. Watterson, Jie Pan, Huaping Tang, Jingsong 
Fan, Melissa Yarde, Mary Ellen Cvijic, Mary T. Obermeier, Aberra Fura, 
Carolyn A. Weigelt, Michael A. Galella, Jack Sack, Jodi Muckelbauer, 
Kathleen M. Gillooly, Kim W. McIntyre, Qian Ruan, Michael A. Poss, John 
Hynes, John E. Macor, Percy H. Carter, Stefan Ruepp, Gary L. Schieven, 
Joseph A. Tino. Bristol-Myers Squibb, Princeton, New Jersey, United States 

The delta (δ) isoform of class I PI3K has been implicated in a number of 
immunological diseases such as systemic lupus erythematosus, multiple 
sclerosis, rheumatoid arthritis, and respiratory diseases. In this 
communication, we report a novel series of pyrrolo[2,1-f][1,2,4]triazines as 
PI3Kδ inhibitors. Optimization of this series resulted in analogs with a range of 
PI3Kg/d selectivity profiles. Their rational design and biological activity will be 
highlighted. The impact of deuteration on blocking metabolism will also be 
discussed. Finally, we will report a highly potent and selective PI3Kd inhibitor 
that demonstrated oral efficacy in mouse keyhole limpet hemocyanin (KLH) 
and collagen-induced arthritis (CIA) models. 
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Highly delta selective quinazolinone PI3K inhibitors 

Jennifer A. Treiberg, jennifer.treiberg@gilead.com, Jayaraman 
Chandrasekhar, Carmen Ip, David Koditek, Eve-Irene Lepist, Mary McGrath, 



Judy Mwangi, Stephane Perreault, John Somoza, Bart Steiner, Joseph H. 
Therrien, Armando G. Villasenor, Sarah Wise, Belinda Wong, Gary 
Phillips. Gilead Sciences, Seattle, Washington, United States 

Idelalisib is an orally available first-in-class inhibitor of the PI3K delta enzyme 
used to treat chronic lymphocytic leukemia, small lymphocytic leukemia, and 
follicular lymphoma. Idelalisib’s selectivity for PI3K delta is attributed to the 
propeller-shaped conformation that it adopts within the enzyme. By exploiting 
this conformation, we report a new series of compounds that exhibits greater 
than 1000x selectivity for delta over the alpha, beta, and gamma isoforms. 
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Dual kinase-bromodomain inhibition of Brd4 and p38a using 
trisubstituted-imidazoles 

Anand Divakaran3, divak004@umn.edu, Siva K. Talluri4, Alex M. Ayoub4,5, 
Neeraj K. Mishra4, John C. Widen3, Jin-Yi Zhu1, Norbert Berndt1, Ernst 
Schonbrunn1, Daniel A. Harki2, William C. Pomerantz4. (1) SRB23005, Moffitt 
Cancer Center, Tampa, Florida, United States (2) Department of Medicinal 
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States (3) 
Medicinal Chemistry, University of Minnesota, Minneapolis, Minnesota, United 
States (4) Department of Chemistry, University of Minnesota, Minneapolis, 
Minnesota, United States (5) Department of Chemical Biology, University of 
Michigan, Ann Arbor, Michigan, United States 

As regulators of transcription, proteins that interpret post-translational 
modifications to N-terminal histone tails through molecular recognition are 
known to be essential for maintaining cellular homeostasis. When 
dysregulated, these ‘reader’ proteins become drivers of disease. In the case 
of bromodomains, which recognize N-ε-acetylated-lysine, developing isoform 
selective inhibitors has been a significant challenge to the field. Here we 
present the development of a tri-substituted imidazole scaffold with selectivity 
for the N-terminal Bromodomain and Extra Terminal (BET) bromodomains 
(Brd4(D1), Kd = 1.2 µM, Brd4(D2) > 100 µM) and potent MAP kinase inhibition 
(p38α, Kd = 470 pM). Affinity for the BET family of bromodomains was 
characterized using a fluorescence anisotropy method to displace 
fluorescently labeled pan-BET inhibitor, BI-6727. Co-crystal structures of 
Brd4(D1) with our most potent molecules confirmed engagement with a 
conserved asparagine (N140) in the N-ε-acetylated-lysine binding pocket. In a 
similar manner to (+)-JQ1, these molecules inhibited NF-kB signaling and IL-8 
expression in A549 lung cancer cells. In cell target engagement of our lead 



molecule with Brd4 and p38α was verified using a CEllular Thermal Shift 
Assay (CETSA). In further support of bromodomain inhibition, this series of 
molecules suppressed production of the c-Myc oncoprotein in multiple 
myeloma cells. From these studies, we conclude a tri-substituted imidazole 
scaffold represents a valuable starting point for synergistic therapeutic 
inhibition of both Brd4 and p38α, the aberrant functions of which play a key 
role in cancer and inflammatory signaling. 
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Identification of a novel DYRK1A inhibitor lead from computational 
modeling of kinase inactive conformations 

Kunal Kumar1,2, kunal13@gmail.com, Peter M. Ung2, Peng Wang3, Hui 
Wang1, Hailing Li1, Mary K. Andrews1, Andrew Stewart3, Avner Schlessinger2, 
Robert Devita1,2. (1) Drug Discovery Institute, Icahn School of Medicine at 
Mount SInai, New York, New York, United States (2) Department of 
pharmacological sciences, Icahn School of Medicine, New York, New York, 
United States (3) Diabetes, Obesity, and Metabolism Institute, Icahn School of 
Medicine, New York, New York, United States 

DYRK1A is a cell-cycle regulator which has been implicated as an important 
drug target in various therapeutic areas, including neurological disorders, 
oncology, and diabetes. In order to identify a novel DYRK1A inhibitor, we 
constructed a homology model of DYRK1A in the inactive, DFG-out 
conformation, using a new method called DFGmodel developed in our group. 
Virtual screening of 2.2 million lead-like compounds from the ZINC database, 
followed by in vitro testing of 68 compounds revealed 8 hits representing 5 
different chemical classes. One of the hits from the computational screen was 
found to inhibit DYRK1A with IC50 of 9.41 µM (Kd = 7.3 µM). Optimization of 
the hit compound and in vitro testing led to the identification of potent analogs 
with up to 100x improved binding. Synthesis, optimization and biological 
activity of the novel DYRK1A inhibitor will be presented. 
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Trifluoromethyl oxetanes: Synthesis and evaluation as a tert-butyl 
isostere in the gamma secretase modulator program 

Paramita Mukherjee3, mukherjee.paramita@gmail.com, Christopher am 
Ende2, Martin Pettersson1, Jason K. Dutra2, Longfei Xie2. (1) Pfizer Global 
Research Development, Cambridge, Massachusetts, United States (2) Pfizer 



Inc., Mystic, Connecticut, United States (3) Pfizer Inc., Groton, Connecticut, 
United States 

The synthesis of trifluoromethyl oxetanes using mild Corey-Chaykovsky 
epoxidation/ring-expansion conditions on trifluoromethyl ketones was 
developed. In addition, the trifluoromethyl oxetane group was evaluated as 
a tert-butyl isostere in the γ-secretase modulator (GSM) program. We 
demonstrated that the trifluoromethyl oxetane-containing GSM has reduced 
lipophilicity, improved lipophilic efficiency (LipE) and metabolic stability relative 
to the corresponding tert-butyl GSM analog, thus highlighting several benefits 
of trifluoromethyl oxetane as a more polar tert-butyl isostere. We hope this 
report of facile synthesis and late-stage installation will enable future 
application of this trifluoromethyl oxetane group in medicinal chemistry. 
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Highly selective dopamine D3 receptor (D3R) antagonists with arylated 
diazaspiro alkane cores 

Sean Reilly1, swreilly@mail.med.upenn.edu, Suzy Griffin2, Michelle Taylor2, 
Kristoffer Sahlholm1, Chi-Chang Weng1, Kuiying Xu1, Robert R. Luedtke2, 
Robert H. Mach1. (1) Radiology, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States (2) Pharmacology and Neuroscience, University 
of North Texas Health Science Center, Fort Worth, Texas, United States 

A series of potent and selective dopamine D3 receptor (D3R) analogues with 
diazaspiro alkane cores were synthesized. Radioligand binding of these novel 
scaffolds revealed favorable D3R affinity and were highly selective for D3R vs 



D3R (264-1,073-fold). Variation of these novel ligand architectures can be 
achieved using our previously reported 10-20 minute benchtop C–N cross-
coupling methodology, affording a broad range of arylated diazaspiro pre-
cursors. 
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Discovery of new indomethacin-based analogs with potentially selective 
cyclooxygenase-2 inhibition and observed diminishing to PGE2 
activities 

Shaymaa E. Kassab1, shaymaa.kassab@yahoo.com, Mohammed A. Khedr2, 
Hamed Ali3, Mohamed M. Abdalla4. (1) Pharmaceutical Chemistry, 
Damanhour University, Cairo, Egypt (2) Pharmaceutical Chemistry, Helwan 
University, Cairo, Egypt (3) Pharmaceutical Sciences, Texas A&M University, 
Kingsville, Texas, United States (4) Research unit, Saco Pharm. Co., Giza, 
Egypt 

New ring-extended analogs of indomethacin were designed based on the 
structure of active binding site of both COX-1 and COX-2 isoenzymes and the 
interaction pattern required for selective inhibition of COX-2 to improve its 
selectivity against COX-2. The strategy adopted for designing the new 
inhibitors involved i) ring extension of indomethacin to reduce the possibility of 
analogs to be accommodated into the narrow hydrophobic tunnel of COX-1, ii) 
deletion of carboxylic acid to reduce the possibility of inhibitor to form salt 
bridge with Arg120 and eventually prevent COX-1 inhibition, and iii) 
introduction of methylsulfonyl group to increase the opportunity of the analogs 
to interact with the polar side pocket that’s is crucial for inhibition process of 
COX-2. The three series of tetrahydrocarbazoles involving 4, 5, 9, 
10 and 12 were synthesized in quantitative yields adopting limited number of 
reaction steps, and applying laboratory friendly reaction conditions. In 
vitro and in vivo assays for data profiling the new candidates revealed the 
significant improvement in the potency and selectivity against COX-2 of 6-
methoxytetrahydrocarbazole 4 (IC50 = 0.97 mmol) to verify the effect of ring 
extension in comparison to indomethacin (IC50 = 2.63 mmol), and 6-
methylsulfonyltetrahydrocarbazole 10a (IC50 = 0.28 mmol) to verify the effect 
of ring extension and introduction of methylsulfonyl group. 9-(4-
chlorobenzoyl)-6-(methylsulfonyl)-1,2,3,9-tetrahydro-4H-carbazol-4-
one 12a showed the most potential and selective activity against COX-2 
(IC50 = 0.23 mmol) to be with superior potency to Celecoxib (IC50 = 0.30 
mmol). Consistently, 12a was the most active with all the other anti-
inflammatory test descriptors and its activity in diminishing the PGE2 with the 



other analogs confirmed the elaboration of new class of selective COX-2 
inhibitors beyond the diarylsulfonamides as a previously common class of 
selective COX-2 inhibitors. Molecular docking study revealed the high binding 
score of compound 12a (-30.78 kcal/mol), with less clash contribution (7.2) 
that is close to indomethacin. Also, 12ashowed low conformation entropy 
score (1.40). 
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Thiol-reactive vancomycin-resistant Staphylococcus aureus (VRSA) 
inhibitors 

Amogh Kulkarni1, amogh.kulkarni@students.iiserpune.ac.in, Isha Soni2, 
Dhanashree Kelkar1, Dharmaraja Allimuthu1, Rathinam Sankar1, Siddhesh 
Kamat1, Sidharth Chopra2, Harinath Chakrapani1. (1) Indian Institute of 
Science Education and Research, Pune, Pune, India (2) Central Drug 
Research Institute, Lucknow, Pune, Maharashtra, India 

Antimicrobial resistance (AMR) has depleted the existing pool of antibiotics. 
Resistance developed by pathogens such as Staphylococcus aureus (SA), 
makes the treatment difficult. Methicillin-resistant SA (MRSA), can be treated 
by Vancomycin, a clinically used antibiotic, as the last resort. However, 
development of resistant strains against Vancomycin, like VRSA, have posed 
new clinical challenges. 
Biological thiols play an important role in the maintenance of redox balance 
and are linked to AMR in bacteria, e.g. bacillithiols in SA. Any perturbations to 
the thiol levels can induce oxidative stress, resulting in inhibition. Fosfomycin, 
a clinically used antibiotic, inhibits bacterial growth by covalently modifying a 
cysteine residue of MurA enzyme, responsible for cell wall biosynthesis. Thus, 
covalent modification of biological thiols can be a viable way to inhibit 
bacteria. 



Accordingly, we designed a scaffold which could potentially react with a thiol 
and covalently modify it in a tunable manner. The lead compound identified 
was shown to deplete thiols inside the cells. It was also shown to generate 
reactive oxygen species (ROS). Together, these can perturb the redox 
balance and lead to inhibition. The lead compound could inhibit highly drug-
resistant VRSA and multiple drug-resistant strains to clinically used antibiotics. 
Mutants resistant to the lead compound were generated and their genome 
was sequenced. These mutants did not show any resistance against clinically 
used antibiotics, suggesting a different mechanism of action of our compound. 
A derivative with an alkyne handle was used as a probe for visualizing 
covalently modified cysteine in cellular proteins using click chemistry and gel 
electrophoresis. The lead compound was shown to modify cysteine residues 
both in vitro and in vivo. Biotin was clicked on to the alkyne probe and protein 
targets of the probe were pulled down with avidin beads. Pulled protein 
targets were identified using mass spectrometry. 
Thus, we designed and developed a scaffold that could covalently modify 
thiols in SA, leading to inhibition. Using this strategy we could inhibit VRSA, a 
highly drug-resistant strain, and thus pave a new way in fighting AMR. 
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Utilizing small molecule adjuvants to increase colistin efficacy against 
Gram-negative bacteria 



Bradley Minrovic2, bmminrov@ncsu.edu, Christian Melander1. (1) North 
Carolina State Univ, Raleigh, North Carolina, United States (2) North Carolina 
State University, Raleigh, North Carolina, United States 

Antibiotic resistance has become increasingly concerning over the past few 
decades. One reason for this is the dearth of new classes of antibiotics, as 
only two in the last half century have made it successfully to the market, both 
of which are only active against Gram-positive bacteria. Disturbingly, bacteria 
developed resistance to both classes within just a few years of clinical use. 
This signals that a new approach to combat drug resistant bacteria must be 
taken. An alternative approach to developing new antibiotics is to use a non-
toxic small molecule as an adjuvant to lower the dosage of a conventional 
antibiotic needed to overcome Gram-negative bacterial infections. Colistin, 
produced in the 1950’s, is known as a last resort antibiotic for Gram-negative 
bacterial infections that are resistant to all other classes because of its 
effectiveness and its resulting kidney toxicity, as 1 in 4 patients develop 
kidney damage after a full treatment regimen. Troublingly, plasmid-borne 
gene mobile colistin resistance-1 (mcr-1) has been observed that encodes 
resistance to colistin through modification of the cell’s lipopolysaccharide 
(LPS) surface of the outer membrane. This small molecule approach could 
prove beneficial for the receiving patient as smaller amounts of colistin are 
needed to rid the patient of bacteria while overcoming resistance. These small 
molecules have shown the ability to lower the minimum inhibitory 
concentration (MIC) of colistin against various Gram-negative pathogens. In a 
strain of Acinetobacter baumannii, one compound caused an 8,000-fold 
reduction in the MIC of colistin, and also showed similar activity in multiple 
strains of A. baumannii along with a Klebsiella pneumoniae strain. 
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Assessment of mitochondrial membrane potential in cells and in 
vivo using click chemistry and mass spectrometry 

Karl Shaffer1, karl.shaffer@vuw.ac.nz, Robin A. Smith2, Michael P. 
Murphy3. (1) The Ferrier Research Institute, Victoria University of Wellington, 
Wellington, New Zealand (2) Department of Chemistry, University of Otago, 
Dunedin, New Zealand (3) Mitochondrial Biology Unit, Medical Research 
Council, Cambridge, United Kingdom 

The mitochondrial membrane potential (Δψm) is a major determinant and 
indicator of cell fate, but it is not possible to assess small changes in 
Δψm within cells or in vivo. To overcome this, we developed an approach that 



utilizes two mitochondria-targeted probes each containing a 
triphenylphosphonium lipophilic cation that drives their accumulation in 
response to Δψm and the plasma membrane potential (Δψp). One probe 
contains an azide moiety and the other a cyclooctyne, which react together in 
a concentration-dependent manner via a strain-promoted alkyne-azide 
cycloaddition to form MitoClick. As the mitochondrial accumulation of both 
probes depends exponentially on Δψm and Δψp, the rate of MitoClick 
formation is exquisitely sensitive to small changes in these potentials. 
MitoClick accumulation can then be quantified by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). This approach enables assessment 
of subtle changes in membrane potentials within cells and in the mouse heart 
in vivo. 
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Discovery of reactive oxygen species inducer for treatment of lung 
cancer 



Fidelis Ndombera, fidelis@chem.wayne.edu. Chemistry, Wayne State 
University, Detroit, Michigan, United States 

Metabolic reprogramming and redox control of cancer cells is vital for their 
proliferation, but also provides selective strategies for treating cancer. 
Increased generation of ROS and an intricate control of redox status in cancer 
cells relative to normal cells provide a basis of designing ROS-inducing 
anticancer agents. 2-deoxy-D-glucose (2-DG) is a hexokinase inhibitor and a 
ROS inducer with selective cytotoxicity to malignant cells relative to non-
transformed cells and is undergoing clinical trials. This is due to vulnerability 
of cancer cells to reach lethal ROS levels above the antioxidant protective 
threshold. We recently discovered a D-xylose based small-molecule that has 
lower IC50 than 2-deoxy-D-glucose (2-DG) with the property of blocking 
metabolic activity and enhancing ROS. Mechanistic studies with Click 
chemistry suggest that our active compound, K8A block protein glycosylation 
in H1299 lung cancer cells. The National Cancer Institute also recently 
evaluated our compound in 60 cancer cell lines. K8A also activates AMPK 
and upregulates the tumor suppressor protein p53, underscoring its potential 
in reducing cancer cell proliferation. Importantly, metabolomic studies 
revealed that K8A disrupts altered metabolism in cancer. 
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Development of novel penicillin binding protein 2 (PBP2) inhibitors as 
drug candidates for penicillin- and cephalosporin-resistant Neisseria 
gonorrhoeae 

Jonathan M. Turner1,2, jonathan.michael.turner@gmail.com, Patrick M. 
Woster2, Christopher Davies1. (1) Department of Biochemistry and Molecular 
Biology, Medical University of South Carolina, Charleston, South Carolina, 
United States (2) Department of Drug Discovery and Biomedical Sciences, 
Medical University of South Carolina, Charleston, South Carolina, United 
States 

Gonorrhea is the second most common sexually transmitted infection in the 
United States, with nearly 400,000 cases reported in 2015 by the Centers for 
Disease Control. Untreated infections can lead to infertility, gonococcal 
arthritis, and increased risk of contracting and transmitting HIV. Strains of N. 
gonorrhoeae with decreased susceptibility to extended-spectrum 
cephalosporins have emerged, marking this pathogen as a major public health 
concern. However, these resistant strains retain some susceptibility to 
ertapenem and meropenem, suggesting that discovery of new carbapenems 



is a viable approach to developing anti-gonococcal agents. The aim of this 
study is the design and synthesis of novel carbapenem-based compounds 
exhibiting greater PBP2 inhibition compared to known β-lactams. Our 
laboratory has solved a high-resolution crystal structure of a mutant of PBP2 
in complex with meropenem, allowing for design of ligands with enhanced 
complementarity to the altered binding pocket. A virtual library was designed 
employing functional group variation and isosterism, and each compound was 
docked to the PBP2 construct in silico to simulate binding. A facile synthetic 
route involving the reaction of thiols with p-nitrobenzyl-(4R,5S,6S)-3-
(diphenyloxy)phosphoryloxy-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was developed and adapted for the 
production of the selected compounds. Docking methods were validated by 1) 
correlation of docking score with activity for known carbapenems, as well as 
three synthesized derivatives, against mutant PBP2 and 2) correlation of 
docking score with activity against mutant verses wild-type PBP2. A 
preliminary 3.6 Å crystal structure of prototype JMT000 with mutant PBP2 has 
also been solved, showing acylation of the target. Using these data, a group 
of lead compounds was identified from the designed library. The first 
compound selected for synthesis is JMT001, with the goal of testing its ability 
to inhibit PBP2 and whether it exhibits antimicrobial activity against 
cephalosporin-resistant strains of N. gonorrhoeae. 
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1,2,4-triazolidine-3-thiones as narrow spectrum antibiotics 
against Acinetobacter baumannii 

William Huggins, whuggin@ncsu.edu, Christian Melander. North Carolina 
State Univ, Raleigh, North Carolina, United States 

The threat of multi-drug resistant Gram-negative pathogens and the dearth of 
treatment options is a significant public health problem. In the past 40 years, 
no new classes of antibiotics have been introduced into the clinic to treat 
Gram-negative bacterial infections. One approach to developing new 
antibiotics is to develop pathogen specific antibiotics to slow the evolution of 
resistant bacteria. 1,2,4-triazolidine-3-thiones are a new class of antibiotic that 
has shown specific activity against the Gram-negative bacterial 
pathogen Acinetobacter baumannii. Through an extensive structure-activity 
relationship study of the parent compound, a new small molecule with potent 
antibiotic activity against multiple strains of multi-drug and extensively drug 
resistant A. baumannii was identified. Initial mechanism of action studies 
suggests the inhibition of a fatty acid desaturation pathway as the mode of 



action. Additionally, this small molecule displayed single dose antibiotic 
activity against a hypervirulent clinical isolate of A. baumannii in the Galleria 
mellonella infection model increasing survival percentage more than 40% after 
3 days compared to an untreated control. 
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Nitrogen-containing derivatives of O-trimethyl-2,3-dehydrosilybin: 
Design, synthesis, and in vitro evaluation in prostate cancer cell models 

Bao Vue1, baov@csufresno.edu, Sheng Zhang1,2, Andre Vignau1, Guanglin 
Chen1, Xiaojie Zhang1, Qiaohong Chen1. (1) Chemistry, California State 
University, Fresno, Fresno, California, United States (2) University of Irvine, 
Irvine, California, United States 

Silybin is a naturally occurring flavonolignan isolated from milk thistle. It has 
long been used for the treatment of hepatotoxicity and has recently been 
identified as a promising lead compound for anti-prostate cancer agents. Its 
derivative 2,3-dehydrosilybin has been demonstrated by us and others to 
serve as a better lead compound than silybin. To engineer more potent 2,3-
dehydrosilybin derivatives as potential anti-prostate cancer agents, this study 
aims to introduce an appropriate nitrogen-containing group to 3-OH of 5,7,20-
O-trimethyl-2,3-dehydrosilybin or to 7-OH of 3,5,20-O-trimethyl-2,3-
dehydrosilybin via an appropriate linker for in vitro evaluation in three human 
prostate cancer models. The synthetic approaches to 3-O-aminoalkyl-5,7,20-
O-trimethyl-2,3-dehydrosilybins and 7-O-aminoalkyl-3,5,20-O-trimethyl-2,3-
dehydrosilybins have been successfully developed. With these synthetic 
methods in hand, twenty-four new 3-O-aminoalkyl-5,7,20-O-trimethyl-2,3-
dehydrosilybins have been prepared though a four-step procedure and six 
new 7-O-aminoalkyl-3,5,20-O-trimethyl-2,3-dehydrosilybins have been 
synthesized through a six-step transformation from commercially available 
silybin. Our WST-1 cell proliferation assay showed that the synthesized thirty 
derivatives possess significantly improved potency, as compared to silybin, in 
suppressing cell proliferation in both androgen-sensitive (LNCaP) and 
androgen-insensitive (PC-3 and DU145) prostate cancer cell models. Our 
data suggest that chemical modification on 3-OH of 5,7,20-O-trimethyl-2,3-
dehydrosilybin and on 7-OH of 3,5,20-O-trimethyl-2,3-dehydrosilybin by 
incorporating a nitrogen-containing group is a feasible strategy to optimize 
silybin as anti-prostate cancer agents. 
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Discovery of hydroxylated benzofuro[3,2- b]pyridin-7-ol derivatives as 
DNA topoisomerase inhibitors: Synthesis, biological evaluation and 
structure-activity relationship study 

Aarajana Shrestha1, aarajanashrestha1@gmail.com, Tara M. Kadayat1,3, 
kadayattaraman1@gmail.com, Ganesh Bist1, Til B. Thapa Magar1, Pramila 
Katila1, Youngjoo Kwon2, Eung-Seok Lee1. (1) College of Pharmacy, 
Yeungnam University, Gyeongsan, Gyeongsan buk-do, Korea (the Republic 
of) (2) Ewha Womans University, Seoul, Korea (the Republic of) (3) New Drug 
Development Center, Daegu Gyeongbuk Medical Innovation Foundation, 
Daegu, Gyeongbuk, Korea (the Republic of) 

DNA topoisomerases (topos) are important biological target that solve the 
topological problems occurred during cellular processes. Topoisomerase 
inhibitors still remain frontline interventions for the treatment of cancer. For the 
development of new anticancer agents with improved activity, we have been 
working on pyridine derivatives which showed topo I and II inhibitory activity, 
and antiproliferative activity. 
 
Herein we systematically designed and synthesized a new series of sixteen, 
benzofuro[3,2- b]pyridin-7-ol derivatives containing hydroxyl at ortho, meta, or 
para- position of 2- and 4-phenyl ring and evaluated for their topo I and IIα 
inhibitory activity, and antiproliferative activity. Except compounds 6, 7 and 15, 
all di-hydroxylated benzofuropyridin-7-ol derivatives exhibited selective and 
potent topo IIα inhibition along with moderate to strong antiproliferative activity 
in HCT15, T47D and HeLa cell lines. Compound 11which contains hydroxyl 
group at meta- position of 2- and 4- phenyl ring of benzofuropyridin-7-ol 
showed the most potent and selective topo IIα inhibition and antiproliferative 
activity in HeLa cell as compared to all the tested positive controls. Further 
mode of action of compound 11 will be reported in due course. 
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Evaluation of serotonin modulators as a novel treatment for 
inflammatory bowel disease 

Daniel J. Canney1,4, canney@temple.edu, Benjamin E. Blass1,4, 
blassbe@verizon.net, Kevin Blattner1,4, Rong Gao2, John Gordon4, Huaqing 
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Strategic Sourcing, Thermo Fisher Scientific, Rockford, Illinois, United States 
(3) Drug Discovery, Praeventix, LLC, Exton, Pennsylvania, United States (4) 
Moulder Center, Temple University, School of Pharmacy, Philadelphia, 
Pennsylvania, United States (5) Pathology and Molecular Medicine, McMaster 
University, Hamilton, Ontario, Canada 

Inflammatory bowel disease (IBD) is a major, unmet medical need in the U.S. 
where nearly 1.4 million Americans suffer from the disease. The two types of 
IBD, Crohn’s disease (CD) and ulcerative colitis (UC), have an annual 
incidence of 6.5 and 11 per 100,000, respectively. The chronic gastrointestinal 
inflammation associated with IBD produces significant complications such as 
pain, diarrhea, rectal bleeding, fistulas, strictures, malnutrition, and perforated 
bowels. There is no cure and patients spend their lives dealing with the 
disease. The current standard of care focuses on disease management, 
symptom mitigation, and minimizing surgery. Therapies range from anti-
inflammatory amino-salicylates and corticosteroids to symptom suppression 
therapies including immunomodulators (methotrexate) and anti-TNF-α 
antibodies (Remicade, Humira). However, these agents are associated with 
serious adverse effects. Despite decades of research, the exact 
pathophysiology of IBD is not fully understood. While much of IBD 
pathophysiology remains unexplained, it is well documented that changes in 
GI mucosal layers and ulcerative lesions are accompanied by infiltration of 
activated cells of the immune system. Literature reports suggest 
that serotonin (5-HT) levels and the expression of specific 5-HT receptors (5-
HT7 R) have implications in IBD. Recently, a causal link between over 
activation of 5-HT7 Rs in GI dendritic cells (DCs) and IBD has been 
established. Khan et al. demonstrated that tryptophan hydroxylase 1 (TPH-1 
is the rate limiting enzyme in 5-HT synthesis) deficient mice (TPH1(-/-)) exhibit 
significantly reduced IBD severity in 2 mouse models of IBD. 5-HT7 knock-out 
mice (5-HT7

(-/-)) produced similar results. In the absence of 5-HT7Rs, 
administration of dextran sulfate sodium (DSS) failed to induce disease and 
inflammatory markers were virtually unchanged in 5-HT7

(-/-) mice. These 
studies implicate 5-HT7Rs in IBD and suggest that 5-HT7 antagonists are a 
viable path towards novel IBD therapies. We recently identified a novel series 
of 5-HT7 ligands with high affinity, high selectivity, and excellent drug-like 
properties. Structure-activity relationships studies led to the identification of a 
lead suitable for in vivo evaluation. The lead produced compelling results in 
the acute and chronic DSS mouse models of IBD. The physicochemical 
properties, in vitro ADME data, and biological activity for this series of novel 5-
HT7 selective ligands will be discussed. 
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Applying EPSA in guiding permeability optimization of small molecules 

Kun Song, kun.song@astrazeneca.com, Romulo Romero. AstraZeneca, 
Waltham, Massachusetts, United States 

EPSA(Exposed Polar Surface Area), as a supercritical fluid chromatography 
technique, has been used in detecting the intra-molecular hydrogen bonds in 
small molecules and designing design orally permeable peptides. However, 
only qualitative correlation between EPSA and permeability has been reported 
in the literature. In this study, we have applied EPSA on compounds from one 
current project and observed an exceptionally good correlation between EPSA 
and the apparent permeability and intrinsic permeability measured by Caco-2 
within the lead series compounds. None of the other measured or calculated 
physical properties have comparable correlation with measured permeability. 
Here we analyzed the features of this set of molecules and used them to 
explain the correlation. In addition, since EPSA is much faster and cheaper 
than Caco-2 assay, we have used EPSA as a surrogate assay for 
permeability in guiding the compound design and selection. 
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Towards understanding the unbound state of drug compounds: 
Implications for the intramolecular reorganization energy upon binding 

Ijen Chen, i.chen@vernalis.com. Vernalis PLC, Cambridge, United Kingdom 

Characterization of the unbound state of pharmaceutical compounds is 
essential to better understand their recognition by biological macromolecules, 
including the much debated conformational intramolecular reorganization 
energy of a compound upon binding (ΔEReorg). That is also important for 
ligand-based drug discovery and elaboration. These questions were 
addressed with molecular dynamics (MD) simulations of 26 diverse 
compounds (including 7 approved drugs) unbound in explicit solvent. The MD-
simulated free compounds are compared to their bioactive X-ray structure and 
conformers generated with ad hoc sampling in vacuo or with implicit 
generalized Born (GB) aqueous solvation models. The GB conformational 
models depart from those obtained in explicit solvent, and suffer from 
conformational collapse almost as severe as in vacuo. Thus, the global 
energy minima in vacuo or with GB are poor representations of the unbound 
state, which can instead be extensively sampled by MD simulations. The 



notion of conformational pre-organization for binding was investigated by 
comparing the MD-simulated compounds to their bioactive X-ray structure. 
The ligand-protein complexes were also simulated in explicit solvent to 
estimate ΔEReorg. This approach yielded low to moderate values of ΔEReorgfor 
18 out of 26 compounds. For three particularly polar compounds, ΔEReorg was 
substantial (≥ 15 kcal/mol). Those large ΔHReorg values correspond to a 
redistribution of electrostatic interactions upon binding. Overall, the study 
illustrates how MD simulations offer a promising avenue to characterize the 
unbound state of medicinal compounds. 
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Examination of proteins bound to nascent DNA in mammalian cells 
using: BrdU-ChIP-Slot-Western technique 

Dominique Pablito1,2, dominiquepablito@gmail.com, Srividya Bhaskara2. (1) 
Chemistry, University of Utah, Salt Lake City, Utah, United States (2) 
Radiation Oncology, Huntsman Cancer Institute, Salt Lake City, Utah, United 
States 

Histone deacetylases 1 and 2 (HDAC1,2) localize to the sites of DNA 
replication. In the previous studies, using a selective inhibitor and a genetic 
knockdown system, we showed novel functions for HDAC1,2 in replication 
fork progression and nascent chromatin maintenance in mammalian cells. 
Additionally, we used a BrdU-ChIP-Slot-Western technique that combines 
chromatin immunoprecipitation (ChIP) of bromo-deoxyuridine (BrdU)-labeled 
DNA with slot blot and Western analyses to quantitatively measure proteins or 
histone modification associated with nascent DNA. 
 
Actively dividing cells were treated with HDAC1,2 selective inhibitor or 
transfected with siRNAs against Hdac1 and Hdac2 and then newly 
synthesized DNA was labeled with the thymidine analog bromodeoxyuridine 
(BrdU). The BrdU labeling was done at a time point when there was no 
significant cell cycle arrest or apoptosis due to the loss of HDAC1,2 functions. 
Following labeling of cells with BrdU, chromatin immunoprecipitation (ChIP) of 
histone acetylation marks or the chromatin-remodeler was performed with 
specific antibodies. BrdU-labeled input DNA and the immunoprecipitated (or 
ChIPed) DNA was then spotted onto a membrane using the slot blot 
technique and immobilized using UV. The amount of nascent DNA in each 
slot was then quantitatively assessed using Western analysis with an anti-
BrdU antibody. The effect of loss of HDAC1,2 functions on the levels of newly 
synthesized DNA-associated histone acetylation marks and chromatin 



remodeler was then determined by normalizing the BrdU-ChIP signal obtained 
from the treated samples to the control samples. 
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Structure−activity relationship of a tetrahydroisoquinoline class of N–
methyl–D–aspartate receptor modulators that potentiates GluN2B–
containing N–methyl–D–aspartate receptors 

Matthew Epplin1, mepplin@emory.edu, Katie L. Strong1, John Bacsa1, 
Christopher J. Butch1,2, Pieter B. Burger1, David S. Menaldino1, Stephen 
Traynelis3, Dennis Liotta1. (1) Chemistry Dept, Emory University, Atlanta, 
Georgia, United States (2) Earth-Life Science Institute, Tokyo Institute of 
Technology, Tokyo, Japan (3) Pharmacology, Emory University, Atlanta, 
Georgia, United States 

We have developed a series of N-methyl-D-aspartate (NMDA) receptor 
positive allosteric modulators with improved selectivity for the GluN2B subunit. 
This series was derived from a known GluN2C/D-selective 
tetrahydroisoquinoline class of analogues typified by CIQ where the 
dimethoxy substitution was replaced by a single isopropoxy substituent in the 
archetypal compound. Further derivatization led to analogues showing 
submicromolar EC50 values as well as enhanced selectivity for 
GluN2B/GluN2C/GluN2D, GluN2B/GluN2C and GluN2C/GluN2D-containing 
NMDA receptors. Separation of the enantiomeric pairs via chiral HPLC 
revealed each enantiomer shows unique selectivity for the receptor. The S-(−) 
enantiomer is active at the GluN2B, GluN2C and GluN2D subunits while the 
R-(+) enantiomer is active at only the GluN2C and GluN2D subunits. This 
work acts as a starting point for further development of GluN2B-selective 
positive allosteric modulators of the NMDA receptor. 
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Synthesis and biological effects of a novel carborane-based α-amino 
acid for the treatment of glioblastoma 

Tianyu He1, the2@albany.edu, Sridar V. Chittur2, Rabi Musah1. (1) 
Chemistry, University at Albany, Albany, New York, United States (2) Cancer 
Research Center, University at Albany, Albany, New York, United States 

Boron neutron capture therapy (BNCT) is a non-invasive potential treatment 
for locally invasive malignant brain tumors. It involves the use drugs, also 



called boron delivery agents, that contain the non-radioactive isotope boron-
10 (10B) which has a high propensity to capture slow neutrons. Neutron beam 
irradiation of the site to which 10B has been introduced results in the 
degradation of the boron delivery agent which subsequently emits high energy 
particles that kill the cancer cells. 
 
One approach to the design of biocompatible 10B-containing agents that might 
have therapeutic efficacy for this treatment is to incorporate 10B into scaffolds 
found in nature, for example, amino acids, in order to introduce boron into 
molecules that are likely to be taken up into the cells. 
 
Towards this goal, the boron-rich moiety m-carborane was appended to the 
amino acid cysteine to form 2-acetamido-3-(1,7-dicarba-closo-
dodecacarboranyl-1-thio)propanoic acid. The installation of the carborane 
moiety into the cysteine scaffold improved the bioavailability of the boron 
delivery agent, as demonstrated by its rapid uptake into U87 neuronal cells 
within 5 minutes of exposure, and intracellular retention of the compound after 
48 h, as indicated by fluorescence microscopy. A cytostatic effect was 
observed at 1 μM to 1000 μM relative to the control, while no change was 
observed at 1 μM to 0.01 μM. Microarray studies revealed that exposure of 
cells to the compound resulted in the downregulation of several genes 
associated with cell cycle. These results were validated by qPCR studies. The 
percentage of cells in S phase was substantially reduced compared to the 
control, indicating that cellular DNA synthesis was adversely affected. 
Although the compound was designed for BNCT, the distinct gene regulation 
results and the low systemic toxicity observed in this study suggest the 
possibility that this compound might be therapeutic in the absence of applied 
radiation 

MEDI 57 

Synthesis of novel CCR1 antagonists for treatment of glioblastoma 

Fathima A Faizal, faizalf@kean.edu, Kyeara Mack, Ethan Shepherd, 
Shoumyo Chakravorti, Molly Gill, Michael Notarmaso, Isabella Pabon, Neelam 
Patel, Hamza Rao, Joe-Louis Yarfi, Joy Xie, James R. Merritt. NJCSTEM, 
Kean University, Edison, New Jersey, United States 

C-C Chemokine receptor 1 (CCR1) is a G-protein coupled cell surface 
receptor involved in the chemotaxis of leukocytes via ligand receptor binding. 
Our prior research has shown that CCR1 is expressed in the invasion of 
glioblastoma, a highly aggressive terminal carcinoma. This research aims to 



synthesize novel CCR1 antagonists for treatment of glioblastoma. Calculated 
properties were utilized to design compounds with improved predicted brain 
penetration. These compounds were synthesized by coupling various 
synthons to a pyrrolidine core. The compounds were tested in a CCR1 binding 
assay at three concentrations versus the natural ligand (CCL3). Thus far, 
changes that improved predicted brain penetration resulted in loss of potency 
for receptor binding. Early structure activity relationships will be discussed. 
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(1-4)-S-thiodisaccharides: Potential anticancer drug candidates against 
human malignant gliomas 

Joanna Sarnik2, Monika Toma2, Anna Czubatka-Bienkowska2, Anna Macieja2, 
Tomasz Sliwinski2, Zbigniew J. Witczak1, zbigniew.witczak@wilkes.edu, 
Roman Bielski1, Tomasz Poplawski2. (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 

The therapeutic potential of thio-sugars having cytotoxic and anticancer 
activities results from the presence of sulfur atom. Herein, we study the 
anticancer potential of two compounds: (1-4)-S-thiodisacharide and 
anhydrosugar with salicylic group connected via sulfur bridge [Fig 1] on 
human glioma cells. These compounds were found previously to kill human 
breast, ovarian and cervix cancer cells. 
We used three glioma cell lines – two novel derived from cancer patients 
(H6PX and H7PX) and one ATCC cell line (U-87). Both compounds were 
cytotoxic, have anti-proliferate properties and induced apoptosis. Moreover, 
they evoke oxidative stress, lowered thioredoxin system activity and reduced 
intracellular thiols. They also inhibited protein synthesis, as well as, causing 
endoplasmic reticulum stress, upregulate heat shock and chaperone gene 
expression. FCP6 was the most promising anticancer agent and deserve 
further biological investigation. 
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HPLC detection of ferulic acid, gallic acid and quercetin from aqueous 
extracts of Moringa oleifera 

Aleida G. Gonzalez, aleida.gonzalez01@utrgv.edu, Arnulfo Mar, Helia M. 
Morales. Chemistry, University of Texas Rio Grande Valley, Brownsville, 
Texas, United States 

Our research involves the biochemical study of home-grown plants of South 
Texas, along the Texas-Mexico border, that are used as folk remedies in the 
treatment of diabetes. One of the commonly used plants is The Moringa 
oleifera plant has been found medicinal properties have been used by 
residents of this area in the form of infusions. The ingestion of these 
preparations has been claimed by diabetics to lower sugar levels in the blood 
and to alleviate the symptoms associated with this illness. In these studies, we 
have chosen to investigate the presence of quercetin, gallic and ferulic acids 
in Moringa oleifera since these phenols have been previously proven to 
regulate clotting patterns and to decrease cellular oxidative stress. 
 
We have used preparative column chromatography in the isolation of these 
compounds and reverse and normal phase high performance liquid 
chromatography for their identification. Additionally, the presence of these 
phenols was detected by means of UV- spectrophotometry. Our experimental 
results indicate the presence of gallic and ferulic acid in the sample. However, 
the presence of quercetin in the extracts has not yet definitely been 
established, since the separation of quercetin and ferulic acid by our methods 
has not been successful so far. Further experimentation involves the 
development of other HPLC methods that will allow the complete separation 
of ferulic acid from quercetin. 
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Synthesis of JMS-17-2 and its analogs as new potential CX3CR1 
antagonists 

Mingzhang Gao, migao@iupui.edu, Min Wang, Jill A. Meyer, Jonathan S. 
Peters, Hamideh Zarrinmayeh, Paul Territo, Gary D. Hutchins, Qi-Huang 
Zheng. Department of Radiology and Imaging Sciences, Indiana University 
School of Medicine, Indianapolis, Indiana, United States 

CX3C chemokine receptor 1 (CX3CR1), also known as fractalkine receptor or 
G-protein coupled receptor 13 (GPR13), is a protein in humans. CX3CR1 
binds the chemokine CX3CL1, also called fractalkine ligand or neurotactin. 
CX3CR1 is expressed in the brain, spleen, and in subpopulations of 
leukocytes, cells of monocytic lineage, but also in lymphocytes, and 
associated with various neurological, cancer and cardiovascular diseases. 
CX3CR1 has become a novel molecular target for treatment and PET 
(positron emission tomography) imaging of CX3CR1 associated diseases 
such as Alzheimer’s disease. We are interested in the development of PET 
CX3CR1 radioligands. We have previously synthesized [11C]methyl (2-amino-
5-(benzylthio)thiazolo[4,5-d]pyrimidin-7-yl)-D-leucinate as a candidate PET 
CX3CR1 radioligand, but the preliminary biological evaluation of the 
radiotracer via radioligand depletion experiment indicated high non-specific 
binding to CX3CR1 (Gao M et al. Bioorg Med Chem Lett. 2017;27:2727-30). 
Despite the therapeutic potential of CX3CR1 antagonists, only a very limited 
number of inhibitors are known so far. However, potent and selective CX3CR1 
antagonists are required as research tools for investigating the physiological 
functions of CX3CR1. JMS-17-2 (5-(3-(4-(4-chlorophenyl)piperidin-1-
yl)propyl)pyrrolo[1,2-a]quinoxalin-4(5H)-one) is a recently reported potent and 
selective CX3CR1 antagonist with IC50 0.32 nM (Shen F, et al. Mol Cancer 
Res. 2016;14:518-27). Here we present the design and synthesis of a series 
of JMS-17-2 analogs as new potential CX3CR1 antagonists (ligands). JMS-
17-2 and its analogs 5-(3-(4-(4-fluorophenyl)piperidin-1-yl)propyl)pyrrolo[1,2-
a]quinoxalin-4(5H)-one (F-JMS-17-2) and 5-(3-(4-(4-methoxyphenyl)piperidin-
1-yl)propyl)pyrrolo[1,2-a]quinoxalin-4(5H)-one (MeO-JMS-17-2) were 
synthesized from commercially available 2-(1H-pyrrol-1-yl)aniline with 4-(4-
substitutedphenyl)piperidine in 3 steps with 41-47% overall chemical yield. 
Synthesis and biological evaluation of carbon-11 and fluorine-18 labeled JMS-
17-2 analogs ([11C]MeO-JMS-17-2 and [18F]F-JMS-17-2) as new PET 
CX3CR1 radioligands are currently underway. 
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Developing structure-phototoxicity relationships for the better 
prediction of phototoxicity 

Takafumi Takai1, takafumi.takai@takeda.com, Yvonne Dragan2, Russell 
Naven2. (1) Takeda Pharmaceutical Company Limited, San Diego, California, 
United States (2) Takeda Pharmaceutical Company Limited, Cambridge, 
Massachusetts, United States 

The in vitro phototoxicity assay using the BALB/c 3T3 cell line is a widely used 
screening system to identify toxicity risk in humans after exposure to UV light. 
In drug discovery, a compound that is negative in this assay is associated with 
a low probability of phototoxicity in in vivo animal studies or in humans. An 
internal analysis, however, demonstrated a low correlation between the in 
vitro assay and preclinical in vivo phototoxicity. In order to ascertain the utility 
of the in vitro assay system and to develop an understanding of the factors 
that contribute to activity in this assay, a database of over 4000 compounds 
and associated in vitro phototoxicity data was created. A structure-based 
clustering analysis indicated that the phototoxicity profile of some chemical 
classes could indeed be predicted by their HOMO-LUMO gap, but not for 
others. Indeed, for some chemotypes, capricious phototoxic activity was 
observed across the class that could not be rationalized by any electro 
chemical or physicochemical properties. It is concluded that the HOMO-LUMO 
gap is useful for the prediction of a compound’s photo-reactivity but only in a 
defined area of applicability. The applicability of other descriptors, such as 
conjugated π-electron numbers, as well as structural modifications that 
mitigate phototoxic liabilities within photo-active chemical series will also be 
presented. 
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Resurrecting aged acetylcholinesterase to combat organophosphorus 
poisoning 

Nicholas Rigel1,3, rigeln@wittenberg.edu, Sabrina Davis2,3, Andrew J. 
Franjesevic3, Brian Scarpitti3, Qinggeng Zhuang3, Christopher S. Callam3, 
Christopher M. Hadad3. (1) Chemistry, Wittenberg University, Springfield, 
Ohio, United States (2) Biochemistry and Molecular Biology, Wittenberg 
University, Springfield, Ohio, United States (3) Chemistry and Biochemistry, 
The Ohio State University, Columbus, Ohio, United States 



An effective treatment for organophosphorus (OP) aged acetylcholinesterase 
(AChE) has yet to be developed. Aged AChE is more stable than OP-inhibited 
AChE because the second leaving group of the phosphyl group is dealkylated 
to yield an oxyanion that is hypothesized to interact with the charged histidine 
residue in the active site. Oximes are unable to reactivate the aged enzyme 
because nucleophilic attack is repelled by the oxyanion. In addition, a 
conformational change has been suggested due to formation of the salt bridge 
between the aged phosphylated Ser residue and a His residue in the active 
site. All previous attempts to realkylate the phosphyl group have been 
unsuccessful in all organisms. However, quinone methides (QMs) have been 
shown to alkylate phosphates under physiological conditions. In this work, a 
small library of quinone methide precursors (QMPs) have been synthesized 
and then tested for their ability to resurrect the aged form of AChE. For many 
of these synthesized compounds, some native activity was obtained after in 
vitro exposure of the QMP with the aged AChE under physiologically relevant 
conditions. 
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Design and synthesis of dual ALK/BRD4 inhibitors 

Ellen Watts1, ellen.watts@icr.ac.uk, Elizabeth Tucker2, David Heidenreich3, 
Benjamin Bellenie1, Stefan Knapp3,4, Louis Chesler2, Swen Hoelder1. (1) 
Division of Cancer Therapeutics, The Institute of Cancer Research, London, 
United Kingdom (2) Paediatric Solid Tumour Biology and Therapeutics Team, 
The Institute of Cancer Research, London, United Kingdom (3) Goethe-
University of Frankfurt, Frankfurt, Germany (4) Structural Genomics 
Consortium, Oxford, United Kingdom 

Neuroblastoma is a paediatric cancer of neural crest origin and is the most 
common extracranial solid tumour in childhood. In high-risk patients with poor 
clinical outcome, mutations within the kinase domain of anaplastic lymphoma 
kinase (ALK), such as ALKF1174L, co-segregate with amplification of 
the MYCN gene, transcription of which is directly upregulated by ALKF1174L , 
and by BRD4, a member of the BET family of transcriptional co-regulators. 
The aim of the project is to generate dual ALK/BRD4 inhibitors that target both 
oncogenic mutations as an effective treatment for these patients. The 
oncogenic activity of ALKF1174L is targeted via inhibition of the kinase domain, 
and transcription of MYCN via BRD4 inhibition. Our hypothesis is that a dual 
ALK/BRD4 inhibitor is beneficial compared with single inhibitors of ALK and 
BRD4, avoiding the need for combinatorial trials and treatment. 
We chose BI-2536, a known dual PLK-1/BRD4 inhibitor with modest potency 



at ALK, as our starting point. We designed and prepared analogues with the 
aims of increasing ALK activity, decreasing PLK-1 activity and maintaining 
BRD4 activity. The testing of these compounds has provided insights on how 
ALK potency can be enhanced, PLK-1 potency decreased, whilst maintaining 
potent BRD4 binding. This is exemplified by compound CCT368408 which 
demonstrates a significantly improved ALK/BRD4 profile. Furthermore our 
work highlights the challenges of designing and developing dual inhibitors; in 
particular balancing dual inhibition with the physicochemical properties whilst 
maintaining selectivity against other bromodomains and kinases. 
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excellent pharmacokinetic properties under development for cancers 
with specific metabolic vulnerabilities 
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Yau, Giulio Draetta, Timothy Heffernan, Carlo Toniatti, Philip Jones. Institute 
for Applied Cancer Science and Center for Co-Clinical Trials, MD Anderson 
Cancer Center, Houston, Texas, United States 

Glutaminase 1 (GLS1), an enzyme that converts glutamine to glutamate, has 
emerged as a promising therapeutic target in tumors dependent on glutamine. 
Historically, GLS-1 inhibitors have been plagued by suboptimal 
physicochemical and pharmacokinetic properties. We developed a new class 



of GLS1 inhibitors with a focus on improving properties, culminating in the 
development of IACS-6274, a potent inhibitor with high exposures across 
preclinical species. IACS-6274 exhibits mono- and combination therapy 
activity in distinct subsets of tumors identified through collaboration with MD 
Anderson physician scientists. Our results support advancing IACS-6274 to 
the clinic, and we are currently in IND-enabling studies aiming for first-in-
human in summer 2018. 
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Discovery of novel bicyclic pyridone derivatives as inhibitors of EZH2 

Marx A. Marx1, marxm@mirati.com, Thomas P. Bobinski1, 
bobinskit@mirati.com, David M. Briere1, James G. Christensen1, Robert A. 
Galemmo2, Matthew R. Lee1, Niranjan Sudhakar1, Jeff W. Winkelman1. (1) 
Mirati Therapeutics, San Diego, California, United States (2) Galemmo 
Consulting, San Francisco, California, United States 

Enhancer of Zeste homolog 2 (EZH2) is the catalytic subunit of the polycomb 
repressive complex 2 (PRC2). EZH2 is a histone methyltransferase, 
methylating histone 3 at lysine 27 (H3K27). Since aberrations in EZH2 
function via mutation, expression, or other changes to chromatin remodeling 
pathways are common in many cancers, direct inhibitors of EZH2 and other 
modulators of PRC2 complex activity are desired as potential anticancer 
treatments. 
 
The earliest reports of EZH2 inhibitors described a 4,6,7-trisubstituted 
pyridone as a central element of the pharmacophore, as exemplified by the 
clinical compound tazemetostat. Over time, this pyridone fragment has been 
incorporated by many into several novel series of EZH2 inhibitors, typically 
with little to no variation of its 4,6-dimethyl substitution pattern. 
 
We utilized the published structures of the PRC2 complex to design novel 
EZH2 inhibitors employing heterobicyclic derivatives of the pyridone. As 
shown by the exemplar in the figure, these pyridone derivatives afforded 
analogs with low nanomolar potencies against EZH2. The structure-based 
drug design, synthesis and SAR of these bicyclic series of analogs will be 
described. 
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Potent small-molecule inhibitors of tubulin polymerization targeted for 
selective release mediated by tumor-associated hypoxia 
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Department of Radiology, University of Texas Southwestern Medical Center, 
Dallas, Texas, United States (3) Mateon Therapeutics, Inc., South San 
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Hypoxia is a salient feature associated with a wide variety of solid tumors that 
provides a unique opportunity for targeted cancer therapy. A promising 
strategy involves the selective release of potent anticancer agents facilitated 
through reductase-mediated cleavage of non-toxic bioreductively activatable 
prodrug conjugates (BAPCs) in regions of pronounced tumor-associated 
hypoxia. Our previous studies have identified a series of highly potent 
anticancer agents inspired by the natural products colchicine and 
combretastatin A-4 (CA4) that interact with the colchicine binding site on the 
tubulin heterodimer and inhibit the polymerization of tubulin into microtubules. 
A sub-set of these compounds demonstrate dual-mechanism of action 
functioning as both anti-proliferative agents and vascular disrupting agents 
(VDAs). A series of BAPCs were synthesized that incorporate a 
dihydronaphthalene and separately a benzosuberene-based anticancer agent 
(referred to as KGP03 and KGP18, respectively) with a variety of nitro-bearing 
heteroaromatic triggers. In addition, BAPCs based on CA4 that were 
previously described by Davis and co-workers were prepared for comparison. 



In a preliminary evaluation of this series, the gem-dimethyl nitrothiophene 
BAPC of CA4 was efficiently cleaved by the reductase enzyme NADPH 
cytochrome P450 oxidoreductase (POR) and gave an average differential 
hypoxia cytotoxicity ratio (HCR: GI50 ratio normoxia/hypoxia) of 41 in the 
human A549 lung carcinoma cell line. The monomethyl nitroimidazole and 
monomethyl nitrothiophene BAPCs of the dihydronaphthalene parent agent 
(KGP03) also produced positive HCRs. In a preliminary in vivo study, the 
gem-dimethylnitrothiophene CA4 BAPC demonstrated antivascular activity in 
an orthotopic syngeneic breast tumor mouse model (4T1/BALB/c) as 
evidenced through bioluminescence imaging (BLI) with confirmation by 
histology. Biological evaluation of these BAPCs indicated the occurrence of 
selective, hypoxic activation resulting in release of the potent inhibitors of 
tubulin polymerization (CA4, KGP03, and KGP18). 
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Cathepsins B and K are among the most biologically important proteolytic 
enzymes. Cathepsin B is clearly involved in the process of tumor invasion and 
metastasis and Alzheimer’s disease, while cathepsin K has been identified a 
major target in the battle against osteoporosis. Thiosemicarbazones have 
been utilized as inhibitors of cathepsin L and other cysteine proteases. 
Additionally, thiosemicarbazones have increased solubility over aldehydes 
and have versatile chelating ability in metal complexes. The design and 
synthesis of 20 thiosemicarbazones containing P1 arginine, lysine, ornithine, 
citrullene, and leucine sidechains as inhibitors as cathepsin B and cathepsin K 
based on SAR data has been accomplished. A library of 20 of these C-
terminal aldehyde thiosemicarbazones with variations in the P2 and 
P3 positions are described. Several of these compounds have proven to be 
very potent inhibitors of human cathepsin B and K activity as measured using 
either spectrophotometric (BANA) or fluorometric assay (Cbz-Phe-Arg-AMC) 
techniques. The thiosemicarbazones showed mixed and non-competitive 



inhibition. Compounds showing the weakest inhibition of cathepsin B activity 
and the strongest inhibition of cathepsin K activity (IC50 values range from 1.2 
to 2.4 nM) were those that contain a C-terminal leucine aldehyde or 
thiosemicarbazone with either a citrullene or glutamine in the P3 position. 
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Cathepsin D is an aspartyl protease similar to the HIV-1 aspartyl protease in 
substrate specificity. Cathepsin D has emerged in recent years as a 
prognostic indicator in several types of carcinoma, including bladder cancer, 
colorectal cancer, breast cancer and lung cancer. Also, cathepsin D has been 
associated with the development of Alzheimer’s disease. Therefore, protease 
inhibitors can lead to the development of therapeutic agents for treatment of 
many types of carcinomas and Alzheimer’s disease. Specific proteinase could 
lead to the development of therapeutic agents for treatment of many types of 
carcinomas. Described is the design and synthesis of inhibitors containing 
substituted hydroxyethyl morpholine and substituted hydroxyethyl piperazine 
isosteres. The synthetic compounds were evaluated as cathepsin D inhibitors 
by fluorometric assay using as substrate: Ac-Glu-Glu(Edans)-Lys-Pro-Ile-Cys-
Phe-Phe-Arg-Leu-Gly-Lys(Methyl Red)-Glu-NH2. 
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WP14-3, Merck Co Inc, West Point, Pennsylvania, United States (2) Medicinal 
Chemistry, Merck & Co., Perkasie, Pennsylvania, United States (3) Merck & 
Co., Inc., West Point, Pennsylvania, United States 

Cathepsin K (Cat K) is a cysteine protease involved in bone remodeling. Cat K 
inhibitors designed by our laboratories have been studied clinically for the 
treatment of post-menopausal osteoporosis. In addition to its role in bone 
biology, Cat K is upregulated in osteoclasts, chondrocytes and synoviocytes in 
osteoarthritic (OA) disease states. Furthermore, Cat K inhibitors have been 
shown to delay the progression of OA and cartilage degradation in anterior 
cruciate ligament transection (ACLT) models in rabbit and canine. As such, 
we sought to examine Cat K inhibitors for a disease modifying OA indication. 
Lead optimization strategy to achieve potent Cat K inhibitors with high levels 
of isoform selectivity and pharmacokinetic profiles amenable to QD dosing will 
be discussed. 
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Disrupting the protein-protein interaction between pro-protein convertase 
subtilisin/kexin type 9 (PCSK9) and low-density lipoprotein receptor (LDLR) is 
an important therapeutic target for the treatment and prevention of 
hypercholesteremia and associated heart disease. Monoclonal antibodies and 
short peptides inhibitors for PCSK9 have shown efficacy in lowering LDL-
cholesterol levels, but developing a small molecule that disrupts PCSK9-LDLR 
has been a challenge. Here we present a chemotype, whose conformation 
was determined by quenching molecular dynamics (QMD) and was designed 
to mimic the side-chain orientations of LDLR at the PCSK9-LDLR interface, 
potentially disrupting the protein-protein interaction. This was achieved via a 
method we have developed called EKO (Exploring Key Orientations). Using 
EKO and combinatorial fragment-based virtual docking, we have discovered a 
series of compounds that bind PCSK9 (SPR and ELISA), and subsequently 
increase LDL uptake (using fluorescent-labeled LDL particles) and LDLR 
expression in hepatocytes. Dissociation constants for PCSK9 binding for the 
top hits fall in the 20 – 30 μM range. Photo-affinity labeling (PAL) has shown 



the formation of covalent conjugate with PCKS9 and a PAL-modified analog. 
A second generation of inhibitors have been designed from combinatorial 
fragment-based virtual docking experiments to improve activity. 
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Using in-line ion-exchange impurity scavenging to improve flash 
purification efficiency 

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

In medicinal chemistry, organic synthesis often generates basic by-products 
with similar chemistry to the product. Separating these impurities from the 
product often becomes a challenge that only prep HPLC can achieve. 
 
In this poster, we discuss how using a strong cation exchange scavenger 
media as the dry loading sorbent increases flash chromatograph product 
purity by removing many impurities. 
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Cholesteryl ester transfer protein (CETP) is a plasma glycoprotein which 
catalyzes a mutual exchange of cholestery esters (CEs) and triglycerides 
(TGs) among lipoproteins such as high density lipoprotein (HDL), low density 
lipoprotein (LDL), and very low density lipoprotein (VLDL). Physiological role 
of CETP is to transfer CEs from HDL to LDL/VLDL in exchange for TGs, 
consequently decreasing HDL-C levels and increasing LDL-C levels in 
plasma. Such event by CETP in plasma might be proatherogenic based upon 
epidemiological studies and therefore, inhibition of CETP could be a potential 
therapy to reduce atherosclerotic cardiovascular disease (ASCVD) risk. 
Accordingly, CETP has been targeted intensively in drug-development society 
especially by major pharmaceutical companies, and the most advanced study 
is about anacetrapib from Merck in clinical phase III, waiting for the final 



results. Recently, we designed a novel series of small molecules as CETP 
inhibitor for ASCVD and over 130 compounds were synthesized. In vitro 
CETP inhibitory activity of each compound was obtained by single dose 
(80nM) treatment of inhibitor using commercially available assay kit. Several 
compounds were highly potent and tested for ADME/T assay and rodent PK 
experiments. Our lead compound showed comparable efficacy to anacetrapib 
both in vitro and in vivo. Efficacy dose of the lead compound was determined 
based on mouse PK data and subjected to in vivo efficacy experiment using 
hCETP/ApoB dual transgenic mice. One month-period of efficacy test with 4 
animal groups (vehicle, anacetrapib 10 mpk QD, DN201929 10 mpk QD, and 
DN201929 30 mpk QD) was executed. Analysis of the efficacy data of 
HDL/LDL levels and histopathologic examination provided promising results. 
Detailed experimental and efficacy data are presented in this poster. 

MEDI 73 

Histone H3 and H4 acetylation of gamma-globin gene induced by 
phenylsulfonylfuroxan 

Jean L. Dos Santos1, santosjl@fcfar.unesp.br, Thais R. Melo1, Chutima 
Kumkhaek3, Carolina Lanaro2, Karina P. Barbieri1, Maria E. Lopes-Pires2, 
Rafael C. Chelucci1, Iracilda Z. Carlos1, Sisi Marcondes2, Konstantin 
Chegaev4, Stefano Guglielmo4, Loretta Lazzarato4, Roberta Fruttero4, 
ManChin Chung1, Griffin P. Rodgers3, Fernando F. Costa2. (1) Drugs and 
Medicine, State University of São Paulo - School of Pharmaceutical Science, 
Araraquara, São Paulo, Brazil (2) Faculdade de Ciências Médicas, , 
Universidade Estadual de Campinas - UNICAMP, Campinas, São Paulo, 
Brazil (3) Molecular and Clinical Hematology Branch, National Heart, Lung, 
and Blood Institute, Bethesda, Maryland, United States. , Bethesda, Maryland, 
United States (4) Dipartimento di Scienza e Tecnologia del Farmaco, 
Università degli Studi di Torino, Turin, Turin, Italy 

Sickle Cell Disease (SCD) is one of the most prevalent genetic 
hemoglobinopathies worldwide. Currently, hydroxyurea is the only drug 
approved by Food and Drug Administration for the treatment, however, 
adverse effects limit its use during long-term therapy. Mechanisms involved 
into gamma-globin gene silencing in adult erythroid cells are promising targets 
to increase fetal hemoglobin. Here, a series of nine furoxan derivatives were 
synthesized and evaluated as new fetal hemoglobin inducers acting through 
histone acetylation. All compounds exhibited anti-inflammatory activity by 
inhibiting the TNF-α levels in the supernatants of monocyte cultures. Four 
compounds (4-8) demonstrated analgesic effect in vivo through acetic acid 



induced abdominal constrictions model using mice. The most active 
compound (6) has protected 50% of abdominal constrictions, while the 
reference drug dypirone only protected 35%. In vitro all compounds reduced 
the platelet aggregation induced by ADP at levels ranging from 32 - 84%. 
Phenylsulfonylfuroxan derivatives (compounds 5 and 6) have inhibited ADP-
induced platelet aggregation by 84% and 76.1%, respectively. Interestingly, 
both compounds (5 and 6) at 100 μM, have increased the gamma-globin gene 
expression using human erythroleukemic cell line K562 cells. The 
mechanisms involved in gamma-globin increase are related to acetylation of 
histone H3 and H4 induced by these compounds. Compounds 5 and 6 have 
exhibited multiple beneficial effects in SCD, including: a) analgesic effect; b) 
inhibition of platelet aggregation; and c) potential to increase gamma-globin 
and further fetal hemoglobin due to epigenetic mechanisms. Therefore, these 
compounds constitute new prototypes to treat SCD and an alternative to 
hydroxyurea. 
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Peroxisome proliferator-activated receptor δ (PPARδ) plays a pivotal role in 
obesity-related diseases associated with lipid metabolism and is involved in 
the differentiation and anti-inflammatory effects of neuronal cells. Peroxisome 
Proliferator-Activated Receptor δ (PPARδ) has recently come into the focus 
as a re-emerging drug target for the treatment of associated diseases such as 
metabolic syndrome as its activation alters glucose and lipid metabolism 
through a transcriptional regulation and results in beneficial pharmacological 
actions, typically an exercise mimic. We synthesized novel PPARδ ligands 
and an efficient synthetic route to these analogs was also developed. Some 
selective PPARδ ligands showed good bioavailability and in vivo efficacy. 
These results suggest that our novel PPAR δ agonists could be promising 
candidates for inflammation and metabolic diseases. 
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The G-protein-coupled receptor 40 (GPR40) mediates fatty acid-induced 
insulin secretion from pancreatic β-cells. The crystal structures of GPR40 
bound to several different synthetic agonists have revealed the existence of 
multiple allosteric ligand-binding pockets. The GPR40 partial agonists bind to 
a site within the outer cell membrane (PDB ID: 4PHU) while the full agonists 
bind in a lipid-facing binding pocket outside the transmembrane helical bundle 
on the GPR40 receptor (PDB ID: 5TZY). Among the many GPR40 agonists 
that have been reported, the most advanced, fasiglifam, is a GPR40 partial 
agonist that stimulates IP1 and improves glycemic control in diabetic patients 
via glucose-dependent insulin secretion (ca. 1% decrease in HbA1c). 
Recently, a novel GPR40 full agonist (Compound A) was discovered that 
stimulates IP1 and cAMP and results in both insulin and glucagon-like 
peptide-1 (GLP-1) secretion. Chronic treatment with Compound A dose-
dependently reduced body weight (-7% and -15% at 10 and 30 mg/kg) and 
improved glucose metabolism in diet-induced obese (DIO) mice. Notably, 
Compound A also dose-dependently increases insulin secretion in ex vivo 
Type 2 diabetic human islets. The chemical synthesis, SAR, binding, signaling 
and relevant biological data will be presented.  
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Despite the significant progress made in the fight against malaria over the last 
two decades, the ~429,000 deaths annually continues to make malaria a 



major health concern. The emergence of resistance to all known antimalarial 
drugs, represent major obstacles for the control of the disease. 
The major marker of clinical artemisinin resistance, PfKelch13, 
downregulates Plasmodium falciparum phosphatidylinositol-3-kinase (PfPI3K) 
level in malarial parasites, while PfPI3K produces parasite phosphatidyl-3-
phosphate (PI3P). Once mutated to be dominant negative, PfKelch13 fails to 
reduce PfPI3K and more PI3P is synthesized in the mutant parasites 
compared with wild type ones. We have found that Plasmodium 
falciparum phosphatidylinositol-3-kinase (PfPI3K) is inhibited by 
dihydroartemisinin (DHA). However, DHA is not a potent PfPI3K inhibitor to kill 
the parasites with some PfKelch13 mutations, and more powerful PfPI3K 
inhibitors are urgently needed. 
Here we report synthetic imidazo[1,2-b]pyridazine analogues as novel PfPI3K 
inhibitors. This series were screened from a ~117,000 compounds library of 
Eli Lilly and Company against the blood stages of P. falciparum. Sixty-five 
new analogues were synthesized through a series of optimizations of the hit 
compound, and were screened against a parasite-PI3P reporter strain to yield 
potent inhibitors (IC50 7-11 nM) with acceptable (> 30 fold) selectivity against 
human cells. These inhibitors reduced parasite infection in a murine model. 
They were also validated for parasite-stage specific PfPI3K activity 
characteristic of clinical resistance suggesting a foundation to rationally target 
artemisinin resistance. 
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The pathogenicity caused by the P. falciparum specie is considered the most 
serious form of malaria, one of the infectious diseases that kills the most in the 
world. Plasmepsin V (PmV) is a protease whose function is to 
cleave Plasmodium export element (PEXEL) protein motifs, which is found in 
several proteins that are exported by the parasite and adhere to the 
membrane of infected erythrocytes. 
The main objective of this work is to use SBDD strategy in order to find novel 
inhibitors of the PmV with possible activity against P. falciparum. 
As the 3D structure of P. falciparum Plasmepsin V (PmVPf) has not yet been 
elucidated we used the homology modeling method to construct a model 



using a local alignment search tool. The template selected was P. vivax PmV 
(PDB code 4ZL4), who was selected based on high degree of identity (> 60%) 
with PmVPf. The obtained model was later validated by Ramachamdran plot 
and refined by Molecular Dynamics simulation and analysis of the trajectory of 
the simulation performed. The parameters for the docking analyzes were 
validated with the cross-docking method using the 4ZL4 crystal ligand. After 
validation we selected 15 inhibitors with defined IC 50 described in the 
literature, which includes the 4ZL4 inhibitor. The quoted molecules were 
docked following the parameters determined in the validation and so that we 
could observe the best interactions between the model and the ligands. The 
active site regions information were obtained by molecular interactions fields 
analysis (MIF) performed in PmVPf model. Based on the MIF results a 6-point 
pharmacophore was proposed in which each point is a residue of 6 selected 
amino acids. The pharmacophore was validated using the structures of the 15 
active molecules and 60 decoys obtained on the DUD-E website. With the 
data obtained we made a ROCS curve with P value <0.0001 and area below 
the curve of 0.9719. 
The validated pharmacophore was used in a Virtual Screening analisys to 
select PmVPf inhibitors. The Virtual Screening was performed using two 
versions of the Zinc database, 2014 and 2017, and a molecular filter. In Virtual 
Screening strategy were selected 14 molecules from 34 million out of initial 
data base. The 14 molecules were docked in the PmVPf according to 
previously validated parameters and their scores and poses were analyzed. 
The docking result suggests 5 molecules that were selected as the best 
candidates for possible inhibitors of PmVPf. 
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Chagas’ disease (American Trypanosomiasis) is a zoonosis caused by the 
protozoan Trypanosoma cruzi. This parasitic infection is recognized by WHO 
as one of the thirteen most neglected diseases in the World. There are only 
two drugs for the treatment of chagasic patients: the nitro-heterocyclic 



derivatives benznidazole and nifurtimox. However, none of them meets the 
criteria (i.e. parasitical cure both in acute as well as in chronic phase of the 
infection and reduced side effects) required to be an optimal drug to treat this 
illness. 
Ouassi reported in 1986 that the presence of a fibronectin receptor (FNR) on 
the parasite`s cell membrane can recognize the peptidic sequence RGDS. 
Despite the importance of this finding for the development of more selective 
drugs for the treatment of Chagas’ disease, this information has never been 
exploited so far. Herein, we have taken the approach of combining the 
chemical structure of benznidazole and peptide RGDS in a single molecule to 
achieve our goal in obtaining active and more selective molecules against T. 
cruzi. 
Through the molecular planning showed in Figure 1 we were able to 
synthesize four acyclic and one cyclic peptide-benznidazole conjugates. All 
the conjugates were prepared in solid phase employing Fmoc/tBu approach 
using 2-chlorotrityl chloride resin as a solid support. The steps of coupling and 
deprotection were confirmed by Kaiser Test. The final molecules were 
detached from the resin using TFA 1% in DCM and the deprotection of the 
side chains were achieved by using TIPS/H2O 2.5% in TFA. The six new 
benznidazole-RGDS conjugates were characterized by HRMS and their 
purities were assessed by RP-HPLC. The citotoxicity of the five new 
conjugates were assessed on human monocytes cell line in concentrations up 
to 150 μM showing no toxic effects. 
A class of novel conjugates was designed and synthesized by combining 
benznidazole and RGDS fragment via linker. The approach developed herein 
is being used in the synthesis of a new series of small molecules-RGDS 
conjugates. The biological assays against T. cruzi trypomatigotes are 
underway. 

 
 



 
Figure 1. Molecular planning for the new peptide-drug conjugates. 
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Trichomoniasis is the most prevalent, non-viral sexually transmitted disease. It 
is caused by the parasitic protozoan Trichomonas vaginalis. The parasite has 
shown increasing resistance to the current 5-nitroimidazole therapies 
indicating the need for new therapies with different mechanisms. T. 
vaginalis is an obligate parasite in that it is incapable of the de novo synthesis 
of purine and pyrimidine rings. It must scavenge nucleosides from host cells 
and then use salvage pathway enzymes to obtain the nucleobases. The first 
step in this pathway is the hydrolysis of nucleosides to release the 
nucleobases. The uridine nucleoside ribohydrolase enzyme was screened 
against a 2,000-compound diversity subset of the AstraZeneca fragment 
library using an 19F NMR-based activity assay to monitor the reaction using 5-



fluorouridine as the substrate. Six series of inhibitors with emerging SAR were 
identified including scaffolds based on acetamides, cyclic ureas or ureas, 
pyridines, and pyridones. A number of potent singleton compounds were 
identified as well. Included among the active fragments were 11 compounds 
with IC50 values ~ 10 μM, eight of which have ligand efficiency values of 0.5 or 
better. The chemical templates identified differ substantially from 5-
nitroimidazoles. They are presently serving as the basis for medicinal 
chemistry efforts aimed at discovering compounds with nM potency that can 
be tested in vitro for target validation against both 5-nitroimidazole-sensitive 
and 5-nitroimidazole-resistant T. vaginalis strains. 
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Trichomonas vaginalis infects approximately 300 million people worldwide 
annually. Infected individuals have a higher susceptibility to more serious 
conditions such as cervical and prostate cancer. The parasite has developed 
increasing resistance to current drug therapies, with an estimated 5% of 
clinical cases resulting from resistant strains, creating the need for new 
therapeutic strategies with novel mechanisms of action. Nucleoside salvage 
pathway enzymes represent novel drug targets since these pathways are 
essential for the parasite’s survival. The guanosine/adenosine/cytidine 
nucleoside hydrolase (GACNH) may be particularly important as its 
expression is upregulated under glucose-limiting conditions mimicking those 
that occur during infection establishment. GACNH was screened against the 
NIH Clinical Collection to explore its druggability. Extensive overlap was found 
between inhibitors of GACNH and the adenosine/guanosine nucleoside 
hydrolase (AGNH), but no overlap was found with inhibitors of the uridine 
nucleoside hydrolase (UNH). The guanosine analog, ribavirin, however, was 
identified as a unique inhibitor of GACNH with an IC50 value of 8.6 μM. IC50 
values for ribavirin against AGNH and UNH could not be determined as 
complete inhibition was not observed at the highest concentrations tested. 
However, the % inhibition at 250 μM was determined to be 83% and 58% for 
AGNH and UNH, respectively. Since GACNH also catalyzes the hydrolysis of 
cytidine, the amino group of ribavirin could also be forming similar interactions 



in the active site as the cytosine base. This might explain ribavirin’s lack of 
UNH inhibition, with the UNH active site being optimized for the uracil ring 
containing a carbonyl group in place of the cytosine amino group. Ribavirin 
provides a chemical starting point for the design of more potent GACNH-
selective inhibitors. 
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The adenosine/guanosine preferring nucleoside ribohydrolase has been 
identified as a druggable target for developing novel antitrichomonal 
therapeutics. New therapies are needed because the infectious 
parasite, Trichomonas vaginalis, is becoming increasingly resistant to existing 
treatments based on 5-nitroimidazoles. We previously screened this purine 
salvage pathway enzyme against a diversity subset of the AstraZeneca 
fragment library using a 1H NMR-based activity assay to monitor substrate 
hydrolysis. Three classes of inhibitors with IC50 values < 10 μM and ligand 
efficiency values greater than 0.5 were identified: bis aryl phenols, amino 
bicyclic pyrimidines, and aryl acetamides. These initial hits were then used to 
select ~ 160 fragment analogs for further testing against the enzyme. A 
number of fragment analogs were discovered with improved activity compared 
to the parent fragment, including several with five- to ten-fold improvements in 
potency. Just as importantly, a significant number of the fragment analogs had 
diminished activity compared to the parent fragment, suggesting synthetic 
modifications to avoid. The data reveals an emerging SAR that is guiding our 
medicinal chemistry efforts aimed at discovering compounds with nM potency 
that can be tested in vitro for target validation against both 5-nitroimidazole-
sensitive and 5-nitroimidazole-resistant T. vaginalis strains. 
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It is often desirable to organize disparate crystallographic project data into a 
common homogeneous format, ready to use for modelling. We present a web-
based application that permits users to specify numerous options controlling 
superposition and alignment of structures in a family or project, ligand 
specification, and whether electron densities or other grids are to be included. 
The final result is a project database containing superposed structures all in 
the same frame of reference. From here, structures can be dynamically 
regrouped, for example by scaffold class, for easy management, and can be 
easily browsed and used as a starting point for further research. The system 
is able to handle multi-subunit complexes, including structures which may be 
missing subunits, by using a novel algorithm to determine which subunits of 
each complex correspond to each other. 
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SAR analysis can be huge challenge in a medicinal chemistry program. Often 
multiple chemical series are pursued in parallel. The number of assays 
involved in a screening cascade (selectivity, physico-chemical and ADME 
assays) can lead to the generation of hundreds to thousands of data points for 
each chemical series. The difficulty in managing the data means the analysis 
of historical results is seldom done or left to expert users. Other typical 
workflows are shown below. 
 
Review what has been made / not made 
Explore effects of structural change at a certain position 
Investigate if a trend is general or scaffold dependent 
Rationalise trends based on calculated or measured properties 
Determine if different series share the same SAR 
Is the SAR additive and/or transferable 
 
These workflows are very difficult to perform with the existing analysis tools 
available. 
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Abductive reasoning applied to modeling chemical biology can only be made 
possible if both quality datasets (i.e. in vitro, HTS or expert curation) and 
versatile cheminformatics and molecular modeling methods are available. 
Identifying compounds that are susceptible to metabolic degradation via 
cytochrome P450 (CYP450) pathways, and identifying which major isoform is 
responsible is an ongoing problem. Here we demonstrate using a combination 
of 2D and 3D cheminformatics and modeling tools built into MOE (Molecular 
Operating Environment) how a rational workflow can be developed to predict 
CYP450 isoform specificity. Using a combination of carefully curated in vitro 
CYP450 data and a variety of modeling techniques implemented in MOE 
(binary classification trees, 2D-molecular fingerprints, pharmacophores) we 
developed efficient computational approaches to identify putative CYP 
interacting ligands. These models are easily further integrated into a KNIME 
workflow, using the MOE extensions for KNIME. The tiered molecular triage 
workflow we developed using MOE can be used to interrogate large datasets 
of compounds for potential CYP450 binders with sub-type profiling 
capabilities. These modeling approaches can be directly generalized to other 
protein families (i.e. nuclear receptors or the kinome), in which isoform 
specificity and poly-pharmacological interactions are of interest. These studies 
place emphasis on the need for accurate curated data in addition to versatile 
and inter-operable modeling platforms, such as MOE, that enable multi-
dimensional modeling approaches for interrogating chemical biology for large 
scale molecular profiling. 
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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 as a potential method to account for such 
solvent effects. 
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Problem-Based Learning (PBL)1 is an pedagogical method which 
incorporates hands-on, active learning centered on the investigation and 
resolution of difficult, real-world problems. Some of the defining characteristics 
of PBL include: 
A guided learning process with challenging open-ended problems where there 
are multiple solutions. 
An environment where students work as self-directed, active investigators and 
problem-solvers. 
Here we demonstrate the effectiveness of the Molecular Operating 
Environment (MOE) in a PBL setting to teaching students about the 
advantages and limitations of the modeling tools that are used in the forefront 
of early stage drug design. 
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The human 20S proteasome, the enzyme responsible for the degradation of 
unnecessary/damaged proteins, has been successfully exploited in cancer 
therapy for nearly 20 years. Three successful FDA-approved proteasome 
inhibitors have been introduced since 2003, including bortezomib, carfilzomib, 
and ixazomib. In a continued effort to identify novel proteasome inhibitors, 
scytonemide A was isolated from the cyanobacterium Scytonema hofmannii in 
2010. A macrocyclic peptide, scytonemide A contains a rare imine linkage 
previously seen in only a handful of other natural products. Scytonemide A 
displayed potent inhibition against human 20S proteasome chymotrypsin 
catalytic activity, with an IC50 of 96 nM. At the time, cell-based activity could 
not be adequately assessed, potentially due to poor solubility. Unfortunately, 
the small quantities of the compound obtained via isolation (1 mg from 9 L of 
culture) hindered the exploration of these properties and the continued 
development of scytonemide A as a proteasome inhibitor. A synthetic route to 
scytonemide A was therefore needed to produce the quantities of the 
compound necessary for biological testing and further development. Two 
goals were established at the outset of this synthetic effort: 1) efficient and 
rapid synthesis of the natural product and 2) isolation of the target compound 
without the need for HPLC purification. Inspired by the construction of cyclic 
peptide imines by non-ribosomal peptide synthases (NRPSs) in their 
respective organisms, a biomimetic solid-phase peptide synthesis (SPPS) 
approach was employed using the Weinreb AM resin. The corresponding 
heptapeptide was built on the resin and cleaved in the presence of a reducing 
agent, resulting in spontaneous cyclization to the desired imine upon work-up. 
The protecting groups employed on the serine, tyrosine, and D-glutamine 
residues were subsequently optimized to facilitate purification and 
preservation of the imine moiety during the final deprotection step. Upon 
removal of these protecting groups, the desired natural product was isolated 
by flash column chromatography, which would ultimately prove useful not only 
for the preparation of the natural product, but also structural analogues. These 
analogues have been designed to explore structural requirements for imine 
formation, define appropriate physicochemical properties, and enhance 
proteasome inhibitory activity with the goal of developing a novel proteasome 
inhibitor for in vivo testing. 
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The modern drug discovery scientist is awash in structural information – from 
target proteins, candidate drug molecules, and complexes of the two. While 
the value of protein-ligand complexes is clearly evident, knowledge of 
molecular conformations and interactions derived from small molecule 
structures alone can also play an integral role affecting drug discovery. The 
Cambridge Structural Database (CSD) contains crystal structures for over 
915,000 organic and metallo-organic compounds. Of the organic compounds 
(390,000 entries in database version 5.39), roughly 50% are drug-like (based 
on the Lipinski’s rule of 5) indicating that the CSD contains a rich deposit of 
structural information relevant to drug discovery and design. From scaffold 
hopping to conformer generation, knowledge-based methods, such as Mogul 
and Isostar, leverage what we already know of small molecules to build even 
better ones. This poster will present several examples where such small 
molecule structural information has provided key insights and directions to 
improving drug molecules and the methods used to achieve these results. 
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Hypervirulent, multi-antibiotic resistant ribotypes of Clostridium difficile have 
emerged in the last decade and represent a severe threat to global health. As 
a Gram-positive, anaerobic, spore-forming pathogen C. difficile presents 
numerous challenges to therapeutic eradication. Currently, C. difficile infection 
(CDI) is both caused by and clinically managed with traditional antibiotics that 
indiscriminately eradicate pathogenic and commensal bacteria. These 
traditional antibiotics disrupt essential enzymes and/or pathways in bacteria 
and thus are unselective in their mechanism of action. This is problematic, as 
microflora represent one of the most successful defenses against CDI. To 
combat the detrimental effects of broad-spectrum agents on microflora, new 
approaches that eliminate the virulence of pathogens, but allow beneficial 
microbes to persist are promising avenues for new age antibacterial drug 
discovery. As a key regulator of virulence and antibiotic resistance in 
pathogenic microbes, we hypothesize that caseinolytic protease P (ClpP) 
represents a promising anti-virulence target for CDI. Indeed, previous 
research demonstrates that disruption of ClpP activity in pathogenic bacteria 
leads to attenuated virulence. To date, however, the structure and function of 
the ClpP system have not been defined in C. difficile. Our studies towards 
determining the biological significance and therapeutic potential of the ClpP 
system in C. difficile will be presented. 
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High quality HTS hits are important for drug discovery programs to expedite 
the timelines associated with medchem optimizations and improve overall 
success rates in the clinic. To provide such high quality HTS hits, original 
compound libraries play an important role in HTS strategy. In addition, a 



compound library with enhanced CNS drug-likeness (good brain penetrability 
and good oral availability) would improve the productivity of drug discovery 
programs in the Neuroscience area. Against this background, we have been 
constructing a CNS-focused compound library by: 
-Innovative design to improve the probability of the compounds reaching the 
CNS. 
-Extensive in vitro, in vivo and physicochemical characterization of library 
members to eliminate structures with inherent liabilities. 
-Continuous addition of newly-designed innovative scaffold structures. 
In this poster, we describe our strategy for constructing a CNS-focused 
compound library utilizing the combination of a computational scoring system 
and in vitro/in vivo DMPK data. In addition, we also describe how we gathered 
our original scaffold collection to emphasize structural novelty in the library. 
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Bicyclic pro-drug S1P1 partial agonists: Exploring olefinic side chains to 
modulate the PK, PD, and toxicology profiles 

Michael Yang, michael.yang@bms.com, Zili Xiao, T. G. Murali Dhar, Haiyun 
Xiao, John L. Gilmore, Arvind Mathur, Jenny Xie, Kim McIntyre, Tracy Taylor, 
Xiaoxia Yang, Lois Lehman-McKeeman, Huadong Sun, Anthony M. Marino, 
Georgia Cornelius, Ding Ren Shen, Mary Ellen Cvijic, Luisa Salter-Cid, Percy 
H. Carter, Alaric J. Dyckman. Bristol-Myers Squibb Company, Princeton, New 
Jersey, United States 

Differentiated S1P1 modulator BMS-986104 demonstrated improved pre-
clinical pulmonary safety and an improved projected cardiovascular safety 
profile as compared to earlier full agonists of S1P1, however, it possessed a 
projected human pharmacokinetic half-life (t1/2) that was longer than desired 
(>15 days). Optimization of this series through the incorporation of olefins into 
the alkyl side chain afforded an opportunity to reduce t1/2 and also to further 
modulate the ligand-biased signaling properties that we believe lead to the 
enhanced safety profile of this class. 
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Evolution of AMPK activators with improved muscle exposure 

Jacqueline Hicks, jacqueline_hicks@merck.com, Danqing Feng, James 
Apgar, Robert Wilkening, Lan Wei, Kenneth J. Leavitt, James Dropinski, Lin 
Chu, Xiaoxia Qian, Ahmet Kekec, Guizhen Dong, Alexander Kim, Huagang 
Lu, Hong-Ping Guan, Ku Lu, Xiaodong Yang, Judith Gorski, George 
Eiermann, Anantha Gollapudi, Marc Kurtz, Maria Trujillo, Robert Myers, 
Daniel Kemp, Mengwei Hu, Shiyao Xu, Iyassu K. Sebhat. Merck, Kenilworth, 
New Jersey, United States 

5’-adensoine monophosphate-activated protein kinase (AMPK) is known to 
regulate pathways involved in glucose and lipid metabolism in liver, muscle, 
and adipose tissue. As a key mechanism for responding to cellular energy 
levels, pharmacological activation of AMPK represents a potential target for 
the treatment of type 2 diabetes mellitus (T2DM) and other metabolic 
diseases. Maximal efficacy was hypothesized to be observed from a pan-
AMPK activator with balanced exposure between liver and muscle tissue. 
Previous aromatic acids favored distribution in liver tissue of mice and 
demonstrated limited muscle exposure. To maximize efficacy, development of 
MK-8722 focused on a more balanced liver to muscle ratio, pan-AMPK 
activation profile, and improvements in half-life. This poster will describe 
structural changes to the terminal ether linked ring system to modulate these 
properties and improve systemic exposure. MK-8722 displayed robust 
glucose lowering in both acute and chronic efficacy models to improve 
glucose homeostasis, but induced cardiac hypertrophy. 

 

MEDI 93 

Short acting pan-AMPK activators as exercise mimetics 



James Apgar1, james_apgar@merck.com, Robert Wilkening1, Lan Wei1, 
Kenneth J. Leavitt1, Danqing Feng1, Huagang Lu1, Hong-Ping Guan2, Ku Lu2, 
Xiaodong Yang2, Judith Gorski2, George Eiermann2, Anantha Gollapudi2, 
Marc Kurtz2, Maria Trujillo2, Robert Myers2, Daniel Kemp2, Mengwei Hu3, 
Shiyao Xu4, Iyassu K. Sebhat1. (1) Discovery Chemistry, Merck & Co., Inc., 
Kenilworth, New Jersey, United States (2) Discovery Biology, Merck & Co., 
Inc., Kenilworth, New Jersey, United States (3) Discovery Pharmaceutical 
Sciences, Merck & Co., Inc., Kenilworth, New Jersey, United States (4) 
Pharmacokinetics, Pharmacodynamics and Drug Metabolism, Merck & Co., 
Inc., Kenilworth, New Jersey, United States 

5’-Adenosine monophosphate activated protein kinase (AMPK) is a key 
upstream regulator of numerous signaling pathways involved in cellular 
energy homeostasis and is thought to mediate some of the beneficial effects 
of exercise, making it an attractive target for the potential treatment of Type II 
Diabetes Mellitis. As a heterotrimeric enzyme, AMPK is composed of a 
catalytic α-subunit (2 isoforms), a β-subunit (2 isoforms), and a regulatory γ-
subunit (3 isoforms) and is expressed as 12 isoforms that are differentially 
distributed across tissue types within the body and across species. Long-
acting allosteric pan-AMPK activators, as exemplified by MK-8722, have 
demonstrated robust glucose lowering in both acute and chronic efficacy 
models, but have also caused cardiac hypertrophy. We hypothesized that the 
hypertrophy was the result of excessive pharmacology of AMPK activation 
and that transient AMPK activation, as opposed to sustained activation, would 
more closely mimic moderate daily exercise by providing glucose lowering 
without producing cardiac hypertrophy. Herein we describe the derivatization 
of the terminal phenyl moiety of MK-8722 to modulate physiochemical 
properties and identify short-acting, potent pan-AMPK activators. 
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Design and synthesis of NR analogues to inhibit glucose metabolism in 
cancer cells 

Edgar de las Heras Ruiz1, edbasqui@gmail.com, Sam Butterworth1, Ian 
Stratford1, Richard Bryce1, Andy P. Thomas2, Darren Stead2. (1) Pharmacy, 
University of Manchester, Manchester, United Kingdom (2) AstraZeneca, 
Cambridge, United Kingdom 

Cancer cells depend on the glycolysis pathway to produce energy (ATP), in 
contrast with normal cells which mainly use the Krebs cycle. Therefore, 
glycolysis inhibition may allow selective killing of cancer cells. Lactate 
dehydrogenase A (LDHA) has been validated as a key component in the 
cancer glycolysis pathway and thereby as a viable drug target in mouse 
experiments. However, few good inhibitors of LDHA exist, due to the 
challenge of finding drug-like molecules that bind at the small substrate 
(lactate) or large co-factor (NAD) binding pockets. 
 
Benzamide riboside (BR), and Tiazofurin (TZ) are nicotinamide riboside (NR) 
analogues that are known to be transformed inside cells into redox-inactive 
NAD analogues by the recognition of NRK, and NMNAT, alike NR is 
transformed into NAD. The redox inactivity of NAD analogues is originated 
from the replacement of the anomeric C-N bond in the natural nicotinamide 
riboside part of NAD (NR), by an anomeric C-C bond (e.g. BR, and TZ). 
These compounds have anti-cancer activity in in vitro models, with tiazofurin 
having advanced to clinical trials in the 1990s. These compounds are thought 
to act by inhibition of IMPDH, however our data shows that BR activity 
appears to be independent of IMPDH, and this compound instead significantly 
impacts on glycolysis in cancer cells. The aimof this project is to design and 
synthesise redox inactive NAD analogues, which would bind to LDHA 
selectively, thus inhibiting cancer growth. 
 
The flexibility around the anomeric C-N bond of NAD is responsible for its 
general recognition by many enzymes. We have developed computational 
models to understand the recognition of NR analogues by processing 
enzymes (NRK/NMNAT) and potential biological targets (e.g. LDHA, IMPDH), 
and inform the design of new NR analogues. We have demonstrated that 
restricting the conformation around the C-C bond of novel redox inactive NAD 
analogues may allow inhibiting LDHA selectively. 
 
We have also developed and applied a generic route towards 
the synthesis of a range of novel and known NR analogues (and 



phosphate pro-drugs thereof) and evaluated their activity in cancer cells. 
My poster will cover the computational modeling we have developed, 
advances in chemical synthesis of NR analogues and biological 
data generated on the compounds prepared to date. 
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How relevant is secondary structure mimicry in design of small 
molecules to disrupt protein-protein interfaces? 

Jaru Taechalertpaisarn1, Maritess Noelle Arancillo1, 
maritess.arancillo@chem.tamu.edu, Chen-Ming Lin1, Rui-Liang Lyu1, 
Zhengyang Jiang1, Lisa M. Pérez3, Thomas R. Ioerger2, Kevin Burgess1. (1) 
Department of Chemistry, Texas A&M University, College Station, Texas, 
United States (2) Department of Computer Science, Texas A&M University, 
College Station, Texas, United States (3) Laboratory for Molecular Simulation, 
Texas A&M University, College Station, Texas, United States 

Minimalist mimics are compounds that lack peptidic backbones, but 
nevertheless preferentially project amino acid side-chains in orientations that 
resemble secondary structures on one interface in a protein–protein 
interaction (PPI), and thus potentially perturb it. Decades of research in this 
area focus mainly on compounds resembling a specific type of secondary 
structure (eg minimalist helical mimics). However, the existence of a 
correlation between secondary structure- and interface-mimicry is an 
unvalidated hypothesis. The objective of this work is to determine whether 
minimalist mimics overlay well on protein-protein interfaces, and if they do so 
on the secondary structures that they are supposed to resemble. Three data 
mining approaches were used to determine correlation. The first approach 
involved a systematic overlay of minimalist-mimic preferred conformations on 
ideal secondary structures and a quantitative evaluation of the goodness of fit 
(EKOS). The second approach involved a comparison of these conformations 
with approximately 240,000 crystallographically characterized protein-protein 
interfaces in the protein data bank (EKO). The third approach involved the 



identification of the secondary structure motifs found at the interfaces 
using DSSP and STRIDE. One known, and eight new minimalist mimics were 
analyzed. Our data showed that the fit of minimalist mimics at PPI interfaces 
is more correlated with general peptide structures and conformations, 
resembling more non-ideal structures and regions, than with specific 
secondary structures. 
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Finding conserved residue triplets on protein-protein interfaces 

Rui-Liang Lyu, lyu.chemistry@tamu.edu, Kevin Burgess. Department of 
Chemistry, Texas A & M University, College Station, Texas, United States 

Our group devised a method to discover non-peptidic, small molecule 
scaffolds to mimic triplets of amino acid residues on protein-protein interaction 
(PPI) interfaces. Data generated from this method highlights chemotypes with 
potential for inhibiting or modulating these PPIs. With this method it is possible 
to find a single chemotype to mimic more than one interface provided they 
possess similar sets of triplets. In the current study, an algorithm was 
designed to discover such targetable triplets across different proteins. The key 
aspect of this procedure is structure-based sequence alignment; the residues 
of aligned regions are then iterated and clustered by their largest pairwise root 
mean square deviations (RMSDs) to find similar triplets. The algorithm was 
tested on a set of epidermal growth factor-like (EGF-like) domains, a common, 
evolutionarily conserved structure motif found in various secreted proteins and 
extracellular domains of membrane-bound proteins. For the result, 25 triplets 
were found to have largest pairwise RMSD of smaller than 0.45 Å; within 
which four have this value smaller than 0.35 Å. Considering the wide 
participation of EGF-like domains in various important PPIs, these four sets of 



triplets are regarded as highly interesting candidates for peptidomimetics 
designing. 

 

 
 
Two examples of conserved triplets found by our algorithm on a collecton of EGF-
like domains 
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Small molecule peptidomimetic to perturb protein-protein interactions 
targeting NEDD8-NAE 

Chen-Ming Lin, chen-ming_lin@tamu.edu, Kevin Burgess. Chemistry, Texas 
A&M University, College Station, Texas, United States 

NEDD8 is an ubiquitin-like protein family which regulates the activity of cullin-
RING ubiquitin E3 ligases (CRLs) through NEDD8 conjugation pathway 
(NEDDylation). CRLs is responsible for the degradation of several proteins 
with important roles relevant to cancer cell survival, so disrupting NEDDylation 
has become a new promising target in cancer therapy. NEDDylation of CRLs 
is initiated by NEDD8 activating enzyme (NAE) which is a key proximal 
regulator of the NEDDylation cascade and shown as an ideal target for 
pharmacologic inhibition. Millennium’s MLN4924 is a first-in-class 
NEDDylation inhibitor for treatment of acute myeloid leukemia (AML). It 
mimics ATP scaffold and covalently binds to NEDD8 at its ATP binding site of 
NAE, thereby preventing translocation of NEDD8 towards CRLs. Clinical data 
on MLN4924 is excellent so far, but some cancer cell lines already show 
resistance to MLN4924, presumably via small changes to the ATP binding-
site. In addition, substances that bind ATP recognition sites tend to have off-



target effects, as MLN4924 does. Thus, our group are interested in design of 
small molecules which perturb the action of NEDD8 by binding the protein-
protein interface between it and NAE. Small molecules that disrupt protein-
protein interactions (PPIs) have the potential to be much more selective in 
their action than ATP-binders. Design of small molecule is driven by a state-
of-the-art method (EKO), developed by the PI, to mimic the side chain 
orientation of amino acids involved in the PPIs. These types of molecules are 
also known as peptidomimetics because of their structural similarity with 
peptides. Several mimics hits discovered by EKO were successfully 
synthesized by solid phase through click reaction and hydantoin cyclization. 
These mimics were assayed to test cytotoxicity against K562 leukemia cell 
line as well as the inhibition of NEDDylation utilizing in vitro NEDDylation 
assay, and several mild exhibit cytotoxicity and NEDDylation inhibition. 
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Cleavable, targeted small-molecule maytansinoid conjugate improves 
therapeutic index on treating metastatic breast cancer 

Zhengyang Jiang, jiangzy63@gmail.com, Kevin Burgess. Chemistry, Texas 
A&M University, Bryan, Texas, United States 

Metastatic breast cancer cells show over expression of Tropomyosin receptor 
kinase C (TrkC) on cell surface, and this plays an important role in the 
proliferation of cancerous cells. Maytansinoids can disrupt microtubule 
function, thus inhibit cell division and proliferation. They are extremely toxic to 
cancerous cells, but due to their limited therapeutic window, their application 
is limited to warheads in many antibody-drug conjugates, where lower doses 
can deliver enhanced therapeutic effects relative to the free drug. Small 
molecule targeting has many advantages over antibody targeting strategy, 
such as better cell permeability, longer shelf life, and higher production 
efficiency. Yet very few small-molecule conjugates have been explored, and 
none that target the TrkC receptor. Previously, a small-molecule which binds 
preferably to TrkC was discovered in our group. This small-molecule targeting 
fragment was conjugated a maytansinoid via a cleavable linker; the conjugate 
shows improved therapeutic index in treating metastatic breast cancer cells. 
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Near-infrared zwitterionic dye to target TrkC expressing cancer cells 



Syed M. Usama, syed.usama@chem.tamu.edu, Kevin Burgess. Chemistry, 
Texas A&M University, College Station, Texas, United States 

TrkC Receptors are overexpressed on different cancer types such as breast 
cancer, melanoma, glioblastoma, neuroblastoma and medulloblastoma. Near 
infrared light (650-900 nm), with the properties of low background 
fluorescence, minimal tissue absorbance and reflection and deep tissue 
penetration is useful in fluorescence guided surgery to remove tumors. A 
zwitterionic near infrared cyanine dye was chosen which only reduce non-
specific binding with different organs but also to fast clearance from the body. 
A small molecule (IY-IY), which binds preferentially to TrkC expressing cells, 
was conjugated to near-infrared zwitterionic cyanine dye, named KB2251. It 
was shown that KB2251 binds preferentially to NIH3T3-TrkC expressing cells 
over NIH3T3-WT cells. 

 
Histology of KB2251 binding. a breast cancer tissue overexpressing TrkC 
cells. b normal breast tissue which does not overexpress TrkC 
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Synthesis and design of novel estrogen-related receptor gamma (ERRγ) 
modulators 



Keith M. Haynes, kmh0277@gmail.com, Carissa Hammann, Sadichha 
Sitaula, Thomas P. Burris, John K. Walker. Pharmacology and Physiology, 
Saint Louis University, St. Louis, Missouri, United States 

The estrogen-related receptor (ERR) family is composed of three different 
orphan nuclear receptors ERRα, ERRβ and ERRγ. Estrogen-related receptor 
gamma is found to play an important role in the transcription of metabolic 
genes and therefore is a target for the treatment of metabolic diseases. 
Design guided by computational modeling has led to the synthesis of novel 
ERRγ modulators. 
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Mechanism of inhibition of Mycobacterium tuberculosis isocitrate lyase 
by 3-nitropropionate 

Sneha Ray2, sneharay@buffalo.edu, Dale Kreitler4, Andrew M. Gulick1, 
Andrew S. Murkin3. (1) Hauptman Woodward Rsrch Inst, Buffalo, New York, 
United States (2) Chemistry, State University of New York at Buffalo, Buffalo, 
New York, United States (3) Chemistry, University at Buffalo, Buffalo, New 
York, United States (4) Hauptman-Woodward Medical Research Institute , 
Buffalo, New York, United States 

Mycobacterium tuberculosis, the causative organism for tuberculosis, is 
responsible for the highest mortality rate among bacterial pathogens. 
Persistent M. tuberculosis infections depend on the glyoxylate shunt, a 
carbon-conserving bypass in the tricarboxylate cycle consisting of isocitrate 
lyase (ICL) and malate synthase. Since these enzymes are absent in humans 
but essential to mycobacteria, they are potential drug targets. ICL catalyzes 
the reversible retro-aldol cleavage of isocitrate into succinate and glyoxylate. 
3-Nitropropionate (3-NP) is an analog of succinate that demonstrates slow-
onset inhibition of the enzyme, presumably via its conjugate base form, 
propionate-3-nitronate (P3N). P3N, prepared from 3-NP at pH 13, was found 
to inhibit the enzyme 70 times faster than 3-NP at pH 7.5. Considering that 
0.025% of 3-NP (pKa = 9.1) exists as P3N at this pH, a comparable rate of 
inhibition was found when the data were replotted against [P3N], strongly 
supporting P3N as the inhibitory form. Through jump-dilution kinetics, we 
revealed that P3N is an irreversible inhibitor. Electrospray ionization mass 
spectrometry showed a time-dependent increase of 100 Da in the mass of ICL 
following incubation with 3-NP or P3N (119 Da for neutral form), which was 
accelerated in the presence of glyoxylate. The route of formation for this 
covalent complex is being exploited using kinetic and solvent isotope effect. 



The identity of the resulting covalent complex and the mechanism of its 
formation are the subject of ongoing investigation. 
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Potentiation of para-aminosalicylic acid (PAS) by chemical inhibition 
of para-aminobenzoic acid (PABA) biosynthesis in Mycobacterium 
tuberculosis 

Surendra Dawadi1, sdawadi@umn.edu, Yusuke Minato3, Anthony D. 
Baughn3, Courtney C. Aldrich1. (1) Department of Medicinal Chemistry, 
University of Minnesota, Minneapolis, Minnesota, United States (3) 
Department of Microbiology and Immunology, University of Minnesota Medical 
School, Minneapolis, Minnesota, United States 

PAS is an important second-line TB drug for the treatment of drug-resistant 
TB. The Aldrich and Baughn labs, among others, have recently unraveled the 
precise mechanism of action of PAS and confirmed that PAS is an 
antimetabolite that is incorporated into bacterial folic acid pathway to produce 
hydroxydihydrofolate, which acts as an inhibitor of M. 
tuberculosis dihydrofolate reductase (DHFR). PAS dosage is very high (150 
mg/kg) that can lead to gastrointestinal side-effects. Our collaborative team 
has demonstrated that the antitubercular activity of PAS can be improved by 
more than 1000-fold by genetically disrupting PABA biosynthesis suggesting it 
may be possible to substantially reduce the dosage to ameliorate side effects 
and treat PAS-resistant bacteria if a small-molecule can be found to 
recapitulate this phenotype. As PAS competes with the natural folate pathway 
substrate PABA, we hypothesize that the small molecule inhibitors that target 
PABA biosynthesis should synergize the action of PAS. In the present study, 
we started with the compound (6S)-6-fluoroshikimate because it is a potent 
inhibitor of PABA biosynthesis in E. coli (MIC = 0.5 µg/mL), but was never 
evaluated against M. tuberculosis. We report on the optimized synthesis and 
biological evaluation of epimers of 6-fluoroshikimate against M. tuberculosis. 
Fluorshikimates showed minimal activity against M. tuberculosis, which we 
attributed to the lack of cellular permeability of these highly polar small 
molecules. To address this, we designed and synthesized various esters of 
fluoroshikimate including simple methyl and ethyl esters as well as 
acyloxymethyl esters. The esters have shown better activity than the free acid. 
We will also report on additional biological evaluation including the synergy 
between PAS and some of the best inhibitors in this series. 
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Repurposing of antipsychotic drugs as anti-tuberculosis agents 

John Schultz, schultj@umn.edu. Medicinal Chemistry, University of 
Minnesota, Minneapolis, Minnesota, United States 

Antibiotic resistance is a rising global concern especially relating to resistant 
strains in Mycobacterium tuberculosis (Mtb) and Staphylococcus 
aureus (MRSA). New antibacterial agents with novel mechanisms of action 
are needed to keep up with the surging resistance of these infectious agents. 
Thioridazine (THZ), a classic tricyclic phenothiazine antipsychotic is 
bactericidal against both Mtb and MRSA. Phenothiazines may have multiple 
mechanisms of action. Notably, these compounds are able to inhibit type II 
NADH dehydrogenase (NDH-2) which is a non-proton transporting 
dehydrogenase that is found in pathogenic with no human isoforms. NDH-2 is 



also the preferred NADH dehydrogenase involved in electron transport to 
terminal oxidases in aerobic respiration in Mtb and other select obligate 
aerobes making NDH-2 essential in these organisms. Due to the limited 
structure activity relationships (SAR) of the phenothiazine antipsychotics as 
antibacterial agents we have begun a SAR campaign of novel phenothiazine 
analogues in an attempt to find more potent and selective antibacterial agents. 
One such analogue, 1, achieved MIC90 values (8 µg/mL) against a virulent 
strain of Mtb, H37Rv. Photoaffinity probes are also being developed to study 
the mechanism(s) of action. 
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Cephalosporin-pyrazinoic acid conjugates: Novel agents for drug-
resistant tuberculosis 

Malcolm Cole1, colex275@umn.edu, Joseph Buonomo1, Yusuke Minato2, 
Joshua Thiede2, Anthony D. Baughn2, Courtney C. Aldrich1. (1) Medicinal 
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United States (2) Microbiology, University of Minnesota Twin Cities, 
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Tuberculosis (TB) is the leading source of infectious disease mortality 
globally, causing 1.4 million deaths worldwide in 2015. Combination therapy 
employing four first-line agents (rifampicin, isoniazid, ethambutol, and 
pyrazinamide) achieves greater than 95% treatment success against drug-
susceptible strains, but less than 50% success against drug-resistant strains, 
which comprise an estimated 10% of new TB cases. Pyrazinamide (PZA), one 
of the first-line antituberculars, possesses unique activity against non-
replicating Mycobacterium tuberculosis (Mtb) and shortens treatment duration 
by 3-6 months. PZA is a prodrug of pyrazinoic acid (POA) and is hydrolyzed 
intracellularly by pyrazinamidase, encoded by pncA in Mtb (Figure 1); 
resistance arises via point mutations in pncA which prevent this activation. 
PZA resistance poses an increasing threat to public health, as an estimated 



60% of drug-resistant Mtb strains contain mutations in pncA. We have 
developed novel pyrazinoic acid prodrugs which exploit inherent tubercular β-
lactamase activity to achieve selective, pncA-independent release of POA. 
Cleavage of the β-lactam promoiety furnishes elimination of the C-3’ 
pyrazinoic acid in vivo (Figure 2); functionalization at C7 imparts selectivity for 
the tubercular β-lactamase BlaC over β-lactamases expressed by commensal 
organisms. Biochemical evaluations revealed favorable stability in serum and 
verified β-lactamase-dependent release of POA. Our conjugates demonstrate 
improved activity over POA in vitro against wild-type Mtb and PZA-resistant 
strains, and lack activity against other Gram-positive and negative organisms. 
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Teixobactin: A recently discovered antimicrobial peptide. Structure–
activity relationship 



Beatriz G. de la Torre1, garciadelatorreb@ukzn.ac.za, Shimaa A. Abdel 
Monaim1, Yahya E. Jad1, Estelle j. Ramchuran1, Ayman El-Faham2, Fernando 
Albericio1,3. (1) University of KwaZulu-Natal, Durban, South Africa (2) 
Department of Chemistry, King Saud University , Riyadh, Saudi Arabia (3) 
University of Barcelona, Barcelona, Spain 

Recently, the world of AMPs was taken by surprise by the discovery of 
teixobactin, the first new antibiotic to be discovered for several decades. This 
new antibiotic was isolated from a soil Gram-negative b-proteobacteria by 
means of an iChip technique. This revolutionary tool allows the isolation of 
compounds from microorganisms that are not possible to culture under normal 
laboratory conditions. This organism, named Eleftheria terrae, belongs to a 
new genus related to Aquabacteria, which is not known to produce antibiotics. 
Teixobactin is attracting attention for its great activity against Gram positive 
bacteria and mycobacterium tuberculosis and because no-resistance to it was 
detected in a number of in vitro studies. Its ability of the dual inhibition of 
peptidoglycan and teichoic acid biosynthesis produce synergistic effects, 
resulting in increased cell wall damage and subsequent cell death. This mode 
of action resembles that of Vancomycin; however, in contrast, teixobactin is 
not a glycopeptide. Teixobactin is an 11-mer peptide containing a 
cyclotetradepsipeptide unit in its structure. It contains five non-proteinogenic 
amino acid residues: D-NMe-Phe1, D-Gln4, D-allo-Ile5, D-Thr8 and L-allo-
enduracididine10. 
A large number of teixobactin analogues have been obtained by various 
synthetic strategies that will be discussed as well as their biological activities 
have been tested for understanding the SAR of these molecules. In function of 
the nature of the modification, the analogues have been classified into five 
groups: i) Substitution of L-allo-End, ii) Modification of D and L conformation, 
iii) Tail and/or macrocycle, iv) Changes in residue polarity and v) Modification 
of the N-terminus. 
As conclusion, although substitution of L-allo-End in position 10 by Arg or Lys 
give analogues with good antibaterial activity, any of them reached the values 
that the parent compound. Also, it is crucial to keep the configuration of all the 
residues. Furthermore, N-Me-D-Phe as N-terminus, looks very important and 
accepts minimum changes. Regarding the introduction of positive charged 
residues, the replacement of Ser3, D-Gln4, and Ala9 can be carried out. 
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Natural product inspired drug discovery from Clerodendrum 
colebrookianum Walp.: Fragment-based drug design, synthesis and 
testing for anticancer activity 

Hemant Arya1, arya.hemant2009@gmail.com, C. S. Yadav2, Safiulla B. 
Syed1,3, Sathananthan Kannadasan2, Mohane Coumar1. (1) Centre for 
Bioinformatics, School of Life Sciences, Pondicherry University, Kalapet, 
Puducherry, India (2) Department of Chemistry, School of Advanced 
Sciences, VIT University, Vellore, Tamil Nadu, India (3) DBT-Interdisciplinary 
Program in Life Sciences, Pondicherry University, Kalapet, Puducherry, India 

Rho-associated coiled-coil protein kinase (ROCK) is a serine/threonine protein 
kinase which plays an important role in actin organization, proliferation, 
apoptosis, cell invasion and metastasis. Altered Rho/ROCK pathway is 
implicated in the development and progression of cancer. Our previous in 
silico studies have revealed that constituents from the plant Clerodendrum 
colebrookianum Walp., could interact with ROCK I/II. In this study, three 
analogs of plant constituents (acteoside, martinoside and osmanthuside β6) 
were designed using fragment-based drug design approach and their 
interactions with ROCK I/II were investigated using docking and molecular 
dynamics simulations. The designed analogs formed stable hydrogen bond 
interactions with the hinge region residues, Met156/Met157 of ROCK I/II. 
Based on the in silico studies, three analogs were synthesized in two steps 
and tested for anticancer activity along with their intermediates on three 
cancer cell lines (SW480, MDA-MB-231 and A-549) using MTT assay. The in 
vitro results indicated that the acteoside analog 3a (4-[3-(3,4-di-hydroxy-
phenyl)-acryloyl]-[1,4] diazepane-1-carboxylic acid tert-butyl ester) has highest 



anticancer activity in all the three tested cell lines, equal to fasudil, an 
approved ROCK inhibitor. These results suggest that the natural product 
inspired drug design could be a useful strategy for identifying lead molecules 
to cure cancer. 
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Drugs and Medicine, State University of São Paulo - School of 
Pharmaceutical Science, Araraquara, São Paulo, Brazil (2) Weill Medical 
College, New York, New York, United States (3) Faculdade de Ciências 
Médicas, Universidade Estadual de Campinas - UNICAMP,, Campinas, Brazil 
(4) Department of Physiology and Biophysics, Weill Cornell Medical College, 
New York, New York, United States 

Sickle Cell Disease (SCD) is a hematological disease characterized by a 
punctual mutation at the sixth codon of the β-globin gene leading to the 
substitution of glutamic acid for valine residue in the globin beta chain. It has 
been reported that histone deacetylase inhibitors are able to increase fetal 
hemoglobin levels and its reactivation ameliorates clinical symptoms in SCD 
patients. Based on that, herein we describe the synthesis of 7 novel 
molecules (compounds 1-7) obtained through molecular hybridization 
approach using as templates resveratrol and NO donor groups, represented 
by furoxan derivatives. All compounds have shown NO donor properties at 
different levels ranging from 1.8 – 26.3%. In vitro, compound (E)-4-(4-(3,5-
dimethoxystyryl)phenoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (2) was 
the most active NO-donor. Static adhesion assay demonstrated that 
compound (E)-4-(4-(4-methoxystyryl)phenoxy)-3-phenyl-1,2,5-oxadiazole 2-
oxide (3), at 10 μM and 20 µM, reduced the cellular adhesion to fibronectin 
compared with control. All compounds have demonstrated analgesic activity 
by inhibiting the number of abdominal writhes induced by acetic acid in mice 
at values ranging from 7.7 – 37.3%. It was found that the most active TNF-α 
inhibitors were compounds (E)-4-(4-(3,5-dimethoxystyryl)phenoxy)-3-phenyl-
1,2,5-oxadiazole 2-oxide (4), (E)-4-(4-(4-methoxystyryl)phenoxy)-3-methyl-
1,2,5-oxadiazole 2-oxide (5) and (E)-4-(4-(3,5-dimethoxystyryl)phenoxy)-3-
methyl-1,2,5-oxadiazole 2-oxide (6). All compounds were able to inhibit 
histone deacetylase (HDAC 1, 2 and 8). Compound 5 exhibited IC50 value of 



0.78 μM against HDAC-8. Using in vitro chemotaxis assay it was not possible 
to observe inhibition of neutrophil chemotaxis after treatment with compounds 
(3) and (5). In addition, compounds (1-6) were not able to induce membrane 
perturbation at all concentrations evaluated, while the control resveratrol 
caused this alteration. Moreover, the compound (5) was able to increase by 
approximately twice the levels of gamma-globin chains (γG+γA) at 25 µM 
using CD34+ cells. The in vivo evaluation of mutagenicity using a 
micronucleus test showed that compounds (1-6) did not induce genotoxicity. 
In summary, these hybrid compounds have shown to be a promising drug 
candidates for the treatment of SCD symptoms. 
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Improved UV detection of peaks during elution with absorbing solvents 

Jack E. Silver, jacksilver27@earthlink.net, Deen Johnson, Chester Bailey, 
Steve Paeschke, Ronald Lewis. Teledyne ISCO, Lincoln, Nebraska, United 
States 

Preparative chromatography occasionally requires solvent that absorbs UV 
light to allow resolution of compounds from their impurities. One example is 
the use of toluene in normal phase chromatography to resolve compounds 
with aromatic character via pi-pi interactions with the solvent. The UV 
absorption of the solvent blocks detection of the compounds being purified, 
requiring all fractions to be collected and analyzed. The use of reference 
spectra allows deconvolution of the UV-absorbing solvent and detection of the 
desired peak and impurities. Solvent spectra deconvolution allows detection of 
compounds whose absorbance overlaps commonly used solvents such as 
ethyl acetate and dichloromethane. Deconvolution of interfering solvent 
absorbance also allows the use of less expensive solvents, such as acetone 
replacing either ethyl acetate for normal phase chromatography, or acetonitrile 
for reverse phase purifications. An example of a synthetic mixture purified 
using such deconvolution is presented. 

MEDI 109 

Identification of bicyclic hexafluoroisopropyl alcohol sulfonamides as 
RORγt/RORc inverse agonists. Employing structure-based drug design 
to improve PXR selectivity 

Hua Gong1, hua.gong@bms.com, David S. Weinstein1, Zhonghui Lu1, Jingwu 
Duan1, Sylwia M. Stachura1, Lauren Haque1, Ananta Karmarkar2, Hemalatha 



Hemagiri2, Dhanya Kumar Raut2, Arun Kumar Gupta2, Javed Khan1, Dan 
Camac1, Jack Sack1, Andrew T. Pudzianowski1, Dauh-Rurng Wu1, Melissa 
Yarde1, Ding Ren Shen1, Virna Borowski1, Jenny Xie1, Huadong Sun1, Celia 
D'Arienzo1, Marta Dabros1, Michael A. Galella1, Faye Wang1, Carolyn A. 
Weigelt1, Qihong Zhao1, William Forster1, John E. Somerville1, Luisa M. 
Salter-Cid1, Joel C. Barrish1, Percy H. Carter1, Murali Dhar1. (1) Bristol-Myers 
Squibb Research and Development, Princeton, New Jersey, United States (2) 
Bristol-Myers Squibb Biocon Research Center, Bangalore, India 

RORγt plays a central role in the differentiation and proliferation of T helper 17 
(Th17) cells. Overproduction of proinflammatory Th17 cytokines such as IL-17 
is associated with several inflammatory and autoimmune diseases such as 
rheumatoid arthritis (RA), multiple sclerosis (MS), psoriasis, and inflammatory 
bowel disease (IBD). In this presentation, we report a series of benzothiazine 
and tetrahydroisoquinoline sulfonamides as potent RORγt inverse agonists, 
derived from a high throughput screening hit. Structure-based drug design 
(SBDD) was used to minimize liver X receptors (LXRs) and pregnane X 
receptor (PXR) agonism activities. These efforts led to the identification of 
benzothiazine and tetrahydroquinoline sulfonamide analogs, which were 
devoid of LXR activities and less potent at PXR. Structure-activity 
relationships (SAR) and the synthesis of these benzothiazine and 
tetrahydroquinoline sulfonamides will also be discussed. 

MEDI 110 

Understanding the structure and reactivity of the C-S linkage in 
biologically active 5-arylthio-5Hchromenopyridines 

Kyle A. Grice1, Rrnukadevi Patil2, Anandita Ghosh2, Jesse Paner1, Michael 
Guerrero1, Ehxciquiel Jaeroume Camacho1, Phoebus Sun Cao1, Aeshah 
Niyazi1, Sitwat Zainab2, Roger Sommer3, Gulam Waris4, Shivaputra Patil2, 
shivaputrap@yahoo.com. (1) Chemistry Deparment, DePaul Unviersity, 
Chicago, Illinois, United States (2) Pharmaceutical Sciences, Rosalind 
Franklin University, North Chicago, Illinois, United States (3) Chemistry, North 
Carolina State University, Raleigh, North Carolina, United States (4) 
Microbiology and Immunology, Rosalind Franklin University, North Chicago, 
Illinois, United States 

Molecules based on the 5-arylthio-5H-chromenopyridine structure have been 
studied for a variety of medicinal applications, including liver fibrosis. We have 
recently found that the C-S linkage can be cleaved with Pt(II) and Au(I), 
something that was not proviously recrognized. In this current work, we 



examine the structure, properties, and reactivity of 5-arylthio-
5Hchromenopyridines using spectroscopy, crystallography, reactivity, and 
density functional theory calculations. We report the crystal structures of 5-
arylthio-5H-chromenopyridines, as well as their DFT-calculated structures and 
electronic structures. The DFT calculations help to explain the electronic 
properties of these complexes, such as the observation that “soft” metals 
cleave the C–S bond. We find that the arylthio group is a good leaving group 
on these molecules due to the stability of the carbocation that is formed, and 
can be removed via reduction with NaBH4. Methoxy-substituted 
chromenopyridines were found to be viable at inhibiting liver fibrosis. These 
results will help inform the biological studies with these complexes to 
determine method of action and enhance development of new drug molecules 
with increased stability and activity based on the 5H-chromenopyridine 
scaffold. 
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Liquid biopsy: The simplest technique for pancreatitis and pancreatic 
cancer detection 

Obdulia Covarrubias-Zambrano1, obduliac@ksu.edu, Madumali 
Kalubowilage1, Aruni P. Malalasekera2, Hongwang Wang3, Sebastian O. 
Wendel4, Deryl L. Troyer5, Stefan H. Bossmann1. (1) Chemistry, Kansas State 
University, Manhattan, Kansas, United States (2) Chemistry, Southwestern 
College, Winfield, Kansas, United States (3) Grain Science and Industry, 
Kansas State University, Manhattan, Kansas, United States (4) Biology, 
Kansas State University, Manhattan, Kansas, United States (5) Anatomy & 
Physiology, Kansas State University, Manhattan, Kansas, United States 

Early state detection of pancreatic cancer, also known as the “silent killer”, is 
nearly impossible due to the deep location of pancreas in the body, and 
misleading symptoms that appear once cancer has developed and spread 
within the body. This silent killer is considered one of the deadliest cancer 
types, having an 8% survival rate for a person 5 years after the first diagnosis. 
There is an urgency to develop a more effective and simple detection 
technology to save lives by detecting pancreatic cancer at early stages in 
order to enable immediate treatment. In this project, a nanobiosensor that 
identifies the presence of specific pancreatic cancer proteases in blood serum 
samples has been developed. Previous studies have identified proteases 
overexpressed in cancer patients due to the important roles they play for 
apoptosis, cancer survival, angiogenesis, and invasion. For this study, eight 
proteases (arginase, MMP1, 3, and 9, cathepsin B, and E, urokinase 



plasminogen activator, and neutrophil elastase) were identified using the 
Gene Expression Omnibus (GEO) web tool from three different experimental 
data files under different conditions. The nanobiosensor developed contains 
dopamine coated Fe/Fe3O4 nanoparticles, cyanine 5.5, and an oligopeptide 
sequence tethered to tetrakis(4-carboxyphenyl)porphyrin (TCPP). The activity 
of this nanobiosensor consists in the cleavage of the oligopeptide-TCPP in the 
presence of a specific protease to release the dye, which leads to the 
detection of a fluorescent signal using a plate reader. This study identifies 
eight protease candidates with significant fluorescence signals between tumor 
samples from healthy control groups among four different types of pancreatic 
tumor diseases. Additionally, two proteases were identified as potential 
markers to differentiate between pancreatitis and pancreatic cancer. 
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Machine learning consensus scoring improves performance across 
targets in structure-based virtual screening 

Spencer S. Ericksen, Haozhen Wu, Huikun Zhang, Lauren Michael, Michael 
Newton, F. M. Hoffmann, Scott A. Wildman, swildman@wisc.edu. UW 
Carbone Cancer Center, University of Wisconsin - Madison, Madison, 
Wisconsin, United States 

Most uses of protein-ligand docking involves a set of molecules being docked 
to a single protein target using a single docking program. A variety of 
consensus docking approaches for virtual screening and pose prediction have 
been developed in the last 20 years, much of which only considers 
combinations of the docking score. Here we compare traditional consensus 
scoring methods with a novel, unsupervised gradient boosting approach using 
the common performance metrics ROCAUC and EF1 on 21 benchmark 
targets from DUD-E. These methods are readily applicable to new targets in 
academic research and overcome the potentially poor performance of using a 
single docking method on a new target. 
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Design and synthesis of novel deuterated GABAAR-α6 subtype selective 
ligands with improved metabolic stability and enhanced bioavailability 

Daniel E. Knutson1, knutsond@uwm.edu, Revathi Kodali1, Michael R. 
Stephen1, Ranjit S. Verma1, Christopher Witzigmann1, Matheus A. Meirelles1, 
Nicolas M. Zahn1, Alec T. Huber1, Leggy Arnold1, Miroslav M. Savic2, Margot 



Ernst3, Werner Sieghart3, James M. Cook1. (1) Department of Chemistry & 
Biochemistry, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, 
United States (2) Department of Pharmacology, Faculty of Pharmacy, 
University of Belgrade, Belgrade, Serbia (3) Department of Molecular 
Neurosciences, Medical University of Vienna, Vienna, Austria 

Recent reports suggest that GABAA receptors (GABAAR) which contain the α6 
subunit are found primarily in the granule cells of the cerebellum and the 
olfactory bulb. It has been reported that α6β2/3γ2 subtype selective ligands 
may be important in the treatment of trigeminal orofacial pain, 
neuropsychiatric disorders with sensori-motor gating deficits (such as tic 
disorders, certain symptoms of schizophrenia, obsessive compulsive disorder 
and attention deficit disorders), and depression, as well as migraine. Included 
in this report are the first in vitro metabolic and cytotoxicity studies as well as 
an in vivo assessment of locomotion, pharmacokinetic and other in vivo data 
on these functionally selective α6β2/3γ2 GABAAR ligands. In order to increase 
the duration of action of analogs, deuteration of the methoxy group of aryl-
pyrazoloquinolinones herein has been shown to improve the metabolic 
stability and bioavailability (via both oral and intraperitoneal administration) of 
these ligands, while their selectivity for the GABAAR α6 subtype was retained. 
Of a series of 45 analogs synthesized, DK-I-56-1 was identified as the lead 
compound with a substantially improved pharmacokinetic profile for further 
examination in behavioral and disease models to better understand the 
function of the GABAAR α6β2/3γ2 subtypes in physiological processes. In 
addition to expanding the SAR of functionally selective α6β2/3γ2 GABAAR 
ligands, these diazepam insensitive (DI) ligands were found to be non-
sedating in contrast to diazepam sensitive (DS) benzodiazepines (diazepam, 
alprazolam, etc). Moreover, these analogs were not cytotoxic, two properties 
of which, render them potential candidates for treatment of CNS disorders 
described above associated with the GABAAR α6β2/3γ2 subtypes. 
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Development of highly potent and selective inhibitors of DNA repair by 
8-oxoguanine DNA glycosylase (OGG1) 

Yuki Tahara, yuki.tahara.1014@gmail.com, Eric T. Kool. Stanford Univ, Palo 
Alto, California, United States 

The activity of DNA repair enzyme OGG1, which excises oxidized base 8-
oxoguanine from DNA, is closely related to mutagenesis, genotoxicity, cancer, 
and inflammation. To investigate the roles of OGG1-mediated repair in these 



pathways, we have undertaken the development of noncovalent small-
molecule inhibitors of the enzyme. Screening of library compounds using a 
recently developed fluorogenic 8-oxoguanine excision assay gave validated 
hit compounds, one of which was selected for further optimization. The 
structure-activity relationships of the hit compound were outlined by 
synthesizing a broad range of analogs. The optimized compound, SU0268, 
was shown to have low toxicity and was selective for inhibiting OGG1 over 
multiple repair enzymes, including other base excision repair enzymes. 
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Short and efficient access to very large non-peptidic macrocyclic space 
and applications to difficult targets 

Alexander Doemling, a.s.s.domling@rug.nl. Department of Drug Design, 
University of Groningen, Groningen, Netherlands 

Artificial macrocycles recently became popular as a novel search ground for 
drug discovery. As opposed to their natural twins, artificial macrocycles 
promise to have better control on synthesisability and control over their 
physicochemical properties resulting in drug-like properties. Very few 
synthetic methods allow for the convergent, fast but diverse access to large 
macrocycles chemical space. Here we will review multicomponent reaction 
technology with a focus on our work to access artificial macrocycles with 
potential biological activity. While there seems to be a MW cut-off of 1000 
Dalton for passive membrane transportation, there is also indication that 
specifically the macrocyclic space between 500 and 1000 Dalton is virtually 
unexplored but holds promise to harbour a large number of macrocycles with 
drug-like ADMET properties and therefore represents a vast opportunity for 
those prepared to venture into new territories of drug discovery. In our 
laboratory novel strategies are elaborated to synthetically access specifically 
the space of 500 to 1000 Dalton using convergent chemistries including MCR. 
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Virtual screening and MCR-based synthesis and characterisation of 
multiple scaffolds against p53-MDM2 

Alexander Doemling, a.s.s.domling@rug.nl. Department of Drug Design, 
University of Groningen, Groningen, Netherlands 

AnchorQuery is a specialized pharmacophore search technology recently 
introduced by us that brings interactive virtual screening of novel protein-
protein inhibitors to the desktop. Billions of one-step accessable novel 
compounds (MCR chemistry) form the basis of the library. In just seconds 
meaningfull compounds can be found against PDB information and 
resynthesized with a high hit rate in few days. Using AnchorQuery we have 
discovered multiple novel scaffolds based on MCR chemkistry which potently 
inhibit p53-MDM2 The found hits can be optimized to potent compounds in 
just a few round of synthesis and screening. These compounds we 
characterized by multiple physicochemical methods including cocrystal 
structure analysis. 
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Cystic fibrosis transmembrane conductance regulator protein (CFTR) 
correctors: Discovery and synthesis on THP series 

Bo Liu, bo.x.liu@abbvie.com, Xenia Searle, Clinton Yeung, Andrew Bogdan, 
Andrew Swensen, Ashvani Singh, Corina Balut, Yihong Fan, Arlene Manelli, 
Timothy Vortherms, Chris Tse, Philip R. Kym, Xueqing Wang. Discovery 
Chemistry and Technology, Abbvie, North Chicago, Illinois, United States 

Cystic fibrosis (CF) is a multi-organ disease of the lungs, sinuses, pancreas, 
and gastrointestinal tract, and is caused by dysfunction or deficiency of the 
cystic fibrosis transmembrane conductance regulator protein (CFTR), an 
epithelial anion channel that regulates salt and water balance in tissues and 
maintains homoeostasis of the airway surface liquid layer of the lungs. To 
address the most prevalent patient population (F508del mutation), two 
biomolecular modulators are required, namely correctors to increase properly 
folded CFTR levels at the cell surface, and potentiators to allow the effective 
opening of the CFTR channel. Combined, these activities allow chloride ion 
transport leading to improved hydration of the lung surface and subsequent 
enhancement of mucociliary clearance. Abbvie and Galapagos are 
collaborating to develop a series of compounds capable of performing each of 
these activities individually. 
 
In this presentation, we will disclose a new series of CFTR correctors with a 
tetrahydropyran scaffold. The synthesis effort and structure activity 
relationship (SAR) of these compounds will be described. These correctors 
became very useful tools to the understanding of CF biology. 
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Addressing the transient subpocket of tRNA-guanine transglycosylase 
(TGT) with an acetylenic vector 

Levon Movsisyan1, movlevon@gmail.com, Christoph Hohn1, Wieland 
Goetzke1, Engi Hassaan2, Gerhard Klebe2, Francois N. Diederich1. (1) Lab fur 
Org. Chemie, ETH Zürich, Zurich, Switzerland (2) Institut für Pharmazeutische 
Chemie, Philipps-Universität Marburg, Marburg, Germany 

The tRNA-guanine transglycosylase (TGT) enzyme controls the virulence 
of Shigella flexneri and can serve as a potential targent in the development of 
novel agents against shigellosis.1 The active site of the TGT is highly 
conserved in prokaryotic species, allowing to design inhibitors using 
crystallographic and biological data from homologous enzymes, such as TGT 
from Zinamommas mobilis.2 Additionally, the bindig pocket of the enzyme 
acquires remarkable flexibility, as revealed by MD calculations. 
 
For a series of benzimidazole-based ligands, co-crystal structures show a 
large movment of the loop in the active site of the TGT Z. mobilis and the 
openning of a new subpocket. The subpocket is filled with water molecules 
and has a volume of 340 Å3. 
 
Here, we present the synthesis of a series of 7,8-dihydro-7H-
imidazoquinazoline-based ligands substiyuted with a acetylenic vector 
targeting the subpocket. X-ray co-crystal structures conirmed that the ligands 
bind to the enzyme enantioselectively. The acetylene moiety replaces the 
water molecule solvating the Gly230 and Gln203 at the entrance of the 
subpocket. The energetic penalty of desolvation of glycine is partially 
compensated by NH…π interaction between the Gly230 backbone amide and 
the acetylene. 

 
 



 
Figure 1. Surface of the active site of TGT Z. mobilis with the newly opened 
subpocket (PDB: 5JT7). The subpocket is addressed by acetylene-substituted y,8-
dihydro-7H-imidazoquinazoline (1.85Å). 
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Human CAR activators as sensitizers of cyclophosphamide-based 
treatment for lymphomas 

Dongdong Liang, Linhao Li, Hongbing Wang, 
hongbing.wang@rx.umaryland.edu, Fengtian Xue, 
fengtian.x@gmail.com. University of Maryland, Baltimore, Maryland, United 
States 

Diffuse large B-cell lymphomas (DLBCLs) are the most common form of non-
Hodgkin’s lymphomas that arise from germinal center (GC) B-cells. Current 
standard treatment for DLBCL involves the CHOP regimen. CHOP can cure 
approximately 80% of GCB-type DLBCLs and 40% of ABC-DLBCLs. 
However, many patients had to stop this treatment due to the severe side 
effects associated with current dose of CHOP. Activation of 
cyclophosphamide, the key ingredient of CHOP, involves oxidative 
hydroxylation by CYP2B6, which is transcriptionally controlled by human 
constitutive androstane receptor (hCAR). It has been reported that induction 
of CYP2B6 by an hCAR activator CITCO improves the efficacy of 
cyclophosphamide in a human hepatocyte/lymphoma co-culture system. 
Using the chemical structure of CITCO as a template, we have synthesized 
new hCAR activators that showed excellent chemical stability, aqueous 
solubility, while maintaining high potency and specificity for hCAR activation. 



The new hCAR activators presented herein will have significant impact to the 
field because these efforts will lead to the identification of potential therapeutic 
agents for the treatment of DLBCLs and other tumors involving CHOP-based 
treatments. 
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Evaluation of nitroethylphosphonate as a molecular targeted inhibitor of 
Enolase for cancers with 1p36 homozygous deletions 

Victoria C. Yan2,1, yan22v@mtholyoke.edu, Hannah Butterfield2, Jeffrey 
Ackroyd2, Naima Hammoudi2, Steven W. Millward2, Florian Muller2. (1) Mount 
Holyoke College, South Hadley, Massachusetts, United States (2) The 
University of Texas MD Anderson Cancer Center, Houston, Texas, United 
States 

Precision oncology is currently restricted to activated oncogenes as drug 
targets, with tumor suppressor deletions remaining largely in-actionable. We 
developed a novel method that targets tumor suppressor deletions by 
exploiting vulnerabilities generated by the co-deletion of neighboring 
metabolic housekeeping genes with critical but normally redundant functions. 
Proof-of-principle studies were conducted for the glycolytic enzyme Enolase. 
Cancers harboring the homozygous deletion of 1p36-localized ENO1 remain 
metabolically active and viable through redundant action of its paralogue, 
ENO2. Inhibition of ENO2 in cancer cells harboring ENO1-homozygous 
deletion discriminately kills ENO1-deleted cells. In generating an extensive 
series of phosphoacetohydroxamate (PhAH) Enolase inhibitor derivatives, we 
have found the hydroxamate moiety both pharmacologically and synthetically 
problematic, as the polar, hydrogen bond donor in the hydroxamate greatly 
hinders cell and tissue permeability. Biochemical data in E. coli Enolase and 
molecular modeling suggest a nitro group would mitigate these limitations. In 
refashioning PhAH with a nitro, we generated nitroethylphosphonate (NEP) in 
a simple two-step reaction. Enolase inhibitory activity was measured in an in 
vitro enzymatic spectrophotometric assay. Where PhAH exhibits nM inhibitory 
activity, NEP exhibits low µM range inhibition. However, NEP is much more 
potent than PhAH in killing ENO1-deleted glioma cells in culture while still 
specifying for ENO1-deleted over ENO1-intact glioma cells. This high cell-
based potency via enhanced cell permeability of NEP may occur by the 
hijacking of the dicarboxylate transporters of succinate, a common metabolite 
bearing strong structural resemblance to NEP. With these encouraging 
results, the nitro-n-phosphonate skeleton presents an attractive, alternate path 



towards the development of an Enolase inhibitor clinical candidate for 1p36 
deleted tumors. 
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Quantitative structure-activity relationship applied of a series of 2-
anilinobenzamide derivatives as Sirtuin-2 selective compounds 
hematological cancers candidates 

Gustavo H. Trossini2, trossini@usp.br, Glaucio M. Ferreira2, Juliana G. 
Magalhães2, Vinícius G. Maltarollo3, Flavio Emery1. (1) FCFRP-USP, Ribeirao 
Preto - SP, Brazil (2) Farmácia, Faculdade de Ciências Farmacêuticas, Sao 
Paulo -SP, Brazil (3) Farmácia, Universidade Federal de Minas Gerais, Belo 
Horizonte, Minas Gerais, Brazil 

The epigenetic covalent modifications of DNA and chromatin proteins strongly 
affect gene expression and cellular activity. In case, epigenetic regulation 
occurs in several diseases, especially cancer. First generation drugs targeting 
the relatively promiscuous DNA methylation and histone acetylation modifiers 
have had successes in the treatment of hematological cancers. Among 
epigenetic targets, the silent information regulator 2 (Sir-2) protein and Sir2-
like proteins (SIRT1-7 sirtuins) are evolutionary conserved NAD+ dependent 
class III histone deacetylases and have shown as a target in drug design. A 
series of 75 compounds 2-anilinobenzamide derivatives were synthesized and 
tested as sirtuin-2 inhibitors as hematological cancers candidates. To 
evaluation the structure activity relationship (SAR) and understanding 
mechanism of action of the compounds QSAR studies were employed using 
HQSAR, CoMFA and CoMSIA methods. These strategies were applied to 
obtain a consensus between QSAR methods and suggest structural 
modifications in design new compounds more potent and selectivity. The 
compounds from 2-anilinobenzamide derivatives series were tested under the 
same experimental condition and employed in QSAR studies. Hierarchical 
cluster analysis was applied in division of the training (80 %) and test set 
(20%) of the compounds. This method was employed in order to maintain a 
homogeneous division of training/test set compounds and also to keep its 
structural/activity diversity in both subsets. HQAR model have presented best 
results using Atoms (A) and Connections (C) as descriptor, hologram length 
401 and fragment size 6-9 (r2=0.963 and q2=0.902). The CoMFA and CoMSIA 
models suggest very good statistical values (r2=0.981 and q2=0.898; r2=0.962 
and q2=0.875 respectively), and the maps suggest modifications and the 
same regions to obtain more potent and selectivity compounds. In summary of 
the QSAR models shows the main predicted contributions for Sir-2 inhibition 



and selectivity by HQSAR maps and CoMFA and CoMSIA contours that will 
be used in design of new Sir-2 inhibitors. 
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Discovery of novel KDM4B inhibitors to target periodontal disease 
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Discovery and Biomedical Science, Medical University of South Carolina, 
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Univeristy of South Carolina, Charleston, South Carolina, United States (6) 
Oral Biology, University at Buffalo, Buffalo, New York, United States 

Periodontal disease affects 46% of the adult American population and is 
characterized by bacterial-driven inflammatory bone loss. Traditional and 
emerging treatments for periodontitis management do not target the host 
immune response, which is the major source of tissue damage. The 
demethylation activity of lysine-specific demethylase 1 (KDM1A) at histone 3 
lysine 4 leads to a decrease in pro-inflammatory cytokine transcription. By 
contrast, lysine specific demethylase 4B (KDM4B) is a histone demethylase 
that specifically demethylates histone 3 trimethyllysine 9 (H3K9me3). We, and 
others, have demonstrated that cross talk between these two enzymes leads 
to a balanced system wherein H3K9 methylation serves as a prerequisite to 
H3K4 demethylation. KDM4B protein abundance is significantly higher in the 



periodontium of diseased patients compared to healthy controls. We 
postulated that promotion of KDM1A activity by introduction of a specific 
KDM4B inhibitor should alleviate PD by controlling the overactive immune 
system in diseased tissue, enabling the host to better manage the disease 
and prevent its recurrence. We recently identified ML324 as a pharmacologic 
inhibitor of KDM4B with an IC50 of 4.8 μM and an EC50 for 
immunosuppression of 31 μM. Pre-treatment of primary murine macrophages 
with Aggregatibacter actinomycetemcomitans lipopolysaccharide (AaLPS) 
induced pro-inflammatory cytokine transcription and translation. However, 
AaLPS-infected macrophages pre-treated with ML324 exhibited a significant 
reduction in this effect in both male and female animals. This effect occurs 
indirectly, requiring new protein synthesis, and occurs concomitantly with 
increased demethylation at H3K4. ML324 treatment was also able to 
significantly reduce LPS-induced osteoclastogenesis. We recently completed 
a virtual screen of a large compound libraries to identify additional scaffolds 
with high affinity for the KDM4B active site, resulting in identification of several 
compounds for hit-to-lead optimization. This presentation will outline our 
screening results, and the synthesis and biological evaluation of additional 
KDM4B inhibitors for use in PD treatment. 
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Opportunities for advanced computational modeling to greatly 
accelerate drug discovery 

Robert Abel, robert82a@gmail.com, Sathesh Bhat, Sayan 
Mondal. Schrödinger, New York, New York, United States 

Drug discovery is among the most challenging and costly of all scientific 
activities. Despite the enormous resources marshaled to discover novel small 
molecule drug therapies, it is estimated only one-third of drug discovery 
projects succeeds to send a molecule into clinical trails. Here we will briefly 
review what has lead to such an unsatisfactory success rate of preclinical 
drug discovery activities and will describe various opportunities for advanced 
computational modeling to improve preclinical drug discovery project 
effectiveness. Multiple illustrative applications from active drug discovery 
projects will be presented to support this view.  
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New inhibitors of BRD4 identified by combining fragment-based and 
HTS approaches 



Petro Borysko2, Olexander Vasylchenko1, Sergey Zozulya2, Yurii Moroz1, 
ysmoroz@gmail.com. (1) ChemBioCenter, National Taras Shevchenko 
University of Kyiv, Kyiv, Kyiv, Ukraine (2) Bienta, Enamine Ltd, Kyiv, Ukraine 

Fragment-based (FB) and high throughput screening (HTS) methods have 
been the major contributors to successful drug discovery programs. While 
most studies utilize one of the methods, a successive combination of two 
often affords potent hits screening relatively small compound library sets. We 
have performed a study utilizing advantages of both methods to find potent 
inhibitors of BRD4. 
Initially, we screened a diverse set of 3,695 fragment-like molecules utilizing 
differential scanning fluorimetry (DSF) and identified 73 confirmed shifters. 
Analysis of the stock revealed 3,200 drug-like derivatives of the active 
fragments. A DSF assay of the derivatives of the active fragments, their 
analogues (3,200 compounds selected by physicochemical profiles), and the 
derivatives of inactive fragments identified 108 hits (51, 26, and 31, 
respectively), 61 of which were confirmed by functional assay. The majority of 
hits with IC50 < 40 µM were from the active derivatives set (9), while those 
from the analogues and the inactive derivatives were 5 and 4, respectively. 
The confirmed hit compounds are dissimilar to the known BRD4 inhibitors and 
have favorable ADMET profiles. 
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Antimelanoma studies of novel pyrazole and fused thiazoline-
androstanedione derivatives 

Conrad Williams, conrad.williams@smail.astate.edu, Jedidiah Whitt, 
Christina Okolo, Mohammad A. Alam. Chemistry and Physics, Arkansas State 
University, Jonesboro, Arkansas, United States 

Melanoma is the most serious type of skin cancer. It is the 5-7th most 
common cancer in the United States and the incidence of this cancer is 
increasing rapidly. Other than the skin, this cancer can also develop in eyes 
and in internal organs such as intestines. The risk of melanoma is higher in 
people under 40, especially in Caucasian women. In 2011, about 9,000 
Americans died from this disease and the number is expected to rise up to 
10,130 in 2016. In 2011, melanoma incidence and death rates were 19.7 and 
2.7 per 100,000, respectively. The cost of treating of newly diagnosed 
melanomas will increase from $457 million in 2011 to $1.6 billion in 2030. 
Additional efforts are required to prevent the incidence, death, and health care 
cost of this disease. Development of new therapeutic options is urgently 



needed to treat this rapidly rising malignancy. Pyrazole is a two nitrogen-
containing heterocycle. N-phenyl and 1,2-diphenyl pyrazole derivatives are 
privileged structures in drug development. Many pyrazole-derived drugs are 
among the best-selling medicines. They are pharmaceutically attractive 
because of their high potency, metal chelation property, specificity towards 
enzymes, broad spectrum of bioactivity, solubility, stability, and low toxicity. 
Antitumor activities of pyrazole derivatives are known to result from their 
inhibitory activities against BRAFV600E, EGFR, telomerase, ROS receptor 
tyrosine kinase, and many other kinases. Crizotinib, a pyrazole derivative, is 
an ALK (anaplastic lymphoma kinase) and ROS1 (c-ros oncogene 1) inhibitor 
and it has been approved to treat non-small cell lung cancer. We have found 
several pyrazole and fused thiazoline-androstanedione based novel 
molecules as potent cytotoxic agents several melanoma cell lines. In this 
presentation, we will present the synthesis and cytotoxic studies of several 
novel molecules against several melanoma cell lines. 
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Design and synthesis of novel OSW-1 scaffolds as precision cancer 
therapeutic agents 

Anh T. Le2, le.anh@ou.edu, Cori Malinky1, camalinky@ou.edu, Anthony 
Burgett3. (1) Chemistry and Biochemistry, The University of Oklahoma, 
Norman, Oklahoma, United States (2) Chemistry and Biochemistry, University 
of Oklahoma, Norman, Oklahoma, United States 

The anti-proliferative natural product compound OSW-1 functions through 
binding to the oxysterol-binding protein family (OSBP/ORPs). There are 
twelve OSBP/ORP proteins present in humans and these related proteins are 
reported to have different tissue distribution patterns and multiple different 
biological activities. The ORP4 protein is selectively expressed in only some 
types of cancer and this protein has recently been reported to be critical in 
cancer cell energetics and proliferation. Therefore, ORP4 is a potential 
precision drug target for some types of cancer. The OSW-1-compound is a 
high affinity ligand for the ORP4 protein. Our work will use the synthesis of 
OSW-1 and derivative analog compounds to accomplish two goals: 1) we will 
design and make novel OSW-1-compound as molecular probes to study the 
cellular function of the OSBP/ORP proteins, especially ORP4; 2) we will 
develop a synthesis route to produce a library of simplified OSW-1-derived 
compounds with improved selectively and pharmacological properties. 
Through these studies, we will define the structure-activity relations (SAR) of 
the OSW-1-compound for binding to ORP4, and we will seek to identify new 



ORP4 specific binding compounds with improved drug-like properties for 
potential further development as precision cancer therapeutic agents. 
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Design, synthesis, and evaluation of selective inhibitors of mono-(ADP-
ribosyl)transferase, PARP-10 

Caitlin McCadden2, cam018@mcdaniel.edu, Ryan Grant2, Ann-Gerd 
Thorsell1, Jacob Holechek2, Robert Lease2, Tobias Karlberg1, Herwig 
Schuler1, Dana Ferraris2. (1) Karolinska Institutet, Stockholm, Sweden (2) 
Chemistry, McDaniel College, Eldersburg, Maryland, United States 

Poly-(ADP-ribose) polymerases (PARPs) and mono-(ADP-
ribosyl)transferases are members of a superfamily of enzymes that catalyze 
the transfer of ADP-ribose onto target proteins. Inhibitors of PARP1, the 
parent member of the superfamily, have advanced the cancer treatment 
against tumor types that are deficient in certain DNA repair mechanisms. 
While PARP1 was the first member of the family that was characterized, there 
are currently 17 other members of the PARP family, many of which are 
uncharacterized. One of the other members of the family is the mono-(ADP-
ribosyl)transferase, PARP10 (a.k.a. ARDT10). This enzyme has been 
implicated in the regulation of gene transcription, genomic stability and DNA 
repair via the addition of ADP-ribose to histones. While knockdown data 
indicate that PARP-10 may be a viable drug discovery target, a selective 
PARP10 inhibitor could be useful as a probe compound to further validate this 
target and would provide discovery groups with optimizable leads for cancer 
therapy. The overall goal of the research was to modify a series of diaryl-
ethers in order to improve the potency and selectivity towards PARP10 and 
enhance the drug-like properties of members of this series. Crystallographic 
data of a closely related member of the superfamily, PARP14, allowed us to 
design analogs with submicromolar inhibition against PARP10 and over 10-
fold selectivity over other closely related members of the PARP family. 
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Design, synthesis and evaluation of PARP14 inhibitors as biological 
probes for target validation 

Kristen Upton2, kau002@mcdaniel.edu, Ann-Gerd Thorsell1, Tobias 
Karlberg1, Matthew Meyers2, Jacob Holechek2, Robert Lease2, Herwig 



Schuler1, Dana Ferraris2. (1) Karolinska Institutet, Stockholm, Sweden (2) 
Chemistry, McDaniel College, Eldersburg, Maryland, United States 

Mono-ADP-ribosylation is an established post-translational modification 
catalyzed by the diphtheria toxin-like ADP-ribosyltransferase family of 
enzymes (i.e. ARTD or PARP family of enzymes). One of the most intriguing 
mono-(ADP-ribosyl)transferases is PARP14 (a.k.a. ARTD8). This enzyme is 
up regulated in multiple myeloma and is associated with disease progression 
and poor survival rates implicating this enzyme as a potential drug discovery 
target. Herein we describe a series of drug-like small molecule inhibitors 
focused on inhibiting PARP14 in a selective manner. In this poster we present 
the synthesis, in vitro evaluation and crystallographic data of a series of amino 
benzamide derivatives as PARP14 inhibitors. Several members of this series 
exhibit sub-micromolar potency against PARP14 and possess good 
physicochemical properties and moderate selectivity over other members of 
the PARP superfamily. Metabolic stability and kinetic aqueous solubility of 
selected members of this series will be presented in this poster as 
representative probe compounds for PARP14 inhibition.  
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Rational design and synthesis of potent and aqueous soluble bis-amino 
alcohol dimeric naphthoquinones with activity against acute myeloid 
leukemia cells 

Elijah Williams1, etw003@mcdaniel.edu, Riley Palmer1, 
rmp005@mcdaniel.edu, Brandon Carter-Cooper2, Smaraki Dash2, Phuc 
Truong1, Ashkan Emadi2, Rena Lapidus2, Dana Ferraris1. (1) Chemistry, 
McDaniel College, Eldersburg, Maryland, United States (2) University of 
Maryland School of Medicine, Baltimore, Maryland, United States 

Survival rate of acute myeloid leukemia (AML) is still poor underscoring the 
need for innovative treatments with novel mechanisms of action. To this end, 
we have regioselectively synthesized dimeric naphthoquinone (BiQ) 
analogues possessing anti-AML activity. Here, we report the rational design 
and synthesis of a series of BiQs that contain aminohydroxyl moiety on one or 
both naphthoquinone cores. These compounds, compared with the first and 
second generation BiQs, have superior chemical stability, improved aqueous 
solubility and are more potent (nanomolar range) against AML cells 
particularly the cells with FLT3-ITD mutations. In this poster, structure activity 
studies, solubility and metabolic stability data of lead compounds will be 
presented. 
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Synthesis and evaluation of novel belactosin A/carfilzomib hybrids as 
proteasome inhibitors 

Norma K. Dunlap, Mahesh Yadab, mky2g@mtmail.mtsu.edu, Conner Moss, 
Katherine Sampuda, Lynn Boyd. Middle Tenn State Univ, Murfreesboro, 
Tennessee, United States 

There are a limited number of proteasome inhibitors that are successful as 
anticancer agents. All are peptide-like compounds containing a warhead for 
covalent or slowly reversible inhibition. Warheads include epoxyketones 
(carfilzomib), boronic acids (bortezomib) and b-lactones (belactosin A and 
salinosporamide). We have designed a series of inhibitors that combine the 
cyclopropyl peptide found in belactosin A with the epoxy ketone of carfilzomib. 
An efficient synthesis of cyclopropyl peptidomimetics has been developed in 
our laboratory, with the key step being the cyclopropanation of amino-acid 
derived enones to access both nitro-cyclopropyl and ester-cyclopropyl 
peptidomimetics. This has now been extended to a series of Weinreb-amide 
cyclopropyl peptidomimetics that have been converted to epoxy ketones, as 
hybrid analogs of belactosin A and carfilzomib. The cyclopropyl epoxy 
ketones, as well as truncated analogs are active in both an in vitro and 
phenotypic assay for proteasome inhibition.  
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Structural modifications of the N-terminal Hx-moiety in HxIP: Effects on 
DNA binding, cellular uptake, and gene expression 

Vijay Satam3, Luke Pett4, Pravin Patil3, Jeffrey Sweers3, Michael Bowerman3, 
Sam Tzou3, Kevin Olson3, Megan Lee3, Konstantinos Kiakos4, John 
Hartley4, Moses Lee1,2, mosesl@murdocktrust.org. (1) Program Director for 
Science Grants Programs, M. J. Murdock Charitable Trust, Vancouver, 
Washington, United States (2) Chemistry, Georgia State University, Atlanta, 
Georgia, United States (3) Chemistry, Hope College, Holland, Michigan, 
United States (4) Oncology, UCL Cancer Institute, London, United Kingdom 

Pyrrole (P) and imidazole (I) polyamides can be tailored to bind selectively as 
a stacked antiparallel dimer in the minor groove of almost any DNA 
sequences of 6 to 8 bases long. A stacked I/P pairing recognizes a C.G base 
pair or vice versa, and a P/P pairing recognizes either an A.T or T.A base pair. 
An I/I pairing prefers a T.G mismatched pair but it tolerates a C.G or G.C base 



pair. Recently, our group introduced the Hx-amides that contain a 
fluorescent p-anisylbenzimidazole (Hx) DNA recognition element capable of 
efficient nuclear localization and in vitro gene regulation. The Hx moiety 
behaves similarly to two consecutive PP units. Hx-amide HxIP, targets the 5’-
TACGAT-3’ sequence overlapping the inverted CCAAT Box 2 (ICB2) on the 
topoisomerase II alpha promoter, and it inhibits the repressive binding of 
transcription factor NF-Y, causing re-stimulation of gene expression and 
increased cellular sensitivity to etoposide. In this study eight phenyl analogs of 
the Hx moiety (including Hx itself) were designed and synthesized to optimize 
the drug-like properties of HxIP. The synthesis of the analogs, their DNA 
binding properties, as well as their ability to inhibit NF-Y from binding ICB2 
and re-stimulate the expression of topo II alpha in confluent cancer cells will 
be presented. 
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Synthesis of PSB-12054 and its analogs as new potential P2X4 receptor 
antagonists 

Min Wang, Mingzhang Gao, migao@iupui.edu, Jill A. Meyer, Jonathan S. 
Peters, Hamideh Zarrinmayeh, Paul Territo, Gary D. Hutchins, Qi-Huang 
Zheng. Department of Radiology and Imaging Sciences, Indiana University 
School of Medicine, Indianapolis, Indiana, United States 

The purinergic P2X receptors are a family of cation-permeable ligand gated 
ion channels that open in response to the binding of extracellular adenosine 
50-triphosphate (ATP). This ionotropic receptor family contains seven 
subunits P2X1-7. P2X receptors are involved in various physiological 
processes and associated with a variety of diseases including cancer, 
cardiovascular and neurological diseases. P2X4 receptor is a predominant 
subtype expressed on immune and neural cells. The over expression of P2X4 
receptor is linked to neuroinflammation, which is an essential step in the 
progression of brain diseases. P2X4 receptor has become a novel molecular 
target for treatment and PET (positron emission tomography) imaging of 
neuroinflammation and associated brain diseases such as Alzheimer’s 
disease. We are interested in the development of PET P2X4 receptor 
radioligands. We have previously synthesized radiolabeled 5-BDBD analogs 
as new candidate PET radioligands for P2X4 receptor, but the preliminary 
biological evaluation of radiolabeled 5-BDBD analogs indicated these new 
radioligands only have similar biological activity with their parent compound 5-
BDBD, and thus more potent P2X4 receptor radioligands remain to be 
developed. PSB-12054 (benzyl-10H-phenoxazine-10-carboxylate) is a 



recently reported potent and selective P2X4 receptor antagonist with IC50 189 
nM and good selectivity versus the other human P2X receptor subtypes. Here 
we present the design and synthesis of a series of PSB-12054 analogues as 
new potential P2X4 receptor antagonists (ligands). PSB-12054 and its 
analogs 4-methoxybenzyl-10H-phenoxazine-10-carboxylate (4-MeO-PSB-
12054), 2-fluorobenzyl-10H-phenoxazine-10-carboxylate (2-F-PSB-12054), 3-
fluorobenzyl-10H-phenoxazine-10-carboxylate (3-F-PSB-12054), and 4-
fluorobenzyl-10H-phenoxazine-10-carboxylate (4-F-PSB-12054) were 
synthesized from commercially available 10H-phenoxazine with triphosgene 
and substituted BnOH in 2 steps with 6-36% overall chemical yield. Synthesis 
and biological evaluation of carbon-11 and fluorine-18 labeled PSB-12054 
analogues (4-[11C]MeO-PSB-12054, 2-[18F]F- PSB-12054, 3-[18F]F- PSB-
12054 and 4-[18F]F- PSB-12054) as new PET P2X4 receptor radioligands are 
currently underway. 
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Discovery of novel 5-oxa-2,6-diazaspiro[3.4]oct-6-ene derivatives as 
potent, selective, and orally available somatostatin receptor subtype 5 
(SSTR5) antagonists for treatment of type 2 diabetes mellitus 

Hideki Hirose1, hideki.hirose@scohia.com, Takeshi Yamasaki2, Tohru 
Yamashita2, Masaki Ogino1, Ryo Mizojiri2, Nobuyuki Takakura2, Sachie 
Morimoto2, Takashi Nakahata2, Asato Kina2, Yumiko O. Tamura2, Jun 
Sugama1, Hiroaki Yashiro2, Yo Muraki2, Yoshihide Nakano2, Akito Hata2, 
Tomoyuki Odani2, Yuji Shimizu2, Shinji Iwasaki2, Masanori Watanabe1, 
Tsuyoshi Maekawa1, Shizuo Kasai1. (1) Research & Development Division 
Medicinal Chemistry Laboratory, Scohia Pharma, Inc., Fujisawa, Kanagawa, 
Japan (2) Research Division, Takeda Pharmaceutical Co. Ltd., Fujisawa, 
Kanagawa, Japan 

Somatostatin receptor subtype 5 (SSTR5) has emerged as a novel attractive 
drug target for type 2 diabetes mellitus. Starting from N-benzyl azetidine 
derivatives 1 and 2 as in-house hit compounds, we explored the introduction 
of a carboxyl group into the terminal benzene of 1 to enhance SSTR5 
antagonistic activity by the combination of the substituents at the 3-position of 
the isoxazoline. Incorporation of a carboxyl group at the 4-position of the 
benzene ring resulted in a significant enhancement in potency, however, the 
4-benzoic acid derivative exhibited moderate human ether-a-go-go related 
gene (hERG) inhibitory activity. A subsequent optimization study revealed that 
replacement of the 4-benzoic acid with an isonipecotic acid dramatically 
reduced hERG inhibition by eliminating π–related interaction with hERG 



K+ channel, and that modification of biphenyl units improved PK profiles as 
well as potency, which resulted in the identification of 1-(2-((2-Chloro-6-
cyclopropyl-4’-fluoro-3-methoxybiphenyl-4-yl)methyl)-5-oxa-2,6-
diazaspiro[3.4]oct-6-en-7-yl)-4-methylpiperidine-4-carboxylic acid 3 (hSSTR5 / 
mSSTR5 IC50 = 6.2 / 25 nM). Oral administration of 3 in high-fat diet fed 
C57BL/6J mice augmented insulin secretion in a glucose-dependent manner 
and lowered blood glucose concentration. In this presentation, we will 
describe the design, synthesis, and pharmacological effect of 5-oxa-2,6-
diazaspiro[3.4]oct-6-ene derivatives as potent and orally bioavailable SSTR5 
antagonists. 
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Discovery of furanone derivatives as potent BRAF inhibitors 

Dong Liu1, chicago_liu@hotmail.com, Jiayin Zhang1, Ru Shen1, Liuqing 
Yang1, Jianfeng Wang2, Lei Zhang2, Aishen Gong2, Biao Lu2, Yinfa Yan1, 
Qiming Sun2, Hong Wan2, Pangke Yan2, Lianshan Zhang2, Jingsong Cao1, 
Minsheng Zhang1. (1) Eternity Bioscience Inc, Cranbury, New Jersey, United 
States (2) Shanghai Hengrui Pharmaceutical Co. LTD. , Shanghai, China 

The oncogenic mutation of BRAF (V600E) has been found to be a critical 
driver of uncontrolled cell proliferation in 8% of all human cancers, including 
more than 60% of melanoma, 45% of papillary thyroid cancer, 10% of 
colorectal cancer, 10% of ovarian cancer, and a smaller subset of many other 
common cancers such as lung and breast cancers. It is one of the best 
validated drug targets for targeted cancer therapy and BRAF-specific small 
molecule inhibitors such as Vemurafenib (PLX-4032) and Dabrafenib (GSK-
2118436) have been approved by FDA. 



We have discovered a series of furanone derivatives as potent BRAF 
Inhibitors through structure-guided approach. Upon rational design and 
Structure-Activity Relationship (SAR) exploration, we identified our top 
candidate EBI-945, which exhibited high potency against BRAF(V600E) and 
remarkable selectivity against a panel of diverse kinases. It also showed a 
superior in vivo efficacy in BRAF(V600E)-driven xenograft model when 
compared with both Vemurafenib and Dabrafenib. No toxicities were observed 
in rodents and canines with prolonged oral administration and sustained 
exposure for two weeks. 
In this presentation, we will discuss the discovery of the initial lead, further 
optimizations to identify EBI-945 and its in vitro, in vivo data. 

MEDI 135 

Amino acids derived multifunctional N-, S-doped carbon dots for 
biomedical applications 

Selin Sagbas1, sagbasselin@gmail.com, Coskun Silan3, 
csilan@hotmail.com, Nurettin Sahiner1,2, sahiner71@gmail.com. (1) 
Chemistry, Canakkale Onsekiz Mart University, Canakkale, Turkey (2) 
Physics & Engineering Physics, Tulane University, New Orleans, Louisiana, 
United States (3) School of Medicine, Department of Pharmacology, 
Canakkale Onsekiz Mart University, Canakkale, Turkey 

Carbon dots (CDs) doped with nitrogen (N) and sulfur (S) atoms were 
synthesized in a single step by means of microwave synthesis using citric acid 
as carbon source in the presence of various amino acids such as lysine, 
arginine, cysteine, histidine, and methionine. The optical properties and 
photoluminescence (PL) performance, and quantum yield (QY) of these CDs 
were investigated by using UV-Vis and Fluorescence spectroscopy 
measurements at the different pH conditions. These kinds of CDs can great 
potential in bioimaging and bio-sensing applications. The size of the prepared 
CDs was analyzed by transmission electron microscope (TEM), and Dynamic 
light scattering (DLS) studies. Further characterization of CDs were done by 
zeta potential measurements, thermogravimetric analyzer (TGA) and FT-IR 
spectroscopy. The blood compatibility of CDs was done by using hemolysis 
and blood clotting tests. The cytotoxicity of CDs was also investigated using 
apoptotic and necrotic cell index measurements on the fibroblast and 
cancerous cell lines. 

  



MEDI 136 

Adenosine-functionalized biodegradable PLA-B-PEG nanoparticles 
block osteoarthritis in rats 

Xiuling Liu, xl1727@nyu.edu. Tandon School, New York University, New 
York CIty, New York, United States 

Many small molecules are very useful therapeutic agents although their 
efficacy may be limited by short biologic half-lives. Here we report the activity 
of three adenosine-functionalized PLA-b-PEG biodegradable nanoparticles for 
use as adenosine receptor agonists. Using click chemistry, PLA-b-PEG-
N3 block copolymers were connected to adenosine at the 3',4'-OH, 5'-OH, and 
6-NH2 positions with an acetylene group. When stimulaiton of adenosine 
receptors was carried out in RAW264.7 cells, only nanoparticles in which the 
PEG was bound to the adenosine on the 3',4' -OH incluced cellular cAMP 
increases in an adenosine A2A and A2B receptor-mediated manner. These 
nanoparticles were then tested in a rat model of post-traumatic osteoarthritis; 
intra-articular injection of adesosine nanoparticles prevented the development 
of osteoarthritis in this model. These studies suggest that attachment of 
adenosine to biodegradable nanoparticles provides a novel approach to 
achieving prolonged therapeutic effects. 
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Marine natural product manzamines as novel Herpes simplex virus 
Type-1 inhibitors 

Jayavardhana R. Palem1, Mudit Mudit2, muditm@dyc.edu, Shao-chung V. 
Hsia3, Khalid A. El Sayed1. (1) Department of Basic Pharmaceutical Sciences, 
College of Pharmacy, University of Louisiana at Monroe, Monroe, Louisiana, 
United States (2) Department of Pharmaceutical, Social and Administrative 
Sciences, D’Youville School of Pharmacy, Buffalo, New York, United States 
(3) Department of Pharmaceutical Sciences, University of Maryland Eastern 
Shore School of Pharmacy, Princess Anne, Maryland, United States 

Herpes simplex virus type-1 (HSV-1) is a member of α-herpesviridae family, 
which cause contagious human infections. The marine habitat is a rich source 
of structurally unique bioactive secondary metabolites; therefore, a small 
library of marine natural product classes has been screened to discover a new 
hit entity active against HSV-1. Manzamine A (1) showed the most potent 
activity against HSV-1 via targeting the viral gene ICP0. Manzamine A is a β-



carboline alkaloid isolated from the Indo-pacific 
sponge Acanthostrongylophora and several other species. Currently, acyclovir 
is the drug of choice for HSV-1 infections. Compared to 50 µM acyclovir, a 1 
µM treatment of manzamine A produced potent repressive effects on viral 
replication and release of infectious viruses in SIRC cells. The potent anti-
HSV-1 activity of manzamine A prompted a preliminary SAR study by testing 
multiple manzamines. These included 1) 8-hydroxymanzamine A (2), to test 
the effect of the C-8 hydroxy substitution at the β-carboline moiety, 2) 
manzamine E (3), to assess the importance of substitution at the 
azacyclooctane ring, and 3) ircinal A (4), to determine whether the β-carboline 
ring is required for the activity. Manzamine A was chemically transformed to 
its salt forms, manzamine A monohydrochloride (5) and manzamine A 
monotartarate (6), to test whether or not improving water solubility and 
hydrophilicity would positively affect the activity. Compounds were tested for 
activity against HSV-1 using fluorescent microscopy and plaque assay. The 
results showed reduced anti-HSV-1 activity of 2, suggesting that C-8 hydroxy 
substitution might adversely affect the activity. Similarly, 
manzamines 3 and 4 showed no activity against HSV-1, indicating the 
preference of the unsubstituted azacylcooctane and β-carboline rings, 
respectively, to the activity. Anti-HSV-1 activity was significantly improved for 
the manzamine A salts 5 and 6, suggesting that improving the overall water 
solubility as salt forms can significantly enhance the activity. The manzamine 
entity has a significant potential for development of future anti-HSV-1 drugs. 
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Design, synthesis and application of novel building blocks to “Escape 
the Flatland” in medicinal chemistry 

Pavel Mykhailiuk, pavel.mykhailiuk@gmail.com, Yurii Dmytriv, Igor 
Komarov. Chemistry, Enamine Ltd, Kiev, Ukraine 

Given the modern trend in medicinal chemistry – “Escape the Flatland” – 
saturated 3D-shaped building blocks do play an important role. Compared to 
their aromatic 2D-shaped counterparts, the saturated analogues usually 
possess higher water solubility, higher activity and lower toxicity. 
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[2+2]-Photochemical synthesis and application of bicyclic amines: 
Advanced building blocks for medicinal chemistry 

Tetiana Dryzhenko, Aleksandr Denisenko, Pavel Mykhailiuk, 
pavel.mykhailiuk@gmail.com. Chemistry, Enamine Ltd, Kiev, Ukraine 

“Conformational restriction” concept has already gained a considerable 
attention in medicinal chemistry. Scientists are looking more and more now on 
3D-shaped saturated building blocks. In this context, intrinsically 
conformationally rigid bicyclic amines seem to be promising for drug 
discovery. For example, Belaperidone - a drug candidate of Abbott - bearing a 
residue of a bicyclic amine, reached phase II of clinical trials 
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Synthesis and application of unnatural Proline analogues: Advanced 
building blocks for medicinal chemistry 

Violetta Dolovanyuk, Ivan Kondratov, Pavel Mykhailiuk, 
pavel.mykhailiuk@gmail.com. Chemistry, Enamine Ltd, Kiev, Ukraine 

L-Proline is a natural amino acid playing an important role in drug discovery 
as a cheap chiral bifunctional building block. In this context, over the past 
decade unnatural analogues of Proline also became extremely popular. For 
example, in 2010 Gilead launched Ledipasvir – a drug bearing the residues of 
two unnatural analogues of L-Proline 
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In vitro drug release studies for the treatment of TNBC and pancreatic 
cancers from natural derivated polymeric micro- and nano-particles 

Ferah Comert Onder2, Selin Sagbas2, Mehmet Ay2, Bulent Ozpolat4, Nurettin 
Sahiner2, sahiner71@gmail.com. (2) Chemistry, Canakkale Onsekiz Mart 
University, Canakkale, Turkey (4) MD Anderson Cancer Center, University of 
Texas, Houston, Texas, United States 

Triple-negative breast cancer (TNBC) and pancreatic cancers are aggressive 
malignancies that respond poorly to treatments and is associated with high 
rates patient deaths despite surgery and adjuvant chemotherapy. Recently, 
potent EF2K inhibitors were tested in vitro and in vivo (mice models) of TNBC 
and pancreatic cancer models using siRNA or microRNA based gene 
silencing strategy. For this purpose, natural polymeric micro- and nano-
particles derivated from hyaluronic acid were synthesized by crosslinking 
reaction with divinylsulfone (DVS) as an anticancer drug carrier vehicle for in 
vitro release studies. Various coumarinyl chalcones that are synthesized as 



EF2K inhibitors such as 2 (a preliminary test compound) and 14A-17A were 
loaded into HA micro- and nano-particles. The in vitro cumulative release from 
HA based carrier were evaluated by using UV-Vis spectroscopy at 
physiological conditions at pH 7.4 in phosphate buffer solution (PBS) and at 
37.5 °C. 
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Design, synthesis, and bioactivity of small molecule leads for the 
treatment of oculovascular diseases 

Xiaozheng Dou1, xzdou@ou.edu, Dinesh Nath1, Gaotao Deng2, YoungHwa 
Shin2, Jian-Xing Ma2, Adam S. Duerfeldt1. (1) Department of Chemistry & 
Biochemistry, University of Oklahoma, Norman, Oklahoma, United States (2) 
Department of Physiology, University of Oklahoma Health Sciences Center, 
Oklahoma City, Oklahoma, United States 

Worldwide, over 400 million people have been diagnosed with diabetes 
mellitus. Diabetic retinopathy (DR) affects >30% of diabetics and represents 
the leading cause of working class blindness in both the industrialized and 
developing nations. Despite a range of treatment options (i.e., laser 
photocoagulation, blood-glucose regulation, corticosteroids and anti-vascular 
endothelial growth factor (VEGF) injections), the ability to address the 
complex nature of DR remains a significant challenge. Surgical methods are 
irreversibly destructive and the standard of care (i.e., anti-VEGF therapy) 
suffers from the requirement of frequent injections, high cost, limited access in 
developing countries, and must be administered by healthcare specialists. 
Therefore, a critical need exists to develop readily accessible, and topically or 
systemically available DR treatments. Of particular importance is the 
development of therapies that simultaneously address the inflammation and 
neovascularization events involved in DR etiology. Our recent studies 
demonstrate that activation of peroxisome proliferator-activated receptor alpha 
(PPARα) is a promising strategy for the treatment of DR and related 
oculovascular conditions (e.g., age-related macular degeneration). In a recent 
study, we identified a carboxylated phenylquinoline as a novel PPARα agonist 
chemotype and demonstrated efficacy of this hit in DR animal models. This 
poster will detail the hit to lead progression of this novel PPARα activating 
scaffold. 
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Aryl galactosides targeting FmlH antagonists for the treatment of urinary 
tract infections (UTIs) 

Amarendar Reddy Maddirala2, amarendher@gmail.com, Vasilios Kalas3,4, 
Ryan Chugani2, Michael E. Hibbing3, Jerome S. Pinkner3, Scott J. Hultgren3,4, 
James W. Janetka1,4. (1) Biochemistry and Molecular Biophysics, Washington 
University School of Medicine, Saint Louis, Missouri, United States (2) 
Biochemistry and Molecular Biophysics, Washington University in St. Louis 
School of Medicine, ST. LOUIS, Missouri, United States (3) Department of 
Molecular Microbiology, Washington University School of Medicine, St. Louis, 
Missouri, United States (4) Center for Women’s Infectious Disease Research, 
St. Louis, Missouri, United States 

Uropathogenic Escherichia coli (UPEC) is the predominant causing agent of 
urinary tract infections (UTIs). A significant number of urinary tract infections 
in women treated with antibiotics and due to the resistance of antibiotics, 
treatment UTIs has becomes a serious global clinical challenge and the 
importance of alternative therapeutic development must be needed. 
 
UPEC strains have notable virulence factors that allow entry and 
establishment in the human host results the UTIs. Among the all UPEC 
express CUP pili, the F9/Yde/Fml pilus called Fml adhesion called FmlH to 
bind Gal-β1-3-GalNAc (Tf) epitope-containing bladder epithelial receptors, 
induced upon inflammation during chronic, unresolved UTI. 
 
We rationally designed the small-molecule aryl galactosides that specifically 
bind and inhibit the function of the FmlH (lectin). A combination of structure-
guided design, virtual screening, and the ELISA-based assay led to the 
discovery of lead candidate. Using the X-ray structure of FmlH and virtual 
screening, new FmlH ligands, including O-nitro phenyl-β-galactoside (ONPG) 
were identified. Subsequently, the X-ray structures of Galβ-1-3-GalNAc (Tf) 
epitope and ONPG bound to FmlH reveals the further design of FmlH ligands 
and in which the β-GalNAc-biaryl analogs provided binding affinities in 
multiple folds higher than ONPG, as determined by an ELISA binding assay. 
This structure-guided design, synthesis and biological evaluation of β-GalNAc-
biaryl analogs provided promising and further studies. 
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Coumarin-based analogues of schweinfurthins 



Chloe M. Schroeder2, chloe-schroeder@uiowa.edu, Patrick Dey2, John A. 
Beutler1, David F. Wiemer2. (1) Bldg 560-1 Rm 11-74A, Frederick National 
Lab, Frederick, Maryland, United States (2) Chemistry, University of Iowa, 
Iowa City, Iowa, United States 

The schweinfurthins, a group of meroterpenoids isolated from terrestrial plants 
of the genus Macaranga, have been of interest for their antiproliferative 
activity in the 60-cell assay of the National Cancer Institute. The natural 
products, e.g. schweinfurthin A (1) and B (2), are based on a stilbene motif 
that can be assembled through a Horner-Wadsworth-Emmons olefination that 
joins “left” and “right” halves in formation of the central olefin. Previous studies 
have shown that the D-ring is more tolerant of modification than the 
hexahydroxanthene that constitutes the ABC ring system. To gain more 
insight into structure activity relationships, and to obtain derivatives that might 
be useful in studies of the biological mechanism(s) of action, we now have 
explored formal replacement of the D-ring with a coumarin moiety (e.g. 3). 
The synthesis of these new analogues is based on a late stage formation of a 
coumarin-based right half through a Knoevenagel condensation of a D-ring 
aldehyde with a derivative of ethyl acetoacetate. The details of the synthesis, 
together with the results of preliminary bioassays, will be presented. 
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Synthesis and biological evaluation of 2,7-difluoropyronins 

Brandon E. Walls2, essexgatison@yahoo.com, Fadel Boumelhem2, Zachary 
Woydziak1. (1) Physical and Biological Sciences, Nevada State College, 
Henderson, Nevada, United States (2) Physical and Life Sciences, Nevada 
State College, Las Vegas, Nevada, United States 

Pyronins are fluorescent molecules used as staining agents for nucleic acids, 
and in particular dsRNA. While pyronins have a high affinity for dsRNA, 
commercially available pyronins Y and B are plagued with a number of 



problems including low fluorescence intensity, susceptibility to 
photobleaching, and poor synthetic yields which result in these molecules 
being sold typically as technical grades <60% purity. In prior studies, for 
similar xanthene based fluorophores, it has been shown that the installation of 
fluorine atoms at the 2 and 7 positions has improved the overall photophysical 
properties of the compound, including resistance to photobleaching. In this 
project, we have developed a reliable, scalable, and moderate to high yielding 
(typically 50-99% for each synthetic step) six step synthetic route for a small 
library of ten 2,7-difluorinated pyronin derivatives. We have additionally 
obtained the characterization and photophysical properties for each of these 
pyronin derivatives. Generally, this class of fluorescent molecules (λex = 520-
550, λem 530-570) have high molar absorbtivities (ε = 30,000-60,000 L mol-
1 cm-1) and quantum yields (typically >0.5). We additionally report 
photobleaching and other confocal microscopy studies of these molecules in 
HeLa cells. 
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Discovery of the orally-active irreversible LSD1 inhibitor 1-morpholino-3-
(4-(((1R,2S)-2-phenylcyclopropyl)amino)piperidin-1-yl)propan-1-one 
(MRTX1519) with antitumor activity 

Marx A. Marx1, marxm@mirati.com, Ruth M. Aranda1, David M. Briere1, 
James G. Christensen1, Lars D. Engstrom1, Peter Olson1, Niranjan Sudhakar1, 
Arkadii Vaisburg2, Jeff W. Winkelman1. (1) Mirati Therapeutics, San Diego, 
California, United States (2) Crocus Laboratories, Montreal, Quebec, Canada 

Lysine-specific histone demethylase 1A (LSD1) is a flavin-dependent 
monoamine-oxidase that demethylates mono- and di-methylated lysines, 
particularly lysine 4 on histone 3 (H3K4). LSD1 is overexpressed in many 
human cancers, and knock-down studies suggest that loss of LSD1 function 
inhibits cancer cell growth. 
 
An established mechanism for irreversible inhibition of LSD1 and other MAOs 
is the reaction of tranylcypromine with the enzyme-bound flavin adenine 
dinucleotide (FAD). However, tranylcypromine itself shows poor potency and 
selectivity for LSD1. Herein, we will describe the elaboration of 



trancylcypromine to a series of N-((1R,2S)-2-phenylcyclopropyl)piperidin-4-
amine analogs, resulting in irreversible LSD1 inhibitors with improved potency. 
MRTX1519 was identified as a lead compound with potency and oral 
exposure sufficient to cause tumor regressions in xenograft models of cancer. 
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DYRK1A inhibition simultaneously targets amyloid-beta and tau 
pathology 

Chris Foley1, cfoley@mail.usciences.edu, Caterina Branca2, Darren Shaw2, 
Ramona Belfiore2, Vijay Gokhale3, Arthur Shaw4, Bessie Meechoovet5, 
Breland Smith4, Travis Dunckley2, Antonella Caccamo2, Salvatore Oddo2,6, 
Christopher Hulme4,1. (1) Chemistry and Biochemistry , University of Arizona, 
Tucson, Arizona, United States (2) Banner Neurodegenerative Disease 
Research Center at the Biodesign Institute, The Arizona State University, 
Tempe, Arizona, United States (3) Biomedical and Biotechnological Science, 
University of Catania, Catania, Italy (4) Pharmacology and Toxicology, The 
University of Arizona, Tucson, Arizona, United States (5) Neurogenomics, 
Translational Genomics Research Institute, Phoenix, Arizona, United States 
(6) School of Life Sciences, The Arizona State University, Tempe, Arizona, 
United States 

For the past 25 years the most common approach to targeting Alzheimer's 
Disease(AD), has followed the so-called β-amyloid (Aβ) hypothesis of AD, 
targeting the reduction of amyloid plaque deposits, through a variety of 
different molecular targets, with small molecules and biologicals. An alternate 
approach is to target the prevention of Neurofibrillary tangle (NFT) formation, 
which form from insoluble tau protein aggregates. To date, no single Aβ or 
tau-based therapy has successfully gained market entry. 
Herein, we focus recent studies on the further development of small 
molecules which target both amyloid and tauopathies through selective 
inhibition of the dual specificity tyrosine phosphorylation regulated kinase-1A 



(DYRK1A). Current published results reveal enticing amelioration of 
behavioral and neuropathological pathologies in vivo, in a 3x-TgAD mice 
model with our current lead DYR219. 
DYR219 is a potent, selective and brain-penetrant DYRK1A inhibitor, wherein 
our current focus centers on medicinal chemistry efforts in order to improve 
pharmacokinetic and pharmacodynamic (PK/PD) properties toward 
development of a clinical candidate for the treatment of Alzheimer’s Disease. 
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Pharmaceutical applications of polyethoxyethylglycinamide (PEE-G) 
dendrimers 

Rinu Shrestha1, rinushrestha2013@gmail.com, Phillip Rendle2. (1) Ferrier 
Research Institute, Victoria University of Wellington, Wellington, Lower Hutt , 
New Zealand (2) Ferrier Research Institute, Victoria University of Wellington, 
Lower Hutt, New Zealand 

The polyethoxyethylglycinamide (PEE-G) dendrimer is a new member of the 
dendrimer family. This low-density dendritic scaffold has been reported to 
have properties suitable for pharmaceutical applications, namely; 
multivalency, biocompatible building blocks, a high purity, a good stability 
profile, water solubility and most importantly, non-toxicity. As a proof-of-
concept study, our goal was to use the PEE-G dendrimer as a multivalent 
platform for attaching different moieties to generate potential pharmaceutical 
candidates. We have investigated three different applications which include: 
(i) multivalent presentation of bioactive moieties; (ii) multivalent presentation 
of imaging agents; and (iii) drug solubilisation. 
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Hybrid BisQACs: Biscationic quaternary ammonium compounds 
merging the structures of two commercial antiseptics 

Stephanie A. Schallenhammer1, ss580919@sju.edu, Renee Kontos1, Brian 
Bentley1, Stephanie Duggan1, Kelly Morrison2, William Wuest2, Kevin P. 
Minbiole1. (1) Chemistry, Villanova University, Villanova, Pennsylvania, United 
States (2) Emory University, Atlanta, Georgia, United States 

The emergence of bacterial resistance toward commonly used antimicrobial 
agents is a pressing concern for human health. While longstanding antiseptic 
quaternary ammonium compounds (QACs) such as benzalkonium chloride 
and cetyl pyridinium chloride provide a single cationic nitrogen to confer 
amphiphilicity, we have observed that multicationic structures are more 
effective in their ability to kill bacteria and eradicate biofilms. Common 
household QACs show weaker efficacy against Gram-negative bacteria as 
well as diminished effectiveness against MRSA strains, as compared to 
other S. aureus strains. In contrast, it has been found that multicationic QACs 
(multiQACs) show little or no susceptibility to bacterial resistance, which 



reduces the efficacy of many quaternary ammonium compounds. We have 
synthesized 28 novel QACs using a commercially available starting material, 
dimethyl(pyridine)-3-ylmethylamine, as a scaffold. The preparation of these 28 
QAC structures allowed for the correlation of scaffold structure with 
antimicrobial activity. The biscationic (bisQAC) species synthesized exhibit 
uniformly potent activity against 6 bacterial strains tested, with 9 novel 
antiseptics displaying single-digit micromolar activity across the board. Effects 
of unequal chain lengths of the two side chains had less impact than the 
overall number of side chain carbons present, which was optimal at 22-25 
carbons. This represents further indication that simple multiQAC architectures 
can show improvement over QACs in current household antiseptics. 
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Toward the discovery of PET radiotracer for imaging TDP-43 aggregates 
in FTD and ALS patients 

Cedric Boudou1, cedric.boudou@acimmune.com, Vincent Darmency1, 
Tamara Seredenina1, Jacqueline Kocher1, Jan Stoehr1, Heiko Kroth1, Ajay 
Purohit2, David Paterson2, Laurent Martarello2, Andrea Pfeifer1, Andreas 
Muhs1. (1) AC Immune SA, Lausanne, Switzerland (2) Global Biomarker 
Discovery & Development, Biogen , Cambridge, Massachusetts, United 
States 

Research and development of therapeutics for neurodegenerative diseases 
are hampered by lack of tools for accurate early diagnosis and monitoring of 
disease progression. For amyotrophic lateral sclerosis (ALS) and 
frontotemporal dementia(FTD), nuclear depletion and aggregation of TAR 
DNA-binding protein-43 (TDP-43) was identified a decade ago as the major 
hallmark in the majority of ALS cases and in 45% of FTD cases also defined 
as FTLD-TDP (frontotemporal lobar degeneration). Positron emission 
tomography (PET) is a sensitive and non-invasive technique which is already 
used for the detection of amyloid-beta aggregates in the brain for Alzheimer’s 
disease (AD) and has result in clinical candidates for Tau aggregates 
detection in the brain for AD and tauopathies. Therefore, detection of TDP-43 
aggregates with PET imaging agents holds promise for disease diagnosis and 
staging. 
AC Immune proprietary library of small molecules was screened using human 
FTLD-TDP brain sections. The screening led to the identification of a number 
of hits. The confirmed hits were evaluated by direct staining on distinct human 
brain sections with the three main pathological FTLD-TDP subtypes A, B and 
C. Close analogues from the library and newly synthesized compounds were 



then tested on FTLD-TDP human brain sections which resulted in the 
identification of several compounds binding to TDP-43 pathological inclusions. 
Based on physicochemical properties, structural diversity, and ADME 
properties, selected compounds were then profiled in in vivo pharmacokinetic 
studies. This work resulted in the identification of the first compounds 
interacting with pathological TDP-43 aggregates with favourable properties for 
CNS penetration. 
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Synthesis, structure activity relationship studies and biological 
evaluation of novel and selective 1H-pyrrolo[2,3-b]pyridine-2-
carboxamides as related phosphodiesterase 4B (PDE4B) inhibitors 

Anish K Vadukoot, a.kizhakkekkaravadu@unmc.edu, Swagat Sharma, 
Corey R Hopkins. Pharmaceutical Sciences, University of Nebraska Medical 
Center, Omaha, Nebraska, United States 

Phosphodiesterase 4 (PDE4) are a class of intracellular enzymes that form a 
critical component of signaling pathways involving multiple neurological 
diseases. PDE4s are hydrolytic enzymes responsible for the degradation of 
second messenger cyclic AMP (cAMP) in many cell types. The PDE4 enzyme 
family consists of four subtypes (PDE4A-D) coded independently by different 
genes. PDE4A, PDE4B and PDE4D are present in the brain. PDE4B plays a 
critical role in the etiology of depression and inflammation while PDE4D is 
responsible for occurrence of nausea, emesis, heart failure and the risk of 
arrhythmias. Attaining selectivity for PDE4B over PDE4D has been proposed 
as an attractive therapeutic strategy for the treatment of various diseases and 
disorders of the central nervous system (CNS). Herein we report the 
synthesis, SAR, and biological evaluation of novel 1H-pyrrolo[2,3-b]pyridine-2-
carboxamide derivatives as selective and potent PDE4B2 inhibitors. We have 
identified three 1H-pyrrolo[2,3-b]pyridine carboxamide derivatives with strong 
binding affinity (mid nanomolar IC50) for the PDE4B2 isoform. These 
derivatives have shown >60 fold selectivity towards PDE4D3 isoform. We are 
currently investigating the SAR studies around these lead compounds to 
improve its potency and selectivity over PDE4D isoform.  
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Bivalent probes to elucidate the mechanism of opioid enhanced 
neuroAIDS 



Bethany Falls1, fallsba@vcu.edu, Huiqun Wang1, Dana Selley2, Kurt 
Hauser2, Yan Zhang1. (1) Medicinal Chemistry, Virginia Commonwealth 
University, Richmond, Virginia, United States (2) Pharmacology & Toxicology, 
Virginia Commonwealth University, Richmond, Virginia, United States 

AIDS (acquired immune deficiency syndrome) is a condition that occurs in the 
advanced stages of human immunodeficiency virus (HIV) infection. AIDS can 
lead to a wide variety of neurological disorders such as HIV- associated 
dementia and neuropathic pain. These associated neurological disorders are 
collectively referred to as neuroAIDS. HIV infection is facilitated by co-
receptors located on the surface of immune cells. One such co-receptor is the 
chemokine receptor CXCR4. This receptor is the entry receptor for the X4 
virus, which emerges later in disease progression and has been associated 
with a more rapid progression to AIDS. Studies have shown that activation of 
the mu opioid receptor (MOR) elevates the expression of CXCR4, thus 
enhancing viral invasion and a more rapid progression to neuroAIDS. This 
correlation suggests crosstalk between these two receptors; however, the 
mechanism of this cross-talk is not very well understood. Therefore, to explore 
the possibility of one of these mechanisms, that is, formation of MOR-CXCR4 
heterodimers, we have designed a series of novel bivalent probes containing 
both the MOR antagonist naltrexone and the CXCR4 antagonist It1t to inhibit 
both receptors synergistically. These ligands and their corresponding 
monovalent controls have been synthesized in reasonable yields through 
synthetic routes established in our lab. To understand how these bivalent 
ligands may interact with the MOR-CXCR4 heterodimer, biological studies 
including binding affinity, functional activity, and HIV-1 viral invasion assays 
have been employed. Additionally, a molecular model of the putative 
heterodimer has been constructed and docked with the bivalent probes to 
better understand how these probes may be synergistically interacting with 
the receptors. 
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“Magic methyl effect” in medicinal chemistry and methylation of 
(hetero)arenes 

Lu Hu2, Xin Liu2, Yahu A. Liu1, yahualiu@hotmail.com, Xuebin Liao2. (1) 
Discovery Chemistry, Genomics Institution of the Novartis Research 
Foundation, San Diego, California, United States (2) Department of 
Pharmacology and Pharmaceutical Sciences, School of Medicine,Tsinghua 
University, Beijing, China 



Owing to the “magic methyl effect” on a compound’s physical and biological 
properties, methylation is one of the frequently used strategies utilized by 
medicinal chemists in SAR studies or in lead optimization. Methylation on 
(hetero)arenes are mainly achieved through either C-H functionalization or 
cross-coupling of methylating reagents with (hetero)aryl halides. A Ni-
catalyzed methylation was developed using iodomethane or deuterated 
iodomethane as methyl source. The reaction is applicable to a wide range of 
substrates and allows installation of a CD3 group under mild reaction 
conditions without deuterium scrambling to other carbon atoms With using the 
method, SD-560 (potentially new drug for idiopathic pulmonary fibrosis) was 
prepared in gram quantities in just two steps with greater than 69% overall 
yield, compared to the existing method which resulted in less than 5% overall 
yield after seven steps. 
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Prep LC: How much can I load? 

Jack E. Silver, jacksilver27@earthlink.net, Chester Bailey, Deen Johnson, 
Steve Paeschke, Ronald Lewis. Teledyne ISCO, Lincoln, Nebraska, United 
States 

Measuring sample throughput and purity of the collected compound are two 
parameters considered when measuring High Performance Preparative 
Chromatography efficiency. Part of achieving high efficiency is to maximize 
the sample loading. This is achieved by loading the sample so that the peak 
containing the desired compound barely touches the nearest impurity peak. 
An algorithm can be used to calculate maximum peak loading on a 
preparative column from an analytical HPLC test run. Using the peak widths 
and resolution from this injection, a maximum injection volume is calculated. 
This calculation saves time by reducing the number of test injections to 
optimize loading. 
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Computational analysis and synthesis of potential inhibitors active 
against Gram-negative bacteria 

Rebeca Roldan, rolrj-19@rhodes.edu, Andrea O. Pajarillo, Carter P. Embry, 
Mauricio L. Cafiero, Larryn W. Peterson. Dept of Chemistry, Rhodes College, 
Memphis, Tennessee, United States 

LpxC, an enzyme involved in the first committed step of the biosynthesis of 
lipid A, has been found to be a crucial drug target. This inhibition is critical for 
developing novel antibacterial treatments, especially with the growing 
resistance Gram-negative bacteria is having towards already developed 
treatments. Through the computational analysis of the crystal structure of 
LpxC, novel inhibitors have been designed to mimic the natural substrate of 
LpxC. The computational analysis and synthesis of these analogues, as well 
as their chemical stability and preliminary antibacterial activity, will be 
discussed. 
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Pharmacophore modelling, virtual screening and bio-isosteric 
replacement for the designing of novel tankyrase inhibitors for the 
cancer therapy 

Ankitkumar K. Patel, 16mph402@nirmauni.ac.in, Hardik 
Bhatt. Pharmaceutical chemistry, Institute of Pharmacy, Nirma University, 
Ahmedabad, Gujarat, India 

Tankyrase is a member of enzyme poly(ADP-ribosyl)ases family which play 
crucial role in the various kinds of cellular process such as DNA repair, 
genomic stability and programmed cell death. Deregulation in the functioning 
of Tankyrase causes various types of cancer. Tankyrase mainly divided into 
two types viz. Tankyrase-1 and Tankyrase-2 in which the role of Tankyrase -2 
is more prominent. Hence in the present research computational methods 
along with the concept of bio-isosteric replacement were utilised for the 
designing of novel tankyrase inhibitors. In order to design novel Tankyrase 
inhibitors; pharmacophore modelling, virtual screening and molecular docking 
studies were performed. Pharmacophore model was generated using 5 
structurally diverse molecules using GASP module of Sybyl X. The best model 
containing four features; two hydrophobic region, one donor sites, one 
acceptor atom; was used as a query for virtual screening in NCI database. 



This virtual screening gave 129014 hits from the NCI database which further 
screened by applying the Lipinski Filter resulted into 122672 hits. These top 
10 hits viz. QFIT value ≥95 consist of pyrimidine as a core scaffold. These 
molecules were selected for the further designing by using the concept of bio-
isostere. Replacement of pyrimidine were done by different bio-isostere like 
quinazoline, pyridazine, pyrazole and piperazine and explored for the 
molecular docking study by using GOLD 5.2 where quinazoline was found to 
be best bio-isostere as it showed good docking score compared to other bio-
isostere of pyrimidine. In future this scaffold can be explore for the synthesis 
and activity against tankyrase for effective cancer therapy. 
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Development of glutathione S-transferase (GST) covalent inhibitor 
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Oncology, Aichi Cancer Center Research Institute, Nagoya, Japan (6) Artificial 
Intelligence Research Center, National Institute of Advanced Industrial 
Science and Technology, Tokyo, Japan 

Glutathione S-transferase (GST) is a phase II drug metabolizing-enzyme and 
GSTs present in the cells are classified into multiple subtypes (GSTA1-1, 
GSTM2-2, GSTP1-1 etc.) depending on the difference in structure and 



intracellular localization. GST catalyzes the conjugation of GSH to a wide 
range of hydrophobic and electrophilic compounds. As a result, the GS-
conjugated compounds are extruded from the cell through multidrug 
resistance proteins (MRP) (Fig. 1A). Several subtypes of GSTs are highly 
expressed in several cancers and can result in resistance to anticancer 
agents. Thus, the GST inhibitor is a promising approach for cancer treatment. 
Although GST inhibitors have been developed, multiple- or high- dose 
administration is necessary to maintain continuous inhibition of GST because 
they compete with GSH, which is present in the cells at high concentrations. 
Thus, we planned to develop GST covalent inhibitors. This strategy could 
bring about a prolonged residence time, as well as sustained and strong 
inhibition. We designed several covalent inhibitors of GST based on GSH 
structure, and successfully identified one promising compound. In this 
presentation, we will report on the new covalent inhibitor having sulfonyl 
fluoride (SF) group as the reactive functional group named as GS-ESF (Fig. 
1B). LC-MS/MS and X-ray structure analyses clarified that GS-ESF reacted 
with Tyr108 of GSTP1-1. Furthermore, based on MD calculation, we propose a 
dynamic reaction mechanism of GS-ESF. 

 



 
 
Fig. 1 (A) The detoxification mechanism of GST. (B) (left) GSH recognition by GST. 
(right) The molecular design of the covalent GST inhibitor. 
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Synthesis and characterization of poly(Naringin) particles as new 
biomaterials 
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United States 



Naringin (NR), 4’,5,7 trihydrocyflavanone-7-rhamnoglucoside. is found in 
citrus fruit. This flavanone can possess many biological functions, as it is 
composed of a phenolic compound, naringenin, and a disaccharide, 
neophesperidose. Poly(naringin) (p(NR)) particles were synthesized via a 
micro-emulsion method in lecithin/gasoline solution. Particle size ranged from 
~ 1 to 10 microns with a median particle size of 2 microns. The particles were 
characterized using UV-Visible and florescence spectroscopy, Fourier 
transform infrared spectroscopy (FT-IR) scanning electron microscopy (SEM), 
and thermal gravimetric analysis (TGA); zeta potential was -16.1 mV in 
distilled water. The hydrolytic degradation of p(NR) at 37.5 oC was 
investigated at pH 5.4, 7,4, and 9. Finally, the biocompatibility of NR and 
p(NR) particles with mammalian cells was tested with COS-1 cells, a standard 
fibroblastic cell line derived from African green monkey kidney. Because of 
their phenolic groups and negative zeta potential, these p(NR) particles may 
be promising new candidates for drug delivery and/or serum protein 
absorption. 
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Triazol-3-yl benzamides as potent and selective inhibitors of human 
factor XIIa 

Rami A. Al-Horani1, ralhoran@xula.edu, Daniel K. Afosah2. (1) Basic 
Pharmaceutical Sciences, Xavier University of Louisiana, New Orleans, 
Louisiana, United States (2) Medicinal Chemistry, Virginia Commonwealth 
University, Richmond, Virginia, United States 

Factor XIIa (FXIIa) is a plasma serine protease belonging to the intrinsic 
coagulation pathway. Several animal models have revealed an important 
contribution for FXIIa to thromboembolic diseases. Not only that but FXIIa was 
also found to contribute to inflammation by activating bradykinin-producing 
kallikrein-kinin system. Interestingly, patients and animals with FXII deficiency 
appear to have normal hemostasis. Therefore, FXIIa inhibition may serve as a 
promising therapeutic intervention strategy to achieve effective and safe 
anticoagulation as well as anti-inflammation. Despite this promise, very few 
small molecule inhibitors of human FXIIa have been reported. We chemically 
synthesized and biochemically studied a focused library of triazol-3-yl 
benzamide derivatives for FXIIa inhibition under physiologic conditions. We 
identified a specific triazol-3-yl benzamide derivative as the most potent 
inhibitor in this series with an IC50 value of about 0.11 µM and a fluorescence-
based binding affinity of about 0.98 µM. The molecule dose-dependently 
inhibited FXIIa-mediated activation of FXI, a physiologic substrate of FXIIa, 



with an IC50 value of about 2 µM. It also exhibited a significant margin of 
selectivity of at least 150-fold against a series of related serine proteases 
including thrombin, FXa, FIXa, FXIa, FVIIa/TF, plasmin, plasma kallikrein, 
trypsin, and chymotrypsin. This derivative also selectively doubled clotting 
time in activated partial thromboplastin time assay of the intrinsic coagulation 
pathway without significant effect on prothrombin time of the extrinsic pathway 
in normal human plasma. Overall, this work puts forward small molecule 
triazol-3-yl benzamides as potent and selective inhibitors of human FXIIa for 
further development as safe and effective anticoagulants with potential anti-
inflammatory activity. 
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PURPOSES 
The progression of most prostate cancer (PC) rely on the androgen receptor 
(AR). The constitutively active androgen receptor variants (AR-Vs) confer 
resistance to available AR-targeting therapies. Developing novel drugs 
targeting AR-Vs is an urgent task. Recent studies have shown that 
niclosamide effectively down regulates AR-V7, making it a valuable drug 
template for drug-resistant PC. We hypothesize that structural modifications of 
niclosamide may lead to more effective AR-Vs down-regulators. 
METHODS 
Several molecules with chemical structures similar to niclosamide were 
identified from the National Cancer Institute (NCI) database using the 
Schrodinger Suite. We also synthesized a library of niclosamide analogs by 
optimizing the substituents on the aromatic rings. All compounds were tested 
in two enzalutamide resistant cell lines, LNCaP95 and 22RV1. The selected 
compounds will be evaluated for their AR-V7 down-regulation activity and 
metabolic profiles. 
RESULTS 
We have synthesized 31 compounds and evaluated a total of 101 compounds 
of which 70 were obtained from NCI, for their inhibitory effect on the drug-
resistant PC cell lines. Initial results show that B1 exhibited equivalent anti-
proliferation (IC50 for LNCaP95 = 0.239 μM; IC50 for 22RV1 = 0.258 μM) and AR-V7 



down-regulating activities compared to niclosamide. Both compounds showed 
improved pK property. A 3D quantitative structure-activity relationship (3D-
QSAR) analysis was performed to provide guidance for further 
pharmacological optimization. 
DISSCUSSION/CONCLUSION 
We have identified niclosamide analogs as a new set of AR-V7 down-
regulators which may support a novel therapeutic approach for the treatment 
of drug-resistant PC. 
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The present work involves the synthesis of new N-4-piperazinyl (1,3,4-
thiadiazole)-ciprofloxacin derivatives and the screening of their 
antimycobacterial activity. In addition, molecular modeling studies and DNA 
cleavage assays were carried out to study the binding mode and mechanism 
of action of the target compounds. The in vitro antimycobacterial activity 
screening results revealed that compounds Ic and Ie displayed potent 
antitubercular activity against M. smegmatis compared with the reference drug 
isoniazide with MICs of 1.56, 3.13 and 5 μg/mL, respectively. Meanwhile, 
these compounds were found to have promising activity against drug-resistant 
mycobacterial strains. Molecular docking studies on compounds Ia-e were 
carried out to investigate their binding to the topoisomerase II enzyme (PDB: 
5bs8) active site. Results showed comparable binding scores and similar 
binding interactions to that of the reference compound moxifloxacin. DNA 
cleavage assays revealed that compound Id seems to act as an inhibitor of 



supercoil relaxation, and Id was also found to increase the amount of nicked 
substrate produced. 
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As a part of our continuous research in the area of click approach, we have 
designed and synthesized several new S-methyleme bridge 1,2,3-triazolyl 
pyrimidinone through incorporating triazole moiety with the pyrimidine ring. 
Novel triazoles, based on thieno[2,3-d]-pyrimidines, were synthesized from 2-
aminothiophen esters using a one-pot process, and convergent construction 
of complex molecules without the isolation of intermediates under well-known 
click approach conditions. The structure of the synthesized compounds 
confirmed by spectral and analytical data. The synthesized 1,2,4-triazolo 
compounds were screened for their PDE 5 inhibitory activity and showed 
encouraging activity compared to sildenafil as a reference drug. These 
compounds open new opportunities for the rational design of new PDE 5 
inhibitors with comparable activity to sildenafil. 
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Treatment of acute and chronic inflammation still remains a challenge despite 
of the availability of numerous steroidal and non-steroidal drugs. All present 
medications, although very potent in alleviating the pain, fever, and swelling, 
exhibit serious side effects, such as stomach ulcers, kidney damage, and in 
some cases hearth attack and stroke. These possible complications limit the 
applications of most drugs and show the need for development of novel, less 
toxic agents. 
Flavonoids are a large group of compounds found in vascular plants and 
known for their broad range of biological activity. Some of them, such as 
cardamonin, are subject of extensive studies and clinical trials. The existing 
data about structure-activity relationship allow us to design novel, potentially 
more efficient synthetic derivatives. 
This research presents the synthesis and anti-inflammatory studies of 
substituted chalcones and Δ1-pyrroline-5-carbonitriles. Two of the compounds 
containing halogen substituents in ring “B” exhibit NO inhibition comparable to 
these of cardamonin and L-NIL used as standards, together with low (LC50 > 
65 mM) cytotoxicity. This activity disappears when the double bond is 
replaced with a pyrroline ring making the compounds more rigid. Overall, the 
substitution pattern in ring “B” together with the flexibility of the compound, are 
important for the anti-inflammatory efficiency. 
Further studies are in progress to clarify details about the mechanism of 
action of the most potent compounds. 
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Breast cancer (BC), is the most commonly diagnosed cancer and second 
leading cause of death after lung cancer, among US women. African 
American women are much more likely to die from it despite the lower 
incidents. Flavonoids, naturally occurring compounds, are a subject of 
intensive research as promising anti-cancer agents for various types of 
malignant growths since they offer a promising and less toxic alternative to the 



existing treatments. Multiple mechanisms of action have been proposed 
including enzyme modulation in the pathways leading to cellular growth and 
proliferation, apoptosis, inflammation, and reversal of multidrug resistance. 
Most of the research on flavonoids have been focused on polyphenols with 
different hydroxyl substitution pattern, however our previous experience has 
proven that other flavonoid derivatives are more potent inhibitors of breast 
cancer. 
In this study we report the biological activity of novel synthetic Δ1-pyrroline-5-
carbonitriles and flavonoids.Synthetic substituted flavonoids, 2-amino-5-
oxonitriles and Δ1-pyrroline-5-carbonitriles with methyl, methoxy, halogen, and 
hydroxyl groups in the aromatic rings A and B were tested for inhibition of cell 
growth and proliferation of the following cancer cell lines: Ishikawa, MCF-7, 
and MDA-MB-231. Some of the chalcone derivatives showed activity 
comparable to, or superior to tamoxifen and 4-hydroxytamoxifen used as 
standards with IC50 ranging between 3.57 – 40.66 mM. The same compounds 
were tested on MBA-MD-231 cell line using taxol, staurosporine, doxorubin, 
and campothecin as standards where methoxy and methyl substituted Δ1-
pyrroline-5-carbonitriles were the most potent agents thus indicating a 
different mechanism of interaction with the cells. Investigation of the reaction 
path is in progress. 
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The L-Type Amino Acid Transporter 1 (LAT1) is a vital transporter in the 
blood-brain barrier (BBB), and it is also upregulated in cancer cells. To 
increase its usefulness in drug delivery and for tumor imaging, the structure-
activity relationship (SAR) for LAT1 needs to be better understood. We have 
been using the amino acid phenylalanine, a known substrate of LAT1, as a 
template for substitution in order to optimize ligand affinity. Our computational 
models of the binding site suggest that there is a narrow, hydrophobic pocket 
near the alpha carbon which potentially could be filled to improve substrate 



activity. We hypothesized that substitution at the alpha carbon of 
phenylalanine may improve LAT1 affinity. Thus, we prepared a series of α-
quaternary phenylalanine analogs and tested them in cis-inhibition and trans-
stimulation assays using HEK cells with inducible LAT1. We found that small 
and unbranched substituents (e.g. methyl and ethythiomethyl) were well 
tolerated; however, bulkier groups (e.g. isobutyl and benzyl) lost activity. 
These findings can be applied to improve the design of drugs to treat brain 
diseases or various cancers. The synthesis and SAR of these compounds will 
be presented. 
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The blood-brain barrier (BBB) separates the CNS compartment from the 
circulatory system. The L-Type Amino Acid Transporter 1 (LAT1, SLC7A5) is 
upregulated in many cancers and at the surface of the blood-brain barrier 
(BBB); thus, it could serve as a mechanism for targeted drug delivery. To 
attain this goal, a better understanding of the structure-activity relationship 
(SAR) of LAT1 ligands needs to be developed. Our group has been using 
computational models of its binding site to guide the design and synthesis of 
derivatives of the LAT1 substrate, phenylalanine. Recently, we found that 
meta methyl ester-substituted phenylalanine had improved LAT1 affinity 
relative to parent (IC50s: 36 vs. 69 μM, respectively), and surprisingly a meta 
carboxylic acid group was well tolerated (IC50: 160 μM). These findings lead 
us to focus on the production of phenylalanine derivatives substituted with 
various carboxyl-containing groups and other polar functionalities on the 
aromatic ring. Specifically, we have synthesized various ester and amide 
constitutional isomers, different substituents on the carboxyl group, and para-
substituted analogs to test the size constraints of the LAT1 binding site. 
Additionally, carboxylic acid, amine, and alcohol functional groups were 
incorporated to probe hydrogen bonding opportunities. The activity of these 
compounds was then determined using cis-inhibition and trans-stimulation 
assays with LAT1 overexpressing Human Embryonic Kidney (HEK-LAT1) 



cells. The results from these experiments show that the LAT1 binding site has 
considerable flexibility for accepting both polar and nonpolar substituents on 
the aromatic ring of phenylalanine. This SAR could be used for optimization of 
drugs that resemble amino acids or drug-amino acid conjugates (prodrugs) 
that are transported by LAT1. Thus, it has broad potential application for 
treating both CNS disorders and cancer. 
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Constitutive activation of STAT3 plays an important role in the development of 
melanoma; an aggressive form of skin cancer. Therefore, STAT3 inhibitors 
are potential chemotherapeutic agents for melanoma. We designed and 
synthesized a series of variably substituted quinolone-incorporating 1,2,4-
triazole/oxime hybrids. Their anti-proliferative activity was determined at the 
National Cancer Institute (NCI). Six compounds showed promising anti-
proliferative activity in several tested cell lines. Three of them were evaluated 
further to assess their ability to suppress STAT3 activation in four melanoma 
cell lines. The tested compounds showed a robust ability to inhibit STAT3 
phosphorylation at Tyr705 and Ser727; the essential amino acid residues 
involved in STAT3 activation. For example, 10 µM of 7b effectively inhibited 
STAT3 phosphorylation in the melanoma cell lines and completely abrogated 
its transcriptional activity at 50 µM concentration. Further development of the 
compounds discovered in this study may produce more potent and selective 
STAT3 inhibitors. 
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Active DNA methylation in neurons that encode experiential learning is 
required for the formation of long-term memory. The Tet family of enzymes 
are known to remove DNA methylation by detecting 5-methylcytosine and 
facilitating their oxidative removal via an Fe(II)/alpha-ketoglutarate-dependent 
mechanism. We hypothesized that learning causes long-term changes in 
gene expression in the hippocampus and facilitates long-term memory, 
because of active DNA methylation changes at plasticity-related genes. To 
test this idea, we sought tools to increase DNA methylation fidelity by 
inhibiting the function of the Tet enzymes; however, there currently does not 
exist sufficiently potent Tet enzyme inhibitors to serve as probes of memory 
function. Here, we describe the de novo design, synthesis, and evaluation of 
Tet enzyme inhibitors. Using a combination of computational and traditional 
QSAR approaches we have developed small molecule inhibitors of the Tet 
enzymes in the sub-micromolar range. Combined with proof of principle data 
acquired from the use of constitutive and conditional Tet enzyme knockout 
mice in spatial memory tasks, these small molecule inhibitors of the Tet 
enzymes may serve as therapeutics to enhance memory function in disease 
and disorders of memory. 
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A 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. 
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. 
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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. Some synthesized structures are mimics of morpholine, β-
proline derivatives, and fluorinated pyrrolidines. 
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Trends in drug discovery are changing rapidly. During the past decade, terms 
“Scaffold hopping,” “Escape the Flatland” and “Conformational restriction” 
have been introduced, and have already found a huge practical application. 
Spiro compounds are especially interesting because they are intrinsically both 
- 3D-shaped and conformationally restricted. 
In this work, we have rationally designed, synthesized and applied a library of 
novel multifunctional spirocyclic cores for drug discovery. Details of the 
synthesis and application of the obtained compounds will be discussed. 
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Library design has been an important part of DNA-encoded library technology 
(DEL). The efficiency of the design depends on chemical building blocks 
(BBs) utilized to assemble the library. Therefore, availability of novel diverse 
BBs with high reactivity and specific structural features, i.e. small size, not 
lipophilic, and 3D shape, is of importance to succeed in producing high-quality 
DELs. This is especially critical while selecting core BBs with two or three 
orthogonal functions complied with DEL chemistry. Indeed, these 
polyfunctional BBs have been underrepresented on the market thus requiring 
approaches to make them synthetically and economically accessible. 



For more than 25 years, we have been working on the synthesis of BBs, 
intermediates, and screening compound libraries accumulating the knowledge 
of manual and parallel synthetic chemistry. We applied this knowledge to the 
inventory of BB’s that allowed to generate a set of polyfunctional BBs on a 
multimilligram-to-gram scale readily accessed via validated synthetic 
approaches, i.e., alkylation, arylation, protective group addition. Novelty, 
exclusivity and favorable physicochemical profiles of starting reagents support 
the production of high-quality core BBs. 

 

MEDI 173 

ToxPHACTS – Toxicological read across using the Open PHACTS 
Discovery Platform 

Jana Gurinova, Bernhard Knasmueller, Lars Richter, Daniela Digles, Gerhard 
F. Ecker, gerhard.f.ecker@univie.ac.at. Department of Pharmaceutical 
Chemistry, University of Vienna, Wien, Austria 

Besides lack of efficacy, unforeseen toxicity comprises one of the main 
reasons for failures in drug development. To overcome this risk, a standard 
process called toxicological read across is pursued. Briefly, toxicologists query 
databases and the available literature for compounds which are structurally 
similar to their development candidate in order to retrieve information on 
potential hazards. 
In contrast to the current process for toxicological read across, ToxPHACTS 
combines multiple ways of similarity searching, including also bioisosteric 
similarity, and pursues queries across semantically integrated data sources 
such as the Open PHACTS Discovery Platform. This allows to expand the 
search space and to retrieve compounds which otherwise would have been 
missed. Example queries based on selected drugs such as diazepam, 
warfarin, and propafenone demonstrate the high dependency of the search 
results on the similarity algorithm used. Furthermore, applying KNIME 
workflows for pursuing complex queries across the Open PHACTS Discovery 
Platform allows an exhaustive assessment of candidates, including besides 
target profiles also pathways and diseases. 



MEDI 174 

K4DD-db – An open access resource for data on ligand binding kinetics 

Bernhard Knasmueller, Lars Richter, Gerhard F. Ecker, 
gerhard.f.ecker@univie.ac.at. Department of Pharmaceutical Chemistry, 
University of Vienna, Vienna, Austria 

A considerable number of approved drugs show non-equilibrium binding 
characteristics, which emphasizes the potential role of drug residence time for 
in vivo efficacy. Therefore, a detailed understanding of the kinetics of 
association and dissociation of a target-ligand complex might provide crucial 
insight into the molecular mechanism of action of a compound. In the light of 
the IMI funded collaborative project K4DD - Kinetics for drug discovery, which 
targets major open questions related to binding kinetics in an industry driven 
public-private partnership, also a data warehouse for hosting all data derived 
within the project has been developed. With the end of the project, these data 
are donated to the public domain. While an aggregated version will be 
incorporated into ChEMBL, also the detailed version is made available to the 
general public for new data upload, data download, and data analysis. This 
contribution will outline the database scheme, upload and download 
possibilities, as well as results of large scale analysis of the K4DD kinetic 
data. 
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Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene are commonly 
associated with sporadic and familial cases of Parkinson’s disease (PD). The 
most frequent mutation, G2019S, is associated with increased kinase activity 
and as a result has led to a significant medicinal chemistry effort to discover 
selective LRRK2 inhibitors as a potential therapy for PD. The development of 
a LRRK2-selective PET tracer would greatly facilitate these efforts by 
confirming central in vivo target engagement of potential clinical candidates. 
This poster describes the medicinal chemistry effort to discover potent LRRK2 



(WT full-length enzyme) selective inhibitor compounds 1 and 2 as tool 
compounds to assess the feasibility of developing a CNS LRRK2 PET tracer. 
Both compounds were observed to have displaceable and saturable binding 
of LRRK2 WT full-length enzyme: [3H]-1 and [3H]-2 bind to one site in LRRK2 
WT full-length enzyme with very high affinity (Kd = 56 pM and Kd = 57 pM ). 
Further in vitro studies of [3H]-2 showed minimal saturable and displaceable 
binding in rat, rhesus, and human brain tissue (cortexand/or striatum) with a 
consistent low target density Bmax (0.3nM-1.4nM), which suggests a low 
probability of success for the development of a CNS-targeted PET tracer for 
LRRK2.
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With the growing interest in developing cancer therapeutics with minimum or 
no toxicity, our lab has synthesized novel anthraquinone analogs, which 
specifically inhibit MDM2-MDM4 dimerization and thus increase the level of 
p53, leading to apoptosis of cancer cells. Studies in an acute lymphoblastic 
leukemia mouse model demonstrated cure of the test subjects after only two 
weeks of treatment. In contrast, untreated mice died within 45 days as 
expected. Furthermore, our compounds showed minimal or no toxicity to 



normal cells or in animal studies including pathological studies of heart, kidney 
and liver. As an effort to optimize these anthraquinone compounds, we made 
a series of amino acid prodrugs to increase dissolution rate and aqueous 
solubility. 
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Erg (Ets-Related Gene) is an ETS family transcription factor that binds to the 
5’-GGAA/T-3’ consensus DNA site. Erg is critical for the maintenance of the 
hematopoietic stem cell (HSC) population and the regulation of many other 
physiological processes. Over-expression of nearly the entire Erg protein, 
including the ETS DNA-binding domain, as a result of chromosomal 
translocation (TMPRSS2-ERG gene fusion) is reportedly to be associated with 
prostate cancer. Fusions of ERG gene have also been identified in myeloid 
leukemia and Ewing’s sarcoma. Allosteric inhibition of transcription factor from 
binding DNA by DNA-targeting small molecules is a novel and effective 
approach to regulating gene expression. In an attempt to prevent the 
overexpressed Erg from binding to DNA, a series of biophysical and 
biochemical methods were used to study the binding properties of Erg to its 
cognate DNA under different conditions of salt concentration. Especially, non-
specific DNA was added to simulate cellular conditions. The SPR result has 
shown strong binding of Erg to its cognate DNA, E74 sequence. In addition, 
we have also designed specific DNA minor groove targeting heterocyclic 
dications, with which inhibition of Erg-DNA complex is ready to be 
investigated. This research will provide new directions in designing 
compounds to inhibit transcription factors that have been difficult to target 
directly. 
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Hong Wu2, John S. Tokarski6, Jack Sack6, Javed Khan6, Gary L. Schieven6, 
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The Janus kinases (JAKs) play a central role in regulating the immune 
system. The JAK family of kinases is comprised of four family members, 
JAK1, JAK2, JAK3 and tyrosine kinase 2 (TYK2), each of which can bind to 
distinct cytokines and/or growth factor receptors. More specifically, JAK3 is 
required for signaling by cytokines which include interleukin 2 (IL-2), IL-4, IL-7, 
IL-9, IL-15, and IL-21, which act via receptors that contain the common 
gamma chain (gc) cytokine receptor subunit. Recently there have been 
several reports of selective covalent JAK3 inhibitors. Indeed, studies with one 
of these inhibitors suggests a therapeutic potential for JAK3 selective 
inhibition as demonstrated by both potent inhibition of in-vitro cellular 
signalling through the gc cytokines in addition to a high degree of efficacy in a 
variety of in-vivo inflammatory disease models. In this poster, our own efforts 
to covalently target JAK3 are described in which a useful and novel set of tool 
molecules have been identified which bind irreversibly to the JAK3 active site 
cysteine residue. The design was based on crystal structure information and a 
comparative study of several electrophilic warheads. 
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Jonesboro, Arkansas, United States 

Thiazoline moiety is an integral part of several numerous natural products with 
a wide range of biological properties. Androstane scaffold is found in several 
human hormones, numerous natural products and synthetic bioactive 
molecules including many approved drugs. Androstanedione is a steroid 
metabolite and a precursor of testosterone and estrone in humans. 
Androstanedione is a product of enzyme 3a-hydroxysteroid dehydrogenase in 
pathway androgen and estrogen metabolism. Recently, we developed a 
methodology to synthesize thiazolines by reacting thiourea and thioamide 
derivatives with g-bromoenones. By using our established methodology, we 
have synthesized several fused thiazoline-androstanedione derivatives. Some 
of the molecules have been found as potent cytotoxic agents against NCI-60 



cancer cell lines. In this poster, we will present the synthesis and 
antineoplastic studies of these synthesized molecules. 
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molecular tools to study addiction 

Comfort A. Boateng1, cboateng@highpoint.edu, Marilyn Day2, R. Benjamin 
Free2, Kent Stewart1, David Sibley2, Thomas Keck3. (1) Basic Pharmaceutical 
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Maryland, United States (3) Chemistry & Biochemistry, Rowan University, 
Glassboro, New Jersey, United States 

Dopamine D4 receptors (D4R) are G protein-coupled receptors predominantly 
expressed in the prefrontal cortex where they play an important role in 
cognition, attention, and decision making. Previous studies using D4R ligands 
of varying efficacies have determined that D4R signaling alters behavior in 
animal models of drug addiction and cognition. Developing novel D4R-
selective ligands will allow more detailed investigations into the biological role 
of D4R signaling in the brain and assist in medication development for 
neuropsychiatric disorders, including Alzheimer’s disease and substance use 
disorders (SUD). In order to develop new candidate medications for SUD, we 
have designed, synthesized, and pharmacologically evaluated novel D4R 
antagonist ligands. Starting with the D4R antagonist 2-(4-(4-(pyrimidin-2-
yl)piperazin-1-yl)propyl)benzo [d]thiazole as our parent compound, we 
optimized a next-generation compound library by using a computational 
modelling approach. We hypothesized that structural modifications of the 
parent compound template would produce novel ligands with high D4R binding 
affinity, receptor subtype selectivity, and efficacy. In this pursuit, we have 
produced a library of eighteen compounds with varied substitutions on the 
pyrimidinylpiperidinyl (PP) ring and/or the benzothiazole moieties. These 
novel ligands were synthesized and their in vitro binding affinities were 
determined using [3H]N-methylspiperone radioligand binding in HEK293 cells 
expressing dopamine D2-like receptors. By modifying the parent compound, 
we have identified several high-affinity compounds (Ki ≤ 4.85 nM) with >100-
fold selectivity at the D4R versus D2 and D3 receptors. Based on binding 
profiles, a subset of analogues were evaluated in functional assays 
measuring β-arrestin recruitment and cAMP production. These new lead 



compounds will be further evaluated for effects in animal models of cognition 
and/or drug addiction. 
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Sulfonamide motif in NMDA receptor ligands 
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The NMDA receptor mediates a slow Ca2+ permeable component of excitatory 
synaptic transmission in the central nervous system. Given its central role in 
many normal and pathological processes, it has been a synthetic target for 
therapeutically relevant modulators. Recently, a number of unique subunit-
selective positive and negative allosteric modulators of NMDA receptors have 
been described, including TCN-201, a GluN2A-selective negative allosteric 
modulator that binds to the agonist binding domain dimer interface. 
Crystallographic analysis of TCN-201 bound to NMDA receptor GluN2A and 
GluN1 agonist binding domain dimer reveals a unique pose whereby the 
sulfonamide motif sterically favors a unique pi-stacking between two adjacent 
aryl groups. We hypothesized that this unique motif might be generally active 
in aryl binding pockets with sufficient space, and thus tested whether we could 
extend the SAR of an unrelated series of bi-aryl negative allosteric modulators 
of NMDA receptor function that are selective for the GluN2C and GluN2D 
subunits. We therefore added this motif to the NAB series at a position that 
would allow pi-stacking interactions between aryl rings. After evaluating the 
potency for inhibiting NMDA receptors, and found that this sulfonamide-linked 
aryl group was tolerated, and for some analogues, enhanced potency. These 
results suggest that this motif could be considered in general for binding 
pockets with space at one end and a critical aryl component. 
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the SAR for NS6740 
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Pharmacology and Therapeutics, University of Florida, Gainesville, Florida, 
United States 

Silent agonists are a new class of nicotinic acetylcholine receptor (nAChR) 
ligands, able to desensitize the receptor with little if any channel activation. A 
number of silent agonists, including NS6740 ((1,4-Diazabicyclo[3.2.2]non-4-
yl[5-[3-(trifluoromethyl)phenyl]-2-furanyl]methanone)) show promising anti-
inflammatory activity, presumably via non-ionotropic mechanisms. 
Here we explore the importance of nitrogen quaternization and the role of the 
meta trifluoromethyl substituent. 
The synthesis of compounds MCP4 (1,4-diazabicyclo[3.2.2]nonan-4-yl(5-
phenylfuran-2-yl)methanone)), MCP9 (1-methyl-4-(5-(3-
(trifluoromethyl)phenyl)furan-2-carbonyl)-1,4-diazabicyclo[3.2.2]nonan-1-ium 
iodide) , MCP12 (1,4-Diazabicyclo[3.2.2]non-4-yl[5-[3-(methyl)phenyl]-2-
furanyl]methanone) were synthesized in ~ 50% overall yields in four steps 
featuring Suzuki-Miyaura couplings of methyl-5-bromo-2-furoate with 
differently substituted aryl boronic moieties. 
The new compounds were assayed employing the human α7 nAChRs 
expressed in Xenopus laevis oocytes and two electrode voltage clamping. 
The tests were conducted with 60μM ACh as pre- and post-application 
controls, with 10 μM drug and 10 μM of type II PAM PNU-120596. 
Applications of PAM render desensitized states conductive, and thus 
detectable by this method. MCP4 and MCP12 were weak partial agonists 
(40% of ACh response), with EC50 ≈ 30-50 μM and an intermediate 
desensitizing ability. MCP9 appeared to be a more potent partial agonist, 
characterized by an EC50 ≈ 3-5 µM, with an efficacy about 60% of ACh. 
Intermediate desensitizing properties were observed for this quaternary 
ammonium salt as well. The trifluoromethyl group appears critical for effective 
desensitization. The N-methyl compound (MCP9) lost silent agonism, possibly 
due to a steric effect in the receptor binding site. These results suggest the 
tertiary ammonium and trifluoromethyl groups are critical components of the 
NS6740 silent agonism pharmacophore. 
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The cannabinoid receptor subtype 2 (CB2), a class-A membrane-bound G-
protein coupled receptor (GPCR) is a preferred therapeutic target for treating 
neuroinflammation, pain, arthritis and various other associated metabolic 
disorders due to its lack of CNS side effects relative to the CB1 receptor. 
Allosteric modulators (AMs) exhibit distinct therapeutic advantages over 
orthosteric modulators in terms of enhanced target specificity and reduced or 
null off-target side-effects. Only a few AMs of the CB2 receptor have been 
identified, possessing only micromolar activity at best, and there is not 
sufficient knowledge of the allosteric site(s) within the CB2 receptor to allow 
efficient targeting and aid the search for new, more potent AMs. Therefore, we 
identified and characterized the allosteric binding site(s) of known negative 
AMs (NAMs) of CB2, dihydrogambogic acid (DHGA) and trans-β-
caryophyllene (TBC). We first mapped allosteric sites using a CB2 receptor 
model complexed with the well-known orthosteric ligand CP 55,940 within the 
orthosteric site and then performed Glide docking of multiple conformers of 
DHGA and TBC into the five predicted binding sites. Each of the two top-
ranked protein-ligand complexes, for CB2–DHGA–CP 55,940 and CB2–TBC–
CP 55,940, were then separately embedded into a hydrated lipid bilayer 
system and subjected to 200 ns molecular dynamics simulation using the 
NAMD program. The presence of an AM affected the CB2–CP 55,940 
complex, causing a significant change to the CB2 receptor conformation, 
consisting of altering the relative positioning of the toggle switch residues, 
promoting a strong π-π interaction between Phe117 and Trp258, and 
reducing the binding free energy of CP 55,940. The insight gained from this 
study will be used to guide the design and synthesis of novel high affinity and 
selective NAMs for the CB2 receptor. 
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derivatives and DNA 

Ekaterina Voytsekhovskaya, ekaterina.voytsekhovskaya@mnsu.edu, Daniel 
J. Marell, Danae R. Quirk Dorr. Department of Chemistry and Geology, 
Minnesota State University, Mankato, Mankato, Minnesota, United States 

Aldehydes have been previously found to be involved in the process of 
chromosomal aberrations and have the potential to form adducts as a result of 



DNA interactions. Structural examination of the formed adducts can contribute 
to the assessment of the level of genotoxicity of the reactive aldehydes as well 
as allow for the proposal of the reaction mechanism responsible for the 
formation of adducts. In this study, utilizing computational modeling and 
density-functional theory calculations aided the structure-property analysis of 
the adducts in order to yield information necessary to improve our 
understanding of the biological activity of the investigated benzaldehyde 
derivatives (cuminaldehyde, p-anisaldehyde, 3,4-dimethoxybenzaldehyde, 
and vanillin) commonly found in food. The aim of this research was to 
integrate computational techniques into an experimental study in order to 
explore the reactivity profiles of the aldehydes as well as determine the 
structural characteristics responsible for their reactivity toward DNA. Each 
aldehyde was allowed to independently react with DNA in the presence of L-
arginine. The reaction mixtures and adducts were analyzed using HPLC 
and 1H NMR so that an extrapolative range of experimental data could be 
collected and used for further computational studying. 
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Intuitive workflow to enumerate and explore large virtual libraries 

Matthew D. Segall, matthew.d.segall@gmail.com, Aishling Cooke, James 
Chisholm, Edmund Champness, Peter Hunt, Tamsin Mansley. R&D, 
Optibrium Limited, Cambridgeshire, United Kingdom 

Enumeration of a virtual library based on cores or scaffolds of interest helps to 
quickly explore potential substituents around hit or lead series and prioritise 
strategies that are most likely to yield high quality compounds. In this poster, 
we will describe a seamless workflow, beginning with a search of 
commercially available building blocks. These can then be ‘clipped’ to 
generate the corresponding R-groups for enumeration of virtual libraries, 
using a flexible and visual approach based on defining substitution points 
around a substructure search of the building blocks. This flexibility means that 
chemists are not restricted to a limited number of pre-defined patterns for 
reagent clipping and can adapt to many different reaction schemes, while the 
visual interface makes it intuitive and easy to use. 
The resulting R-groups, corresponding to the available building blocks, can be 
incorporated into virtual libraries around scaffolds of interest. However, with 
an extensive list of R-groups, enumeration of a fully combinatorial library 
might generate a vast number of compounds, which may be too large to 
explore or even overwhelm the resources of a computer. Therefore, we will 
illustrate how the enumeration can be integrated with predictive modelling and 



multi-parameter optimisation, to prioritise and retain the compounds that are 
most likely to achieve the objectives of a project and avoid this ‘combinatorial 
explosion’. The resulting compounds and corresponding building blocks guide 
the synthesis of focussed, high quality libraries targeting a project’s 
optimisation objectives. 
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The Bcl-2 protein family members are key regulators of the intrinsic pathway 
of apoptosis, with their interactions governing the life and death of a cell. 
Dysregulation of the pathway via upregulation of pro-life proteins such as Bcl-
2, Bcl-xL, and Mcl-1 can lead to many diseases including cancer. p53, a tumor 
suppressor protein, also has a pivotal role in apoptosis. It is negatively 
regulated by the E3 ubiquitin ligase MDM2, whose overexpression has been 
linked to cancer. Interestingly, there is cross-talk between both protein 
pathways. p53 can transcriptionally regulate Bcl-2 family proteins and has 



been shown to bind in the hydrophobic clefts of pro-life proteins. Both the 
transactivation domain of p53 and the BH3 “death domain” of Bcl-2 pro-death 
proteins present a similar α-helical interface, with key hot spot hydrophobic 
residues at the i, i+3/4, and i+7 positions, along with a conserved aspartate 
at i+5. Rationally designed polypharmacology holds the promise to afford 
potent drugs that avoid the challenges of the co-administration of two or more 
drugs. Accordingly, we hypothesized that a potentially highly efficacious 
antineoplastic may be realized by a universal α-helix mimetic that can target 
both protein families, inducing apoptosis in cancerous cells through two 
different pathways. Additionally, Bcl-xL inhibition has reportedly led to 
thrombocytopenia in clinical trials with the dual Bcl-2/Bcl-xL inhibitor ABT-263, 
so the selectivity driver of the Bcl-2 inhibitor Venetoclax will be leveraged 
towards the development of a dual inhibitor of Bcl-2/Mcl-1 and 
MDM2.Towards this goal, we will present our novel α-helix mimetics based on 
a densely decorated isoxazole core that projects key functionality in a manner 
similar to the native BH3 and p53 α-helices. 
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Overexpression of Mcl-1, a member of the Bcl-2 family that regulates 
apoptosis, is one cause of chemoresistance that is manifested as a 
consequence of sequestering the BH3 “death domains” of pro-apoptotic family 
members. Accordingly, the development of potent and selective inhibitors of 
Mcl-1 through BH3 mimicry is an area of intense research. The design of 
alkylating agents has experienced a renaissance recently. The surface of the 
Mcl-1 oncoprotein provides two opportunities to explore covalent inhibition: 
Lys234 near the p1 pocket of the canonical BH3-binding groove, and Cys286 
located to the anterior of the aforementioned groove. A drug that can 
permanently modify a protein is expected to be especially potent as the 
koff rate should be negligible. However, this might translate into a clinical drug 
of limited efficacy if the reactive functional group does not permit 
discrimination between the intended target and all other biomolecules. 



Therefore, towards potent and selective inhibitors of Mcl-1, we have designed 
compounds that recognize the protein through non-covalent interactions and 
react reversibly with the protein. On the one hand, we have used structure-
based design to modify existing BH3 mimetics to incorporate carbonyl-boronic 
acid warheads that can reversibly form iminoboronate adducts with Lys234. 
On the other hand, we have employed computer-aided drug design to develop 
reversible alkylating agents of Cys286 that feature an α-
cyanoacrylamide/ester reactive functional group. 
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Recently, the pharmacologic inhibition of the Bcl-2 proteins as a treatment for 
cancer was validated by the FDA approval of the Bcl-2 selective inhibitor 
Venetoclax. Compensatory upregulations of the Bcl-2 family members Bcl-xL 
and Mcl-1, however, lead to acquired resistance and may limit the efficacy of 
Venetoclax. Since Bcl-xL inhibition causes platelet death and attendant 
thrombocytopenia, it may be therapeutically more beneficial to generate dual 
Bcl-2/Mcl-1 inhibitors rather than selective or pan inhibitors. Accordingly, 
leveraging X-ray crystal data that accounts for the Bcl-2 selectivity profile of 
an analogue of Venetoclax, we have grafted specific moieties onto existing 
Mcl-1 inhibitors towards the realization of dual Bcl-2/Mcl-1 inhibitors. We will 
present our progress in this area. 
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BACE1 is a promising drug target for disease-modifying therapeutics for 
Alzheimer’s disease, while BACE2, a close homologue of BACE1 expressed 
in pigment cells of the skin and eye, has been found to play a key role in 
pigmentation. Thus, non-selective and chronic inhibition of BACE1 may cause 
potential side effects arising from inhibition of BACE2. Indeed, current clinical 
compounds in Phase III study, such as verubecestat and lanabecestat, exhibit 
poor selectivity over BACE2. Therefore, designing a selective BACE1 inhibitor 
is a key objective for this research area. 
Non-conserved residues between BACE1 and BACE2 are seen in the flap 
and the 10s loop regions, which result in conformational differences between 
the two enzymes. We started our efforts with compound 1, and our initial 
exploration of the tail part, which can interact with the 10s loop, led us to 
compound 2 which has 16-fold improved selectivity. The cocrystal structure 
of 1 complexed with BACE1 suggests that incorporation of substituents at the 
5-position can reach the flap. Among the substituents we explored, 
incorporation of spiro-rings improved selectivity. Further optimization of the 
spiro-ring led to the discovery of compound 3 with a biochemical selectivity of 
510-fold (a binding selectivity of 933-fold). 
To gain insight into the selectivity over BACE2, we solved the cocrystal 
structures of 3 bound to human BACE1 and BACE2. Comparative analysis of 
the two cocrystals as well as the corresponding apo structures indicated that 
the selectivity could be achieved by the difference in flexibility between the 
two enzymes in the flap region. A significant flap movement in the BACE2–
3 structure over apo BACE2 was observed relative to the movement observed 
in the corresponding BACE1 structures. Metadynamics simulation supported 
this insight. 

 
Structures of initial lead 1 and key SAR compounds 2 and 3 



 
 
Overlay of cocrystal structures of compound 3 bound to BACE1/BACE2 and the 
corresponding apo structures 
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder known 
to have notable symptoms like short term memory loss otherwise referred to 
as dementia. Abnormal hyperphosphorylation (P-tau) of the tau protein leads 
to the aggregation of amyloid plaques which is the hallmark of AD and several 
other neurodegenerative disorders. Casein kinase 1δ (CK1d) and casein 
kinase 1ε (CK1e) are the two isozymes expressed in the brain among the 
eight known isozymes that belong to Casein kinase 1 family. CK1δ plays a 
critical role in AD through phosphorylation of the tau protein (associated with 
microtubules) which precedes neuritic lesion formation, involving 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 inhibit Aβ production. 
Our recent studies on quinones as kinase inhibitors revealed one such 
compound that pharmacologically inhibited CK1δ and Pim1 kinase 
preferentially over CK1γ2 and 98 other human protein kinases. We have 
identified a few more potent inhibitors in addition to the existing compounds, 
and these compounds were synthesized and preliminary in-vitro CK1δ kinase 
inhibition assay have shown a few compounds with good potency. Herein, we 
describe the synthesis and bioassay results of our study. 
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Liver X receptors, LXRa and LXRb, are nuclear hormone receptors that 
function as transcription factors controlling the expression of genes involved in 
lipid metabolism. Recently studies have demonstrated that agonism of LXR 
induces up-regulation of apoE and ABCA1, both of which have known genetic 
deficiencies associated with increased brain amyloid burden in mouse models 
of Alzheimer's disease. Up-regulation of these genes has been shown to 
promote amyloid–b peptide (Ab) transport and clearance, thus lowering brain 
concentrations of amyloid. As such, LXR agonism is emerging as a potential 
therapeutic approach for Alzheimer's disease. LXR has been investigated for 
some time as a potential target for the treatment of atherosclerosis, however 
agonism of LXRa also results in the up-regulation of SREBP1, a master 
switch for the genes responsible for triglyceride synthesis. As such the 
development of synthetic LXR ligands as therapeutic agents has been 
hampered by hepatic steatosis (fatty liver). Our program is based on 
developing a selective LXRb agonist that increases apoE and ABCA1 without 
inducing hepatic lipidosis. Optimization of a HTS lead led to the development 
of an agonist that displayed Emax selectivity for LXRb over LXRa and 
possessed the required physicochemical properties to facilitate multiday oral. 



In vivo studies with this agonist in rats and non-human primate showed robust 
changes in apoE and Ab protein levels with a much improved serum and liver 
lipid profile when compared with full dual LXR-agonists. 
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Bacillus anthracis, a well-known bioterrorism agent, is capable of inducing 
cytotoxicity even after treatment with antibiotics via a secreted tripartite 
exotoxin. This toxin has therefore become a popular target in the development 
of post-exposure anthrax therapeutics, specifically the component known as 
the lethal factor (LF), a zinc metalloprotease that cleaves members of the 
mitogen-activated protein kinase kinase family. Unfortunately, no LF inhibitors 
have yet been approved to treat anthrax. Recently, we reported two promising 
hits that emerged from our large-scale high-throughput screen of small 
molecules against LF. Structural biology studies on these compounds, 
however, proved challenging due to low aqueous solubility. In an effort to 
increase both the biological activity and solubility of these hits, toward the goal 
of lead optimization, we employed novel computational strategies 
incorporating bioisosteric replacement, physicochemical property prediction, 
and a variety of virtual screening techniques. Here we report the results of 
these in silico approaches as well as experimental biological activity data on 
analogs that we have identified. We also present key results from a large-
scale virtual screen of a unique library of analogs, not previously reported, that 
we generated using structure-based design. Finally, we report new X-ray 
crystallography and structural biology data crucial in elucidating the binding 
modes of our novel compounds. 
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Clay minerals are materials that have a lot of applications in many areas.In 
the field of health and toiletry products they are used as rheological additives, 
excipients and sorbents. With the time, the study of these materials allowed 
find new applications like drug delivery. Many studies have shown that clays 
can interact with drugs, characteristic that permit them to become drug 
carriers in nanocomposites materials. There is evidence that clays may 
interact with antibiotics like tetracycline. Tetracycline is a family of antibiotics 
that is used to treat bacteria (gram-negative and gram-positive) infections. In 
this work tetracycline was incorporated in water ethanol Cloisite Na bentonite. 
Water ethanol solutions with different proportions (ethanol/water) in weight 
were used to prepare 4% w/w betonite dispersions and their Fann’s viscosities 
messured, having the most viscous dispersion choose for the incorporation 
process. It was observed that viscosity increased with ethanol content up to 
50% and for contents greater than that viscosity decreases. XRD of the dried 
dispersions evidence the effective incorporation of the tetracycline between 
the layer of the clay mineral, indicating a potential use of the system in the 
controlled delivery of tetracycline in veterinarian or human medicine. 
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Choline geranate deep eutectic solvents exhibiting unique antimicrobial 
activity against Staphylococcus aureus 

Samantha Ottavi1, sottavi29@gmail.com, Kelly A. Bidle2, Danielle L. 
Jacobs1. (1) Dept of Chem, Rider University, Lawrenceville, New Jersey, 
United States (2) Dept of Biology, Rider University, Lawrenceville, New 
Jersey, United States 

Ionic liquids such as deep eutectic solvents (DESs) have enjoyed a recent 
upsurge in chemical research due to their capacity to behave as green 
solvents, as well as their potential applications in catalysis, organic synthesis, 
transdermal drug delivery, and biofilm eradication. The DES choline geranate 
was previously found to be an extremely effective antimicrobial against 
several types of gram-negative bacteria, yet its efficacy against gram-positive 
bacteria was significantly less robust, likely due to choline's intrinsic 
osmoprotectant properties in gram-positive bacteria. In an effort to improve 
choline geranate’s antimicrobial activity against gram-positive bacteria, 16 
novel choline geranate derivatives were synthesized via (1) choline 
derivatization with long chain chloromethyl ethers or esters, and (2) 



subsequent pairing with two equivalents of geranic acid. The antibacterial 
properties of these derivatives were assessed in triplicate via minimum 
inhibitory concentration (MIC) against both gram-negative Pseudomonas 
aeruginosa and gram-positive Staphylococcus aureus. All derivatives showed 
modest to no activity against P. aeruginosa, the most powerful exhibiting an 
MIC value of 5 mg/mL. On the other hand, these derivatives were far more 
powerful against S. aureus, with the most potent derivatives having MIC 
values between 25 and 70 g/mL. These data confirm that long-chain 
derivation of choline decreases its osmoprotectant properties while still 
maintaining its intrinsic antibacterial properties as a deep eutectic solvent with 
geranic acid. Future studies will evaluate the antibacterial properties of these 
choline geranate derivatives against gram-variable bacteria, as well as their 
potential role in biofilm prevention and eradication. 
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Synthesis of anti-cancer drugs to inhibit P-gp pumping action 

Maha A. Aljowni, maha6000@gmail.com. Chemistry, Southern Methodist 
University, Dallas, Texas, United States 

A problem with cancer treatment is that many cancers develop resistance to 
chemotherapeutic agents, causing them to fail to accumulate in resistant 
cancer cells long enough to have any effect. This is due to the overexpression 
of a plasma membrane protein called P-glycoprotein (P-gp). Generally, the 
role of P-gp is to protect the cells from any toxins or foreign substances by 
pumping these toxins (including chemotherapeutic drugs) out of the cell. I am 
collaborating with the Wise-Vogel laboratory at Southern Methodist University, 
who utilize 
a computer-generated model to predict the structures of P-gp inhibitors that 
inhibit the action of P-gp. These docking models find drug targets that slow 
the action of P-gp pumping, as well as help understand the underlying 



mechanism of how the protein effluxes toxins from the cell. 
My current research is focused on multiple drug analogues that are predicted 
to inhibit the P-gp protein based on their docking models. These are tested in 
cancer cell lines in combination with current chemotherapeutics to determine 
efficacy and strength of inhibition so that future chemotherapeutic drugs can 
work effectively in cells. 
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Synthesis and optimization of a near-infrared fluorescent choline kinase 
α inhibitor: Cyclo-JAS239 

Ranad Humeidi2, ranad.humeidi@utsa.edu, Alejandro Arroyo3, Sofya 
Osharovich1, Anatoliy V. Popov1, Edward Delikatny1. (1) Anat Chem Bldg 317, 
Univ of Pa Dept Radiology, Philadelphia, Pennsylvania, United States (2) 
University of Texas at San Antonio, Helotes, Texas, United States (3) 
Pharmacology , aarroy@mail.med.upenn.edu, Philadelphia, Pennsylvania, 
United States 

Near infrared (NIR) intraoperative imaging agents are of surgical interest for 
improved tumor margin detection, In the NIR range absorption of light by 
water, oxyhemoglobin and deoxyhemoglobin in tissue is reduced, decreasing 
light scattering and allowing for better depth penetration, which is always an 
obstacle in optical imaging. JAS239 is a NIR fluorescent compound that acts 
as a competitive inhibitor for Choline Kinase α, an enzyme that is 
overexpressed in 40% of breast cancers. Here, we present an optimized 
synthesis of JAS239 and a novel synthesis of Cyclo-JAS239, and several 
analogs, derivatives in which the conjugated polymethine linker is stabilized 
by the inclusion of a cyclohexene ring. We hypothesize that Cyclo-JAS239 will 
localize to ChoKα-overexpressing breast tumors, aiding in margin delineation 
in real-time clinical settings for more complete tumor resections, decreasing 
high recurrence rates in breast cancer tumors and leading to increased patient 
survival. Cyclo-JAS239 was obtained by coupling two heterocyclic head 
groups to an aliphatic linker enabling the compound to fluoresce. The 
compound was purified by column chromatography. Cyclo-JAS239 absorbs at 
775 nm and emits at 798 nm. Cyclo-JAS239 is ideal for intraoperative imaging 
because it fluoresces in the NIR window. In the future, we will assess the 
ability of Cyclo-JAS239 to delineate tumor margins in breast cancer models 
in vivo. 
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Label-free visualization of peptides and small molecules in tumor 
explants using mass spectrometry imaging 

Brian David1, bdavid7@uic.edu, Oleksii Dubrovskyi2, Jonna M. Frasor2,3, 
Laura M. Sanchez1, Terry W. Moore1,3. (1) Medicinal Chemistry and 
Pharmacognosy, University of Illinois at Chicago, Chicago, Illinois, United 
States (2) Physiology and Biophysics, University of Illinois at Chicago, 
Chicago, Illinois, United States (3) UI Cancer Center, University of Illinois at 
Chicago, Chicago, Illinois, United States 

Matrix assisted laser desorption ionization mass spectrometry imaging, with a 
time-of-flight mass spectrometer (MALDI-TOF MSI), has become a powerful 
tool for monitoring compound distribution in tissues and 3D cell culture. 
Analysis using MALDI does not require the use of a chemical label, which 
represents an advantage compared to other methodologies, such as 
fluorescence microscopy. In this work, we have extended this concept to 
tumor explants, which are advantageous because a single tumor xenograft 
can be physically divide into many smaller explants of a desired size, with 
which we can carry out many different experiments. 
We have used ex vivo explants derived from MCF-7 tumor xenografts to 
examine cellular uptake of several different drugs and probes, including the 
selective estrogen receptor modulator 4-hydroxytamoxifen, the macrocyclic 
peptide cyclosporin A, and peptides we have prepared to inhibit the estrogen 
receptor/coactivator interaction. Together, these data demonstrate that a 3D 
explant model can be used for visualization of not only small molecules, but 
also cell-penetrating peptides, and they provide a strong proof-of-concept for 
using mass spectrometry imaging to probe cellular penetration in tumor 
explants. 
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Synthesis and antimicrobial evaluation of 3-hydroxy-2-oxindole natural 
products and derivatives 

Giovanny M. Dominguez, Mackenzie L. Morshead, Jonathan D. Shapiro, 
Catherine P. Lyndaker, Max M. Majireck, 
mmajirec@hamilton.edu. Chemistry, Hamilton College, Clinton, New York, 
United States 



3-Hydroxy-2-oxindoles are a promising class of drug leads possessing a 
broad range of bioactivities. A general synthetic strategy was designed for 
rapid access into 3-hydroxy-2-oxindole systems via one- and three-step 
oxidation protocols of various Nω-functionalized tryptamine derivatives. 
Preliminary studies aimed at examining structure-activity relationships and the 
development of analogues targeting several clinically relevant microbial 
pathogens will be presented. 
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Novel piperazine derivatives as capsid assembly modulators for the 
hepatitis B virus 

Nicky Hwang1, gh272@cornell.edu, Huixin Luo1, Jessilyn Laney2, Shuo Wu1, 
Qiong Zhao1, Junjun Chen1, Ju-Tao Guo1, Yanming Du1. (1) Baruch S. 
Blumberg Institute, Doylestown, Pennsylvania, United States (2) Naval 
Academy, Annapolis, Maryland, United States 

Chronic hepatitis B viral infection has a low cure rate under the current 
treatment; one of the approaches under study to improve this is targeting the 
assembly of the viral capsid to block further replication and propagation. Here 
we present piperazine-derived inhibitors of capsid formation. The optimization 
of an early hit benzamide compound from a high-throughput screening led to 
the discovery of this novel chemical series. We will also discuss the 
development of this series through structure-activity evaluations on different 
cell lines. 
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3-Aminopyrazoles as type I and type II inhibitors for p38α MAP kinase 

Nicholas J. Vantangoli3, nvantangoli@umassd.edu, Donald W. Boerth1, 
Sivappa Rasapalli2. (1) Univ Massachusetts Dartmouth, Dartmouth, 
Massachusetts, United States (2) University of Massachusetts Dartmouth, 
North Dartmouth, Massachusetts, United States (3) Chemistry & 
Biochemistry, University of Massachusetts Dartmouth, Dartmouth, 
Massachusetts, United States 

The enzyme p38α, also known as mitogen-activated protein (MAP) kinase 14, 
serves as an inducer of inflammatory cytokines. The inhibition of this enzyme 
allows for anti-inflammatory responses, which can be used to treat disorders 
such as rheumatoid arthritis. However, there are few drugs for p38α on the 



market, leaving a demand for further exploration of new inhibitors. Pyrazoles 
have been used as pharmacophores for many drugs and may be able to 
serve as p38α inhibitors. Typically, 5-aminopyrazoles have been implemented 
in many clinical trials. However, the use of 3-aminopyrazoles may open a door 
to new possibilities for pyrazole as a pharmacophore. An in silico approach 
using Schrödinger software was used to generate a large library of 
compounds with the 3-aminopyrazole pharmacophore for docking with p38α 
kinase. Each compound was scored with Glide using Induced Fit. Promising 
candidates were confirmed by free energy calculations with Prime. Based on 
these calculations, 3-aminopyrazoles show considerable potential for use as 
anti-inflammatory drugs. A synthetic approach to these compounds has been 
investigated by the kinetically-controlled cyclization of oxonitriles and 
substituted hydrazines. 
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Optimization of NK-kB inducing kinase inhibitors: A fragment based 
approach 

Nicholas Scorah1, nick.scorah@takeda.com, Walter Keung1, Lily Kwok1, 
Paul Tanis1, Mark Sabat1, David Lawson2, Jacques Ermolieff3, Naoki Ishii4. (1) 
Medicinal Chemistry, Takeda California, San Diego, California, United States 
(2) Computation Science, Takeda California, San Diego, California, United 
States (3) In-Vitro Pharmacology, Takeda California, San Diego, California, 
United States (4) Takeda Pharmaceutical Company, Kanagawa, Japan 

NF-kB inducing kinase (NIK, MAP3K14) is a key regulator of the non-
canonical NF-kB pathway which is central to multiple autoimmune and 
inflammatory disorders. Modulation of this pathway through inhibition of NIK 
could offer significant therapeutic potential for certain autoimmune diseases 
while sparing the canonical NF-kB pathway to preserve acute responses to 
infection. Our method of targeting NIK was centered around a fragment-based 
approach aimed at producing highly efficient inhibitors with ideal 
physiochemical properties. Fragment-based screening was performed using 
biochemical assay, STD NMR and thermal shift assays which resulted in the 
identification of >90 hits. A scaffold hopping strategy was employed to provide 
multiple potent series. Herein, we describe the discovery and optimization of a 
low MW fragment hit to a novel,efficient and selective NIK inhibitors. 
 
NF-kB-inducing kinase (NIK, MAP3K14), is a central signalling component of 
the non-canonical NF-kB pathway, and is a key node in pathways activated in 
multiple autoimmune and inflammatory disorders. NIK is a crystallographically 



enabled target which contains a selectivity pocket which can be accessed 
through a narrow region defined by the gatekeeper Met471. To date, inhibitors 
of NIK have relied on a narrow series of alkynyl alcohol bearing chemo-types 
for its selective inhibition. These structures were arrived by rational design to 
exploit certain unique structural features of the enzyme; however 
incorporation of these functionalities has resulted in poor physiochemical and 
pharmacokinetic properties. The internal alkyne, although currently not viewed 
as a structural alert, may also pose a metabolic risk. 
 
Modulation of this pathway and inhibition of NIK has been of keen interest for 
pharmaceutical companies including Takeda. We approached targeting NIK 
with a FBDD campaign in order to obtain novel lead matter, and to obtain 
inhibitors with better physiochemical properties. A fragment based screen 
against the target was performed using STD, NMR and thermal shift assays 
which resulted in identification >90 hits. In this presentation, we disclose a 
recent FBDD optimization effort based on a fragment flip which allowed for the 
development of a novel non-alkyne NIK inhibitor. 
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Janus kinase 1/3 (JAK1/3) inhibitors: Improving selectivity against Rho 
kinase 1 (ROCK1) in a series of piperidinylaminopyrrolo[1,2-
b]pyridazine-3-carboxamides 

Michael E. Mertzman, michael.mertzman@bms.com, Steven Spergel, 
Gregory Brown, Bingwei V. Yang, Shuqun Lin, John S. Tokarski, Jonathan S. 
Lippy, Rosemary F. Zhang, Michael A. Galella, Sydney Pitt, Jack Sack, Javed 
Khan, Percy H. Carter, Joel C. Barrish, Steven G. Nadler, Luisa M. Salter-Cid, 
Gary L. Schieven, Steve Wrobleski, William J. Pitts. R & D, Bristol-Myers 
Squibb, Princeton, New Jersey, United States 

An optimization effort was undertaken within a series of 
piperidinylaminopyrrolo[1,2,-b]pyridazine-3-carboxamide JAK1/3 inhibitors 
with the aim of improving their selectivity against ROCK1 to avoid off target 
cardiovascular effects. The synthesis and structure activity relationship (SAR) 
is described. This effort led to the identification of a series of potent 
compounds with greatly improved ROCK1 selectivity. 
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Structure-based design to improve the selectivity of kinase inhibitors in 
cancer therapy 



Amir Assadieskandar, assadies@usc.edu, Caiyun Yu, Chao 
Zhang. Department of Chemistry, University of Southern California, Los 
Angeles, California, United States 

Receptor kinases have an important role in several cellular functions including 
cell division, cell communication, and regulation of signaling pathways. 
Though several mechanisms have been elucidated for receptor kinases in 
cellular processes, their roles and exact mechanism in the initiation and 
progression of uncontrolled cell division are not yet clear. Thus, drug design 
and development efforts are greatly focused on protein kinases to provide a 
more in depth knowledge about them as one of the most successful targets 
for the treatment of different diseases and particularly in cancer. However, 
development of highly selective inhibitors is still one of the major challenges in 
medicinal chemistry. Unfortunately, implementations of all rational design 
strategies into selective and potent binders do not always lead to predict the 
desired biological effects in vitro and/or in vivo. 
Here in this project, we have designed and synthesized a series of alkyne-
containing pyrazolo [3,4-d] pyrimidine analogues. Furthermore, the effect of 
these analogues on downstream signals were evaluated in vitro and in vivo. 
The result showed that desired compounds improved potency and selectivity 
for inhibition of Braf which is important in cell growth and proliferation. 
Additionally, selectivity of the optimized molecules compared to the reference 
compound was evaluated by kinome profiling analysis. Finally, co-crystal of 
one compound has been prepared that demonstrated the interaction of 
compound in the active site of protein. The result of this research introduces a 
novel approach for improving the selectivity of cancer chemotherapy. 
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Identification and optimization of second generation CDK2 inhibitors as 
otoprotectants against cisplatin-induced ototoxicity 

Robert Hazlitt1,2, rhazlitt9@gmail.com, Tal Teitz1, Jaeki Min2, Justine Bonga1, 
Duane Currier2, Taosheng Chen2, Zoran Rankovic2, Jian Zuo1. (1) 
Developmental Neurobiology, St. Jude Children's Research Hospital, 
Memphis, Tennessee, United States (2) Chemical Biology and Therapeutics, 
St. Jude Childrens Research Hospital, Memphis, Tennessee, United States 

Since its approval by the FDA in 1978, cisplatin has served as a cornerstone 
drug in chemotherapeutic regimens for nearly 40 years. However, its 
therapeutic benefits are often coupled with debilitating, irreversible hearing 
loss in roughly 63% of patients. Despite the enormous social and economic 
consequences related to the high incidence ototoxicity, no therapies to 
prevent cisplatin-induced hearing loss have been approved by the FDA. 
 
Kenpaullone is a potent CDK and GSK3β inhibitor that has shown excellent 
protection against cisplatin-induced cytotoxicity in a cell line derived from 
neonatal mouse cochleae (HEI-OC1) and in ex vivo cochlear explant cultures 
(explant EC50 = 225 nM). A focused library screen on the HEI-OC1 cell line of 
known CDK and GSK3β inhibitors revealed two potent CDK2 inhibitors, 
AT7519 and AZD5438 as top hits. In cochlear explant cultures, both AT7519 
and AZD5438 provided significant protection against cisplatin-induced 
cytotoxicity (EC50 = 15 nM and 5 nM, respectively). Furthermore, AZD5438 
provided complete protection against cisplatin-induced hearing loss in p30 
FVB mice by local delivery to the inner ear using ltranstympanic injection. 
 
AT7519 has high oral bioavailability and was well tolerated in phase I clinical 
trials for patients with cancer. However, in cochlear explant cultures, AT7519 
has a very poor therapeutic index in combination with cisplatin. Therefore, we 
sought to develop an analog of AT7519 that had an improved therapeutic 
index in a hit-to-lead process. We acquired a total of 38 analogs from either 
in-house synthesis or from commercial sources and identified 8 analogs that 
displayed good to outstanding potency in our HEI-OC1 cell line assay. The 
most potent analog from the assay was tested in cochlear explant cultures 
and had a substantially better therapeutic index than AT7519 (TI > 50) and 
comparable potency (EC50 = 28 nM). In conclusion, we have demonstrated 
that AZD5438 provides complete protection against cisplatin-induced hearing 
loss in mice when delivered locally. In addition, we have developed an 



equipotent analog of the initial hit, AT7519, that has a substantially higher 
therapeutic index than AT7519. 
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Inhibition of Neisseria meningitidis by 5'-sulfonamide-nucleoside 
conjugates 

Marina Ghali, marina.ghali479@myci.csuci.edu, Vanessa Lopez, 
vanessa.lopez634@myci.csuci.edu, Matthew Hight, 
matthew.hight212@myci.csuci.edu, Ahmed Awad. California State University 
Channel Islands, Camarillo, California, United States 

Sulfonamide therapeutics have been reported as effective agents for the 
treatment of bacterial infections and show potential as antiviral agents. Due to 
the growing threat of antibiotic resistant bacteria, there is an increasing 
demand for novel therapeutics to inhibit these pathogens. Drug-resistant 
bacteria have been reported as a major concern, and therefore the 
development of new antibacterial drugs are imperative contributions to the 
pharmaceutical industry. Coupling of nucleosides with sulfonamide moieties 
may be an effective way to produce novel molecules to fight drug resistant 
bacteria. Synthesis of 5'-sulfonamide-nucleoside derivatives were achieved 
via Mitsunobu reaction for the N-alkylation of primary alcohols. 
Characterization through NMR and HRMS confirmed the formation of 5' 
sulfonamide nucleosides in high yields. Antimicrobial testing using 
sulfonamide nucleoside analogues against Neisseria Meningitidis showed 
promising inhibition as well as promise in the further development of 
sulfonamide nucleoside analogs as novel antibiotic drugs. The percent 
inhibition of each 5'-adenosine sulfonamide analogs were confirmed by disc 
diffusion. Three gram positive and three gram negative bacteria were 
examined in this study: Staphylococcus aureus, Escherichia coli, Bacillus 
cereus, Enterococcus faecalis, Proteus vulgaris, and Neisseria meningitides. 
The growth of the Neisseria meningitidis was selectively inhibited by exposure 
to four different sulfonamide-nucleoside analogs each containing one of the 5'-
derivatives: p-toluene, nitrobenzene, methoxybenzene, and chlorobenzene-
sulfonamides. Future directions of our work involve biological testing and 
further development of sulfonamide nucleoside analogs as potent inhibitors for 
Nesseria meningitides. 
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Investigating the use of mixed stationary phases for peptide purification 
via reversed phase flash chromatography 

Elizabeth Denton1,2, elizabeth.v.denton@gmail.com, John R. Bickler1, 
bob.bickler@biotage.com. (1) Biotage, LLC, Hampstead, North Carolina, 
United States (2) Chemistry, Yale University, Charlotte, North Carolina, United 
States 

Synthetic peptides are commonly purified during a single purification effort 
using standard reversed phase HPLC methods and a column packed with 
C18-functionalized stationary phase. These efforts however, often require a 
significant time investment due to the low loading limits of standard reversed 
phase HPLC columns. Recently, the use of reversed phase flash 
chromatography has increased in popularity for peptide purification due to the 
significant reduction of purification time, enabled by the increased loading 
levels of the larger stationary phase particles. Resolution, though, is 
somewhat diminished with the larger particle size, demanding creative 
techniques to retain a highly pure peptide product. 
Herein, we present an investigation that uses multiple stationary phase 
materials, connected inline for a single peptide purification with the goal of 
improving the overall peptide purity and recovery using reversed phase flash 
chromatography. We present chromatrographic results for peptide 
purifications in which two cartridges with identical stationary phase are linked, 
two cartridges with different functionalization (C4 vs C18) are linked, and 
finally two cartridges that differ by particle pore size are linked. For a more 
comprehensive evaluation, two peptides differing in amino acid length, crude 
purity and hydrophobic content will be compared. These results further 
highlight the utility of flash chromatography for reversed phase peptide 
purifications. 
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Synthesis and analysis of a folate conjugate for simultaneous capture 
and detection of cancer cells 

Walter A. Henne, whenne@govst.edu. Chemistry, Governors State 
University, Chicago, Illinois, United States 

A folate targeted, small molecule conjugate containing both a fluorophore 
reporter molecule and biotin affinity ligand was synthesized for selective 



capture and simultaneous fluorescence detection of folate receptor positive 
cancer cells. The conjugate bound to folate receptor positive cells with a high 
binding affinity. Importantly, binding of the capture conjugate was blocked by 
excess folate, demonstrating receptor-specific interaction with the folate 
receptor. Cell capture studies using streptavidin coated magnetic beads 
followed by confocal microscopy analysis, demonstrated the utility of this 
agent. Given the modular, on-resin synthetic strategy, this approach could 
easily be extended to other small molecule ligands and fluorescent probes, 
respectively.  
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Development of a Coxiella burnetii culturing method for high throughput 
assay to identify growth inhibitory small molecules 

Maisha Khan1, mzk2@hood.edu, Martha Hale2. (1) Chemistry, Hood College, 
Frederick, Maryland, United States (2) Molecular and Translational Sciences, 
U.S. Army Medical Research Institute of Infectious Diseases, Frederick, 
Maryland, United States 

Coxiella burnetii, a small, gram negative bacterium, is the causative agent of 
Q fever, a disease with flu-like symptoms that has both acute and chronic 
stages of infection. Q fever is zoonotic with reservoirs in many domesticated 
animals such as sheep and cattle. As with many other obligate intracellular 
parasites, a Coxiella infection can be difficult to treat and, even with treatment, 
chronic infection may still occur. In order to identify small molecules that inhibit 
bacterial growth, the nonpathogenic C. burnetii nine mile phase II Clone 4 
(CBNMIIC4) was prepared in axenic media under hypobaric conditions and 
was characterized by proteomic analysis and mammalian cell infection 
followed by antibody staining. Methods to enumerate bacteria using 
OD600 density, colony forming units and genomic equivalents were developed 
to standardize the multiplicity of infection (MOI). RAW cell, or mouse 
macrophage cell, monolayers infected with CBNMIIC4 were used to test the 
effect of the antibiotic doxycycline and the mycotoxin cytochalasin B on 
CBNMIIC4 infection for the purpose of establishing positive drug controls for 
the high throughput assay. Characterized CBMNIIC4 stocks (stored at -70°C) 
are now ready to be transferred for use in a high throughput assay. 
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Design and synthesis of hydroxylated 2-phenyl-4,6-
dithienyl/furanylpyridines as selective topoisomerase IIα inhibitors 



Pramila Katila1, pramilakatila@gmail.com, Ganesh Bist1, Til B. Thapa 
Magar1, Aarajana Shrestha1, Youngjoo Kwon2, Eung-Seok Lee1. (1) College 
of Pharmacy, Yeungnam University, Gyeongsan, Korea (the Republic of) (2) 
College of Pharmacy, Ewha Woman University, Seoul, Korea (the Republic 
of) 

A new series of twenty four 2-phenyl-4,6-dithienyl/furanylpyridines containing 
hydroxyl group at ortho, meta, or para position of 2-phenyl ring of the central 
pyridine were systematically designed, prepared, and investigated for their 
topoisomerase (topo) I and IIα inhibitory properties and antiproliferative 
activity in three different human cancer cell lines (HCT15, T47D, and HeLa). 
Compounds 3, 6, 8-18, 20 and 24 at 100 µM and compounds 4, 9-12, 24 at 20 
µM exhibited strong and selective topoisomerase IIα inhibitory activity 
compared to positive control etoposide. Conversely, almost all of the 
compounds (except 13, 23 and 24) showed very weak or no any 
topoisomerase I inhibitory properties even at 100 µM. SAR study revealed that 
the compounds possessing a meta- or para-hydroxyphenyl moiety on 2-
position along with 3-thienyl or 2-furyl moiety on 4-position of the central 
pyridine ring exhibited significant and selective topo IIα inhibitory activities at 
both 100 µM. Most of the compounds that possessed strong topo IIα inhibitory 
properties at 100 µM or 20 µM also possessed strong to moderate 
antiproliferative activity in low micromolar ranges(IC50 = 0.39-15.95µM). 
Compound 12 that consists of the para-hydroxyphenyl group at 2-position and 
3-furyl group at 4 and 6-position of central pyridine exhibited the most 
significant topo IIα inhibitory properties at both 100 µM and 20 µM. 
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Synthesis and characterization of de-sulfonylated product of Rigosertib, 
a late phase III clinical candidate 

Muralidhar R. Mallireddigari2, mmallireddigari@onconova.us, Venkata 
Dandu1, Vijaya Bharathi1, Balireddy Akula2, Venkat Pallela2, Stephen C. 
Cosenza1, Chen Ren2, Manoj Maniar2, Premkumar Reddy1, M Reddy1,2. (1) 
Department of Oncological Sciences, Icahn School of Medicine at Mount 
Sinai, New York, New York, United States (2) Drug Discovery and 
Development, Onconova Therapeutics Inc, Newtown, Pennsylvania, United 
States 

Rigosertib, is a small molecule inhibitor of cellular signaling and acts as a RAS 
mimetic, which is in Phase 3 clinical trial. The effects of rigosertib appear to be 
mediated by direct binding of the compound to the RAS-binding domain 



(RBD) found in many RAS effector proteins, including the Raf kinases and 
PI3K. The therapeutic focus for rigosertib is myelodysplastic syndromes 
(MDS), a group of bone marrow disorders characterized by ineffective 
formation of blood cells that often converts into acute myeloid leukemia 
(AML). Clinical trials for rigosertib are being conducted at leading institutions 
in the U.S., Europe, and the Asia-Pacific region. Both the intravenous (IV) and 
oral formulations of rigosertib are being tested in multiple clinical trials. 
Rigosertib has been awarded Orphan Designation for MDS in the United 
States, Europe and Japan. 
 
Rigosertib belong to a class of styryl benzylsulfones molecules. During 
manufacturing and also in long-term storage conditions traces of sulfone 
moiety extrusion product is produced. To understand the biology of the de-
sulfonylated product, we have tried several synthetic routes to make the 
product. After working on more than 60 synthetic methods, we finally came up 
with a method, which can produce the desulfonylated product of Rigosertib in 
grams scale. In this presentation, we describe the synthesis and biological 
activity of the molecule on tumor cells. 
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Molecular dynamics simulations of the epsilon unit in HBV pgRNA 

Ryan P. Pemberton, ryanppemberton@gmail.com. Chemistry, UC Davis, 
Fremont, California, United States 

Inside the hepatitis B virus (HBV) particle, a relaxed circular deoxyribonucleic 
acid (rcDNA) genome awaits introduction to the host cell’s nucleus to be 
modified to covalently closed circular deoxyribonucleic acid (cccDNA) so it 
can function as a mini-chromosome for replicating the HBV virus. Pregenomic 
ribonucleic acid (pgRNA), and other messenger ribonucleic acids (mRNAs) 
are transcribed and exit the nucleus. HBV polymerase, the other inhabitant of 
the virus’s core particle, recognizes pgRNA to commence the process of 
encapsidation. The epsilon unit, a 61 nucleotide segment of pgRNA, has been 
termed the encapsidation signal for its role in this event. Following 
encapsidation, (-)-strand DNA synthesis begins with a priming event where 
the 3-4 nucleotide priming sequence is generated after the initial base-pairing 
of cytosine-19 to a guanine nucleotide that has covalently attached to HBV 
polymerase.  
Since the epsilon unit is essential for HBV replication, oligonucleotide 
therapeutics offer a unique method for targeting this segment of HBV pgRNA. 
While it’s clear that HBV pgRNA conformational changes occur at this stage of 



replication, the lack of three-dimensional structural data for the full epsilon unit 
hinders our molecular understanding of this event. The 3-dimensional 
structure of the apical stem-loop has been proposed based on data from 
NOE, RDC, and 1H NMR shifts which highlights that the apical loop (5’-
CUGUGC-3’) folds with a CG Watson-Crick base-pair (WCBP) at positions 31 
and 35 of the epsilon unit, leaving a UGU triloop and C bulge (see Figure 1) at 
position 36. The degree to which the epsilon unit is exposed in HBV pgRNA is 
unclear, but anti-epsilon oligonucleotide therapeutics that traverse the internal 
bulge to the apical loop provide efficacy against HBV surface antigens 
(HBsAg), HBV e antigen (HBeAg) and cccDNA in vitro. A recent report also 
suggests that the epsilon unit undergoes self-cleavage upon activation via in 
vivo levels of potassium ions, suggesting that a portion of the epsilon unit may 
be free to move about the capsid, and displaying ribozyme activity. This 
poster, therefore, sets out to describe the conformational flexibility and 
stability of the 61-ribonucleotide epsilon unit through analyses of molecular 
dynamics (MD) simulations. 
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Near-IR cyanine optical/PDT theranostic for TrkC+ breast cancer 

Jaya P. Shrestha, jpshrestha@tamu.edu, Kevin Burgess. Department of 
Chemistry, Texas A&M University, College Station, Texas, United States 

Photodynamic therapy (PDT) sensitizers do not allow the selective killing of 
cancer cells over healthy cells. This issue can be addressed with PDT agents 
specifically targeted to overexpressed cell-surface receptors on a tumor. In 
this project, we have developed a cyanine based near-infrared (NIR) PDT 
agent targeting Tropomyosin-receptor-kinase C (TrkC), an overexpressed 
cell-surface receptor on some forms of metastatic breast cancer. The PDT 
agent consists of three components: (i) cyanine: a PDT agent; (ii) IYIY, a 
small molecule fragment developed in our laboratory that targets TrkC; and, 
(iii) a positron emission tomography (PET) tag. NIR cyanine based PDT agent 
can be excited by NIR light, and in return, it generates singlet oxygen that kills 
cancer cells. This one molecule has the potential to be used as a diagnostic, 
to image metastatic spread via positron emission tomography (PET), and to 
be used as a therapeutic. So far, however, we have tested selective 
photocytotoxicity in preparation for animal studies. 
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SAR study of novel FABP inhibitors as antinociceptive, anti-
inflammatory, and anticancer agents 

Su Yan1, su.yan@stonybrook.edu, Matthew Elmes4, Monaf Awwa1, Jessica 
Li6, Kiana Ziadkhanpour7, Martin Kaczocha3,5, Dale Deutsch4,3, Iwao 
Ojima2. (1) Department of Chemistry, Stony Brook University, South Setauket, 
New York, United States (2) Chem Dept/ICBDD, Stony Brook University, 
Stony Brook, New York, United States (3) Institute of Chemical Biology and 
Drug Discovery, Stony Brook, New York, United States (4) Biochemistry and 
Cell Biology, Stony Brook University, Stony Brook, New York, United States 
(5) Department of Anesthesiology, Stony Brook University, Stony Brook, New 
York, United States (6) Pingry School, Basking Ridge, New Jersey, United 
States (7) John F Kennedy High School, Plainview, New York, United States 

The fatty acid binding proteins (FABPs) have been recognized as excellent 
new targets for the drug discovery of non-addictive antinociceptive and anti-
inflammatory agents. FABPs have also been found to be overexpressed in 
certain cancers including breast and prostate cancers, playing key role in 
tumor growth. Thus, the inhibition of FABPs will provide a new approach to 
cancer chemotherapy. 
 
Recently, our research team solved the structures of the co-crystals of FABP5 
and FABP7 with SB-FI-26, which is one of the lead compounds. These 
structures provided a structural basis for computationally designing new 
druggable FABP inhibitors with improved potency and selectivity. 
 
In the present work, the structures of two hit compounds, SB-FI-19 and SB-FI-
31, arising from high-throughput in silico screening and actual FABP-binding 
assay in our previously reported study, was computationally analyzed 
(AutoDock 4.2) to design their analogs with improved binding affinity toward 
FABP5 and FABP7. Then, several most promising analogs were selected for 
chemical synthesis and binding affinity determination using a fluorescence 
displacement assay against FABPs 3, 5 and 7. The design, synthesis and 
biological evaluation of these novel FABP inhibitors, as well as their SAR will 
be presented. 
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Chemo-enzymatic synthesis of “clickable” and photoactive NAADP 
analogs for identification of the NAADP receptor 

Peiling Su1, peiling.su@utoledo.edu, James Bretz1, Timnit Asfaha1, 
Christopher Trabbic1, Timothy Walseth2, James Slama1. (1) Medicinal and 
Biological Chemistry, The University of Toledo, Toledo, Ohio, United States 
(2) Department of Pharmacology, University of Minnesota Medical School, 
Minneapolis, Minnesota, United States 

Ca2+ is a ubiquitous intracellular messenger that controls the most 
fundamental cellular processes. Nicotinic acid adenine dinucleotide phosphate 
(NAADP) is so far the most potent second messenger that can trigger calcium 
release from intracellular stores at nanomolar concentration in a variety of 
biological systems. The NAADP receptor, however, has not yet been 
unambiguously identified. With the objective to isolate and purify the NAADP 
binding protein(s), we have successfully synthesized three bi-functional 
NAADP analogs, which are 5-(3-azidopropyl)-8-azido-NAADP, 5-(prop-2-yn-1-
yloxy)-8-azido-NAADP and 5-azido-8-ethynyl-NAADP. Each of the probes 
contains a photoactive aromatic azide which can covalently label the NAADP 
receptor, and a “clickable” terminal alkyne or alkyl azide that will enable us to 
attach the probes to an affinity tag. In the chemo-enzymatic synthesis, 
synthetic 8-substituted NAD was produced from coupling nicotinamide 



mononucleotide and an adenosine 5'-mono phosphate derivative. Next, the 8-
substituted NAD was phosphorylated by recombinant human NAD kinase to 
give the corresponding NADP analog. Last, the nicotinamide in the NADP 
derivative was exchanged for a synthetic 5-substituted nicotinic acid by ADP-
ribosyl cyclase to generate the bifunctional NAADP analog in reasonable 
yield. These compounds were characterized and assayed using sea urchin 
egg homogenates for their abilities to release Ca2+ from intracellular stores, to 
compete with [32P]NAADP in binding to the receptor, and to specifically 
photolabel the NAADP binding protein(s). Both 5-(3-azidopropyl)-8-azido-
NAADP and 5-(prop-2-yn-1-yloxy)-8-azido-NAADP were shown to be high 
potency agonists of Ca2+ release and were able to label the NAADP binding 
protein(s) specifically at low concentration, while the 5-azido-8-ethynyl-
NAADP is still under investigation. 
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Structure activity relationship studies of indole-containing heterocycles 
targeting lipid regulation pathways 

Haibo Xie2, xiehb@ymail.com, Ka Yang2, Gabrielle N. Winston-Mcpherson1, 
Weiping Tang2. (1) Pharmacy, UW-Madison, Madison, Wisconsin, United 
States (2) School of Pharmacy, University of Wisconsin-Madison, Madison, 
Wisconsin, United States 

A high blood cholesterol (LDL-c) level is a well-known risk factor for 
cardiovascular disease. The important role of proprotein convertase 
subtilisin/kexin type 9 (PCSK9) in cholesterol homeostasis has been 
confirmed by the gain- and loss-of-function PCSK9 variations in human 
populations and two recently FDA approved antibody drugs. However, these 
antibody drugs are expensive and require injection. Small molecule degraders 
of PCSK9 naturally emerge as an alternative promising strategy. We recently 
identified small molecule hits that can reduce the PCSK9 level in cell-based 
phenotypic screening. We will present the synthesis and our preliminary 
structure activity relationship studies of these indole-containing heterocycles. 
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Targeting lipid regulation pathways by novel small molecules 

Ka Yang1, kyang82@wisc.edu, Haibo Xie1, Gabrielle N. Winston-Mcpherson1, 
Donnie Stapleton2, Mark Keller2, Alan Attie2, Weiping Tang1. (1) School of 
Pharmacy, University of Wisconsin-Madison, Madison, Wisconsin, United 
States (2) Department of Biochemistry, University of Wisconsin-Madison, 
Madison, Wisconsin, United States 

Cardiovascular diseases (CVDs) are one of the leading causes of death in the 
United States, and worldwide. High levels of low-density-lipoprotein-
cholesterol (LDL-C) significantly increase the risk of CVDs. Statins are the 
major therapeutic approach to lower LDL-C, but >20% of patients are resistant 
to statin-based therapy. Proprotein Convertase Subtilisin/Kexin Type 9 
(PCSK9), a circulating protein that binds to the LDL receptor (LDL-R), and 
targets it for degradation, is a novel therapeutic target. The combination of 
statin and anti-PCSK9 mAbs reduces LDL-C by 40-60% in statin-resist 
patients. However, this therapy is cost-prohibitive for all patients, thereby 
motivating development of small molecules inhibitors of PCSK9. We have 
identified a class of heterocyclic compounds that can selectively reduce 
PCSK9 protein levels in a cell-based screen, resulting in increased LDL-R. 
We have improved the potency and other pharmacological properties by 
structure-activity-relationship(SAR) studies, resulting in highly potent 
molecules (IC50 of 0.15 nM). We used RNA-seq and an LC-MS-based 
proteomics to investigate the mechanism by which the compounds lead to a 
suppression of PCSK9. Our results suggest that the novel molecules act by 
inhibiting the transcriptional activation of the PCSK9 gene. Current efforts are 
aimed at discovering the direct molecular targets of the compounds. 
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Binding of silymarin flavolignan isomers to human serum albumin: 
Experimental and computational studies 

Duma Hlangothi1, Kevin Anthony1, anthonykp@tsu.edu, Mahmoud A. 
Saleh1,2. (1) Department of Chemistry, Texas Southern University, Houston, 
Texas, United States (2) Agricultural Biochemistry, Cairo University, Giza, 
Egypt 

Silymarin is a flavonolignan complex mixture found in the fruits of milk thistle 
(Silybum marianum L), a member of the Asteraceae family. It has been in 



clinical use for many years in Europe, Asia, United States and Africa as a 
hepatoprotective and potent antioxidant. Due to its poor water solubility, the 
bioavailability of silymarin is low. Human serum albumin (HSA) is the most 
abundant carrier protein of the body with a high affinity for a wide range of 
metabolites and drugs and responsible to bring such solutes into the blood 
stream and then deliver them to the target organs. It is possible that dietary 
silymarin can form serum albumin conjugates to modulate its bioavailability. It 
is thus pertinent to consider the specific binding of these compounds to HSA. 
Individual isomers of silymarin (silybin A, silybin B, iso-silybin A, iso-silybin B, 
silychristin, and silydianin) were investigated for their ability to bind to (HSA) 
using UV-Vis, Fluorescence and circular dichroism (CD) techniques. All 
experiments showed ligand binding affinity to HSA, but was different among 
the six examined isomers. These results were compared with molecular 
modeling docking computations using Sybyl-X 2.1.1 molecular modeling 
software. Docking studies reveal that the individual molecules lie within 
hydrogen bonding distance of Trp 214 residue subdomains IB and IIA and 
IIIA. 

 

MEDI 218 

Chemoenzymatic synthesis of novel O-linked glycopeptide cancer 
vaccine candidates 

Jiabin Zhang, jzhang49@student.gsu.edu. Georgia State University, Decatur, 
Georgia, United States 

Monoclonal antibodies are glycoproteins which can be used against cancers. 
Recently, more researchers have focused on the study of glycoprotein 
sequences, and new studies reflect that chemically synthesized glycopeptides 



could be used as vaccines to induce our immune cells generate monoclonal 
antibodies. Therefore, our study focuses on a unique MUC tandem repeat 
glycopeptide sequence as a potential candidate for an anti-cancer vaccine, 
because of the overexpression of Muc in tumor cells compared with normal 
cells. Glycopeptides, linked with a single GalNAc, were synthesized by a 
chemical approach and the glycans extended by enzymatic methods 
producing unique glycopeptides that could be used as anti-cancer vaccines.  
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Synthesis and evaluation of 7-O-aminoalkyl-3,3',4'-O-trimeylfisetins as 
anti-prostate cancer cell agents 

Maizie Lee, moizie@mail.fresnostate.edu, Kevin Muthima, Xiang Li, Guanglin 
Chen, Qiaohong Chen. Chemistry, California State University, Fresno, 
Fresno, California, United States 

Prostate cancer is the most prevalent cancer among men in America. Early 
stage prostate cancer is localized and treatable with hormone therapies. 
However, no effective treatment is available for metastatic, advanced prostate 
cancer. Fisetin (3,3',4',7-tetrahydroxyflavone), a naturally occurring plant 
flavonoid, has been demonstrated by in vitro and in vivo studies to possess 
potential in treating prostate cancer. The main drawbacks for fisetin to be a 
drug candidate are moderate potency and low bioavailability. Fisetin is 
structurally characteristic of four phenolic hydroxyl groups. Previous studies 
indicate the chemical modifications on the hydroxyl groups (OH) of flavonoids 
can overcome, at least partially, the low potency. This study aimed to explore 
the potential of 7-O-substituted-3,3',4'-O-trimethylfisetins as anti-prostate 
cancer agents. To this end, a six-step procedure to 7-O-aminoalkyl-3,3',4'-O-
trimethylfisetins has been successfully developed and optimized. Our 
optimized synthetic procedure includes aldol condensation, Algar-Flynn-
Oyamada (AFO) reaction, O-methylation, debenzylation, O-alkylation, and N-
alkylation. Seven desired derivatives have thus far been synthesized and 
characterized. We can conclude from our WST-1 bioassay data that 7-O-
aminoalkyl-3,3',4'-trimethoxyfisetins are significantly more potent than fisetin 
and 3,3',4'-O-trimeylfisetin in inhibiting the cell proliferation in PC-3, DU-145 
and LNCaP cancer cell models. Most notably, incorporation of piperidine 
moiety to the 7-O position of trimethylfisetin through a five-carbon chain 
resulted in the optimal derivative with an IC50 value of 7.48 ± 1.10 micromolar 
in DU-145 cell model, while the IC50 value for fisetin is greater than 50 
micromolar.  



MEDI 220 

Nitrogen-containing derivatives of tertramethylquercetins: A new group 
of anti-prostate cancer agents 

Pravien S. Rajaram, pravien@mail.fresnostate.edu, Ziran Jiang, Alison 
Phasakda, Alyssa Rivera, Guanglin Chen, Qiaohong Chen. Chemistry, 
California State University, Fresno, Fresno, California, United States 

Prostate cancer is one of the leading causes of cancer deaths for US men. In 
2017, about 161,000 new cases of men will be diagnosed with prostate 
cancer and 27,000 will die from this invasive cancer. Currently, no effective 
treatment is available for patients with advanced metastatic prostate cancer. 
Our ongoing research program aims to optimize naturally occurring lead 
compounds as potential anti-prostate cancer agents. In this study, forty-eight 
nitrogen-containing derivatives of tertramethylquercetins have been designed 
and synthesized for their in vitro evaluation in cell models. Among them, 
twenty-four 3-O-aminoalkyl-3',4',5,7-O-tertramethylquercetins have been 
prepared from commercially available rutin through a four-step procedure 
including global methylation, glucoside hydrolysis, O-alkylation, and N-
alkylation. The twenty-four 5-O-aminoalkyl-3,3',4',7-tertramethylquercetins 
have been achieved from commercially available quercetin through a three-
step transformation, including selective tetramethylation of quercetion, O-
alkylation with the appropriate dibromoalkane, and N-alkylation. Our WST-1 
cell proliferation assay data in three human prostate cancer cell models 
indicate i) that incorporation of a nitrogen-containing group to either 3-OH or 
5-OH is beneficial to the potency, ii) that most derivatives are more potent 
towards the androgen-sensitive prostate cancer cell line (LNCaP) than 
androgen-insensitive cell lines (PC-3 and DU145), and iii) that modification on 
5-OH of tetramethylquercetin led to the optimal derivatives with low 
micromolar to submicromolar IC50 values. Our finding imply that the in vitro 
anti-prostate cancer potency of quercetin can be markedly improved through 
appropriate chemical modifications. 
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Synthesis of N-(9-acridinyl)-O-phenylhydroxylamines as anti-cancer 
agents 

Catherine I. Muldoon, catherine.muldoon@unco.edu, Alyssa L. Johnson, 
Michael D. Mosher. Dept Chemistry Biochemistry, University of Northern 
Colorado, Greeley, Colorado, United States 



The 9-aminoacridine class of compounds includes many therapeutically useful 
compounds (such as m-amsacrine, a compound used in the fight against 
childhood leukemia). This class, however, suffers from rapid hydrolysis and 
thiolysis in vivo, resulting in hepatically toxic compounds. Preparation of 9-
aminoacridine derivatives with increased stability requires strengthening of the 
C9-N bond. This can be accomplished with the application of the buttressing 
effect on the nitrogen lone pair. The title compounds have been prepared with 
this feature. Their synthesis, characterization, half-life under physiological 
conditions, and biological activity in vitro will be discussed. 
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Identification of conserved waters in macromolecular structures using 
ProBiS H2O 

Marko Jukic1, marko.jukic@ffa.uni-lj.si, Janez Konc2, Stanislav Gobec4, 
Dušanka Janezic3. (1) Medicinal Chemistry, Faculty of pharmacy, University of 
Ljubljana, Ljubljana, Slovenia, Slovenia (2) National Institute of Chemistry, 
Ljubljana, Slovenia, Slovenia (3) Faculty of Mathematics, Natural Sciences 
and Information Technologies; University of Primorska, Ljubljana, Slovenija, 
Slovenia (4) Medicinal Chemistry, Faculty of pharmacy, Ljubljana, Slovenija, 
Slovenia 

Identification of conserved waters in macromolecular structures is a 
challenging task with key application in medicinal chemistry. Conserved 
waters are a well–known phenomenon in medicinal chemistry and key 
contributors to hydrogen bonding networks as reviewed by Kubinyi et al. As 
an alternative to computationally demanding simulations of proteins, 
experimental co-crystallized waters in the Protein Data Bank (PDB) in 
combination with a local structure alignment algorithm can be used for reliable 
prediction of conserved water sites. We developed the ProBiS H2O approach 
based on previously developed ProBiS algorithm, which enables identification 
of conserved water sites in proteins using experimental protein structures. 
With a protein structure, a binding site or an individual water molecule as 
query, ProBiS H2O performs local or binding site–specific superimpositions, 
collects the experimental water data from the similar proteins and transposes 
them to the query protein. Transposed waters are clustered and discrete sites 
with high water conservation identified. ProBiS H2O is a new approach that 
uses existing experimental structural data to identify conserved water sites in 
proteins and protein complex interfaces. Proposed approach has been 
successfully validated in several reported systems (e. g. tyrosine kinases, 
human programmed death receptor, DNA Gyrase B, alcohol dehydrogenase, 



nucleoside triphosphate diphosphohydrolase, human matrix 
metalloproteinase) in which conserved water molecules were found to play an 
important role in ligand binding with applications in drug design. 
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Suppressive effect of benzoxazinoids on prostate cancer cells 

Bina Bhattarai2, bibhdh@gmail.com, Per L. Gregersen4, Mette T. Skaanild3, 
Inge S. Fomsgaard1. (1) Aarhus University, Slagelse, Denmark (2) 
Agroecology, Aarhus University, Slagelse, Denmark (3) Skaanild & Partners 
ApS, Juelsminde, Denmark (4) Molecular Biology and Genetics, Aarhus 
University, Slagelse, Denmark 

Benzoxazinoids (BXs) are phytochemicals present in the cereals wheat and 
rye and in some medicinal plants. BXs function as plant defense compounds 
and recently they have attained focus as a health-promoting agent in humans. 
Several therapeutic effects such as anticancer, immunoregulatory, 
antimicrobial, weight reduction and central nervous system stimulation have 
been reported mainly in in vitro systems, but also in few cases in humans and 
animals. Further, different bioactive BX compounds and their conjugates have 
been reported in the plasma and urine of humans. 
Studies have suggested possible suppressive effect of BX on prostate cancer 
cells and recently the presence of BX has been detected in prostate biopsies 
from prostate cancer patients who volunteered in a one-week study in which 
they received rye-based commercial food with high concentrations of BXs. In 
the present study, we aim to investigate the suppressive effects of known BXs 
on prostate cancer cells using primary cells to avoid possible genetic drift in 
the commercial cell line. Primary prostate cancer cells have been established 
and exposed to different types of BX. The suppressive effect of BX on the 



prostate cancer cells will be measured as a difference in the expression of key 
genes involved in prostate cancer between the BX exposed and unexposed 
cancer cells using real time polymerase chain reaction (RT-PCR). The results 
from the RT-PCR analysis will be presented and discussed. 
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Breakthrough therapies - FDA perspective 

Dorota Matecka, dorota.matecka@fda.hhs.gov. Food and Drug 
Administration, Silver Spring, Maryland, United States 

Breakthrough Therapy (BT) designation is one of the Food and Drug 
Administration (FDA) programs intended to facilitate and expedite 
development and review of investigational drugs to address unmet medical 
need in the treatment of a serious or life-threatening condition. BT designation 
was created under Section 902 of the Food and Drug Administration Safety 
and Innovation Act (FDASIA) for a drug “intended alone or in combination with 
one or more other drugs, to treat a serious or life-threatening disease or 
condition and for which preliminary clinical evidence indicates that the drug 
may demonstrate substantial improvement over existing therapies on one or 
more clinically significant endpoints.” The origins and features of the BT 
program as well as its impact on drug development and the approval process 
will be the focus of the presentation. In addition, product quality considerations 
and challenges for expedited quality assessment from the FDA perspective 
will also be discussed. 
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Discovery and development of alectinib, a selective and potent ALK 
inhibitor for treatment of ALK-positive advanced non-small cell lung 
cancer 

Kazutomo Kinoshita, kinoshitakzt@chugai-pharm.co.jp. Medicinal Chemistry 
Research Dept, Chugai Pharmaceutical Co Ltd, Shizuoka, Japan 

Anaplastic lymphoma kinase (ALK) is a receptor tyrosine kinase in the insulin 
receptor superfamily. ALK has been recognized as an attractive therapeutic 
target since 2007, when a novel oncogenic fusion gene of ALK with the 
echinoderm microtubule-associated protein-like 4 (EML4) was identified in 
non-small cell lung cancer (NSCLC). 
Alectinib is a highly selective CNS-active ALK inhibitor created by Chugai 



Pharmaceutical, a member of the Roche Group. Alectinib has twice been 
granted Breakthrough Therapy Designation by the FDA; once in June 2013 for 
patients with ALK-positive NSCLC who have progressed on crizotinib, and 
again in September 2016 for adult patients with ALK-positive advanced 
NSCLC who have not received prior treatment with an ALK inhibitor. 
To develop alectinib, we first identified a hit compound, CH5273125, with an 
IC50 value of 1336 nM from our company library of kinase inhibitors. 
CH5273125 has a unique tetracyclic benzofuran scaffold in comparison with 
other reported ALK inhibitors. We carried out chemical modification focusing 
on the potency of its anti-tumor activity and the kinase selectivity to identify 
the clinical compound, alectinib (CH542802). Alectinib, a selective and potent 
ATP-competitive ALK inhibitor, inhibits cellular growth of ALK-addicted tumor 
cell lines and shows potent in vivo efficacy in an EML4-ALK-positive H2228 
xenograft model. It also has superior DMPK and safety profiles in rodent and 
non-rodent. 
Based on the results of a phase I/II clinical trial that started in 2010 in Japan, 
alectinib was approved for the treatment of ALK fusion gene-positive 
unresectable, recurrent/advanced NSCLC by the Japanese Ministry of Health, 
Labour and Welfare (MHLW) in July 2014. Alectinib is also being developed 
by F. Hoffmann-La Roche AG in other countries, including the EU and US 
(cord: RG7853). In December 2015, the FDA granted accelerated approval to 
alectinib for the treatment of people with ALK-positive metastatic NSCLC who 
have progressed on, or are intolerant to, crizotinib. 
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Discovery of oliceridine (TRV130), a novel G protein biased ligand at the 
µ-opioid receptor, for the management of moderate to severe acute pain 

Aimee L. Crombie, aimeecrombie@hotmail.com, Xiao-Tao Chen, Franck 
Skobieranda, David G. Soergal, Jonathan Violin, Michael Lark. Trevena, Inc., 
Chesterbrook, Pennsylvania, United States 

Conventional opioid receptor agonists like morphine, fentanyl, and oxycodone 
provide powerful analgesia, but their clinical utility is greatly complicated by 
several adverse events, including gastrointestinal dysfunction and potentially 
fatal respiratory depression. In the hospital and similar settings, injectable 
opioids remain necessary for many patients, but opioid-related adverse events 
(ORAEs) can threaten patient safety and increase hospital costs. The 
analgesic properties of opioids occur via G protein-dependent μ-opioid 
receptor (MOR) signaling; however, β-arrestins are also thought to play a 
prominent role in modulating MOR signaling. Morphine pharmacology in β-



arrestin2 knockout mice suggested that a ligand that promotes coupling of the 
MOR to G proteins, but not β-arrestins, would result in higher analgesic 
efficacy, less gastrointestinal (GI) dysfunction, and less respiratory depression 
than morphine. This led to efforts to identify oliceridine (TRV130), a G protein-
biased ligand with less β-arrestin2 recruitment to the MOR. Pre-clinical data 
indicate that oliceridine is a potent analgesic with an improved safety and 
tolerability profile compared to conventional opioid analgesics. Intravenous 
oliceridine has been compared to intravenous morphine in Phase 1, Phase 2, 
and Phase 3 clinical trials. Evidence from these studies, using multiple 
measures of efficacy, safety, and tolerability, suggest that oliceridine may offer 
patients who require intravenous opioids the analgesic efficacy associated 
with conventional opioids with potential for less post-operative nausea and 
vomiting, and reduced risk of opioid-induced respiratory depression. To our 
knowledge, oliceridine was the first pain program granted Breakthrough 
Therapy designation by the FDA. Oliceridine is an investigational agent not 
approved by the FDA or any other regulatory agency. 

 
 
oliceridine (TRV130) 
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US FDA breakthrough designation: Impact and benefits on the 
development of TAGRISSOTM (osimertinib) 

Bernard Barlaam, bernard.barlaam2@astrazeneca.com, Ray Finlay, Richard 
Ward. Oncology Innovative Medicines and Early Development, AstraZeneca, 
310, Cambridge Science Park, Milton Road,, Cambridge CB4 0FZ, 
Cambridgeshire, United Kingdom 

Osimertinib is a potent and selective oral inhibitor of both the activating and 
T790M resistance mutations of the epidermal growth factor receptor (EGFR) 
tyrosine kinase domain. First dose in patients with advanced non-small cell 
lung cancer (NSCLC) was achieved in March 2013, with US FDA 
breakthrough designation being granted in April 2014, and accelerated 



approval subsequently granted in November 2015, some two and a half years 
after the commencement of clinical studies. Full approval in the United States 
was granted in March 2107. 
This presentation will describe key aspects of the osimertinib discovery and 
development programs, including an analysis of the impact and benefits of 
breakthrough therapy designation on the program. In addition, we will review 
the tactics employed to successfully accelerate the preclinical phase, resulting 
in a program that delivered project start to approval in approximately six 
years. 

 

MEDI 228 

Targeting the cause of cystic fibrosis: Recent progress 

Peter Grootenhuis, peter_grootenhuis@vrtx.com. Vertex Pharm Inc, San 
Diego, California, United States 

Cystic Fibrosis (CF) is an autosomal recessive disorder affecting ~70,000 
patients worldwide. CF is caused by defects in the cystic fibrosis conductance 
transmembrane regulator (CFTR) protein that result from mutations in 
the CFTR gene. Defects in the CFTR protein lead to reduced chloride 
transport resulting in thick, sticky mucus that causes abnormalities in multiple 
organs. In the lungs, this excess mucus can lead to progressive loss of lung 
function and premature death. Several high throughput screening campaigns 
were performed to identify CFTR modulator hits that are able to increase 
CFTR function resulting in enhanced chloride transport. Extensive 



optimization efforts eventually resulted in the identification of two CFTR 
modulator drugs. Ivacaftor, a CFTR potentiator, increases CFTR channel 
gating while lumacaftor, known as a CFTR corrector, increases processing 
and trafficking of mutant CFTR to the cell surface. The two agents can be 
used in a combo therapy for patients who are homozygous for the most 
prevalent CFTR mutation, F508del-CFTR. A perspective will be provided on 
the discovery and development of CFTR modulators for the treatment of CF. 
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Selenocysteine as a latent bioorthogonal probe for deubiquitylating 
enzymes 

Champak Chatterjee, chatterjee@chem.washington.edu. Chemistry, 
University of Washington, Seattle, Washington, United States 

Deubiquitylating enzymes (DUBs) remove ubiquitin (Ub) from its cellular 
targets and confer functionally critical dynamism to Ub-mediated signaling in 
eukaryotes. The misregulation of protein ubiquitylation in humans is 
associated with cancer as well as neurodegenerative, inflammatory and 
muscle-wasting diseases. Hence there is an urgent need to identify specific 
DUBs associated with therapeutically relevant targets of Ub. The development 
of two facile selenocysteine-based strategies to generate the DUB probe Ub-
dehydroalanine (Dha) will be described. The high utility of alkylative 
elimination, which is compatible with multiple thiols in Ub targets, and its 
application toward profiling DUB activity will be demonstrated. Finally, a hybrid 
chemical biological strategy to incorporate DUB probes in full-length proteins, 
which greatly expands the scope of DUB profiling, will be described. 
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Chemical approach to manipulate the protein degradation machinery for 
human health 

Byung-Hoon Lee1,2, byung-hoon_lee@dgist.ac.kr, Randy King2, Daniel 
Finley2. (1) New Biology, DGIST, Daegu, Dalseong-gun, Korea (the Republic 
of) (2) Cell Biology, Harvard Medical School, Boston, Massachusetts, United 
States 

Protein quality control through the ubiquitin-proteasome system is critical in 
almost every aspect of basic and clinical biology. Aberrant protein species and 
undesirable protein aggregates, if not cleared properly, compromise protein 
homeostasis and ultimately culminate in devastating diseases, which are 
collectively called as ‘proteopathies’. Especially, the 26S proteasome is 
increasingly recognized as a versatile player for fine-tuning the substrate 
degradation for maintaining protein homeostasis. Also, deubiquitinating 
enzymes, numbering over a hundred in human proteome, exclusively reverse 
the ubiquitination, and thereby potentially regulate protein turnover. We 
recently developed potent small-molecule inhibitors selectively targeting 
USP14, a major deubiquitinating enzyme on the proteasome. USP14 
inhibitors can remarkably enhance the proteasome activity for potential 
therapeutic use, and also serve as specific tools to discover new 
deubiquitination biology on the proteasome. Our group primarily investigate 
critical deubiquitination machinery that are implicated in human 
pathophysiology. We plan to develop functional and chemical strategies to 
modulate deubiquitination reactions and thereby define them as novel 
regulators in maintaining protein homeostasis. This research will provide the 
fundamental basis for understanding cellular proteomic balance in normal and 
various disease states, and will also establish new druggable targets for 
human health. 
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Targeting the deubiquitinase STAMBP inhibits NALP7 inflammasome 
activity 

Joseph Bednash2, bednashjs@upmc.edu, Nathaniel Weathington2, James 
Londino2, Mauricio Rojas2, Dexter Gulick2, Bill B. Chen2, Rama K. 
Mallampalli2,1. (1) Medical Specialty Service Line, Veterans Affairs Pittsburgh 
Healthcare System, Pittsburgh, Pennsylvania, United States (2) Department 



of Medicine, Acute Lung Injury Center of Excellence, University of Pittsburgh, 
Pittsburgh, Pennsylvania, United States 

Inflammasomes regulate innate immune responses by facilitating maturation 
of inflammatory cytokines, interleukin (IL)-1β and IL-18. NACHT, LRR and 
PYD domains-containing protein 7 (NALP7) is one inflammasome constituent, 
but little is known about its cellular handling. Here we show a mechanism for 
NALP7 protein stabilization and activation of the inflammasome by Toll-like 
receptor (TLR) agonism with bacterial lipopolysaccharide (LPS) and the 
synthetic acylated lipopeptide Pam3CSK4. NALP7 is constitutively 
ubiquitinated and recruited to the endolysosome for degradation. With TLR 
ligation, the deubiquitinase enzyme, STAM-binding protein (STAMBP) 
impedes NALP7 trafficking to lysosomes to increase NALP7 abundance. 
STAMBP deubiquitinates NALP7 and STAMBP knockdown abrogates LPS or 
Pam3CSK4-induced increases in NALP7 protein. A small-molecule inhibitor of 
STAMBP deubiquitinase activity, BC-1471, decreases NALP7 protein levels 
and suppresses IL-1β release after TLR agonism. These findings describe a 
unique pathway of inflammasome regulation with the identification of STAMBP 
as a potential therapeutic target to reduce pro-inflammatory stress. 
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Targeting DUBs in hematological malignancies 

Sara Buhrlage1, saraj_buhrlage@dfci.harvard.edu, Ellen Weisberg1, Ilaria 
Lamberto1, Xiaoxi Liu1, Nathan Schauer1, Jing Yang1, Sirano Dhe-Paganon1, 
Hyuk-Soo Seo1, James Griffin1, Virginia DeCesare2, Stella Ritorto2, Matthias 
Trost3. (1) Dana-Farber Cancer Institute, Boston, Massachusetts, United 
States (2) University of Dundee, Dundee, United Kingdom (3) Newcastle 
University, Newcastle upon Tyne, United Kingdom 

To maintain proper protein homeostasis within a cell, proteins are 
continuously being synthesized or degraded. Cell mark proteins for 
destruction by the proteasome by post-translational addition of polyubiquitin 
tags. A 100-member family of proteases known as deubiquitinating enzymes 
(DUBs) remove ubiquitin from substrate proteins. Recent data lends 
considerable support to the idea that DUB-targeting drugs represent a 
powerful strategy for promoting degradation of disease proteins. We’ll present 
our work on comprehensive profiling of DUB inhibition by known inhibitors and 
describe how we have utilized the annotated library in phenotype screens to 
identify novel DUB substrates and as a source of chemical starting for probe 
development projects. In one project, we screened the annotated DUB 



inhibitor library to identify compounds that induce degradation of oncogenic 
FLT3. Target deconvolution efforts identified USP10 as the critical DUB 
required to stabilize FLT3. Targeting USP10 showed efficacy in FLT3-ITD-
positive models of AML, including cell lines, primary patient specimens, and 
mouse models. Notably, the compounds overcome mechanisms of FLT3 
kinase inhibitor resistance and do not impact wild-type FLT3 activity. In a 
second project, we performed structure-guided development of small 
molecule probes of USP7. High-resolution USP7-small molecule crystal 
structures enabled us to rapidly develop XL188, a highly selective 90 nM 
inhibitor of USP7, from a 7.2 µM lead, as a probe of USP7. Furthermore, we 
show that XL203C, the enantiomer of XL188, is over 80-fold less potent 
against USP7, and thus serves as an inactive control compound. We 
demonstrate that the XL188/XL203C active/inactive inhibitor pair is a powerful 
combination for studying USP7 function in cellular models. 
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Target selection and small molecule development in the DUB space 

Michael Clague, clague@liv.ac.uk. Cellular and Molecular Physiology, 
University of Liverpool, Liverpool, United Kingdom 



Ubiquitylation is a reversible post-translational modification that is involved in 
many complex pathways within the cell. The deubiquitylases (DUBs) are a 
family of around 90 enzymes comprised of six sub-families. I will describe the 
work from our laboratory aimed at linking specific DUBs to pathways germane 
to cancer or neurodegeneration. Systematic mapping of DUB sub-cellular 
localisation highlighted a mitochondrial DUB, USP30. This is now known to 
negatively regulate the selective autophagy of damaged mitochondria. It 
opposes the action of an E3 ligase Parkin, which has been linked to 
Parkinsons Disease. Others that we are pursuing bind to microtubules and 
regulate their dynamics. DUBs offer a novel class of drug targets. I will 
describe the combined efforts of a multi-disciplinary consortium to develop a 
highly selective inhibitor of USP7, which has been shown to control the 
stability of the tumour suppressor p53. Structural analysis has revealed the 
basis of this specificity and biological studies have demonstrated, modulation 
of biomarkers and restriction of tumour growth. Concordantly, p53 modulation 
is lost in cell models that express a compound resistant form of USP7. 
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Fragment guided path to a selective inhibitor of USP7 and its 
implications for chain linkage specificity 

Till Maurer, maurer.till@gene.com. Structural Biology, Genentech Inc., 
Berkeley, California, United States 

The ubiquitin system regulates the majority of cellular processes in eukaryotic 
species. Ubiquitin is ligated to substrate proteins as monomers or chains and 
the topology of ubiquitin modifications regulates substrate interactions with 
specific proteins. Thus ubiquitination directs a variety of substrate fates 
including proteasomal degradation. Deubiquitinase enzymes cleave ubiquitin 
from substrates and are implicated in disease; for example ubiquitin-specific 
protease-7 (USP7) regulates stability of the p53 tumor suppressor and other 
proteins critical for tumor cell survival. However, developing selective 
deubiquitinase inhibitors has been challenging and no co-crystal structures 
have been solved 
with small molecule deubiquitinase inhibitors. Here, using nuclear magnetic 
resonance (NMR)-based screening and structure-based drug design, we 
describe the development of selective and orally bioavailable USP7 inhibitors 
GNE-6640 and GNE-6776. These compounds induce hematopoietic and solid 
tumor cell death and enhance cytotoxicity with standard-of-care 
chemotherapeutic agents. Structural studies reveal that GNE-6640 and GNE-
6776 non-covalently target an interface between the thumb, fingers, and palm 



regions of the USP7 catalytic 
domain, 12Å distant from the catalytic cysteine. The compounds attenuate 
ubiquitin binding and thus inhibit USP7 deubiquitinase activity. Within the 
USP7 thumb region, GNE-6640 and GNE-6776 interact with acidic residues 
that mediate H-bond interactions with the ubiquitin Lys-48 side-chain, 
suggesting that USP7 preferentially interacts with and cleaves ubiquitin 
moieties having free Lys-48 side-chains. We investigated this idea by 
engineering di-ubiquitin chains containing differential proximal and distal 
isotopic labels and measuring USP7 
binding via NMR, a study that substantiated our hypothesis. This preferential 
binding significantly protracted the depolymerization kinetics of Lys-48-linked 
ubiquitin chains relative to Lys-63-linked chains. In summary, engineering 
compounds that inhibit USP7 activity by attenuating ubiquitin binding suggests 
opportunities for developing other deubiquitinase inhibitors and may be a 
strategy more broadly applicable to inhibiting proteins that require ubiquitin 
binding for full functional activity. 
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Reactive site-centric chemoproteomics identifies a new class of 
deubiquitinase enzymes 

Ingrid E. Wertz, ingrid@gene.com. Discovery Oncology, Genentech, Inc., 
South San Francisco, California, United States 

Activity-based probes are widely used to monitor the activity of enzyme 
families in biological systems. Inferring enzyme activity from probe reactivity 
requires that the probe reacts with the enzyme on its active site; however, the 
sites of probe labeling are rarely determined. Here we describe the design of 
bi-specific deubiquitinase probes and the development of an enhanced 
chemoproteomic approach to study the activity of deubiquitinases. This 
approach identifies probe labeling sites, revealing that several deubiquitinases 
react with activity-based probes away from the protease active site. 
Furthermore we use this method to identify a member of a structurally distinct 
class of deubiquitinase enzymes. 
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Releasing and sensing reactive sulfur species 

Ming Xian, mxian@wsu.edu. Washington State University, Pullman, 
Washington, United States 



Reactive sulfur species (RSS) such as hydrogen sulfide, hydrogen 
polysulfides, and persulfides are newly recognized regulatory molecules in 
redox biology. These molecules have potent cytoprotective actions. The fields 
of RSS physiology and pharmacology are rapidly growing in recent years, but 
a number of fundamental issues must be addressed to advance our 
understanding of their biology and clinical potential in the future. In this regard 
the corresponding releasing and sensing agents are important research tools. 
The research in my laboratory focuses on the development of such chemical 
tools. In this presentation, I will mainly report our progress in controllable RSS 
releasing agents activated by factors such as enzymes and pH changes. I will 
also report our progress on more efficient RSS fluorescent sensors. 
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New strategies for carbonyl sulfide (COS) and hydrogen sulfide (H2S) 
delivery 

Michael D. Pluth, pluth@uoregon.edu. University of Oregon, Eugene, 
Oregon, United States 

Reactive sulfur species play key roles in different (patho)physiological 
processes. Of such species, hydrogen sulfide (H2S) and carbonyl sulfide 
(COS) have emerged as important small molecules that are interconnected by 
the action of the ubiquitous enzyme carbonic anhydrase, which catalyzes the 
conversion of COS to H2S. This presentation will focus on recent work from 
our lab focused on the development and application of responsive COS and 
H2S donors triggered by specific stimuli, such as biologically-relevant reactive 
species, click partners in biorthogonal reactions, and other efficient triggering 
reactions. In addition to discussing newly developed chemistry aimed at 
releasing these important small molecules, we will highlight recent work that 
suggests that COS may exhibit biological properties distinct from those of 
H2S, thus opening the door for future investigations into this emerging small 
molecule. 
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Discovery and clinical evaluation of MK-8150, a novel nitric oxide donor 
with a unique mechanism of nitric oxide release 

Amjad Ali, amjad_ali@merck.com. Merck Research Laboratories, Kenilworth, 
New Jersey, United States 



Nitric oxide donors are widely used to treat cardiovascular disease, but their 
major limitation is the development of tolerance, a multifactorial process to 
which the in vivo release of nitric oxide is thought to contribute. This 
presentation will describe the preclinical and clinical results of a translational 
drug development effort to create a next-generation nitric oxide donor. The 
SAR, pharmacokinetic properties and in vivo mechanism of NO release will be 
described in detail for a series of key leads, including MK-8150. 
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Development of novel hydrogen sulfide donors to treat cardiovascular 
diseases 

David Lefer1, dlefe1@lsuhsc.edu, Zhen Li1, Jianming Kang2, Ming Xian2. (1) 
Cardiovascular Center of Excellence and Department of Pharmacology, LSU 
Health Sciences Center-New Orleans, New Orleans, Louisiana, United States 
(2) Department of Chemistry, Washington State University, Pullman, 
Washington, United States 

Background: Hydrogen sulfide (H2S) protects against cardiovascular and 
other diseases by ameliorating pathological oxidative stress and inflammation, 
improving mitochondrial function, and attenuating apoptosis. One major 
limitation to the clinical development of H2S-based therapy is that currently 
available H2S donors are not orally active and do not provide sustained H2S 
release. We have collaborated with a number of laboratories with expertise in 
synthetic chemistry and drug design to develop novel, orally available H2S 
releasing compounds with favorable pharmacokinetic profiles. Here, we 
describe one example of a recently developed compound with pH-controlled 
release of H2S. 
 
Methods: Male C57/BL6J mice at 10 weeks of age were subjected to 
transverse aortic constriction (TAC) surgery to induce heart failure. JK1 (200 
µg/kg/d, n=20) or control (200 µg/kg/d, n=18) was administered via i.p. 
injection twice per day starting at 3 weeks post TAC. Echocardiography was 
performed at baseline and tri-weekly for 18 weeks post TAC to assess LV 
structure and function. LV hemodynamics were measured at the endpoint, 18 
wks post TAC. 
 
Results: Delayed treatment with JK1 preserved left ventricular (LV) ejection 
fraction (LVEF 55 ± 1 vs. 30 ± 3%, p < 0.01), reduced LV dilation (p < 0.01), 
and attenuated eccentric hypertrophy (p < 0.01). JK1 treated mice displayed 
lower LV end-diastolic pressure (LVEDP 11.4 ± 0.8 mmHg vs. 22.9 ± 1.23 



mmHg, p < 0.01). In addition, JK-1 treatment resulted in improved relaxation 
time constant (Tau 7.2 ± 0.4 vs. 10.1 ± 0.6 ms, p < 0.01), and max dp/dt 
(11,476 ± 534 vs. 8,509 ± 570 mmHg/s, p < 0.01). 
 
Conclusion: These results demonstrate that delayed administration of a long-
acting H2S donor significantly preserves LV function, attenuates adverse 
remodeling, and improves LV hemodynamics in HF. The beneficial effects of 
JK1 are sustained through the 18-week HF study. Studies are currently 
underway to define the molecular mechanisms involved in JK1 induced 
cardioprotection. Data for other novel H2S donors will also be presented. 
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Carbon monoxide is hepatoprotective through generation of nitric oxide 

Leo Otterbein1,2, lotterbe@bidmc.harvard.edu, David Gallo2, Sherrie 
Otterbein2, Xingyue Ji4, Binghe Wang4, Brian Zuckerbraun3, Simon 
Robson1,2. (1) Harvard Medical School, Boston, Massachusetts, United States 
(2) Beth Israel Deaconess Medical Center, Boston, Massachusetts, United 
States (3) University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, 
United States (4) Dept of Chem, Georgia State University, Atlanta, Georgia, 
United States 

CO is a signaling molecule in mammals endogenously produced during heme 
breakdown by heme oxygenases (HO). CO has been validated as safe, and is 
well tolerated at low concentrations when given as an inhaled gas, a prodrug 
or as an oral liquid. Importantly, others and we have defined the potential of 
CO as a potent therapeutic agent that lessens tissue injury and promotes 
repair in models of acute liver injury, colitis and sepsis. CO and nitric oxide 
(NO) each have mechanistically unique roles in various inflammatory 
disorders. Although it is known that CO can induce production of NO and that 
NO can induce expression of the cytoprotective enzyme HO-1, there is no 
information whether the protective effect of CO ever requires NO production 
or whether either gas must induce expression of HO-1 to exert its functional 
effects. Using in vitro and in vivo models of acute liver injury caused by 
hepatotoxins, including acetaminophen, or partial hepatectomy, we find a 
unique relationship and requirement for increased expression of NF-kB-
dependent inducible NO generation. Indeed, CO loses its protective effects in 
mice deficient in nitric oxide synthase or those where NF-kB is blocked. When 
protection from cell death is initiated by CO, NO production and HO-1 activity 
are each required for the protective effect showing for the first time an 
essential synergy between these two gas molecules in tandem providing 



potent cytoprotection in the liver. Moreover, CO promotes healing, enhances 
liver regeneration after resection, and prevents fibrosis. Very importantly, CO 
is safe for human use with clear human exposure standards developed and is 
multiple clinical trials approved by the FDA. Collectively, the gasotransmitter 
CO is now accepted as a potent protective molecule that may offer powerful 
therapeutic benefits in humans with acute liver failure or to promote liver 
regeneration in those where resection is necessary. 
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Inhibition of cystathione beta-synthase by CO in human breast cancer 
cells: Implications in chemotherapeutic drug sensitivity 

Pradip K. Mascharak, pradip@ucsc.edu. Univ of Ca Dept Chem Biochem, 
Santa Cruz, California, United States 

Drug resistance is a major impediment to effective treatment of breast cancer. 
Compared to normal cells, cancer cells have an increased antioxidant 
potential due to increased ratio of reduced to oxidized glutathione 
(GSH/GSSG). This is known to confer therapeutic resistance. We have 
identified a mechanism, unique to breast cancer cells, whereby cystathionine 
β-synthase (CBS) promotes elevated ratio of GSH/GSSG. In this talk we will 
report that carbon monoxide (CO) reduces GSH/GSSG in three breast cancer 
cell lines by inhibiting CBS. Furthermore, CO has been shown to sensitize 
breast cancer cells to doxorubicin. These results provide insight into 
mechanism(s) by which CBS increases the antioxidant potential, and the 
ability for CO to inhibit CBS activity to alter redox homeostasis in breast 
cancer, increasing sensitivity to a chemotherapeutic. 
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Flavonol-based carbon monoxide releasing molecules 

Lisa M. Berreau, lisa.berreau@usu.edu. Utah State Univ, Logan, Utah, 
United States 

Carbon monoxide (CO) is of intense current interest as a potential therapeutic. 
This is due to pre-clinical studies that have demonstrated the beneficial health 
effects of this gaseous molecule, including its dose-dependent anti-
hypertensive, anti-inflammatory and cell protective effects. To date, studies of 
the biological effects of CO have been performed almost exclusively using 
variable concentrations of CO gas or metal carbonyl-based CO-releasing 



molecules (CORMs). These approaches have limitations, including control 
over the rate, location and amount of CO released. To address the need for 
the delivery of precise amounts of CO, particularly for studies of the dose-
dependent biological effects of this molecule, non-metal compounds that 
release CO only upon exposure to light (photoCORMs) are being developed. 
Our laboratory is investigating the use of biologically-inspired extended 
flavonols as visible light-triggered CO releasing molecules. This presentation 
will focus on recent studies that show that an extended flavonol motif is highly 
tunable for CO delivery. 
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Identification of alpelisib as a selective inhibitor of PI3Kα 

Robin A. Fairhurst1, robin.fairhurst@hispeed.ch, Giorgio Caravatti1, Vito 
Guagnano1, Patricia Imbach-Weese1, Robert Mah1, Marc Gerspacher1, Ian 
Bruce2, Pascal Furet1, Mark Knapp3, Christine Fritsch1, Christian Schnell1, 
Francesca Blasco1, Joachim Blanz1, Hans Frank Seiler1. (1) Novartis, Basel, 
Switzerland (2) Novartis, Horsham, United Kingdom (3) Novartis, Emeryville, 
California, United States 

Gain of function PI3K signaling has now been discovered in a wide range of 
human cancers. In particular, mutations within the PIK3CA gene have been 
identified in more than 30% of solid tumors, including in: breast, endometrium, 
bladder, colorectal and lung cancers. As these mutations constitutively 
activate the kinase activity of the protein, the development of PI3K inhibitors 
that selectively inhibit PI3Kα has become a focus for drug discovery. Such 
inhibitors have the potential to treat tumors in which PI3Kα is activated whilst 
minimising any undesired effects arising from the inhibition of the other PI3K 
isoforms. In this presentation we describe the discovery of Alpelisib, a potent 
and selective inhibitor of PI3Kα, currently undergoing PhIII studies for the 
treatment of ER+ breast cancer. 
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Discovery of two clinical candidates as isoform selective PI3K 
inhibitors: AZD8835 a potent and selective inhibitor of PI3Kα/δ and 
AZD8186 a potent and selective inhibitor of PI3Kβ/δ for the treatment of 
cancers 

Bernard Barlaam, bernard.barlaam2@astrazeneca.com, Sabina Cosulich, 
Sebastien Degorce, Benedicte Delouvrie, Martina Fitzek, Herve Germain, 
Stephen Green, Urs Hancox, Craig Harris, Kevin Hudson, Christine Lambert-
van der Brempt, Marryannick Lamorlette, Antoine Le Griffon, Jean-Jacques 
Lohmann, Mickael Maudet, Remy Morgentin, Gilles Ouvry, Ken Page, 
Georges Pasquet, Marie-Jeanne Pasquet, Aurelien Peru, Patrick Ple, Linette 
Ruston, Twana Saleh, Michel Vautier, Mike Walker, Lara Ward, Nicolas 
Warin. IMED Oncology and Discovery Sciences, AstraZeneca, Cambridge, 
United Kingdom 

Amplification and mutations of the PIK3CA gene encoding the p110α catalytic 
unit of PI3Ka occur frequently in many human cancers, including ca. 25% of 
breast cancers. In addition, three common mutations in the PIK3CA gene 
have been confirmed as activating mutations. Similarly, several studies have 
highlighted the dependency of PTEN deficient tumours to PI3Kβ activity. 
Finally specific inhibition of PI3Kδ has demonstrated clinical efficacy against 
human B-cell cancers. All these results have fuelled a renewed interest in the 
area of PI3K isoform selective inhibitors. 
 
We will describe the different strategies we have used to identify potent and 
selective PI3Kα and PI3Kβ inhibitors with suitable properties for oral 
administration. Starting from a potent PI3Kα inhibitor having poor general 
kinase selectivity, we will describe our efforts leading to the identification of 
AZD8835, with a focus on improving kinase selectivity using structural 
information for identifying key exploitable differences between PI3Kα and 
other kinases. Additionally, starting from TGX-221, a PI3Kβ selective inhibitor 
having poor physicochemical properties, we will describe the medicinal 
chemistry strategies we employed, specifically focussing on optimisation of 
physicochemical and DMPK properties while conserving high PI3Kβ 
selectivity. This work led to the identification of AZD8186. 
 
AZD8835 is a potent PI3Kα/δ inhibitor and displays good kinase selectivity, in 
particular within the PIKK superfamily. AZD8835 shows inhibition of 
phosphorylation of Akt in cells sensitive to PI3Kα inhibition (IC50 0.090 μM 
in PIK3CA mutant human breast ductal carcinoma BT474 cell line) and in cells 



sensitive to PI3Kδ inhibition (IC50 0.049 µM in Jeko B cell line). In vivo, 
AZD8835 demonstrated strong pharmacodynamic modulation of p-Akt and 
gave excellent tumour growth inhibition in PIK3CA H1047R mutant SKOV3 
tumour bearing mice after oral administration. 
AZD8186 is a potent PI3Kβ/δ inhibitor and displays good kinase selectivity, in 
particular within the PIKK superfamily. AZD8186 shows inhibition of 
phosphorylation of Akt in cells sensitive to PI3Kβ inhibition (IC50 0.003 μM in 
PTEN null breast adenocarcinoma MDA-MB-468 cells) and in cells sensitive 
to PI3Kδ inhibition (IC50 0.017 μM in Jeko B cell line). In vivo, AZD8186 
showed profound pharmacodynamic modulation of p-Akt and showed 
complete inhibition of tumour growth in PTEN-null PC3 prostate tumour 
bearing mice after oral administration. 

MEDI 245 

Discovery of isoform-selective inhibitors of PI3K in a series of propeller-
shaped compounds 

Leena Patel, leena.patel@gilead.com. Medicinal Chemistry, Gilead Sciences, 
Seattle, Washington, United States 

Dysfunctional regulation of the PI3K pathway results in a variety of disease 
states, including several cancers, autoimmune disorders, and inflammation. 
Class I PI3Ks comprise four isoforms: PI3Kα, PI3Kβ, PI3Kδ, and PI3Kγ. 
Identification of PI3K inhibitors with differential isoform selectivity profiles may 
be advantageous in the treatment of specific diseases, with the potential for 
fewer adverse effects. The propeller shape of PI3K inhibitors such as idelalisib 
imparts PI3Kδ selectivity. This presentation will describe the discovery of two 
propeller-shaped compounds with distinct selectivity profiles. Highly selective 
PI3Kδ inhibitor GS-9901 demonstrates improved metabolic stability, PK 
suitable for once-daily dosing, and is efficacious in a rodent model of 
rheumatoid arthritis. In contrast, dual PI3K β/δ inhibitor GS-9944 interacts with 
a unique residue in the catalytic pocket imparting PI3Kβ activity. GS-9944 
displays excellent pharmacokinetic properties and demonstrates efficacy in a 
human PTEN-deficient LNCaP prostate carcinoma xenograft tumor model. 
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Exploration and enhancement of PI3Kdelta selective compounds: The 
discovery of Nemiralisib and beyond 



Ken Down, kenneth.d.down@gsk.com. GlaxoSmithKline, Stevenage, United 
Kingdom 

PI3Kdelta is a lipid kinase, primarily expressed in leukocytes, that plays a key 
role in immune cell signalling. It is activated across a broad range of cell types 
in response to multiple triggers relevant to respiratory disease, including 
allergens, smoke, viruses and inflammatory cytokines. We previously 
disclosed nemiralisib (GSK2269557) and related PI3Kdelta selective inhibitors 
that were designed for inhaled delivery as potential therapeutic treatments to 
modulate the inflammatory processes leading to exacerbations associated 
with both asthma and COPD. Here we present hypotheses for the high PI3K 
isoform selectivity achieved for nemiralisib, discuss how modelling techniques 
and crystallography enhanced our understanding and show how learnings 
were applied to subsequent chemical templates. 
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Discovery of potent and selective inhibitors of PI3Kgamma and 
production of a roadmap for selectivity design 

Philip Collier, philip_collier@vrtx.com. Vertex Pharmaceuticals Inc, Boston, 
Massachusetts, United States 

Phosphoinositide 3-kinases (PI3Ks) are a family of lipid kinases implicated in 
a variety of cellular functions, such as cell survival, differentiation, and 
proliferation. We describe the discovery of potent and selective inhibitors of 
PI3Kgamma, detail the structural determinants of PI3Kgamma selectivity, and 
provide a framework to examine PI3K isoform selectivity data. Finally, we 
illustrate how lipid kinase structural analysis can guide the discovery of new 
lipid kinase inhibitor scaffolds. 
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Discovery of taselisib 

Timothy P. Heffron, theffron@gene.com. MS 232A, Genentech, South San 
Francisco, California, United States 

The well documented deregulation of the PI3K/AKT/mTOR pathway in 
numerous tumor types has established a significant desire for PI3K inhibitors. 
This talk will describe our use of structure-guided drug design in the discovery 
of a benzoxepin series of molecules that potently and selectively inhibit Class 
I PI3K isoforms. Further efforts, including structure-guided design and 
physicochemical property optimization resulted in the identification of taselisib 
(GDC-0032). Taselisib spares inhibition of PI3Kβ relative to PI3Kα and also 
more potently inhibits the most commonly encountered mutant forms of 
PI3Kα.  
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Chemotype - phenotype - target 

Herbert Waldmann1,2, herbert.waldmann@mpi-dortmund.mpg.de. (1) Max 
Planck Instit of Mol Phys, Dortmund, Germany (2) Chemie und Chemische 
Biologie, TU Dortmund, Dortmund, Germany 

The discovery of new bioactive compounds and ultimately drugs is a 
marathon exercise which combines a multitude of different disciplines 
including computer science, organic synthesis, cell biology, molecular biology, 
biophysics and biochemistry. Its success is decisively influenced by the initial 
choice of the compounds to be synthesized and analyzed in biological 
formats. In this respect bioactive secondary metabolites (“natural products”) 
have performed exceedingly well. They have been selected in evolution and 
encode the ability of small molecules to interact with target 
biomacromolecules. 
 
The lecture will demonstrate that natural products and compound collections 
based on their core structures – natural product inspired libraries and 
“pseudo” natural products – are rich sources of innovation for both chemical 
biology and medicinal chemistry research. It will describe the design principles 
for such libraries, which are rooted in biological evolution, their synthesis and 
application in cell-based phenotypic assays and the identification of the 
cellular target proteins of the identified active hits. 



Examples will include new modulators of and biological target proteins in 
major developmental and cancer-related pathways and autophagy. 
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Discovery of CFTR modulators for the treatment of cystic fibrosis 

Sara S. Hadida-Ruah, sabine_hadida@sd.vrtx.com. Medicinal Chemistry, 
Vertex Pharmaceuticals, La Jolla, California, United States 

Cystic Fibrosis (CF) is the most common life-threatening autosomal recessive 
disorder that affects about 75,000 patients worldwide, predominantly of 
Caucasian origin. CF is caused by decreased chloride transport across 
epithelial tissues due to defective or deficient CFTR (cystic fibrosis 
transmembrane conductance regulator) proteins resulting from mutations in 
the CFTR gene. Currently, there are over 250 known CF-causing mutations. 
Approximately 70% of CF patients have the F508del-CFTR mutation that 
leads to improper folding of the protein, decreasing both channel surface 
density and gating. Using high throughput screening (HTS) pharmacological 
agents that modulate CFTR protein activity leading to enhanced chloride 
transport were identified. The approach and the subsequent medicinal 
chemistry efforts that culminated with the discovery of novel CFTR modulators 
will be presented. 
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In vivo translatability: Lessons learned from a phenotypic screen 
designed to identify small molecules that selectively decrease 
endogenous c-MYC protein levels in cancer cells 

Jesus R. Medina, jesus.r.medina@gsk.com. Oncology, GlaxoSmithKline, 
Collegeville, Pennsylvania, United States 

In recent years, a resurgence in cell-based phenotypic, target agnostic drug 
discovery efforts have been observed in the pharmaceutical industry 
predicated on their promise to deliver first-in-class drugs. However, the 
absence of a prior knowledge of molecular mechanism of action can pose 
challenges assessing the validity and viability of hits obtained from phenotypic 
screens. One of the key challenges is the early assessment of in 
vivo translatability of the mechanism of action (MOA) exhibited by the hits 
from the screen. Using our c-MYC cellular screen as an example, we describe 
a strategy to determine whether the MOA of the hits has in vivo translatability. 



The details of our screening strategy/triage campaign, molecular target 
identification efforts, results from in vivo studies, and the lessons learned 
along the way will be discussed. 
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Phenotypic drug discovery: Probing emerging biology to delivering 
clinical candidates 

Alleyn Plowright, alleyn.plowright@sanofi.com, James Lillie, Paul Mason, 
Elina Makino. Integrated Drug Discovery, Sanofi, Frankfurt Am Main, 
Germany 

The application of cross-disciplinary phenotypic discovery to investigate 
emerging biology is a powerful and exciting approach to discover new 
biological targets and molecules and has been shown to make a significant 
impact on drug discovery as a complementary approach to target-based 
approaches. The increased access to patient-derived cells or tissues and 
developments in induced pluripotent stem (iPS) cell technology coupled to 
more complex cellular systems such as three-dimensional cultures or organs 
on a chip is providing opportunities for more disease-relevant screens. 
Incorporating advances in gene editing and screening technologies such as 
single-cell imaging as well as developments in target identification and mode 
of action elucidation is further enhancing the opportunities to discover human 
disease relevant biological targets and hit molecules. 
 
Phenotypic discovery is a multi-disciplinary activity and this talk will describe 
our learnings across a number of screens including the essential requirements 
during assay development and the use of biologically annotated compound 
libraries. The talk will then illustrate research in emerging areas of biology to 
discover novel regenerative molecules in the arena of heart failure including 
the use of primary patient derived cells and cardiac organoids. Finally I will 
describe a phenotypic drug discovery project searching specifically for 
molecules which modulate the sphingolipid pathway and reduce 
glycosphingolipids. A cell-based high throughput screen searching for 
inhibitors of the sphingolipid pathway was developed and performed. Hits 
were confirmed and triaged using orthogonal assays and finally the target of 
the compounds was revealed. In addition the hit series had the potential to 
cross the blood brain barrier and achieve the required brain exposure and the 
compounds have subsequently been optimised to move forward into clinical 
trials. The lead compound was shown to be active in a range of in vivo models 
and hence offer a potential treatment option of Gaucher disease and 



synucleinopathies. 
 
Utilizing phenotypic screening with cellular models with strong translational 
links to human pathophysiology provides an opportunity to identify human 
disease-relevant biological targets and molecules with the potential to 
enhance efficacy and differentiate over standard of care to treat patients. 
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From here to there: Recognizing paths leading to treatments for spinal 
muscular atrophy and other diseases 

Matthew G. Woll, woll.matthew@gmail.com, Gary M. Karp, Nikolai A. 
Naryshkin, Amal Dakka, Arthur A. Branstrom, Jana Narasimhan, Liangxian 
Cao, Young C. Moon. PTC Therapeutics, South Plainfield, New Jersey, 
United States 

The great challenge with phenotypic screens is recognizing when you have 
something and when you don’t. How confident should you be that your library 
has a molecule with your desired biological function? How long will it take to 
advance from hit to lead? Is your lead going to look like your hit? Phenotypic 
screens often come with as many questions as answers. We have 
successfully navigated the treacherous waters of phenotypic screening to 
produce development candidates for the treatment of spinal muscular atrophy 
(SMA), gram-negative bacterial infections and cancer. I will discuss concepts 
that apply to hit advancement, mechanism elucidation, mechanism hopping 
and molecular heritage (structural characteristics carried from hit to lead). 
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Proteasome inhibitors: A single cure for multiple kinetoplastid diseases 

Advait S. Nagle1, anagle@gnf.org, Valentina Molteni1, Frantisek Supek2. (1) 
Discovery Chemistry, GNF, San diego, California, United States (2) General 
Biology, GNF, San diego, California, United States 

Chagas disease and leishmaniasis affect 20 million people and lead to more 
than 50,000 deaths every year. The diseases are caused by infection with the 
kinetoplastid parasites Trypanosoma cruzi and Leishmania spp. These 
parasites have similar biology and genomic sequence, suggesting that one 
drug directed against a conserved target protein could provide a cure for both 
diseases. However, few targets are known and have been harnessed for drug 



discovery. We used unbiased phenotypic screens to enable the identification 
of small molecules that inhibit pathogen growth by novel mechanisms. We 
then used chemical genetics with biochemical target validation approaches to 
validate the parasite proteasome as a promising therapeutic target for 
treatment of leishmania and Chagas disease. This multi-dimensional 
approach opens the possibility of developing a single drug for more than one 
neglected disease indications. 
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Small molecule disruptors of the GK-GKRP interaction 

Kate Ashton, katea@amgen.com. Medicinal Chemistry, Amgen, Inc., 
Thousand Oaks, California, United States 

Targeting the glucokinase (GK) pathway for the treatment of diabetes is an 
attractive approach, particularly as small molecule activators of GK have 
shown robust efficacy in the clinic. However, over-activation can lead to 
excessive glucose turnover, and hypoglycemia is an acknowledged on-target 
liability. An alternate strategy to target the endogenous inhibitor of GK, namely 
glucokinase regulatory protein (GKRP), could avoid this undesired side-effect 
as inherent enzyme kinetics would remain unaltered. Toward this end, we 
identified compounds that disrupted the GK-GKRP interaction, and will 
discuss a structure-based design approach to optimizing these initial leads. 
Subsequent in vivo studies demonstrated that selectively targeting GK-GKR 
disruption produced an on-target pharmacodynamic effect associated with a 
reduction in glucose and no observable hypoglycemia in normal and diabetic 
rodents. 
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Immune modulation by butyrophilin ligands and their prodrugs 

Andrew J. Wiemer, andrew.wiemer@gmail.com. Pharmaceutical Sciences, 
University of Connecticut, Storrs, Connecticut, United States 

The B7 family protein butyrophilin 3A1 (BTN3A1) is an immune co-receptor 
that binds intracellular pathogen-derived molecules such as (E)-4-hydroxy-3-
methyl-but-2-enyl diphosphate (HMBPP) leading to a unique inside-out 
transmembrane signaling event. Receptor binding to these ligands promotes a 
multifaceted immune response including activation of Vgamma9Vdelta2 T 
cells. To further understand the underlying structure activity relationships, we 



have examined a number of novel butyrophilin ligands and their prodrugs. The 
prodrugs stimulate T cell effector functions with low nanomolar activity that is 
fully dependent upon cellular expression of BTN3A1. Furthermore, these 
compounds have enabled insights into the mechanisms of BTN3A1 cross-
membrane signaling, including a dependence on intracellular ligand binding, 
induction of an intracellular domain conformational change, and the potential 
for cooperativity at the cellular level. 
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Discovery and SAR evolution of a novel class of selective adenosine 
A2A antagonists for the treatment of Parkinson's disease 

Yeon-Hee Lim2, yeon-hee.lim@merck.com, Gioconda Gallo1, Michael M. Lo1, 
Edward Metzger1, Brent R. Whitehead1, Qiaolin Deng1, Hongwu Wang1, 
Younong Yu1, Rajan Anand1, Robert Hodgson1, Lynn Hyde1, Deborra 
Mullins1, Daniel Prelusky1, Eric Parker1, Andrew W. Stamford1, Amjad Ali1. (1) 
Merck Research Laboratories, Kenilworth, New Jersey, United States (2) 
Merck Research Laboratories, South San Francisco, California, United States 

Parkinson's disease (PD) is a chronic, progressive neurodegenerative disease 
characterized by loss of dopamine producing cells in the substantia nigra, 
which results in a syndrome of movement disorders. Adenosine A2A receptors 
interact with the dopamine D2receptors, and play an important role in 
modulating the effect of dopamine. Selective antagonism of the A2A receptors 
has been shown to restore the relative balance between dopamine and 
adenosine signaling, and thus represents a potential novel treatment of 
Parkinson's disease. This presentation will describe our efforts towards the 
discovery of a novel class of selective Adenosine A2A antagonists. 
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Discovery of small molecule and nucleic acid inhibitors of APOBEC3 
deaminases 



Daniel A. Harki, daharki@umn.edu. Department of Medicinal Chemistry, 
University of Minnesota, Minneapolis, Minnesota, United States 

APOBEC3 deaminases are a critical component of the innate immune system 
by restricting foreign, pathogenic DNA primarily through the purposeful 
mutation of single-stranded DNA cytosines to uracils. The DNA editing 
activities of the APOBEC3 family relies on Zn2+-activation of water in the 
enzyme active site, which then participates in the hydrolytic deamination of 
the 4-NH2 of cytosine, yielding uracil. Aberrant activities of members of the 
APOBEC3 family have demonstrated crucial roles in human disease, such as 
contributions of mutations to virus (APOBEC3D/F/G/H) and cancer 
(APOBEC3A/B/H) genomes. Consequently, potent and selective chemical 
probes of the 7 APOBEC3 family members are desired. To address this 
unmet need, we have utilized small molecule-, fragment-, and computation-
based screening to identify early APOBEC3 inhibitors that can be optimized 
into chemical probes through iterative cycles of structural refinement. Two 
early, albeit reactive, inhibitors found by small molecule high-throughput 
screening, MN30 and MN256, helped to characterize Cys321 of APOBEC3G 
as a hot spot for covalent binding by electrophilic compounds that results in 
inhibition of deaminase activity. More recently, we have exploited two x-ray 
co-structures of APOBEC3-DNA complexes to rationally design nucleic acid-
based inhibitors. Our efforts to develop chemical probes of the APOBEC3 
family of DNA deaminases based on small molecule and nucleic acid 
platforms will be presented. 
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Generating selective inhibitors of methionine-gatekeeper kinases: Case 
studies on NIK, PAKs and PKD1 

Steven T. Staben1, sstaben@gmail.com, Jianwen Feng2. (1) Genentech Inc, 
South San Francisco, California, United States (2) Discovery Chemistry, 
Genentech Inc, South San Francisco, California, United States 

Selectivity remains a top challenge in the optimization of kinase inhibitors. In 
the >20 years of kinase-directed drug discovery, researchers have developed 
numerous strategies in attempt to achieve selectivity for specific kinases over 
the >500-membered kinome. This disclosure will highlight a potentially general 
strategy for rapid generation of selective tool compounds for individual 
methionine-gatekeeper kinases. Lead identification studies for Met-
gatekeeper kinases NIK (NF-kB inducing kinase), class-II PAKs (p21-
activating kinases) and PKD1 (protein kinase D1) will be presented. Potent 



and highly specific inhibitors of these kinases were quickly realized by 
leveraging a type 1.5 binding mode driven by a propargyl alcohol substituent. 
Structural hypotheses for key features contributing to the selectivity of these 
compounds will be discussed. An overview of further optimization of NIK-
selective chemical matter to compounds utilized in advanced preclinical 
studies will be included. 
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Optimization of non-covalent Nrf2 activators for use in models of 
chronic wound healing 

Terry W. Moore1,2, twmoore@uic.edu, Brian David1, Benjamin G. 
Richardson1, Atul D. Jain1, Lin Chen3, Luisa A. DiPietro3, Sekhar Reddy4, 
Haranatha Potteti4. (1) Medicinal Chemistry and Pharamacognosy, University 
of Illinois at Chicago, Chicago, Illinois, United States (2) UI Cancer Center, 
University of Illinois at Chicago, Chicago, Illinois, United States (3) College of 
Dentistry, University of Illinois at Chicago, Chicago, Illinois, United States (4) 
College of Medicine, University of Illinois at Chicago, Chicago, Illinois, United 
States 

Chronic, non-healing wounds of the skin are serious medical complications 
that affect over 6.5 million Americans, especially older adults. These wounds 
include pressure sores, diabetic foot ulcers and venous ulcers. There are 
numerous surgical and dressing treatments for these wounds, but because 
there are over 70,000 lower-limb amputations each year arising from these 
wounds, it is clear that new treatments are needed. Strikingly, there are 
almost no pharmaceutical therapies to accelerate healing of chronic wounds. 
A major contributor to chronic wounds is a prolonged inflammatory state, and 
reducing inflammation may be a way to accelerate healing of chronic wounds. 
Unfortunately, many commonly used anti-inflammatory drugs hinder chronic 
wound healing; thus, new ways of reducing inflammation are needed. An 
essential factor in wound healing and an important regulator of inflammation is 
Nrf2, a transcription factor that induces many cytoprotective and antioxidant 
genes. As seen in other inflammatory disorders, activating Nrf2 could be a 
useful therapeutic strategy to treat chronic skin wounds. Non-covalent Nrf2 
activators can be developed by inhibiting the interaction of Nrf2 with its 
negative regulator, Keap1. We have developed non-covalent activators of 
Nrf2 as a means to promote wound healing in vitro and in vivo. These 
molecules inhibit the interaction of Keap1 and Nrf2 in vitro, and they induce 
the expression of Nrf2 target genes ex vivo. These molecules could form the 
basis of a pharmaceutical therapy to treat chronic skin wounds. 
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There and back again: Therapies for the treatment of obesity and 
diabetes 

Ann E. Weber, weberan8@gmail.com. Kallyope Inc, New York, New York, 
United States 

The incidence of obesity continues grow world-wide, and according to the 
World Health Organization, at least 2.8 million people die each year from co-
morbidities associated with being overweight or obese, including 
cardiovascular disease and diabetes. My own work to address metabolic 
disorders began at Merck nearly 30 years ago with the development of 
agonists for the beta3 adrenergic receptor, a target that ultimately failed in 
obesity, but later proved highly effective in the treatment of overactive bladder. 
The demise of the obesity program in 2000 provided the opportunity to initiate 
a new medicinal chemistry effort on dipeptidyl peptidase IV (DPP-4) inhibitors 
for the treatment of patients with type 2 diabetes. This research, which 
spanned over 10 years, led to two marketed products, JANUVIA (sitagliptin) 
and MARIZEV (omarigliptin). More recently, moving from big pharma to the 
biotech Kallyope has allowed me to take a fundamentally new approach to the 
treatment of diseases including obesity by targeting the gut-brain axis. This 
talk will feature vignettes from all of these efforts. 
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From organic chemistry to the discovery of PET ligands 

Cynthia D. Jesudason, jesudason_cynthia_d@lilly.com. 1930, Eli Lilly 
Company, Indianapolis, Indiana, United States 

This talk will discuss the personal journey that I have undertaken from my 
roots in synthetic organic chemistry to the discovery of PET ligands. Positron 
Emission Tomography is a powerful non-invasive tool utilized for a variety of 
biomedical and drug development applications. In neuroimaging, these 
include the measurement of cellular metabolism, receptor occupancy of a 
therapeutic drug or changes in concentration of an endogenous ligand. PET is 
also able to measure protein density using markers of inflammation or 
synaptic density and to detect the presence of pathological protein aggregates 
such as amyloid beta plaques and tau neurofibrillary tangles. A unique feature 
of PET tracers is the ability of a compound to differentially distribute toward 
target rich tissues in comparison to tissues with no or less target present. The 



current understanding of the CNS PET tracer property space and how to 
improve the probability of technical success will be discussed. A number of 
challenges associated with PET tracer discovery will be highlighted. 
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Malaria drug discovery: How medicinal chemistry and global 
responsibility intersect 

Stacie S. Canan, scanan@celgene.com. Celgene Global Health, San Diego, 
California, United States 

Every person in this world deserves a chance to live a healthy, productive and 
long life. Yet there are still devastating diseases that impact hundreds of 
millions of people, diseases which have not yet benefited from bespoke R & D 
approaches. These neglected diseases include malaria, Chagas disease, 
onchocerciasis, leprosy, and leishmaniasis, among others. From 2008-2014, 
only 1.5% of all Phase 1 starts were indicated for neglected diseases, despite 
that these afflictions account for over 11% of the world’s disease burden. For 
nearly a decade, the Celgene Global Health (CGH) research team has 
focused on discovering, optimizing and developing novel drugs for neglected 
diseases. 
Malaria, in particular, is an enormous health burden, with nearly half the 
world’s population at risk and the majority of malaria deaths occurring in 
children under the age of five. In collaboration with global partners, we have 
created a novel class of anti-malarial compounds by making rapid decisions 
based on sufficient (minimal) data. CGH identified a proprietary series from a 
phenotypic screen against Plasmodium falciparum, and simultaneously 
optimized potency, properties, and selectivity of the series. Novel compounds, 
designed based on whole organism potency and drug-like properties, 
successfully achieved proof-of-concept in vivo efficacy. Lead compounds also 
retained potency against resistant strains of P. falciparum, an early indication 
of a possible novel mechanism of action. With examples from our malaria 
drug discovery project, this presentation will highlight how medicinal chemistry 
research efforts can contribute to our global responsibility to treat neglected 
diseases. 

MEDI 264 

Novel and atypical DAT inhibitors for the treatment of psychostimulant 
use disorders 



Amy H. Newman, anewman@intra.nida.nih.gov. NIDA IRP, Baltimore, 
Maryland, United States 

The development of medications to treat cocaine or methamphetamine use 
disorders has thus far defied success, leaving this patient population without 
pharmacotherapeutic options. As the dopamine transporter (DAT) plays a 
prominent role in the reinforcing effects that can lead to addiction of these 
abused psychostimulants, atypical DAT inhibitors have been developed that 
are not cocaine- or methamphetamine-like, behaviorally. Over the past 25 
years, we have synthesized series of novel DAT inhibitors based on 
benztropine, rimcazole and modafinil and extended SAR by chemically 
modifying and hybridizing these parent molecules. Molecular pharmacology 
and molecular dynamic simulation studies support the hypothesis that these 
dopamine uptake inhibitors have similar binding poses to one another, but 
bind in a conformation that differs from that of cocaine. In general, these 
compounds do not 1) produce locomotor stimulation, 2) generalize to the 
cocaine discriminative stimulus nor are they self administered in rodents, in 
contrast to cocaine or methamphetamine. Moreover, several of our lead 
compounds attenuate behaviors produced in these animal models, by these 
illicit drugs, supporting their development for the treatment of psychostimulant 
use disorders. 
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From bench to clinic: The discovery of GDC-0853 a potent, selective and 
reversible Btk inhibitor 

Wendy B. Young, young.wendy@gene.com. Discovery Chemistry, 
Genentech, San Mateo, California, United States 

There is strong biological rationale that inhibiting Bruton’s tyrosine kinase 
(Btk) may produce the next generation of drugs to treat autoimmune 
disorders, including rheumatoid arthritis and lupus. Btk signaling is critical for 
B cell function, and thus BTK inhibition may recapitulate the therapeutic 
effects of existing B-cell depletion therapies. Furthermore, Btk also signals 
downstream of Fc receptors in myeloid cells, and thus Btk inhibition will inhibit 
the pathogenic effects elicited by immune complexes, providing additional 
mechanism of action in a number of indications. Currently, the majority of Btk 
inhibitors moving through the clinic are covalent modifiers. Our program 
focused on non-covalent inhibitors in order to offer a drug candidate with the 
highest potential selectivity profile and thus best safety profile. In this 
presentation, a description of the SAR, preclinical DMPK and efficacy data 



leading up to the discovery and selection of our lead clinical candidate, GDC-
0853 will be shared. Currently, GDC-0853 is in three Phase II trials in 
autoimmune disorders. 
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Science of medicinal chemistry in the discovery of medicines: From 
ideas-to-trenches-to-the corner office-to-medicine cabinet 

Nurulain T. Zaveri, nurulain@astraeatherapeutics.com. Astraea 
Therapeutics, Saratoga, California, United States 

A friend of mine told me recently-you still have that fire from grad school. It is 
indeed true that 25 years after graduating with a Ph.D. in Medicinal Chemistry, 
I still practice the truly multidisciplinary science of Medicinal chemistry. A 
general ‘mis’-understanding about Medicinal chemistry and a statement I have 
frequently encountered or told to me is–“one can learn medchem on the job, 
all you need is to be a great synthetic organic chemist”. It has been my 
experience, however, that to be a really good and creative medicinal chemist, 
you not only need to be a great synthetic organic chemist, but a lot more 
multidisciplinary than just that. A good PhD program in Medicinal Chemistry 
will equip you with these skills for drug discovery right out of school, rather 
than the 10+ years it may take to self-learn the science on the job. I will 
discuss my drug discovery journey as a Principal investigator and medicinal 
chemist, doing independently initiated drug discovery, of tools and potential 
therapeutics, at biological targets ranging from GPCRs, ion channels, nuclear 
receptors and enzymes. I will focus on how my background in medicinal 
chemistry allowed me to develop creative approaches to discover lead 
compounds, to explore hypotheses validating novel pharmacological targets, 
in therapeutic areas ranging from oncology to CNS therapeutics–starting in a 
nonprofit research organization to founding my own company, now in its 
eighth year of discovering medicines for unmet clinical needs. 
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Strategies to deliver small molecules to the retina by topical drops: A 
paradigm shift 

Ashim K. Mitra1, mitraa@umkc.edu, Abhirup Mandal1, Kishore Cholkar2. (1) 
Division of Pharmaceutical Sciences, School of Pharmacy, Univ of Missouri, 
Kansas City, Missouri, United States (2) CUSTO pharm Inc., 2325 Camino 
Vida Roble, Suite A, Carlsbad, California, United States 



A number of sight threatening diseases cause degeneration of the retina. 
Currently, age related macular degeneration (AMD) affects more than 1.75 
million individuals in the U.S. alone and this number is expected to rise above 
3 million within next half-decade. The nature of the diseases affecting the 
posterior segment (AMD, diabetic retinopathy, posterior vitreoretinopaty, 
uveitis, cystoid macular edema and diabetic macular edema) requires long-
term drug delivery to the targeted tissues such as retina, choroid, and Bruch’s 
membrane. Low aqueous solubility of commonly indicated drugs such as 
dexamethasone (DEX), voclosporin, cyclosporine, and mTOR inhibitors such 
as rapamycin, sirolimus and tacrolimus limit the feasibility of formulating a 
highly concentrated aqueous eye drop. Moreover, the topical ocular route is 
inefficient in delivering adequate drug levels to the retina. Steroids have been 
delivered in the form of an implant to treat posterior ocular inflammatory 
conditions. Posurdex® (DEX) and Retisert® (fluocinolone acetonide) are 
examples of currently marketed implants delivered via highly invasive surgical 
intravitreal implantation. Moreover, chronic therapy with high intravitreal doses 
lead to side effects such as elevation in IOP and progression of cataract. We 
have demonstrated that incorporation of drugs into self-assembling 
nanomicelles can aid in solubilization and thereby delivering the dose to the 
back-of-the-eye tissues after topical drop administration. Interestingly, not 
much active agents are detected in blood, aqueous humor, vitreous humor 
and lens. Higher concentrations have been detected in retina/choroid 
suggesting nanomicelles may utilize the uveal/scleral and/or 
conjunctival/scleral/choroidal pathways to reach retina directly. 
 
Points to be covered in the talk: 
ocular architecture 
local vs systemic delivery 
barriers to retinal penetration 
clearance mechanisms from the eye 
the presence of transporters 
protein binding and metabolism 
drug delivery/formulation options (e.g. nanosuspension, pro-drugs, 
nanoparticles, nanomicelles). 
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Optimizing ophthalmic drug delivery strategies to enhance efficacy: 
Modeling, formulation technology, and oBCS 

Hovhannes Gukasyan1,2, gukasyan@yahoo.com. (1) Physical Chemistry and 
Formulation Sciences, Allergan plc, Irvine, California, United States (2) School 



of Pharmacy, University of Southern California, Los Angeles, California, 
United States 

Classic drug design and development boundaries, i.e. Lipinski’s Rule of 5 and 
the biopharmaceutical classification system (BCS), are useful guidance for 
new and existing oral drugs. Historically, a clear majority of ocular drugs have 
reached healthcare providers and patients by repositioning, reformulation, or 
repurposing of existing molecules through research and development 
regulatory pathways. Careful observation and selective empirical estimations 
offer a systematic approach to guide molecular design and formulation 
performance for topical ocular delivery; considering that conducting reliable 
and successful clinical end-point bioequivalence studies for such products are 
nearly unfeasible. Through a combination of medicinal science and ocular 
physiology a rational, computational approach to ophthalmic drug design can 
be fabricated to yield novel products with inherent properties optimized for 
development and use in eye diseases. Multi-parameter optimization using 
molecular-computational and in vitro considerations, special focus on 
physicochemical properties and prodrugs beyond solubility-permeability, in an 
integrated, end-to-end topical delivery program is considered; while keeping 
the intraocular target and pharmacological mechanism of action at the heart of 
product development. Current case studies illustrating what’s next for the 
topical eye drop in the hands of patients with anterior (intraocular pressure, 
glaucoma, dry eye syndromes) and posterior segment (retinal diseases, 
protecting the optic nerve) disorders will be considered. 



 

Modified BCS for Topical Ocular Delivery 
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PI3K inhbitors for the treatment of retinal diseases 

Timothy P. Heffron, theffron@gene.com. MS 232A, Genentech, South San 
Francisco, California, United States 

Inhibition of the PI3K/AKT/mTOR pathway can result in an antiangiogenic 
effect. This effect is of interest for the treatment of retinal diseases including 
wet age related macular degeneration. We have previously disclosed the 
discovery of oral PI3K inhibitors for the treatment of cancer. This presentation 
will discuss factors considered in designing small molecule PI3K inhibitors for 
intravitreal injection before presenting in vitro and in vivo assessments of 
them.  
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Design, synthesis, and evaluation of nonretinoid retinol binding protein 
4 antagonists for the potential treatment of atrophic age-related macular 
degeneration and Stargardt disease 



Christopher L. Cioffi1,2, christopher.cioffi@acphs.edu, Nicoleta Dobri3, Emily 
Freeman2, Michael P. Conlon2, Ping Chen2, Douglass Stafford2, Daniel 
Schwarz2, Kathy Golden2, Lei Zhu2, Douglas B. Kitchen2, Keith Barnes2, 
Boglarka Racz3, Qiong Qin3, Enrique L. Michelotti4, Charles L. Cywin5, William 
H. Martin6, Paul Pearson7, Graham Johnson8, Konstantin Petrukhin3. (1) Basic 
and Clinical Sciences and Pharmaceutical Sciences, Albany College of 
Pharmacy and Health Sciences, Albany, New York, United States (2) 
Medicinal Chemistry, Albany Molecular Research, Inc., Rensselaer, New 
York, United States (3) Ophthalmology, Columbia University, New York, New 
York, United States (4) National Institutes of Mental Health, Bethesda, 
Maryland, United States (5) National Institutes of Health, Bethesda, Maryland, 
United States (6) WHM Consulting LLC, Lyme, Connecticut, United States (7) 
Pearson Pharma Partners, West Lake Village, California, United States (8) 
NuPharmAdvise, Sanbornton, New Hampshire, United States 

Accumulation of lipofuscin in the retina is associated with the pathogenesis of 
atrophic age-related macular degeneration (AMD) and Stargardt disease. 
Evidence has shown that bisretinoids such N-retinylidene-N-
retinylethanolamine mediate lipofuscin toxicity. The synthesis of lipofuscin 
bisretinoids is a natural outcome of the visual cycle and is dependent upon the 
influx of retinol from serum to the retina. Thus, agents that modulate the visual 
cycle by impeding ocular uptake of serum retinol show promise as potential 
pharmacotherapies by which to stem further neurodegeneration and 
concomitant vision loss associated with geographic atrophy of the macula. 
Specifically, we have shown that compounds antagonizing the retinol-
dependent interaction of retinol-binding protein 4 (RBP4) with transthyretin 
(TTR) reduce serum RBP4 and retinol levels and inhibit bisretinoid formation 
in the retina of Abca4−/− mice. This lecture will highlight work conducted as 
part of the NIH Blueprint Neurotherapeutics Network whereby novel RBP4 
antagonists with exquisite in vitro RBP4 binding affinity and favorable drug-like 
characteristics were identified. Furthermore, we will show that standout 
analogues exhibited robust in vivo efficacy by reducing circulating plasma 
RBP4 levels by greater than 90% in rodents. 
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Structure-based design of small-molecule Factor D inhibitors targeting 
the alternative complement pathway 

Anna Vulpetti1, annavulpetti@novartis.com, Stefan Randl1, Simon 
Ruedisser1, Nils Ostermann1, Paul Erbel1, Aengus Mac Sweeney1, Bernd 
Gerhartz1, Frédéric Cumin1, Claudio Dalvit1, Karen Anderson2, Upendra A. 



Argikar2, Sha-Mei Liao2, Edwige Lorthiois1, Juergen K. Maibaum1. (1) 
Novartis, Basel, Switzerland (2) Novartis, Cambridge, Massachusetts, United 
States 

Chronic dysregulation of alternative complement pathway activation has been 
associated with diverse clinical disorders including age-related macular 
degeneration resulting in a slow progressing loss of central vision and 
paroxysmal nocturnal hemoglobinurea characterized by destruction of red 
blood cells. Factor D is a S1 serine protease with a narrow specificity for 
arginine in the P1 position, which catalyses the first enzymatic reaction of the 
amplification loop of the alternative complement pathway. In the quest for 
inhibitors of Factor D no validated hits were identified from two HTS 
campaigns. This prompted us to conduct two alternative hit finding 
approaches: a) in silico active site mapping for hot spots identification to guide 
rational structure-based design of a focussed library and b) NMR screening of 
focussed and diverse fragment libraries. The wealth of information gathered 
by these complementary approaches enabled the identification of ligands 
binding to different sub-pockets and conformations of Factor D and was 
instrumental for the generation of the first known in vivo potent non-covalent 
orally bioavailable reversible Factor D inhibitors with excellent potency in 50% 
human whole blood in vitro and sustained oral and ocular efficacy in a model 
of lipopolysaccharide (LPS)-induced systemic AP activation in mice 
expressing human Factor D. 
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Drug discovery on a challenging target: inhibiting the alternative 
complement pathway with small molecule factor B inhibitors 

Holger Sellner, holger.sellner@novartis.com. Novartis Pharma, Basel, 
Switzerland 

The complement system is one of the major defense mechanisms of the 
innate immune system composed of the classical pathway, the lectin pathway, 
and the alternative pathway. There is strong scientific evidence for alternative 
pathway involvement in diseases such as for example age-related macular 
degeneration (AMD). Two S1 serine proteases, factor B and D, are involved in 
the regulation of the alternative pathway and represent promising drug 
targets. 
We report on the discovery of a class of highly potent and selective low-
molecular weight factor B inhibitors. Using structure-based design we turned a 
weakly active hit into a novel class of factor B inhibitors. We describe 



challenges during the optimization phase as well as some aspects of the 
preclinical evaluation of our factor B inhibitors. 
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Synthesis and optimization of novel inhibitors targeting M. 
tuberculosis polyketide synthase 13 thioesterase domain 

Ramesh C. Dhakal, rdhakal@clemson.edu, Anup Aggarwal, Maloy K. Parai, 
Rupesh Shrestha, Arjun Acharya, James C. Sacchettini. Biochemistry & 
Biophysics, Texas A&M University, College Station, Texas, United States 

Tuberculosis (TB) is a major global health problem causing approximately 1.8 
million deaths worldwide each year. Currently available first-line TB drugs are 
becoming less effective due to the development of resistance 
in Mycobacterium tuberculosis (Mtb), the causative agent of TB. Additionally, 
the second-line drugs used in the drug-resistant TB treatment have side 
effects, further underscoring an urgent need for new and safer alternatives for 
curing drug-resistant TB. We have recently published the structure-based 
development of a novel benzofuran based lead which kills Mtb by targeting 
the polyketide synthase 13 (Pks13), an essential enzyme involved in the 
biosynthesis of mycolic acids which are crucial components of the 
mycobacterial cell wall. Our investigation led to the identification and 
validation of the thioesterase domain of Pks13 (Pks13 TE) as a new drug 
target in Mtb. X-ray crystal structure of Pks13 TE domain in complex with the 
original hit molecule was used to guide medicinal chemistry for the 
development of our lead, TAM16. Subsequently, crystal structure of Pks13 
TE-TAM16 complex were used to develop an alternative series of inhibitors. A 
small focus library of doubly homologated benzofuran derivatives was 
synthesized and their structure-activity relationships against Pks13 TE domain 
were tracked using biochemical and whole-cell based assays. Compounds 
exhibiting good potency were further subjected to safety and pharmacokinetic 
profiling. These new series of RCD compounds with potent bactericidal 
activity against Mtb developed recently in our laboratory will be discussed in 
the presentation. 
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Orally-active inhibitors of H-PGDS for the treatment of asthma, allergic 
rhinitis and chronic obstructive pulmonary disease 



Sukanthini Thurairatnam, sukanthini.thurairatnam@sanofi-
aventis.com. Sanofi Pharmaceuticals, Dover, Massachusetts, United States 

Prostaglandin D synthase (PGDS) catalyzes the isomerization of PGH2 to 
PGD2. There are two isoforms of PGDS: L-PGDS and H-PGDS. H-PGDS is a 
cytosolic enzyme that is selectively expressed over L-PGDS in mast cells and 
activated Th2 lymphocytes. PGD2 and its metabolites are high affinity ligands 
for DP1 and/or DP2 (CRTH2) receptors and have a wide range of biological 
activities that regulate inflammatory responses. PGD2 produces 
bronchoconstriction in human and mouse that is more potent than histamine 
or PGF2a. It also causes nasal mucosal dilation, nasal blockage, and increase 
in vascular permeability, nasal airflow resistance, eosinophil infiltration and 
activation in nose and trachea. PGD2 levels are elevated in Broncho alveolar 
lavage fluid of atopic asthmatics and published data suggest evidence of a 
correlation between PGD2 concentration in airways and decline in FEV1 or 
PEF in COPD patients. Hence, preventing the inflammatory effects of PGD2 
and its bioactive metabolites and blocking the pro-inflammatory eicosanoid 
cascade by inhibiting H-PGDS will be useful for the treatment of many 
inflammatory disorders including asthma, allergic rhinitis and COPD. 
We have identified a series of compounds that potently suppress H-PGDS 
and attenuate PGD2 secretion from mast cells in vitro. Selected compounds 
also demonstrated potent suppression of PGD2 secretion in a mouse air 
pouch model in vivo and efficacy in relevant disease models. The presentation 
will include, medicinal chemistry strategy for optimizing in vitro/ in 
vivo pharmacokinetics and safety profile of an initial hit compound, the 
structure activity relationship of the series and the progress made towards the 
identification of an orally bioavailable, selective and reversible inhibitor of H-
PGDS which showed efficacy in preclinical animal models. This compound is 
currently undergoing phase 1 clinical studies for COPD. 
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Optimization of the chemical matter and synthesis leading to a 
ketohexokinase inhibitor clinical candidate 

Aaron C. Smith1, acsmith23@gmail.com, Steven B. Coffey1, Matthew S. 
Dowling1, Dilinie P. Fernando1, Kentaro Futatsugi2, Kim Huard2, Thomas V. 
Magee2, Brian Raymer2, Andre Shavnya1, Andy S. Tsai1, Meihua Tu2, Hanna 
M. Wisniewska1. (1) Worldwide Research and Development, Pfizer, Inc, 
Groton, Connecticut, United States (2) Worldwide Research and 
Development, Pfizer, Inc., Cambridge, Massachusetts, United States 



Ketohexokinase (KHK) inhibition has shown potential as a treatment for non-
alcoholic steatohepatitis (NASH) and non-alcohol fatty liver disease (NAFLD). 
As the KHKi program at Pfizer narrowed in on lead matter for clinical 
development, multiple compounds were profiled in parallel and a robust plan 
was created to both allow time for data generation and for optimization of the 
synthesis of multiple leads for large scale without having to adjust timelines. 
Strategic planning to enable bulk delivery of multiple compounds along with 
the necessity for crisp decision making to balance long-term optimization with 
short term delivery goals allowed the team to position for efficient access to 
the clinical candidate. The triaging of lead matter and the synthesis of key 
compounds will be presented including the enablement of key monomers: 2-
methyl azetidine and [3.1.0] amino ester which were used to access >300 g of 
the clinical candidate to support pre-clinical efficacy and safety studies. 
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Small molecules inhibiting PD1-PDL1 immune checkpoint 

Shabnam Shaabani2, s.shaabani@rug.nl, Tryfon Zarganes-Tzitzikas1, 
Constantinos Neochoritis1, Niels van Oosterwijk1, Amalia Dolga3, Krzysztof M. 
Zak4, Przemyslaw Grudnik4, Katarzyna Magiera4, Philip Elsinga5, Grzegorz 
Dubin4, Tad Holak4, Alexander Doemling2. (1) SMIO Pharma, Groningen, 
Netherlands (2) Department of Drug Design, University of Groningen, 
Groningen, Netherlands (3) Department of Physiology, University of 
Groningen, Groningen, Netherlands (4) Jaggielonian University, Krakow, 
Poland (5) Faculty of Medical Sciences, UMCG, Groningen, Netherlands 



Immune checkpoint blockade (ICB) of programmed cell death-1 receptor 
(PD1) and its ligand (PDL1) restores T-cell activation in many systems and 
thus it is a rarely occurring therapeutic breakthrough in cancer therapy. 
Currently, interfering PD1-PDL1 axis with monoclonal antibodies (mAbs) has 
provided unprecedented results in cancer treatment. However, mAbs are 
expensive to produce and their high molecular weight leads to poor tissue and 
tumor penetration. Therefore, search for non-mAbs including small molecules 
is needed. 
We have recently disclosed the molecular details of the human PD1-PDL1 
interaction and structural basis of a class of very potent small molecule 
antagonizing PDL1. Based on the knowledge of the 3D structures of the 
human protein protein interactions (PPI) and the availability of multiple tools in 
our laboratories, we have discovered several novel classes of potent PD1-
PDL1 inhibitors including small molecules and artificial macrocycles using 
structure based drug design, fragment screening and screening of directed 
multicomponent reaction libraries. Our inhibitors are directed against PD1 and 
PDL1 and have been characterized for their potency to prevent T-cell 
exhaustion. We found comparable activity to currently marketed antibodies in 
T-cell activation assay. Aside cancer we also investigate their usage in 
neuroinflammatory (Alzheimer’s) and infectious diseases, which are both 
characterized by PD1-PDL1 overexpression in relevant cell types, a hallmark 
of T-cell exhaustion. 
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RMC-4550: An allosteric inhibitor optimized for in vivo studies of SHP2 

Adrian L. Gill1, adrian@revolutionmedicines.com, Naing Aay1, Andreas 
Buckle1, Mark A. Goldsmith2, Ashutosh Jogalekar1, Gert Kiss2, Elena S. 
Koltun1, Abby Marquez2, Kevin Mellem1, Kasia Mordec2, Robert J. Nichols2, 
Mae Saldajeno-Concar2, Christopher Semko1, Mallika Singh2, Jacqueline A. 
Smith2, Nidhi Tibrewal2, Christos Tzitzilonis2, Zhengping Wang3, David 
Wildes1, Susan E. Wilson1, Walter Won1. (1) Medicinal Chemistry, Revolution 
Medicines, Redwood City, California, United States (2) Biology, Revolution 
Medicines, Redwood City, California, United States (3) DMPK, Revolution 
Medicines, Redwood City, California, United States 

Genetic and pharmacologic evidence has shown that SHP2, a non-receptor 
protein tyrosine phosphatase (PTP) and scaffold protein encoded by the 
PTPN11 gene, is a convergent signal transduction node that integrates growth 
factor signals from multiple receptors to promote activation of RAS and its 
downstream effectors. Guided by structural insights from in-house x-ray 



crystallographic data, we describe a strategy aimed at the identification of a 
highly potent and selective allosteric SHP2 inhibitor series with exposure 
profiles commensurate with once daily oral dosing. This led to the discovery of 
RMC-4550 which exhibited a high quality, drug-like preclinical profile. The 
presentation will outline the structure and synthesis of RMC-4550, detailed x-
ray crystal structure guided SAR, physicochemical property controlled 
optimization, detailed in vitro and in vivo ADMET assessment, alongside in 
vivo PKPD and efficacy data in preclinical xenograft models. 
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ASTX660, the first fragment-derived IAP antagonist in the clinic 

Charlotte Griffiths-Jones, charlotte.griffiths-jones@astx.com. Astex 
Pharmaceuticals, Cambridge, United Kingdom 

The Inhibitor of Apoptosis Proteins (IAPs) are key regulators of anti-apoptotic 
and pro-survival signalling pathways. Overexpression of IAPs occurs in a 
number of cancer types and has been associated with tumour progression 
and resistance to treatment. IAPs have been proposed as targets for 
anticancer therapy, and a number of peptidomimetic IAP antagonists have 
entered clinical trials. 
We have successfully applied our fragment-based screening approach, 
PyramidTM, to identify non-peptidic fragments binding with millimolar affinities 
to both cellular inhibitor of apoptosis 1 (cIAP1) and X-linked inhibitor of 
apoptosis protein (XIAP). Structure based hit optimisation guided by X-ray 
crystallography, computational studies and NMR solution conformational 
analysis allowed us to significantly increase the binding affinity of the starting 
hits. 
The subsequent lead optimization campaign focused on reducing off-target 
activity and improving pharmacokinetic properties. This resulted in ASTX660, 
a potent non-peptidic IAP antagonist which is structurally distinct from all 
previously reported IAP antagonists. ASTX660 is currently being tested in a 
phase 2 clinical trial (NCT02503423) and we propose that its unique dual 
antagonism of cIAP1 and XIAP may offer improved efficacy over more cIAP 
selective antagonists. 
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Rapid development of potent and selective CBP inhibitors: The impact 
of a tetrahydroquinoline LPF binder 



Sarah M. Bronner, bronner.sarah@gene.com. Discovery Chemistry, 
Genentech, South San Francisco, California, United States 

Inhibition of the epigenetic regulator cyclic adenosine monophosphate 
response element binding protein, binding protein (CBP) and its paralogue 
adenoviral E1A binding protein of 300 kDa (P300) offers a promising strategy 
in oncology. Intrigued by the therapeutic potential of CBP, we sought to 
develop an exquisitely potent, selective, and orally bioavailable inhibitor of the 
bromodomain of CBP. This presentation will describe the evolution of 
chemical matter that ultimately led to the identification of GNE-781, a CBP 
inhibitor with good ADME properties that demonstrated unparalleled potency 
and bromodomain selectivity. Additionally we will disclose our strategy to 
develop a backup series to GNE-781. Our strategy utilized a structure-based 
drug design approach in which the tetrahydroquinoline LPF-binder moiety in 
parent compound GNE-781 was hybridized with a variety of pharmocophores 
that bind the KAc region. The resulting chemically diverse CBP inhibitors 
proved to be suitable starting points for rapid lead optimization. Whereas CBP 
inhibitors are traditionally designed by first identifying a KAc-binder and then 
building into the LPF shelf, a region that was previously thought to have 
reduced importance, our strategy offers a highly-efficient and complementary 
approach that we anticipate has relevance to the broader bromodomain 
family. 
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Discovery and characterization of ingrezza (valbenazine): A VMAT2 
inhibitor approved for the treatment of tardive dyskinesia 

Nicole D. Harriott1, nharriott@neurocrine.com, John P. Williams1, Evan 
Smith2, Haig Bozigian2, Dimitri E. Grigoriadis1. (1) Research, Neurocrine 
Biosciences, San Diego, California, United States (2) Preclinical, Neurocrine 
Biosciences, San Diego, California, United States 

The vesicular monoamine transporter 2 (VMAT2) is an integral presynaptic 
protein that regulates the packaging and release of dopamine and other 
monoamines from neuronal vesicles into the synapse. Dopamine 
dysregulation is closely associated with the development of various movement 
disorders, with dopaminergic hyperactivity being linked to hyperkinetic 
movement disorders (e.g., tics, tremor, myoclonus, chorea, dystonia) and 
reduced dopaminergic activity to hypokinetic states (e.g., Parkinson’s 
disease). Here we describe the discovery and characterization of Ingrezza 



(valbenazine) a novel VMAT2 inhibitor that was recently approved for tardive 
dyskinesia. 
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Strategies and challenges on the GluN2A-selective NMDA PAM program: 
A perspective on positive allosteric modulator (PAM) drug discovery 

Matthew Volgraf, volgraf@gmail.com. Discovery Chemistry, Genentech, Inc, 
Oakland, California, United States 

N-Methyl-D-Aspartate receptors (NMDARs) are critical to synaptic signaling 
and plasticity and their dysfunction has been implicated in a number of 
neurological disorders, including schizophrenia, depression, and Alzheimer’s 
disease. This talk will describe the discovery and optimization of two distinct 
series of NMDAR positive allosteric modulators (PAMs) with a focus on 
general concepts related to allosterism and ion channel activation. Strategies 
related to series selection, subtype selectivity, assay development, 
mechanism of action, structure-based design, and in vivo model selection will 
also be discussed. Together, an overview of our NMDAR PAM drug discovery 
program will be provided summarizing lessons that can be broadly applied to 
other ion channel and/or activator targets. 
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Award Address (George and Christine Sosnovsky Award for Cancer 
Research sponsored by the George and Christine Sosnovsky 
Endowment Fund). Anticancer drug discovery, for pets and people 

Paul J. Hergenrother, hergenro@illinois.edu. Univ of Illinois, Urbana, Illinois, 
United States 

Only 1 in 20 anticancer compounds that begin human clinical trials will 
become an approved drug. Many have pointed at the traditional development 
pathway -- whereby anticancer efficacy is assessed in rodent models, and the 
next efficacy assessment is in people -- as a major reason for this poor 
success rate. We have been working to evaluate candidate compounds in 
pets with cancer, as a way to help these veterinary cancer patients that often 
have no other options and as a method to guide the selection of the human 
drug candidate. The lecture will describe this process through two examples, 
a procaspase-3 activator that has been extensively evaluated in pet dogs with 



cancer and is now in clinical trials in human cancer patients, and an NQO1 
substrate that has been evaluated in pet cats with cancer. 
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Award Address (ACS Award for Team Innovation sponsored by the ACS 
Corporation Associates). Discovery and development of Ibrance®, a 
first-in-class CDK4/6 inhibitor 

Peter L. Toogood1, toogood@lycera.com, David W. Fry6, Nga Do5, Vladimir 
G. Beylin6, Brian P. Chekal3, Nathan D. Ide4, Brian P. Jones2, Hairong 
Zhou7. (1) Lycera Corp, Ann Arbor, Michigan, United States (2) Chemical 
Research and Development, Pfizer, Waterford, Connecticut, United States (3) 
MS 220-2344, Pfizer, Groton, Connecticut, United States (4) Pfizer Inc., 
Mystic, Connecticut, United States (5) MS 8220-2437, Pfizer Inc, Groton, 
Connecticut, United States (6) Pfizer, Ann Arbor, Michigan, United States (7) 
Genentech, South San Francisco, California, United States 

Studies of the cell cycle identified cyclin-dependent kinases 4 and 6 (CDK4/6) 
as key regulators of entry into G1. In addition, it was found that nearly all 
tumors display abnormalities in the CDK4/Rb pathway that confer a potential 
to circumvent the G1 checkpoint, abnormally progress through the cell cycle, 
and promote unregulated cell growth. Inhibitors of CDK4/6 were targeted as 
anti-proliferative agents, specifically for treating cancers expressing active 
retinoblastoma protein (Rb). Medicinal chemistry efforts, building on a 
moderately potent screening hit, identified PD 0332991 as a highly selective, 
potent CDK4/6 inhibitor that is selectively anti-proliferative towards Rb-(+) 
cancer cells. PD 0332991 blocks cells in G1 and inhibits Rb phosphorylation 
at anti-proliferative concentrations, and exhibits anti-tumor activity in murine 
xenograft models. PD 0332991 was advanced into development, initially as an 
isethionate salt. A process chemistry campaign led to several improvements 
in the synthetic route towards PD 0332991 (palbociclib) and eventual 
selection of the free base for commercial manufacture. The final product is 
manufactured in three steps including a regioselective Grignard-mediated 
nucleophilic aryl substitution reaction, a Heck coupling with controlled isolation 
procedure, and finally a deprotection with tight regulation of the final particle 
size. Palbociclib was launched in 2015 as Ibrance® in the U.S. for the 
treatment of ER+, HER2- breast cancer in combination with Letrozole. In 
2016, the label was expanded to include combination with fulvestrant. Sales of 
Ibrance® in 2016 amounted to $2.1 billion, with over 50,000 patients treated. 
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Leveraging diverted total synthesis to elucidate the mechanism of action 
of a pseudomonad-specific antibiotic 

William M. Wuest, wwuest@emory.edu. Chemistry, Emory University, 
Atlanta, Georgia, United States 

The importance of natural products as anticancer and antibiotic compounds is 
undisputed due to their wide application as potent and effective 
pharmaceuticals. In contrast to broad-spectrum agents, the development of 
species-specific, “narrow-spectrum” antibacterials would be of interest to the 
medical community serving as novel therapeutics and also to microbiologists 
as chemical probes to deconvolute complex bacterial communities. Over the 
past six years our group has looked to Nature for inspiring chemical scaffolds 
and has leveraged diverted total synthesis (DTS) to study bacteria. The talk 
will highlight our recent efforts investigating the biological activity of 
Promysalin, which specifically targets P. aeruginosa over 
other Pseudomonads. We have taken a diverted total synthetic approach to 
construct the natural product, analogs, and a photoaffinity probe, the latter of 
which was used to identify the biological target. 
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HIV-1 drug discovery: Inhibitors of virus attachment and virion 
maturation 

Nicholas A. Meanwell, nicholas.meanwell@bms.com. Discovery Chemistry 
and Molecular Technologies, Bristol Myers Squibb, Princeton, New Jersey, 
United States 

In this presentation, a synopsis of the challenges associated with two HIV-1 
inhibitor drug discovery campaigns will be provided. In the first vignette, we 
will describe the challenges associated with optimization of HIV-1 attachment 
inhibitors from a lead identified by high-throughput screening to the design of 
temsavir which has entered Phase 3 clinical trials as its phosphonooxymethyl 
prodrug fostemsavir. In the second vignette, the design and optimization of 
the second generation HIV-1 maturation inhibitor BMS-955176 (GSK-
3532795), which incorporates a para-substituted benzoic acid moiety at C-3 of 
the pentacyclic triterpene-based core, will be presented along with early 
clinical efficacy data that demonstrates antiviral efficacy toward both wild-type 



virus and viruses expressing polymorphisms in the Gag protein close to the 
CA-SP1 cleavage site. 
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Drug discovery in academia 

Michael E. Jung, jung@chem.ucla.edu. UCLA, Los Angeles, California, 
United States 

The process of drug discovery in academia will be discussed with selected 
examples of chemistry-biology collaborations, including at least one success 
story. 
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Award Address (Alfred Burger Award in Medicinal Chemistry sponsored 
by Gilead Science Inc.). Discovery and development of novel 
therapeutics for treating viral diseases, cancers, and inflammatory 
disorders 

Dennis Liotta, dliotta@emory.edu. Chemistry Dept, Emory University, 
Atlanta, Georgia, United States 

Viral polymerases are reliable targets for controlling infections caused by 
many pathogens. Active site inhibitors of these polymerases, i.e., nucleoside 
analogs, have proven to be very effective at suppressing viral replication when 
used in combination with drugs that target other viral proteins. A good 
example of the utility of viral polymerase inhibitors is emtricitabine, which is a 
component in seven different FDA approved combination therapies. 
The interaction between the CXCR4 receptor and its endogenous ligand, 
CXCL12, synchronizes many essential physiological (homeostatic regulation 
of leukocyte trafficking, hematopoiesis, embryonic development, etc.) and 
pathophysiological (overexpression in >20 tumor types, induction of CXCR4-
mediated transcription of growth/angiogenic factors, upregulation of 
immunosuppressive cytokines, etc.) roles. In principle, CXCR4 antagonists 
can modulate these pathophysiological morbidities either when used directly 
as anti-cancer monotherapies or in combination with immuno-oncologic 
agents. Especially active targets in this area have included hematopoietic 
stem cell mobilization and chemosensitization. In addition, since the CXCR4 
receptor serves as one of the host co-receptors responsible for mediating 
HIV-1 entry into immune cells, compounds that block entry could potentially 



be used as HIV therapeutics. 
My lab has discovered a series of CXCR4 modulators that, depending on their 
binding orientations, can act as either potent antagonists or inverse agonists 
of CXCR4 cell surface receptors. In addition, we have discovered a series of 
dual tropic antagonists with excellent safety profiles that simultaneously block 
HIV entry through both CXCR4 and CCR5. In this presentation, I will discuss 
some of the opportunities and challenges associated with the development of 
each of these series. 
Finally, I will also describe a chemoinformatics/machine learning protocol, 
called FRESH, that dramatically increases the ease of quality candidate 
identification. To date, novel compounds, identified by FRESH and 
subsequently synthesized, were consistently found to have nanomolar or sub-
nanomolar activity for several dissimilar proteins. These results strongly 
suggest that artificial intelligence will have great utility in the design of 
biologically active molecules. 
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Towards boron based antibiotics and beta-lactamase inhibitors 

Christopher Schofield, christopher.schofield@chem.ox.ac.uk. Chemistry, 
University of Oxford, Oxford, United Kingdom 

Beta-lactam based antibiotics, e.g. the penicillins and cephalosporins, remain 
amongst the most important medicines in use. However, they are 
compromised by the action of beta-lactamases. The lecture will describe work 
aimed at delivering boron based analogues of the intermediates in beta-
lactamase catalysis. In particular, recent work on the identification of 
compounds inhibiting both the serine- and metallo-beta-lactamases will be 
described. 
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Translating new chemical space to new function: The case of BN/CC 
isosterism in biomedical research 

Shih Y. Liu, shihyuan.liu@bc.edu. Chemistry, Boston College, Chestnut Hill, 
Massachusetts, United States 

The development of azaborines has received significant attention due to its 
potential to expand the chemical space of arenes through BN/CC isosterism. 
Our recent contributions in the synthesis of boron-nitrogen-containing 



heterocycles and their applications in biomedical research will be described. 
[figure1] 
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Boron heterocycles: Studies on their properties and applications in drug 
discovery and chemical biology 

Dennis G. Hall, dennis.hall@ualberta.ca, Burcin Akgun, Michele Boghi. Univ 
of Alberta Dept of Chem, Edmonton, Alberta, Canada 

During the past decade, boronic acid derivatives have attracted much 
attention for their potential in drug discovery and chemical biology. This 
renaissance is due, in significant part, to the successful development and 
marketing of antifungal and antibacterial benzoxaborole derivatives. Yet many 
questions remain unanswered regarding the physical properties and stability 
of the benzoxaborole ring and other related boron heterocycles in aqueous 
media. Likewise, more studies are needed to gain a detailed understanding of 
the interactions of boron heterocycles with biomolecules to realize their full 
potential as drug candidates. In this presentation some of these questions will 
be addressed, and new boron heterocycles will be described along with an 
evaluation of their suitability toward uses that require aqueous conditions. In 
this regard, the design and application of stable boronic esters in the fast 
bioorthogonal conjugation of proteins will also be discussed. 
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Boroscan: An enabling technology for the discovery of bioactive 
molecules containing boron 

Andrei K. Yudin, ayudin@chem.utoronto.ca. Dept of Chem Univ of Toronto, 
Toronto, Ontario, Canada 

Boron is an abundant element on earth yet, despite its availability, C-B bonds 
are not present in the structures of natural products. This, however, does not 
mean that boron has no utility in chemical biology and drug discovery. On the 
contrary, there are numerous examples of bioactive molecules that bear C-B 
bonds. Similar to the synthetic utility of organoboron compounds, the 
biological activity of boron-containing molecules is based on reversible 
covalent interactions with nucleophiles. Based on boron’s capacity to 
covalently bind to biological targets, it is tempting to assume that an 
organoboron compound is just another electrophile, similar to the “usual 
suspects” of chemical biology, namely acrylates, epoxides, and aldehydes. 
However, our analysis of well-known covalent inhibitors suggests that boron is 
unique in its chameleonic ability to display a range of coordination modes 
upon interaction with protein targets. This lecture will present the foundational 
principles of Boroscan – an enabling technology to construct boron-containing 
bioactive molecules. This toolkit owes its effectiveness to amphoteric boron-
containing molecules that serve as key structural units. 
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Exploring iminoboronates in the assembly of reversible bioconjugates 

Pedro M. Gois, pedrogois@ff.ulisboa.pt. Pharmacy Faculty, Universidade de 
Lisboa, Lisboa, Portugal 



Post-translational-modifications are part of Nature’s “toolbox” devised to 
extend the range of protein functions and to control fundamental cellular 
processes. Appreciation for this strategy, have led chemical biologists to 
develop many different genetic and chemical methods to mimic Nature’s 
proficiency to attach chemical handles onto proteins, though, the complex 
structure and marginal stability of proteins in vitro, still constitute a formidable 
challenge for bioconjugation. In recent years, a plethora of innovative 
chemical methods have been developed to selectively modify specific 
residues without disturbing protein’s architecture or function. This synthetic 
“toolbox” greatly expanded in recent years, benefiting from the straightforward 
covalent functionalization of the thiol and ε-amino groups of cysteine and 
lysine residues. Interestingly, most of these bioconjugation methods were 
engineered to generate stable conjugates that endure complex conditions 
such as the biological milieu. Differently, protein functionalization methods that 
generate reversible conjugates remained underdeveloped, notwithstanding 
the potential of this strategy to prepare conjugates that may respond to 
different chemical environments. In this presentation, iminoboronates will be 
disclosed as a useful construction tool for the preparation of reversible 
bioconjugates and their use in the chemical functionalization of proteins at the 
lysine and N-terminal cysteine residues and in the modular assembly of 
targeting drug conjugates. 
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Discovery of AZD0364, a potent and selective oral inhibitor of ERK1/2 
that is efficacious in both monotherapy and combination therapy in 
models of NSCLC 

Iain Simpson1, iain.simpson@astrazeneca.com, Mark Anderton2, David M. 
Andrews1, Jason Breed3, Calum Cook1, Emma Davies1, Judit E. Debreczeni3, 
Hans Emtenas5, Vikki Flemington1, Francis D. Gibbons1, Mark A. Graham1, 
Philip J. Hopcroft3, Tina Howard3, Julian Hudson1, Christopher Jones1, Clifford 
D. Jones1, Nicola Lindsay1, Marcus Malmgren5, Matt Osborne4, J E. Pease1, 
Subhash Pithani5, Philip Rawlins3, Karen Roberts3, Steve St-Gallay1, Steve 
Swallow1, Michael Tonge3, Richard Ward1. (1) IMED Oncology, AstraZeneca, 
Cambridge, United Kingdom (2) Discovery Safety and Metabolism, 
AstraZeneca, Cambridge, United Kingdom (3) Discovery Sciences, 
AstraZeneca, Cambridge, United Kingdom (4) Pharmaceutical Sciences, 
AstraZeneca, Macclesfield, United Kingdom (5) Research Support Laboratory, 
AstraZeneca, Gothenburg, Sweden 

The RAS/MAPK pathway is a major driver in oncogenesis and is dysregulated 
in approximately 30% of human cancers, primarily by mutations in BRAF or 
RAS genes. The extracellular-signal-regulated kinases (ERK1 and ERK2) 
serve as key central nodes within this pathway. The feasibility of targeting the 
RAS/MAPK pathway has been demonstrated by the initial clinical responses 
observed to BRAF and MEK inhibitors in BRAF V600E/K metastatic 
melanoma, however resistance frequently develops by reactivation of the 
pathway. Direct targeting of ERK1/2, may provide another therapeutic option 
in tumours with mutations in BRAF or RAS genes. Importantly, ERK1/2 
inhibition may have clinical utility in overcoming acquired resistance to RAF 
and MEK inhibitors where RAS/MAPK pathway reactivation has occurred, 
such as relapsed BRAF V600E/K melanoma. 
 
Starting from our earlier published work, we will describe for the first time, a 
scaffold hopping approach leading to the identification of AZD0364, a pre-
clinical ERK1/2 inhibitor candidate drug. Driven by conformational modelling 
and structure-based design, and by utilising novel sulfamidate ring opening 
chemistry, a high lipophilicity efficiency core was identified. Structure based, 
multi-parameter optimisation of this improved core ultimately led to AZD0364. 
AZD0364 exhibits high cellular potency against a direct downstream substrate 
on the MAPK pathway (e.g. inhibition of phospho-p90RSK1 in BRAFV600E 
mutant A375 cells, IC50 = 6 nM). The molecule is a highly selective kinase 
inhibitor (10/329 kinases tested are inhibited at >50% at a 1 µM) and has long 



residence time on the protein (as determined by SPR on human 
unphosphorylated-ERK2: pKd = 10; t1/2 = 277 mins). The good in vitro potency 
and selectivity is complemented by excellent physico-chemical properties 
(maximum absorbable dose estimated to be >4 g) and good oral 
pharmacokinetics across species, leading to a low predicted dose to man. 
 
In xenograft models, AZD0364 inhibits phospho-p90RSK1 in tumours in a 
dose-dependent manner. AZD0364 induces regressions in the KRAS mutant 
NSCLC Calu 6 xenograft mode and can be combined safely and effectively 
with the MEK1/2 inhibitor selumetinib in KRAS mutant NSCLC xenograft 
models. 

MEDI 294 

GDC-0927, a selective estrogen receptor degrader and full antagonist for 
ER+ breast cancer 

Xiaojing Wang, wang.xiaojing@gene.com. Genentech Inc, South San 
Francisco, California, United States 

Breast cancer is the most studied malignancy in the world. It is the most 
common cancer among women and affects one out of every eight women in 
the U.S. It remains the second leading cause of cancer death in women. At 
least 70% of all breast cancer expresses estrogen receptor alpha (ERa), 
making it a prime target for the treatment of breast cancer. Despite effective 
endocrine therapies, many patients eventually relapse and become resistant 
to standard of care treatments. These endocrine resistant tumors often 
continue to depend on ERa for growth and survival, as evidenced by their 
sensitivity to the selective estrogen receptor degrader (SERD), fulvestrant. 
However, fulvestrant may be limited by its pharmaceutical and 
pharmacokinetics properties and intramuscular route of administration to 
achieve sufficient target occupancy for maximal efficacy. Consequently, 
SERDs with superior drug properties were sought after, allowing consistent 
and rapid achievement of therapeutic exposure. GDC-0927 is an oral SERD 
currently in Phase 1 clinical trial, which was discovered through a prospective 
lead optimization on ERa degradation. Structure of GDC-0927 will be 
disclosed along with preclinical characterization of potency, pharmacokinetics, 
and in vivo efficacy in wildtype and ER mutant models, as well as early clinical 
data. 
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Discovery of LSZ102, a potent, orally bioavailable selective estrogen 
receptor degrader (SERD) for the treatment of estrogen receptor positive 
breast cancer 

G. Scott Tria1, scott.tria@novartis.com, Tinya Abrams1, Jason Baird1, 
Heather E. Burks1, Brant Firestone1, L. Alex Gaither1, Lawrence G. Hamann1, 
Guo He1, Christina A. Kirby1, Sunkyu Kim1, Franco Lombardo1, Kaitlin J. 
Macchi1, Donald P. McDonnell2, Yuji Mishina1, John D. Norris2, Jill Nunez1, 
Clayton Springer1, Yingchuan Sun1, Noel M. Thomsen1, Chunrong Wang1, 
Jianling Wang1, Bing Yu1, Choi-Lai T. Yip1, Stefan Peukert1. (1) Novartis 
Institutes for BioMedical Research, Inc., 250 Massachusetts Avenue, 
Cambridge, Massachusetts, United States (2) Department of Pharmacology 
and Cancer Biology, Duke University School of Medicine, Durham, North 
Carolina, United States 

The estrogen receptor (ER) is a nuclear hormone receptor that regulates a 
variety of genes which promote both cell proliferation and cell cycle 
progression. In the clinical setting ER positive breast cancer accounts for 
approximately 74% of all breast cancer diagnoses. Anti-estrogen therapies, 
such as selective estrogen receptor modulators (SERMs) and aromatase 
inhibitors (AI), are the core treatment modalities in patients with ER positive 
breast cancer. Although a large proportion of patients respond positive to 
endocrine therapy, resistance to these drug treatments remains an 
impediment to durable clinical response. Selective estrogen receptor 
degraders (SERDs) that remove the receptor have been shown to be effective 
in this setting. We describe the discovery of LSZ102, a potent, orally available 
SERD found to inhibit ER mediated transcription and proliferation in a cell 
culture model of ER positive breast cancer (MCF7). Activity in mouse models 
of ER positive breast cancer, pharmacokinetic properties in preclinical species 
and early clinical data from an ongoing Phase I trial in patients will be 
presented.  

MEDI 296 

Discovery of PRN1008: A reversible covalent BTK inhibitor for treatment 
of autoimmune diseases 

Timothy D. Owens, tim.owens@principiabio.com. Principia Biopharma, 
South San Francisco, California, United States 



Bruton’s tyrosine kinase (BTK) plays a critical role in B cell differentiation, 
activation and maturation and also regulates the activation of other 
hematopoietic cells, such as basophils, mast cells, macrophages, and 
neutrophils. Inhibitors of BTK are therefore expected to find broad utility in the 
treatment of a variety of autoimmune and inflammatory disorders. Principia is 
actively pursuing the development of covalent reversible inhibitors, taking 
advantage of the durable inhibition driven by covalent interactions with non-
catalytic cysteines, while mitigating risks associated with irreversible binding 
of off-target nucleophiles. This presentation will describe the SAR, PKPD, and 
preclinical in vivo data leading to the selection and development of BTK 
inhibitor PRN1008. Principia is currently evaluating PRN1008 in a Ph II clinical 
trial for treatment of the rare chronic blistering skin disease, Pemphigus 
Vulgaris. Initial results from Ph 1 and ongoing clinical trials will be shared. 
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Discovery of BMS-986195: A strategy for identifying a highly potent and 
selective covalent inhibitor providing rapid inactivation of Bruton’s 
tyrosine kinase (BTK) 

Scott H. Watterson, scott.watterson@bms.com, Qingjie Liu, Douglas G. Batt, 
Myra Beaudoin Bertrand, Weiwei Guo, Hua Gong, Saleem Ahmad, Lidet 
Negash, Khehyong Ngu, Mark Pattoli, Stacey Skala, Lihong Cheng, Mary T. 
Obermeier, Robin Moore, Rodney Vickery, Paul A. Elzinga, Jun Dai, Lorell 
Discenza, Celia D'Arienzo, Kathleen M. Gillooly, Tracy Taylor, Claudine 
Pulicicchio, Kim W. McIntyre, Michael A. Galella, Andrew Tebben, Jianqing Li, 
Rulin Zhao, Daniel Smith, Richard Rampulla, Alban J. Allentoff, Michael A. 
Wallace, Kimberly N. Voronin, Arvind Mathur, Luisa Salter-Cid, John E. 
Macor, Percy H. Carter, Aberra Fura, James R. Burke, Joseph A. 
Tino. Bristol-Myers Squibb Research and Development, Princeton, New 
Jersey, United States 

Bruton’s tyrosine kinase (BTK), a non-receptor tyrosine kinase, is a member 
of the Tec family of kinases and is essential for B cell receptor (BCR)-
mediated signaling. BTK also plays a critical role in the downstream signaling 
pathways for the Fc-gamma receptor in monocytes, the Fc-epsilon receptor in 
granulocytes, and the RANK receptor in osteoclasts. As a result, 
pharmacological inhibition of BTK is anticipated to provide an effective 
strategy for the clinical treatment of autoimmune diseases such as rheumatoid 
arthritis. This presentation will outline the evolution of our strategy to identify 
covalent inhibitors of BTK that have the intrinsic potency, selectivity, and 
pharmacokinetic properties necessary to provide a rapid rate of inactivation 



systemically. With excellent in vivo efficacy and a very desirable tolerability 
profile, BMS-986195 has advanced into clinical studies. The structure of BMS-
986195 will be disclosed. 
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Targeting G-quadruplexes in the Zika virus RNA genome 

Cynthia J. Burrows2, burrows@chem.utah.edu, Aaron M. Fleming2, Yun 
Ding1, Ngoc Nguyen2. (1) University of Utah, Salt Lake City, Utah, United 
States (2) Department of Chemistry, University of Utah, Salt Lake City, Utah, 
United States 

Zika virus has emerged as a global concern because neither an effective 
vaccine nor antiviral compounds targeting it exist. A structure for the positive-
sense RNA genome has not been established, leading us to look for potential 
G-quadruplex sequences (PQS) in the genome. Conserved sequences in 
the Flaviviridae family were found by sequence alignment, identifying seven 
PQSs in the prM, E, NS1, NS3, and NS5 genes of ZIKV. Next, alignment of 78 
Zika strain genomes identified a unique PQS near the end of the 3`-UTR. 
Structural studies on the G-quadruplex sequences found four of the 
conserved Zika virus sequences to adopt stable, parallel-stranded folds that 
bind a G-quadruplex-specific compound, and one that was studied caused 
polymerase stalling when folded to a G-quadruplex. Targeting these PQSs 
with G-quadruplex binding molecules validated in previous clinical trials may 
represent a new approach for inhibiting viral replication. Studies of the impact 
of PQSs on polymerase activity will be presented. 
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Structure and assembly of the U6 snRNP 

Eric J. Montemayor, Allison L. Didychuk, Yuichiro Nomura, Gurnimrat Sidhu, 
Allyson Yake, David Brow, Samuel Butcher, sebutcher@wisc.edu. University 
of Wisconsin-Madison, Madison, Wisconsin, United States 

A major component of the spliceosome active site is the U6 snRNA, which is 
transported to the spliceosome in the form of the U6 snRNP. The U6 snRNP 
contains the 112 nucleotide U6 snRNA bound to 8 proteins. We have recently 
solved the high resolution structure of the entire U6 snRNP, allowing the first 
views of the quaternary structure of this complex. We have also determined 
how the 3’ end of U6 snRNA is uniquely processed by the enzyme Usb1, and 



have solved high resolution structures of this enzyme bound to its RNA 
substrate. Finally, we have investigated how the U6 snRNP is assembled and 
propose a model that explains how cooperative and anti-cooperative protein 
interactions help to protect and chaperone the nascent U6 snRNA during its 
journey to the spliceosome. 
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Riboswitches as targets, models, and tools for small molecule-RNA 
interactions 

Ming Hammond, mingch@berkeley.edu. Chemistry, University of California, 
Berkeley, Berkeley, California, United States 

Riboswitches are natural small molecule-binding RNA sequences found 
primarily in the untranslated regions of bacterial mRNAs that form well-defined 
structures and regulate gene expression in response to a specific metabolite 
ligand. In this talk, I will provide an overview of efforts in the field to target 
riboswitches for antibiotic drug development and for synthetic biology 
applications. Then I will present some of our latest work on discovery and 
engineering of riboswitches, and reveal what these case studies have taught 
us about designing (or evolving) specific, high affinity small molecule-RNA 
interactions. 
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High performance virtual screening by targeting a high-resolution RNA 
dynamic ensemble 

Hashim M. Al-Hashimi, ha57@duke.edu. Biochemistry, Duke University, 
Durham, North Carolina, United States 

Dynamic ensembles that capture the flexibility of RNA three-dimensional (3D) 
structures hold great promise in advancing RNA-targeted drug discovery. 
Here, we experimentally screened the transactivation response element 
(TAR) RNA from human immunodeficiency virus type-1 (HIV-1) against 
~100,000 small molecules. We used this dataset, along with previously 
reported TAR binders, to evaluate virtual screening (VS) against a high-
resolution TAR ensemble determined by combining NMR spectroscopy and 
molecular dynamics simulations. Ensemble-based VS (EBVS) robustly 
enriches for true hits with an area under the receiver operator characteristic 
curve (ROC AUC) between ~0.80-0.95 and with ~20-67% of all hits falling 



within the top 2% of scored molecules, depending on the selection criteria 
used to define hits and non-hits. EBVS also predicts binding modes similar to 
bound NMR structures for five out of six molecules. The prediction accuracy 
decreased significantly with decreasing accuracy of the target ensemble or 
when docking against a single RNA structure. These results demonstrate that 
experimentally determined ensembles can significantly enrich libraries with 
structure-specific RNA binders as well as motivate the continued development 
of methods for improving ensemble accuracy. 
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Covalent mRNA labeling using fluorescent self-alkylating ribozymes 

Tewoderos Ayele, Satheesh Ellipilli, Jennifer M. Heemstra, 
jen.heemstra@emory.edu. Department of Chemistry, Emory University, 
Atlanta, Georgia, United States 

The localization and dynamics of RNA play a key role in directing a wide 
variety of cellular processes. Gaining a deeper understanding of mRNA 
localization patterns and the corresponding mechanisms of mRNA transport 
would provide a wealth of information regarding disease progression and 
potential therapeutic approaches. A number of elegant RNA labeling methods 
have been reported that rely on binding of a fluorescent protein or 
fluorescently labeled oligonucleotide to the RNA of interest. However, these 
methods suffer from challenges including high background fluorescence and 
the propensity to disrupt native RNA structure or function. Harnessing the 
small-molecule recognition properties of RNA has long been viewed as a 
promising alternative approach, and recently, cellular mRNA labeling has 
been reported using RNA aptamers that bind to a fluorogenic small molecule. 
We hypothesize that the use of a self-alkylating ribozyme in place of an 
aptamer as the recognition element will increase the robustness of labeling, 
and enable applications that are not feasible with non-covalent approaches. 
This talk will describe recent efforts aimed at the selection and 
characterization of fluorescently self-labeling ribozymes. 
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Small-molecule covalent probes for study and control of RNA 

Eric T. Kool, kool@stanford.edu. Department of Chemistry, Stanford 
University, Palo Alto, California, United States 



There are tens of thousands of different RNA molecules in the cell, most of 
which have unknown structure and function. A growing number of them have 
been directly connected with human disease. These RNAs interact with each 
other and with proteins and small molecules, and control gene expression and 
cellular pathways in complex ways. Assessing locations, sequences, 
structures, and functions of these RNAs will become increasingly important to 
medicine as well as basic biology. Inspired by these facts, we are developing 
molecular tools to aid the study of cellular RNAs. 
 
As a strategy for mapping RNA structures in vivo, we have developed cell-
permeable reagents that contain reactive acylimidazole groups. These enter 
the cell and acylate 2’-hydroxyl groups at positions where they are accessible 
to solvent. The acylation allows mapping of structure by reverse transcriptase-
mediated primer extension. Combining this with RNA sequencing 
methodologies has allowed us with collaborators to map the structures of 
large numbers of RNAs in mammalian cells, and this work is uncovering 
interesting data about protein-RNA interactions and RNA modifications that 
occur in living systems. 
 
The selective acylation of RNA 2’-OH groups is further being developed as a 
strategy for controlling RNA function. In vitro reaction of soluble azide-
functionalized acylimidazoles with RNAs can result in high levels of acylation 
at over 50% of the 2’-OH groups in an RNA strand. This polyacylation (termed 
”cloaking”) strongly inhibits the ability of the RNA to hybridize and fold. At a 
selected time, the RNA can be de-acylated (”uncloaked”) rapidly and in high 
yield by addition of water-soluble phosphines, triggering RNA folding and 
hybridization. This represents a new way to control and switch RNA structure 
and function. Signficantly, it can be applied postsynthetically to short and long 
RNAs prepared either chemically or enzymatically. We expect that this 
strategy can be useful as a technology for timed and controlled activation of 
RNAs in vitro, and ultimately as a method for switching on RNAs in living cells 
for study of their downstream biological effects. 
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Structural studies of long non-coding RNAs and riboswitches 

Karissa Sanbonmatsu1,2, kys@lanl.gov. (1) Los Alamos National Laboratory, 
Los Alamos, New Mexico, United States (2) New Mexico Consortium, Los 
Alamos, New Mexico, United States 



Regarding long non-coding RNAs in epigenetics, many fundamental questions 
regarding the structure have yet to be addressed, including, (1) do lncRNAs 
have structure? (2) are lncRNAs organized into modular sub-domains or linear 
chains of stem loops?, and (3) what do structure-function relations look like in 
the case of lncRNA systems? We have developed a wetlab strategy (3S) to 
derive secondary structures of lncRNAs. 3S can be used as a strategy to track 
the evolution of structurally conserved lncRNAs with relatively low sequence 
conservation, akin to riboswitch RNAs. We applied this method to the Coolair 
lncRNA in A. thaliana and Braveheart in mouse, both of which possess clear 
phenotypes. Coolair and Braveheart each show highly structured sub-
domains and share a unique expansive internal loop. We then use the 
secondary structure to find examples of the lncRNA in other species, 
demonstrating conservation of structure. For Coolair, comparison of FLC 
expression levels in different species, for different SNPs suggests the length 
of the terminal helix of the central domain (H4) may contribute to the 
regulation of FLC levels. In Braveheart, CRISPR-Cas9 analysis demonstrates 
that the expansive loop motif is necessary for cardiomyocyte differentiation 
and interacts with a zinc finger transcription factor. Regarding riboswitches, 
we have performed combined computational and experimental studies of the 
SAM-I and SAM-II riboswitches, focusing on the effect of magnesium on the 
RNA energy landscape. 

 
 
The COOLAIR long non-coding RNA plays a key role in plant epigenetics. Chemical 
probing studies of this lncRNA demonstrate orthologous secondary structures in 
distant species. 
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Rational design of cell-permeable, multivalent ligands for repeat disease 
RNA 

Yugang Bai1, Juyeon Lee1, Ullas V. Chembazhi2, Lauren D. Hagler1, 
Shaohong Peng3, Edwin H. Y. Chan3, Auinash Kalsotra2, Steven C. 
Zimmerman1, sczimmer@illinois.edu. (1) Chemistry, University of Illinois, 
Urbana, Illinois, United States (2) University of Illinois, Urbana, Illinois, United 
States (3) Chinese University of Hong Kong, Hong Kong, China 

As many as 40 rare diseases originate in repeating DNA sequences, these 
most often involving trinucleotide repeats. The repeats may be in coding or 
noncoding regions but they share the common feature that they are stable 
until a threshold length is reached, where progressive expansion occurs with 
disease symptoms. The disease mechanism in some cases arises from the 
expanded RNA transcript. This talk will focus on the rational design of small 
molecules to target these repeating sequences as well as a multivalent 
strategy to increase targeting efficiency. Strategies for using the multivalent 
approach while allowing cell permeability is a major theme and several novel 
approaches to develop cell permeable agents that function in vivo will be 
presented. 
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Invention of INCB054329 and INCB057643, two potent and selective BET 
inhibitors in clinical trials for oncology 

Andrew P. Combs, acombs@incyte.com. Discovery Chemistry, Incyte, 
Kennett Square, Pennsylvania, United States 

BET proteins are epigenetic readers that associate with acylated histones to 
regulate the transcription of an array of genes that control cellular processes 
such as proliferation, differentiation and inflammation. For example, the 
expression of many oncogenes such as c-MYC and BCL2 are deregulated in 
cancer in a BRD4-dependent manner. BET selective inhibitors INCB054329 
and INCB057643 were invented through a novel fragments to 
pharmacophores to candidates strategy. Structure-based design and 
synthesis of a diverse library (>200 compounds) of low molecular weight (MW 
<250) compounds derived from the literature phenylisoxazole fragment 
enabled the identification of several pharmacophores with sub-micromolar 
potencies and retained ligand efficiencies. Computational overlay and 



hybridization of two of the pharmacophores and further optimization of ADME 
properties rapidly delivered our first clinical candidate INCB054329. Continued 
medicinal chemistry utilizing the knowledge from our initial pharmacophores, 
but replacement of the N-acyl-Lys mimetic (isoxazole), provided a structurally 
and pharmacokinetically differentiated backup candidate, INCB057643. 
INCB054329 and INCB057643 have demonstrated broad anti-proliferative 
activity in hematologic malignancies and solid tumor histologies in preclinical 
models and are currently in human clinical trials.  
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Advances in understanding the relationship of pharmacology to GPCR 
structure and function: A GPR40 journey from the lab to diabetic 
patients 

Chafiq Hamdouchi, chafiq.hamdouchi@gmail.com. Discovery Chemistry 
Research and Technology, Eli Lilly and Company, Indianapolis, Indiana, 
United States 

In the last decade, the G protein-coupled receptor, GPR40 also known as 
FFA1 or FFAR1 (free fatty acid receptor 1) has emerged as an attractive 
diabetes therapeutic target with both glucose-lowering and weight loss 
potential. 
In response to dietary long-chain free fatty acids (FFAs), GPR40 modulates 
FFA-stimulated insulin secretion in pancreatic β cells and incretin secretion in 
enteroendocrine cells in a glucose dependent manner. Activation of GPR40 
by synthetic partial and full agonists occurs via distinct allosteric sites 
(allosteric 1 or A1 and allosteric 2 or A2). 
We wish to present part of a broader work on these two allosteric sites and 
effort to understand the relationship of pharmacology to GPR40 structure, 
binding kinetics and signaling that culminated in the identification of multiple 
clinical candidates and chemical tools to explore the potential of this target. 
Hypothesis-driven structural modifications focused on lowering clearance, 
optimizing the binding kinetics and improving the maximum absorbable dose 
(Dabs) led to triazolopyridine acid derivatives with unique pharmacology and 
superior pharmacokinetic properties. LY3104607 demonstrated glucose 
dependent insulin secretion, potency, efficacy, and durability in preclinical 
disease model. The combination of enhanced pharmacology and 
pharmacokinetic properties supported further development of this compound 
as a potential glucose-lowering drug candidate for the once daily oral 
treatment of patients with type 2 diabetes mellitus. 
 



We will also present our crystal structure and pharmacological 
characterization of human GPR40 complex with a synthetic full agonist, bound 
to a newly identified allosteric binding site to deliver enhanced glucose 
lowering aided by incretin secretion. 
These findings provide the first structural evidence suggesting that agonists 
binding distinct allosteric sites of the same receptor generate biased G-protein 
signaling. This allosteric mechanism greatly expands our understanding of 
basic pharmacology and possibly provides insight into the function of other 
members of the GPCR family to facilitate the development of improved 
therapeutic agents. 
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Design, identification and clinical progression of RV521, an inhibitor of 
respiratory syncytial virus fusion 

George S. Cockerill1, scockerill@reviral.co.uk, Alexandre Bedernjak1, Dan 
Brookes1, Rebecca Dowey1, Rachel Harland1, Sara M. Johnson3, Neil 
Mathews1, Michael Paradowski4, Mark Peeples3, Claire Scott1, Molly 
Steadman1, Geraldine Taylor5, Michelle Thom5, Elaine Thomas1, Simon E. 
Ward2, Daniel Watterson6, Paul Young6, Kenneth Powell1. (1) Research, 
ReViral Ltd, Stevenage, United Kingdom (2) University of Sussex, Brighton, 
United Kingdom (3) Nationwide Children's Hospital, Birmingham, Alabama, 
United States (4) Sussex University, Brighton, United Kingdom (5) Pirbright, 
Guildford, United Kingdom (6) University of Queensland, Brisbane, 
Queensland, Australia 

RSV is the major cause of lower respiratory tract infections manifesting as 
bronchiolitis or pneumonia in infants and children. It has also been associated 
with increased risk of recurrent wheezing and asthma in this patient group. In 
‘compromised’ adult patients, e.g. elderly and immunocompromised, effective 
remedies are of utmost importance since mortality rates are high. The longer 
duration of RSV disease in vulnerable populations supports a role for a small 
molecule in both treatment and prophylaxis regimens. RSV therapies are 
under development to treat duration and severity of the disease in these 
populations. 
RV521, an RSV fusion inhibitor, was identified at ReViral Ltd supported by a 
Wellcome Trust Seeding Drug Discovery award. The medicinal chemistry 
strategy enhanced potency and focussed on physical property optimisation. 
The progression of compounds and the identification and structure of RV521 
will be described. Lead compounds were optimised utilising a cell fusion 
assay, virus plaque assays and pharmacokinetic studies in vitro and in 



vivo. Toxicology studies were carried out at an early stage and ultimately 
compounds were evaluated in primary differentiated human airway epithelial 
(HAE) cells in vitro and Balb-C mouse model of RSV infection. 
RV521 is a potent RSV fusion inhibitor with IC50’s ranging from 0.5-3nM in 
plaque assays for subtypes A and B. Similar potency was shown in an 
extensive range of clinical isolates. In addition, RV521 was orally bioavailable 
in mouse (46%), rat (42%) and dog (44%) and efficacious in HAE and Balb-C 
mouse. In the Balb-C, prophylactic administration of RV521 at 50 mg/kg 
reduced lung virus titre by 98%. RV521demonstrated a satisfactory GLP 
phase pharmacokinetic and toxicological evaluation that enabled progression 
into the clinical trials. 
RV521 a potent fusion inhibitor of RSV subtypes A and B is now in phase 2 
clinical development following a successful completion of phase 1 studies. 
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Discovery of VNRX-5133: A broad-spectrum serine- and metallo-beta-
lactamase inhibitor (BLI) for carbapenem-resistant bacterial infections 
("superbugs") 

Christopher J. Burns, burns@venatorx.com, Bin Liu, Guo-Hua Chu, Robert 
Trout, Randy Jackson, Daniel McGarry, Jodie Hamrick, Denis Daigle, Susan 
Cusick, Daniel Pevear, Luigi Xerri. VenatoRx Pharmaceuticals, Malvern, 
Pennsylvania, United States 

A major mechanism of gram-negative bacterial resistance is the growing 
evolution and production of beta-lactamase enzymes (both serine- and 
metallo-active-site-based) that catalytically inactivate the superfamily of beta-
lactam antibiotics. The recent spread of beta-lactamase-expressing 
"superbugs" is causing increased global alarm due to the high mortality 
associated with associated infections. To combat this threat, an iterative 
program of medicinal chemistry and biochemical/microbiological profiling was 
used to identify a broad spectrum inhibitor of both serine- and metallo-beta-
lactamases, VNRX-5133, currently in clinical trials. The combination of VNRX-
5133 with a known beta-lactam antibiotic has been shown in vitro and in 
vivo to rescue the latter's activity against key carbapenem-resistant 
enterobacteriaceae and Pseudomonas aeruginosa. This presentation will 
explore the medicinal chemistry optimization to VNRX-5133 from a narrow-
spectrum, weakly active lead. 
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Discovery and synthesis of JNJ-54861911, a novel orally active BACE1 
inhibitor 

Yuji Koriyama1, yuuji.kooriyama@shionogi.co.jp, Akihiko Hori2, Shuji 
Yonezawa2, Takahiko Yamamoto2, Yoshiyasu Baba4, Hisanori Ito2, Akira 
Kato1, Gaku Sakaguchi3. (1) Business Development, Shionogi & Co., Ltd., 
Osaka, Osaka, Japan (2) Shionogi Pharmaceutical Research Center, 
Shionogi & Co., Ltd., Osaka, Japan (3) Digital Intelligence Dept., Shionogi & 
Co., Ltd., Osaka, Japan (4) Formulation R&D Center, Shionogi & Co., Ltd., 
Osaka, Japan 

BACE1 (β-site amyloid precursor protein cleaving enzyme 1) inhibitors are 
known as one of the promising disease-modifying agent in several clinical 
trials for the treatment of Alzheimer’s disease. JNJ-54861911 has been 
originally discovered at Shionogi Pharmaceutical Research Center (Osaka, 
Japan) in 2008 as a potent orally active small molecule BACE1 inhibitor, 
which is being developed by Janssen Research & Development, LLC, in New 
Jersey. JNJ-54861911 showed IC50 of 9.8 nM in human BACE1 enzyme 
assay with high selectivity towards Cathepsin D (IC50: >25000 nM). JNJ-
54861911 has well balanced membrane permeable characteristics showing 
higher IC50 value (Aβ40 1.1 nM) in cell based Aβ production assay compared 
to enzyme based assay. The compound is orally active with good brain 
penetration and low P-gp substrate characteristic, which reflects in vivo Aβ 
reduction (in brain, in CSF) in multi species animals such as rat, monkey, and 
dog. Here, we report and disclose as first time, the design concept, chemical 
synthesis, and structure including X-ray crystal structure analysis of this 
compound. 
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Amphiphilic heterocyclic sulfonamides as carbonic anhydrase inhibitors 
with selectivity for tumor-overexpressed isozymes – towards theranostic 
systems for cancer detection and treatment 

Marc A. Ilies3,1, mailies@temple.edu, Suleyman Akocak4,3, Utpal Mondal3,1, 
Claudiu T. Supuran2. (1) Temple University, Philadelphia, Pennsylvania, 
United States (2) Univ Florence Lab Chim Bioorg, Sesto Fiorentino, Italy (3) 
Pharmaceutical Sciences, Temple University School of Pharmacy, 
Philadelphia, Pennsylvania, United States (4) Department of Pharmaceutical 
Chemistry, Adiyaman University, Faculty of Pharmacy, Adiyaman, Turkey 



Carbonic anhydrase (CA, EC 4.2.1.1) is a zinc enzyme responsible for the 
reversible hydration of carbon dioxide to bicarbonate with 16 isozyme 
described to date. Over the last decade a connection was established 
between cancer and the over-expression of membrane bound carbonic 
anhydrases CA IX and CA XII. Therefore, pharmaceutical agents that can 
selectively inhibit CA IX and CA XII may have therapeutic value for detection, 
imaging and treatment of a large variety of hypoxic tumors. Our team has a 
long-standing interest in the research on carbonic anhydrase activity 
modulation and has reported the first inhibition study of CA IX. 
Focusing on colon cancer, several studies have shown that membrane-bound 
CA IX and XII are present at very low levels in the normal colon, while being 
overexpressed in colon tumors. In this context we are presenting our synthetic 
efforts, supported by Xray crystallography [8,9], towards generation of several 
classes of nanomolar potent amphiphilic 1,3,4-thiadiazole-2-sulfonamides low 
molecular weight CA inhibitors and their transformation into theranostic 
systems for cancer detection and treatment via optimization of 
physicochemical and optical properties. 
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Hannah Lithgow2, hannah.x.lithgow@gsk.com, Chris Tinworth2,3, John D. 
Harling1, Ian Smith1, glenn burley3. (1) GlaxoSmithKline, Stevenage, United 
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Modern medicinal chemistry relies predominantly on the action of ligands to 
drive functional responses from high equilibrium target occupancy at specific 
drug targets. This paradigm has proven successful for treating disease but 
suffers from intrinsic limitations, for example, a relatively high sustained 
concentration of drug at the site of action is needed to maintain efficacy. 
 
Proteolysis targeting chimeras (PROTACs) are heterobifunctional small 
molecules which allow targeted protein degradation via the ubiquitin-
proteasome system. By simultaneous engagement of both a target protein 
and an E3 ligase, a PROTAC promotes formation of a ternary complex, 
allowing ubiquitin transfer from the E3 ligase onto the target protein. The 
ubiquitinated target protein is then recognised and subsequently degraded by 
the proteasome. As the role of the PROTAC is simply to facilitate the 
interaction between the E3 ligase complex and target protein, the process has 



previously been described as catalytic. 
 
To probe the effect of the catalytic feature of PROTAC-mediated degradation, 
stiochiometric and catalytic PROTACs were investigated. One example in this 
presentation is the elboration of irreversible Bruton’s tyrosine kinase (BTK) 
inhibitor Ibrutinib into a covalent PROTAC (Figure 1). Ibrutinib irreversibly 
binds to BTK through cysteine 481 in the active site which, if incorporated into 
a PROTAC, would remove the catalytic ability thought to be important for 
PROTAC function. It was hypothesised that a covalent PROTAC would 
reduce the degradation efficiency of BTK compared to a reversible PROTACs 
but should still theoretically act as a stoichiometric degrader. In order assess 
this hypothesis, a reversible PROTAC based on the Ibrutinib scaffold was also 
investigated. This work describes the synthesis of a series of novel PROTACs 
and their biological evaluation, assessing cellular target engagement, protein 
degradation and protein modification by covalent binding. 

 
Figure 1. Covalent Protac targeting BTK based on Ibrutinib 
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Applications of protein-observed 19F NMR (PrOF NMR) for inhibitor 
discovery of BET and non-BET bromodomains 

William C. Pomerantz, wcp@umn.edu. Chem Dept 139 Smith, University of 
Minnesota, Minneapolis, Minnesota, United States 

Protein-protein interaction inhibitor discovery has proven difficult due to the 
large surface area and dynamic interfaces of proteins. To facilitate the early 
lead discovery rate we have developed a rapid protein-based 19F NMR 
method for detecting protein-ligand interactions by screening low complexity 



molecules (fragments) as well as higher complexity molecules. We recently 
applied this method for the discovery of new small molecules against the 
epigenetic class of effector domains called bromodomains. I will address the 
synthesis, development, and application of three of our inhibitors for studying 
epigenetic protein function. Our efforts towards development of 
submicromolar pan-inhibitors of the bromodomain-and extra terminal family 
(BET) of bromdomains will be described first, as well as a domain 1 selective 
inhibitor of the BET family. Finally, our discovery of a non-BET bromodomain 
inhibitor for BPTF will be discussed. This inhibitor has helped describe a new 
role for BPTF regulation of the oncogene, c-Myc and a new interaction with 
histone variant H2A.Z. The speed, ease of interpretation, and low 
concentration of protein needed for binding experiments affords a new method 
to discover and characterize both native and new ligands for bromodomains 
and may find utility in the study of additional epigenetic “reader” domains. 
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Identification of potent, selective, cell-active class 1 histone deacetylase 
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Douglas C. Beshore, douglas_beshore@merck.com. Medicinal Chemistry, 
Merck & Co., Inc., Lower Gwynedd, Pennsylvania, United States 

Regulating gene expression via chromatin winding and unwinding is 
accomplished chemically via acetylation and deacetylation events and 
catalyzed by a family of enzymes called histone deacetylases (HDAC). 
Inhibition of these enzymes has resulted in several marketed 
chemotherapeutics for oncological indications. HDAC inhibitors possess a 
conserved pharmacophore, which includes binding to the catalytic zinc, 
resulting in high ligand binding efficiences through interacting with the catalytic 
zinc. However, this efficiency comes with a high cost; the commonly used 
metal-binding elements are mutagenic, contain electrophilic/reactive 
functionality with elevated risk of drug-induced liver injury, and/or contain 
metabolic “soft spots” that limit options for modulating pharmacokinetics. 
While these liabilities have not limited exploration of HDAC inhibitor therapy in 
an oncology setting, these are major obstacles in other areas of unmet 
medical need where HDAC intervention could provide clinically meaningful 
therapies. We sought to indentify inhibitors lacking a metal binding element in 
order to avoid the aforementioned liabilities. Herein, we present the discovery 
and optimization of a class of such inhibitors with remarkable biochemical and 
cellular potency, characterization their binding mode via x-ray crystallography, 
and demonstrate their potential in cell based models of HIV latency reversal. 
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LAT1 membrane transporter: reevaluating the meaning of L and A 
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Chemistry, University of Nebraska Kearney, Kearney, Nebraska, United 
States (2) Department of Bioengineering and Therapeutic Sciences, Schools 
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Systems Therapeutics; Department of Structural and Chemical Biology, Icahn 
School of Medicine at Mt. Sinai, New York, New York, United States 

Because of the formidable barrier function of the endothelial cells that line the 
blood-brain barrier (BBB), targeting drugs to the brain represents an 
enormous challenge for drug developers. Recent studies suggest that influx 
transporters may be targeted for enhanced drug delivery. The membrane 
transporter SLC7A5, also known as the “L-Type” or “Large Neutral” Amino 
Acid Transporter 1 (LAT1), is highly expressed at the BBB and in cancer cells. 
Because of its high expression level in the BBB, and its role in transporting 
essential amino acids to the brain and cancer cells, LAT1 represents an 
attractive target for drug delivery. We and others have been trying to optimize 
ligand affinity for the purposes of preparing more effective amino acid-
containing prodrugs, and alternatively to obtain potent LAT1 inhibitors for 
blocking cancer cell metabolism. Guided by computational modeling, we have 
prepared or purchased various non-natural amino acid analogs, including 
substitution at different positions, modification of the carboxylic acid functional 
group, and D isomers of endogenous LAT1 substrates. We assessed 
transport activity using both cis-inhibition and trans-stimulation assays in HEK 
cells with inducible LAT1 expression. Surprisingly, we have found that LAT1 
transports a variety of D amino acids as well as phenylalanine analogs 
containing functional groups that would be charged at physiologic pH 
(carboxylic acid and amino substituents). Moreover, we have found that LAT1 
can also transport carboxylic acid bioisosteres (hydroxamic acids and esters). 
Our findings suggest that LAT1 is remarkably promiscuous, as it transports a 
variety of D and L amino acids, and it is not limited to transporting “neutral” or 
even “amino acid” containing ligands. The presented SAR has broad 
implications for how to design better LAT1 substrates and inhibitors that could 
be beneficial for treating brain disorders and cancer. 
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Inhibition of nutrient acquisition and metabolism in pathogenic bacteria 

Timothy A. Wencewicz, wencewicz@wustl.edu. Chemistry, Washington 
University in St. Louis, Saint Louis, Missouri, United States 

Pathogenic bacteria must sustain metabolism and exploit host-derived 
nutrients during infection. Genes involved in nutrient acquisition and 
metabolism are often conditionally essential and associated with virulence. 
We aim to exploit pathogen dependence on host amino acids and other 
nutrients to develop novel treatments for bacterial infections. Specifically, we 
have applied dipeptide formulations of tabtoxinine-beta-lactam (TBL), a potent 
inhibitor of glutamine synthetase (GS), to disrupt nitrogen metabolism in 
Gram-negative and Gram-positive pathogens. TBL is mechanistically distinct 
from traditional beta-lactam antibiotics. We have shown using high-resolution 
mass spectrometry, solid-state NMR, and computational modeling that GS 
phosphorylates TBL creating a potent non-covalent transition state inhibitor 
that locks GS in a closed conformation with the beta-lactam ring intact. We 
have shown that GS is the primary cellular target for TBL in bacteria. We have 
measured Kitz–Wilson and Michaelis–Menten kinetic parameters for TBL, 
methionine sulfoximine, and glufosinate against purified E. coli, S. aureus, and 
human GS and conclude that GS inhibition is a viable therapeutic strategy to 
selectively block nitrogen metabolism in pathogenic bacteria. 
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Phospholipase A2: A target for the development of anti-inflammatory 
agents 

Varnavas Mouchlis, vmouchlis@ucsd.edu, Edward A. Dennis, J. Andrew 
McCammon. Pharmacology, and Chemistry and Biochemistry, University of 
California, San Diego, Spring Valley, California, United States 



Phospholipase A2 (PLA2) enzymes are the upstream regulators of the 
eicosanoid pathway liberating free arachidonic acid (AA) and other 
polyunsaturated fatty acids (PUFA). The liberation of AA by PLA2 enzymes 
sets off a cascade of molecular events that involves downstream regulators 
such as cyclooxygenase (COX) and lipoxygenase (LOX) metabolites leading 
to inflammation. Nonsteroidal anti-inflammatory drugs (NSAIDs) work by 
inhibiting COX and LOX which both rely on PLA2enzymes to provide them 
with AA. That means PLA2 enzymes can potentially also be targeted to 
diminish inflammation at an earlier point in the process. Structure-activity 
relationship correlations were generated using a set of fluoroketones that are 
potent inhibitors for calcium-independent PLA2. Virtual screening techniques 
were used to select a set of compounds from commercially available 
databases of small organic molecules. These compounds were ordered and 
screened in vitro for inhibitory activity against calcium-independent PLA2. The 
active compounds were also tested against cytosolic and secreted PLA2 for 
selectivity. This study let to the identification of hit compounds that were 
evaluated in a cell-based assay. Lipidomics analysis showed that the hit 
compounds penetrate macrophages and reduce the production of 
inflammatory mediators by inhibiting PLA2. These compounds will undergo 
lead optimization to improve inhibitory potency against calcium-independent 
PLA2. This enzyme is implicated in rare inflammatory and genetic diseases, 
and the development of potent and selective inhibitors will aid in the discovery 
of new therapeutics. 
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Mammalian carbohydrate receptors are involved in cell migration, pathogen 
recognition, uptake and processing, and determine many aspects of cellular 
communication. In particular, a large number of carbohydrate receptors are 
found on cells of the innate immune system. Strikingly, many of these 
receptors are uniquely expressed on defined immune cell subsets allowing to 
specifically address these cells in their complex biological environment. 
Hence, these cells, initiators and regulators of an effective immune response, 
are attractive targets for the therapeutic modulation of the immune reaction. 



Consequently, small molecule inhibitors of these carbohydrate-protein 
interactions would be beneficial for basic research as well as for therapeutic 
intervention. Unfortunately, carbohydrate-binding sites are often rather 
featureless and flat and are therefore considered either challenging or 
undruggable, hampering the development of small molecule inhibitors. 
Additionally, only a limited number of high throughput screening attempts 
have been successful against this class of biomolecules. Here, we summarize 
our work on the development of glycan receptor-specific ligands primarily 
resulting from fragment-based screening approaches using biophysical assay 
such as 19F NMR, STD NMR, HSQC NMR, and SPR. These assays are 
complemented by in silico approaches as well as screening on chemical 
fragment microarrays and also by a recently developed cell-based assay that 
allowed screening our 900-member fragment library. Based on these chemical 
probes resulting from fragment-based design, we explore basic immunological 
questions as well as applied aspects such as small molecule targeted delivery 
of stimulants to specific immune cell subsets. 
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dehydrogenase (hDHODH) inhibitors designed by scaffold hopping 
using regio substituted hydroxyazole scaffolds 
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Human dihydroorotate dehydrogenase (hDHODH) catalyzes the rate-limiting 
step in the de novo pyrimidine biosynthesis where dihydroorotate (DHO) is 
converted to orotate (ORO). Being already validated as therapeutic target for 
the treatment of autoimmune diseases, as rheumatoid arthritis or multiple 
sclerosis, in the fall 2016 hDHODH was associated to acute myelogenous 
leukemia (AML), a disease that has not seen a new therapies in four decades 
being cytarabine still representing the last significant advance. This discovery 



opened a totally new perspective in hDHODH field. Starting from brequinar, 
one of the most potent known hDHODH inhibitors, and by applying 
innovative scaffold-hopping replacement, we recently designed a novel 
generation of potent and selective hDHODH inhibitors presenting, as the 
hydroxytriazole (1), nano-molar activity on the isolated hDHODH, just one digit 
from the lead brequinar. In this occasion, we move ahead presenting a 
second generation of inhibitors designed by using as hydroxyazole a novel 
fluorescent isostere of carboxylic acid. Compound 2 (see Figure), able to 
reach brequinar hDHODH potency levels although using a different scaffold, 
was found able to restore the myeloid differentiation in leukemia cell lines, in a 
range superior then brequinar itself. Theoretical design, modeling, synthesis, 
SAR, fluorescent properties, X-ray crystallographic poses, biological assays 
(cell viability, proliferation, cytotoxicity, immunosuppression, myeloid 
differentiation), ADME and in vivo toxicity are here presented and discussed. 
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Lijun Sun1. (1) Center for Drug Discovery and Translational Research, Beth 
Israel Deaconess Medical Center, Harvard Medical School, Boston, 
Massachusetts, United States (2) Vascular Biology Program, Boston 
Children's Hospital, Harvard Medical School, Boston, Massachusetts, United 
States 

Metastatic cancers remain clinically challenging and account for more than 
90% of all cancer deaths. Drugs used to treat advanced metastatic cancers 



often generate drug resistance and relapse. Therefore, there is a critical need 
for novel therapeutic approaches for patients with advanced stage cancers 
that do not respond to any currently available anticancer therapies. 
Mebendazole and benzimidazole analogues, which are FDA approved 
compounds used to treat helminthic infections in the gastrointestinal track, are 
effective in inhibiting in vitro cancer cell proliferation. Unfortunately, their 
therapeutic applications in metastatic cancer are limited by their extremely low 
solubility and poor bioavailability. 
 
Here, we report the design and synthesis of water-soluble benzimidazoles as 
novel anticancer agents. Among them, the novel oxetanyl substituted 
compound, OBD9 (methyl (5-(4-(methyl(oxetan-3-yl)amino)benzoyl)-1H-
benzo[d]imidazol-2-yl)carbamate), demonstrated potent cytotoxicity towards a 
variety of highly aggressive cancer lines including prostate, lung, and ovarian 
cancers (IC50: 0.9-3.8 μM). In the NCI60 cancer cell panel screen, OBD9 
inhibited the proliferation of leukemia, melanoma, breast, and colon cancers. 
The aqueous solubility of OBD9 achieved 361 μM vs <1μM for mebendazole. 
In a mouse xenograft model of the highly metastatic human prostate cancer 
PC3MLN4, OBD9 (30 mg/kg/day, TIW x 2 wk) significantly inhibited the 
growth of established tumors (treatment-to-control ratio: 0.36) without 
noticeable toxicity. 
 
We performed broad kinase screening (486 kinases) to better define the 
mechanism of action and discovered OBD9 as a potent and highly selective 
inhibitor of Cdc2-like kinase 1 and 4 (CLK1/4). CLKs are serine/threonine 
(S/T) kinases that regulate gene splicing and are frequently over activated in 
cancers. Our results suggest that OBD9 impedes cancer growth at least in 
part by inhibiting CLK 1 and 4. 
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Massachusetts, United States (6) Pfizer, Groton, Connecticut, United States 

Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by a 
progressive decline in cognitive function, depriving people of their memory 
and independent wellbeing. The formation and accumulation of amyloid β (Aβ) 
peptides have been implicated in the pathology of AD. The proteases β-
secretase (BACE) and γ-secretase are responsible for generation of the toxic 
Aβ peptides through the sequential cleavage of the amyloid precursor protein 
(APP). Therefore, targeting these enzymes with small molecules has emerged 
as a promising approach for the treatment of AD. Unfortunately, several 
structurally distinct BACE inhibitors have demonstrated ocular toxicity in 
animal models. Using a clickable photoaffinity probe analog, we reveal that 
inhibition of cathepsin D (CatD) is the primary off-target of BACE inhibitors. 
Additionally, we developed a parallel-medicinal chemistry (PMC) approach to 
access a suite of clickable BACE photoaffinity probes containing either a 
benzophenone, diazirine or aryl azide and compared the different probes in 
live cells.  
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Bingchen Yu, byu8@student.gsu.edu, Yueqin Zheng, Binghe Wang. Dept of 
Chem, Georgia State University, Atlanta, Georgia, United States 

Hydrogen sulfide (H2S) has been recognized as a gasotransmitter with 
promising therapeutic potential owing to its significant roles in physiological 
and pathological processes However, recent studies suggest that endogenous 
hydrogen polysulfides (H2Sn, n≥2) and perthiol (RSnH, n≥2) have similar 
physiological effects with H2S, but with greater potency in certain pathways. 
To provide chemical tools for the study of hydrogen polysulfides, a general 



strategy of delivering hydrogen persulfide (H2S2) is described. Esterase- and 
phosphatase-sensitive H2S2 prodrugs with tunable release rates have been 
synthesized. Their utility is validated in examining protein sulfhydration, which 
is believed to be critical in signaling by sulfur species. Specifically, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is used a model. With 
this unique approach of directly delivering a single sulfur species (H2S2), our 
findings reaffirmed that sulfhydration leads to decreased activity of GAPDH in 
a reversible manner. This new approach complements available 
prodrugs/donors that directly deliver a single species including hydrogen 
sulfide, perthiol, and COS, and will be very useful as part of the chemical 
probe toolbox in delineating the mechanisms of sulfur signaling. 
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and Research Pune, Pune, Maharashtra, India 

Hydrogen Sulfide (H2S) is a gaseous molecule, recognized as an important 
mediator in neuromodulation, vascular regulation, angiogenesis and 
inflammation. H2S is endogeneously produced by cystathionine-β-synthase 
(CBS), cystathionine-γ-lyase (CSE), and 3-mercaptopyruvate-sulfur-
transferase (3-MST) enzymes. In cells, H2S carries out signalling processes 
but studying these processes becomes complicated due to its higly diffusable 
nature and reactivity at multiple sites. In order to study the signaling 
mechanisms, localized generation of H2S under ambient conditions is 
required. A number of triggers are known to facilitate localized delivery but 
amongst them, light can be used as a suitable trigger as it can be directed to a 
specific site. A number of UV light activated H2S donors are known such as 2-
nitrobenzyl-based, thioether-based, thiobenzaldehyde-based and 
thiocarbamate based scaffolds. While these methods offer localized delivery 
of H2S, the phototoxicity associated with UV light is a major limitation. 
Therefore, visible-light triggered generation of H2S would have distinct 
advantages over these methods. 
 
Recently, we have reported a H2S donor, triggered by blue-light (470 nm) to 
generate carbonyl sulfide (COS), which is hydrolyzed in the presence of 
carbonic anhydrase (CA) to produce H2S. However, due to marginal 
phototoxicity associated with blue light, longer wavelength light triggered H2S 
donors are highly desirable. Furthermore, the aqueous solubility of this donor 



was poor. Here, we report results of our efforts to develop a new BODIPY-
based H2S donor that is activable by visible light of wavelengths in the red 
region. These compounds will find use in better understanding biological 
properties of H2S while progressing towards potential therapeutics based on 
H2S. 
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Hydrogen sulfide is a newly added member to the family of gasotransmitters 
along with nitric oxide (NO) and carbon monoxide (CO). Cystathionine β-
synthase (CBS), cystathionine γ-lyase (CSE) and mercaptopyruvate sulfur 
transferase (MST) are the key enzymes involved in the production of H2S in 
cells. H2S mainly exists in the form of HS- under physiological conditions and 
due to its lipid soluble nature it easily permeates the cell membrane to reach 
its target in the cytosol, plasma membrane or in the intracellular organelles. 
H2S plays an important role in maintaining the redox balance of a cell and is 
involved in important physiological functions like blood pressure regulation, 
neurotransmission, cardiovascular etc. Alterations in H2S metabolism 
pathways can lead to abnormally increased or decreased levels of the gas, 
which are associated with diseases like diabetes, Alzheimer, gastrointestinal 
diseases etc. A clear understanding of the sulfide signaling pathway would 
help in translating the observed pharmacological effects into developing H2S 
based therapeutics. Thus, small molecule based tools for the controlled 
generation of H2S would be of great importance. Here, we have developed 
esterase activated COS/ H2S donors which get activated in the presence of 



esterase to release carbonyl sulfide (COS). COS is further hydrolysed in the 
presence of the widely prevalent enzyme carbonic anhydrase to give H2S. 
The ability of the compounds to produce H2S was evaluated using methylene 
blue assay and sulfide selective electrode. NBD- fluorescein, a fluorogenic 
probe, was used to detect H2S produced within the cells. The compounds 
prepared in this study were also tested for their ability to inhibit the 
proliferation of MCF-7 cells using MTT assay and were found to be non toxic 
at 25 μM concentration. Together these data suggest the compounds are able 
to produce H2S under physiological conditions. The versatility of this scaffold 
allows it to be easily modified for site directed delivery of H2S. 
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Weak, noncovalent interactions (e.g., electrostatic and van der Waals 
interactions) govern the structure and stability of proteins. Hydrogen bonds 
(HBs) are important electrostatic interactions affecting protein stability at all 
levels, including secondary and tertiary structures. A halogen bond (XB) 
shows strong resemblence with the HB by being mainly electrostatic and 
placing the interacting atoms at distances shorter than the sum of their van 
der Waals radii; it is, however, more directional, with the electron donor (e.g., 
N, O, or S) approaching more linearly towards the electrophilic halogen. Due 
to its capability to convey an anisotropic charge distribution, the halogen may 
be simultaneously involved in an XB (via its electropositive cap) and an HB 
(via its electronegative belt) interaction. In this study, the structure-energy 
relationships of selectively introduced halogens into our model protein T4 



lysozyme (T4L) were investigated. Here, we provide a proof of concept that 
XBs can be used as a design tool in protein engineering to increase both the 
thermal stability and enzymatic activity at elevated temperatures of the classic 
model enzyme, T4L. We also introduce the synergistic, intramolecular 
hydrogen-bond-enhanced XB (the HeXB) as a new concept of the toolbox for 
molecular design with applications in the material sciences and in drug 
development. 
 
T4L was selected as the model protein based on the large structure/stability 
dataset available from both crystallographic and thermal denaturation studies 
on hundreds of single amino acid mutations. Unnatural 3-X-Tyr amino acids 
(X = Cl, Br or I) were introduced at the partially buried site Tyr18 in the double 
mutant WT*, a pseudo-wild-type T4L with a reversible two-state 
unfolding/refolding profile, using in vivo methods for site-specific incorporation 
of non-canonical amino acids. High-resolution crystal structures revealed 
typical XB geometries for both the chlorinated and the brominated constructs. 
The introduction of the 3-Cl-Tyr residue increased both the thermal stability 
and the activity at elevated temperatures of this classical model enzyme. We 
attribute this gain in stability and in enzymatic activity to the formation of an 
exceptionally strong, HB-enhanced Cl…O XB. MP2 quantum mechanical 
calculations support our experimental findings. 
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Bacterial resistance to antibiotics is spreading at an alarming rate, and without 
the development of new antibiotics, infections that were once easy to cure will 
become deadly. Many antibiotics currently available target a specific gene or 
enzyme to kill bacteria, and mutations in bacteria quickly develop to 
circumvent the activity of these antibiotics. Because of this, new types of 
antibiotics are urgently needed. Nitric oxide (NO) is an excellent alternative 
antimicrobial agent, as it exhibits multiple mechanisms of action to kill 
bacteria, making resistance much more difficult to develop. However, targeted 
drug delivery is necessary when using NO as a therapeutic, as it has several 
unrelated functions throughout the body. In this presentation, the synthesis of 
an enzyme-activated NO-releasing antibiotic prodrug that both detects and 



kills bacteria will be discussed. Enzyme-activated bacterial detection using 
fluorescent small molecules have previously been developed, and the 
research discussed in this presentation combines this idea with an NO donor 
to kill bacteria. The fluorescent function is applicable in the case of an external 
wound, where an infection could be visualized, or as a laboratory technique to 
determine if bacteria is present. A five-step synthetic procedure was 
formulated to generate a fluorescent compound attached to a small signaling 
compound. Bacterial studies were performed using the fluorescent compound, 
showing a color change in the presence of Pseudomonas aeruginosa, 
providing a visual cue that bacteria are present. Preliminary UV Vis data show 
the successful formation of the NO donor group on the signaling compound. 
Progress on the attachment of the NO donor group will be discussed and the 
amount of NO release will be measured using an electrochemical sensing 
system developed in-house. The antimicrobial performance of this new 
molecule against Pseudomonas aeruginosa and Acinetobacter baumannii, 
among other antibiotic-resistant bacteria species, will be explored. The 
compound described in this presentation will allow the visual determination of 
a bacterial infection and act as an antimicrobial agent to treat antibiotic-
resistant bacterial infections. 
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Discovery and development of novel diazeniumdiolate derivatives as 
nitric oxide donors 

Timothy J. Henderson1, timothy_henderson@merck.com, Amjad Ali2, 
Michael M. Lo3, Brent R. Whitehead2, Lin Yan2, Pei Huo2, Doris Cully3, 
Kaushik Mitra2, Ying Li2, Scott Hoerrner3, Mark D. Weisel3, Liming Yang2. (1) 
Merck & Co. Inc., Boston, Massachusetts, United States (2) Merck & Co. Inc., 
Kenilworth, New Jersey, United States (3) Merck & Co. Inc., Rahway, New 
Jersey, United States 

Nitric oxide (NO) is widely known to be involved in cellular signaling that 
results in vasodilation in the cardiovascular system, contributing to decreased 
blood pressure. Organic nitrates such as glyceryl trinitrate have been 
developed as NO donors, but they can be limited by short half-lives, tolerance, 
and adverse side-effects. Diazeniumdiolates offer a novel method of systemic 
introduction of NO with a distinct release mechanism through CYP3A4 
metabolism. This novel mechanism allows for control over the kinetics of NO 
release and gives compounds with improved peak-to-trough ratios as 
demonstrated with in vivo telemetry studies. Here we will discuss the initial 



lead diazeniumdiolate compounds as well as the evolution of SAR based on in 
vivo, DMPK, and metabolism identification studies. 
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Comparison of NO donors, N-N-di-N'-butyl-1,6-hexanediamine and N-N-
di-N'-propyl-1,6-hexanediamine, attenuating thrombogenicity in 
extracorporeal circuits 

Mark M. Jeakle2, jeakl1mm@cmich.edu, Tommy Johnson2, Terry Major2, 
Mark E. Meyerhoff3, Robert Bartlett2. (2) Department of Surgery , University of 
Michigan, Ann Arbor, Michigan, United States (3) Department of Chemistry, 
University of Michigan, Ann Arbor, Michigan, United States 

Cardiopulmonary Bypass (CPB) and Extracorporeal Membrane Oxygenation 
(ECMO) procedures that involve blood flow through artificial circuits and 
oxygenators depend on systemic anticoagulation via heparin to prevent 
clotting. However, one major complication relating to anticoagulation is the 
increased risk of bleeding. Nitric Oxide (NO) has been associated with the 
prevention of platelet activation and adhesion. Previous research on N-N-Di-
N'-Butyl-1,6-hexanediamine (DBHD) coated circuits in extracorporeal circuit 
(ECC)s indicated DBHD had significant non-thrombogenicity and when top 
coated with a direct thrombin inhibitor, argatroban (AG the results were even 
better in preventing clotting. The purpose of this study was to determine if 
DPHD would perform similar to DBHD in circuits coated with and without AG 
in a 4 h rabbit model of thrombogenicity. The AG/DBHD polymer film was 
coated on the inner walls of ECC circuits to yield significantly reduced ECC 
thrombus formation compared to DBHD alone ECC control after 4 h blood 
exposure (0.12 + 0.03 AG/DBHD vs 2.57 + 0.82 cm2 AG control, p<0.05). In 
comparison, AG/DPHD coated ECCs were unchanged in ECC thrombus 
formation compared to AG/DBHD or DPHD control (0.68 + 0.22 AG/DPHD vs 
1.87 + 1.26 cm2 AG control, ns). Platelet count was preserved after 4 h blood 
exposure with both the AG/DBHD (3.3 + 0.8 AG/DBHD vs 4.1 + 0.7 x 108 /ml 
baseline) and the AG/DPHD (2.5 + 0.3 AG/DBHD vs 3.0 + 0.5 x 108 /ml 
baseline) combinations compared to their respective baselines. To rule out 
leaching of argatroban into plasma thrombin clotting time (TCT) was 
determined. Neither the AG/DBHD nor the AG/DPHD coated ECCs changed 
in TCT over the 4 h exposure period. These results suggest that both the 
combined AG/DBHD and AG/DPHD polymer coatings preserve platelets in 
blood exposure to ECCs to a better degree than DBHD or DPHD alone. 
These combined antithrombin, NO-mediated antiplatelet effects were shown 
to improve thromboresistance of both the AG/DBHD and AG/DPHD polymer-



coated ECCs and move potential nonthrombogenic polymers closer to 
mimicking vascular endothelium. 
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Stimuli-activated metal-free CO prodrugs: A general strategy 

Xingyue Ji, Zhixiang Pan, Ladie Kimberly De La Cruz, Binghe Wang, 
wang@gsu.edu. Chemistry, Georgia State University, Atlanta, Georgia, United 
States 

The development of carbon monoxide prodrugs as therapeutic agents has 
recently gathered much interest due to CO's pleiotropic pharmacological 
effects. Past research in this area has relied on inhaled CO, metal-based CO-
releasing molecules, and photo-sensitive organic CO-releasing molecules. To 
complement available methods, we have developed metal-free CO prodrugs, 
which release CO upon dissolution in water or in response to endogenous 
stimuli (esterase, physiological pH and ROS). The design strategy for such 
CO prodrugs is primarily based on the fact that norborna-2,5-dien-7-ones can 
readily undergo facial cheletropic reaction to extrude CO under physiological 
conditions, and we have successfully devised CO prodrugs as such by 
making precursors for norborna-2,5-dien-7-ones using inter-/intra-molecular 
Diels Alder cycloaddition or beta-elimination reactions. 
In this report, we expand on our earlier work and describe a general strategy 
by masking an aldehyde group (II, Figure 1) needed for the beta-elimination 
before the cheletropic reaction for CO release (I, Figure 1). Since the 
protected aldehyde group is no longer an electron-withdrawing group, the 
beta-elimination for CO release is prohibited. However, in the presence of an 
appropriate stimulus, the aldehyde group is regenerated for subsequent beta-
elimination to release CO. We have conducted a proof of concept study by 
making an esterase-sensitive CO prodrug I-1 and a cysteine-triggered CO 
prodrug I-2. The CO release kinetics showed that I-1/2 are very stable with 
half-lives of more than 24 h in the absence of the stimuli, and yet start to 
release CO with half-lives of around 30 min in the presence of esterase or 
cysteine. The development of other CO prodrugs with different release 
triggers based on such a strategy and the application of such prodrugs for 
CO's biological studies are ongoing in our lab. 

 



 
 
Figure 1. A schematic illustration of the general strategy to stimuli-triggered metal-
free CO prodrugs. LG: leaving group; TG: triggering group 
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Cancer targeted nitric oxide delivery with a fluorescence reporter 

Ravikumar Govindan1, ravikumar.g@students.iiserpune.ac.in, Meisam 
Bagheri2, Deepak K. Saini2, Harinath Chakrapani1. (1) Chemistry Department, 
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Department of Molecular Reproduction, Development and Genetics, Indian 
Institute of Science, Bangalore, Bangalore, India 

Nitric oxide (NO) is a gaseous signalling molecule, which 
is endogenously synthesized by nitric oxide synthase (NOS) enzyme. NO 
mediates numerous biological processes including vasodilation, respiration, 
cell migration, immune response and apoptosis. Therapeutic effect of NO in 
cancer mainly depends on its location, concentration and rate of release. Due 
to the short half-life of NO, controlled generation of NO at cancer site and real 
time monitoring of NO is necessary. Although a number of methodologies for 
enhancement as well as detection of NO are available, these events are 
typically mutually exclusive. Thus, a strategy where a small molecule can 
generate NO in a controlled and sustained manner to the cancer cells 
selectively along with a fluorescence reporter would be useful for NO based 
cancer therapy. Elevated level of oxidative species has been found in 
numerous cancer cells over normal cells due to the overproduction of reactive 
oxygen species (ROS) such as hydrogen peroxide (H2O2), hydroxyl radical, 
and superoxide anion. Among them, H2O2 is the most stable and it has been 
used extensively for imaging as well as drug delivery to cancer cells. Here, we 
report FLUORO/NO, a new class of triggerable NO donors with an in-built 
fluorescence reporter. Upon activation by H2O2 in buffer, a nearly quantitative 
correlation between fluorescence intensity (% 2) and NO generation is 
observed (Figure 1). When encountered with cellular situations with varying 
ROS levels, FLUORO/NO is observed to preferentially generate NO in cell 



lines with elevated ROS levels. Therefore, FLUORO/NO is a convenient 
TheraNOstic tool to enhance NO selectively in cancer cells and allow real time 
monitoring of NO release. 

 
 
Figure 1. FLUORO/NO, a class of triggerable nitric oxide donors with an in-built 
fluorescence reporter. 
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Organic CO prodrugs activated by endogenous ROS 

Zhixiang Pan, zpan1@student.gsu.edu. Chemistry, Georgia State University, 
Atlanta, Georgia, United States 

Carbon monoxide is a endogenous signaling molecule with therapeutic 
potentials. Among CO’s therapeutic indications, cancer, bacterial infection and 
inflammation are the most widely investigated, and CO has been firmly 
established as a promising therapeutic agent against these diseases. Notably, 
these diseases are all associated with elevated levels of reactive oxygen 
species (ROS). Thus, ROS-sensitive CO prodrugs are highly desired. In this 
work, we have designed and synthesized two ROS-sensitive prodrugs 
containing a phenylselenyl group, which is prone to ROS oxidation and the 
formed selenoxide analogue readily undergoes syn-elimination leading to an 
intermediate for the subsequent cheletropic reaction to release CO. The 
sensitivity study of such prodrugs to different ROS species shows that they 
are sensitive toward hypochlorite (ClO-), singlet oxygen (1O2) and O2

−. We 
have demonstrated that such CO prodrugs can selectively delivery CO to cells 
with elevated ROS levels (e.g. cancer cells and cells with activated 
inflammatory responses). Additionally, such CO prodrugs also sensitized 
cancer cells to Dox treatment, which could potentially reduce the dosage of 
Dox used, and thereby alleviate Dox-related side effects. In summary, CO 
prodrugs as such could serve as powerful tools for targeted delivery to 
disease sites with elevated ROS levels and for exploring the therapeutic 
applications of CO. 
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Development of sulfur dioxide prodrugs with triggered release and 
tunable release rate 

Wenyi Wang1, wwang17@student.gsu.edu, Xingyue Ji3, Zhenming Du1, 
Eman El-labbad4, Kaili Ji5, Binghe Wang2. (1) Chemistry, Georgia State 
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Sulfur dioxide (SO2) is a gaseous molecule produced endogenously from 
metabolism of sulfur-containing amino acids such as cysteine and 
homocysteine. Recent research has demonstrated that SO2 may possess 
various bioactivities, especially in the cardiovascular system. The therapeutic 
potential of this well-known air pollutant gas has raised increasing research 
interests in recent years. Currently, SO2 gas and mixed sulfite salt (HSO3

-

/SO3
2- 1:3 mixture) have been most widely used as SO2 source in research. 

However, it is difficult to control the dosage and establish concentration-
activity relationship using either source due to SO2’s gaseous nature and 
uncontrollable release rate of mixed sulfite salt. The unavailability of proper 
SO2 donors has limited the understanding of SO2’s biological roles as well as 
exploring its potential therapeutic use. To overcome this problem, organic 
SO2 donors have been developed in recent years. Our group first 
demonstrated the applicability of using Diels-Alder reaction to release 
SO2 under physiological conditions with a bimolecule system. Then we further 
explored this strategy by incorporating the diene and dienophile into one 
single molecule. Tunable release rate was achieved in this system by 
modifying the substitution groups and the length of the tether. We also 
developed another system by trapping SO2 in molecules that imitate the 
intermediate of modified-Julia olefination reaction. With esterase triggering, 
the prodrugs would release SO2 under physiological conditions. The release 
rate can be tuned with half-life ranging from several minutes to several hours 
by varying the esterase-sensitive moieties. One of the prodrugs was tested for 
stability in existence of physiological relevant nucleophiles (e.g., cysteine) and 
showed no decomposition. Cell imaging studies further confirmed the 
applicability of this system in biological environment. In sum, three classes of 
SO2 prodrugs were developed with triggered release mechanism and tunable 
release rate. 
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Design, synthesis and biological evaluation of nitrate ester analogs of 
SCP-1 

Madhurima Das1, madhurima.das.91@gmail.com, Nicolas G. Bazan2, Mark 
L. Trudell1. (1) Department of Chemistry, University of New Orleans, New 
Orleans, Louisiana, United States (2) Neuroscience Center of Excellence, 
Louisiana State University Health Sciences Center, New Orleans, Louisiana, 
United States 

Organic nitrate esters have been of interest lately as potential Nitric Oxide 
(NO) donors.. A series of nitrate ester analogues of SCP-1 were prepared by 
acylating SCP-1 with chloroalkanoyl chlorides followed by nitration using 
AgNO3 to give the corresponding nitrate ester. The chloroesters and nitrate 
esters were obtained in good yields. 1H NMR and 13C NMR were used to 
characterize the compounds. X–Ray crystallographic analysis unequivocally 
confirmed the structures of the chloroester and the nitrate ester. The 
preliminary biological evaluation of the hepatotoxicity has shown these 
compounds to be well tolerated by human hepatocytes The synthesis of 
nitrate ester derivatives of the analgesic SCP-1 and preliminary biological 
activity will be presented. 
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Immunostimulatory mannose derived glycoclusters as potential cancer 
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jani.rahkila@abo.fi, Johanna Markola2,3, Esko Veräjänkorva5, Klaus Elenius1, 
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of Dermatology, Turku University Hospital, Turku, Finland (4) Laboratory of 
Organic Chemistry, Åbo Akademi University, Turku, Finland (5) Department of 
Plastic and General Surgery, Turku University Hospital, Turku, Finland 

Candida albicans cell wall mannans consisting of β-(1→2)-linked 
oligomannosides are known to possess immunostimulatory properties. In 
recent work, we have shown that synthetically constructed mimicks based on 
fully acetylated, trivalent β-(1→2) linked mannobiose glycoclusters function as 
promising immunostimulants in vitro and in acute and chronic asthma mouse 
models also in vivo. These compounds could find application, for example, in 



allergen specific immunotherapy. 
Here we show that the same glycocluster compounds also inhibit the growth 
of melanoma tumors in mice with activity level similar to PD-1 immune 
checkpoint inhibitor used as reference in the study. With the rapidly increasing 
number of melanoma patients globally, new immuno-oncological treatmens 
are actively sought. Here, carbohydrate derived therapeutics could gain 
advantage being of lower overall toxicity, providing high activities combined 
with better safety and side effect profiles. 
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Design, synthesis and evaluation of novel sphingosine kinase 1 
inhibitors with improved hydrophilic properties 

Sara Manore, Jason C. Hurlbert, T Grattan, 
grattanc@winthrop.edu. Department of Chemistry, Physics and Geology, 
SIMS Building Rm 101, Winthrop University, Rock Hill, South Carolina, United 
States 

The sphinogmyelin metabolic pathway is a popular target area of research 
due to the potential apoptosis in cancer cells. In the pathway, sphinogmyelin 
may be converted to the final product of sphingosine-1-phosphate. 
Sphingosine-1-phosphate is associated with cell proliferation in cancer cells. 
This is due to the over-expression of sphingosine kinase 1, an enzyme that 
catalyzes the phosphorylation of sphingosine to form sphingosine-1-
phosphate. Inhibition of sphingosine kinase 1 would prevent proliferation and 
lead to the desired apoptotic outcome if a potent inhibitor can be identified. 
Beginning with a promising lead molecule based on in vitro studies, synthetic 
production of a number of structurally modified variations of the inhibitor were 
prepared to improve the overall hydrophilicity. These variations have been 



successfully synthesized, purified and are now being tested against the 
enzyme for effective in vitro activity relative to the template inhibitor.  
 
Using a Sphingosine kinase activity assay kit, the inhibitors were tested in the 
presence of ATP, sphingosine, and sphingosine kinase at varying 
concentrations to optimize the results. Our assay results show activities and 
inhibition results relative to our template structure and we hope to continue to 
optimize and realize the potential of these inhibitors as a possible treatment 
option in this cancerous pathway. 
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Fisetin sensitize the head and neck cancer (HNC) cells to radiation 
treatment via mitochondrial exchange inhibition 

Rana P Singh2, rana_singh@mail.jnu.ac.in, Dhanir Tailor1,2, Dhanya K 
Nambiar1,2, Sanjay V. Malhotra1, smalhotra@Stanford.edu. (1) Dept of 
Radiation Oncology, Stanford University, Palo Alto, California, United States 
(2) School of Life Sciences , Jawaharlal Nehru University, Delhi, Delhi, India 

Radiotherapy, a frequent mode of cancer treatment, is often restricted by 
dose-related toxicity and development of therapeutic resistance. Fisetin is a 
natural flavonoid found in various fruits and vegetables and has shown 
anticancer and radiosensitizing effect in lung and prostate cancer. 
Considering its anticancer activity, we studied the effect and mechanism of 
Fisetin-induced inhibition of growth and survival of human HNC cells in 
combination with radiation treatment. We found that Fisetin enhances X-ray-
induced inhibition (up to 83%, P < 0.001) of colony formation in HNC cells 
followed by G2-M arrest. MitoSOX analyses showed an increase in 
mitochondrial Reactive Oxygen Species (ROS) generation and mitochondrial 
membrane depolarization in Fisetin-treated HNC cells. Combination of Fisetin 
and radiation increased the apoptosis up to 53%. Further more, tagging HNC 
cells with mito-GFP and mito-RFP showed elevation in the frequency of 
mictochondial exchange in radiation treated cells. Flow cytometry analysis for 
EMT markers showed that cells having dual mitochondrial population also 
have high expression of vimentin and reduced expression of E-cadherin in 
comparison to single mitochondrial population. This dual mitochondrial 
population is more resistant and less responsive toward radiation treatment. 
However, Fisetin pre-treated cells upon radiation treatment reduced the rate 
of mitochondrial exchange in HNC cells. Immunoblotting analysis suggested 
that Fisetin treatment for HNC cells inhibit the expression of pDRP1-ser316 
and total DRP1 and induces the expression of MFN1&2 and p53. These 



results suggest that Fisetin plays an important role in inhibiting the 
mitochondrial exchange between cancer cells and sensitizes them for 
radiation treatment. Detailes of in vitro and in vivo data of our investigations 
will be presented. 
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Synthesis of heterocyclic bioactive compounds 

Michelle Collins1, michellecollins303@gmail.com, Michael L. Henning1, Kelli 
Elkin1, Nozomi Arai1, Kei Ohgo1, David Gilmore2, John Hershberger1. (1) 
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Biginelli reactions are a three component acid-catalyzed reaction between an 
aldehyde, a b-ketoester, and urea. Dihydropyrimidinones, the products of the 
Biginelli reaction, are heterocyclic ring structures that play a vital role in DNA, 
RNA, nucleic acids, and pharmacologically active molecules. These 
compounds can be used in a vast number of reactions that have a wide range 
of pharmaceutical applications and can be used to synthesize new bioactive 
drugs. New heterocyclic compounds have been synthesized by the oxidation, 
cyclization, and condensation reactions of dihydropyrimidinone derivatives 
and preliminary bioactivity results will be reported. 
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Discovery of a binding site hot spot for non-steroidal anti- inflammatory 
drugs on the cellular nucleosome 
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AstraZeneca Pharmaceuticals LP, Waltham, Massachusetts, United States (2) 
Chemistry and Chemical Biology, Harvard University, Cambridge, 
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At the forefront of any drug discovery program, is the ability to understand the 
polypharmacological profiles of a given active pharmaceutical ingredient. 
Polypharmacology usually manifest itself through increase in therapeutic 
efficacy when properly exploited or may drive off-target toxicity that may 
disqualify chemical entities as potential drug candidate. Many drugs in diverse 
therapeutic areas possess known polypharmacology, however, global 
molecular targets of even common drugs, such as the non-steroidal anti-



inflammatory drugs (NSAIDs), remain little understood. Here, we present a 
global binding site identification platform for the direct in cellulo charac- 
terization of NSAID binding sites. The platform uses (1) photochemical 
conjugation of NSAID derivatives in the whole proteome, (2) enrichment of the 
binding sites, for (3) targeted mass spectrometry-based assignment. Using 
this approach, we identified the NSAID “interactome” consisting of over 1000 
enriched proteins and directly characterized nearly 200 binding sites in Jurkat 
and K562 cells. The enriched proteins were often identified as parts of 
complexes, including known targets of NSAID activity (e.g., NF-KB) and novel 
interactions (e.g., AP-1, proteasome). These data further revealed a binding 
site hotspot of NSAIDs on nucleosomes. This approach to characterize 
NSAID-targets can be applied to map out the binding sites of visually any 
small molecule. 
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Novel fluoroaryl acetamides: Orally bioavailable lead compounds for the 
treatment of medically refractory epilepsy 

Anton Dubrovskiy2, anton.dubrovskiy@gmail.com, Arcadius V. Krivoshein1, 
Jessica L. Guevara2, Jon Renfrow2, Jorge Jaimes2. (1) Physical & Applied 
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Despite many advances in antiepileptic drug (AED) development, medically 
refractory (drug-resistant) epilepsy and undesirable side effects of AEDs 
remain as the two major challenges in the treatment of epilepsy. New leads 
must be explored in order to address these challenges. 
There is extensive evidence that α-substituted acetamides and lactams are 
effective in traditional animal models of epilepsy. Limited clinical data confirm 
their efficacy in treating both motor and absence epileptic seizures. Our 
previous studies established that 2-phenylbutyramide is an orally bioavailable 
compound that shows remarkably broad activity in rodent models of medically 
refractory (drug-resistant) epilepsy as well as good protective index. We report 
here synthesis of several novel fluoro-substituted congeners of 2-
phenylbutyramide. A rational design approach incorporating molecular 
docking to the receptor targets of these compounds was employed. These 
AED lead compounds retain the oral bioavailability, activity in the resistant 
models (such as the 6Hz 44 mA seizures), and good protective indices. Some 
of these new compounds also have a substantially longer duration of action 
than 2-phenylbutyramide. 
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Serum albumins play an important role in the delivery and elimination of 
drugs, drug-metabolites, and toxins. The protein has known binding 
interactions with a wide variety of molecules and ions and is known to 
undergo pH and ion-dependent conformational changes with discrete 
spectroscopic and calorimetric signatures. Recent drug binding studies in our 
laboratory aimed at elucidating the energetics of molecular recognition of 
substituted warfarin has revealed that albumins are more stable in higher 
concentrations that approximate physiologic ranges in pure water solutions 
devoid of buffer components normally utilized to stabilize protein preparations. 
Here we present, a combination of absorbance, fluorescence, and circular 
dichroism spectral data that are designed to articulate the solution conditions 
that influence protein stability, drug-binding, and aggregation behavior. These 
results are discussed in the context of changes in the secondary and tertiary 
structures of albumins during irreversible temperature-induced unfolding in the 
presence and absence of substituted warfarins. 
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Encapsulation of thioguanine anti-cancer drug by adsorption on 
microporous MOF Basolite A100 and its controlled release 

Cole Grinnell, Alexander Samokhvalov, 
alexander_samokhvalov@yahoo.com. Chemistry Department, Morgan State 
University, Baltimore, Maryland, United States 

Thioguanine or 6-thioguanine (6-TG) is major FDA-approved anti-cancer drug, 
which features limited bioavailability and short plasma half-life time due to 



quick metabolization. For efficient and prolonged local targeted drug delivery, 
6-TG needs to be encapsulated onto a suitable non-toxic sorbent. Metal-
Organic Frameworks (MOFs) are promising nanostructured advanced 
functional materials for encapsulation of small-molecule medicinal drugs by 
adsorption and the subsequent controlled drug delivery. It is important to learn 
about molecular level detail of chemical bonds between biologically active 
small molecule drugs and major structural units in MOFs as drug delivery 
platform. We report mechanistic studies of encapsulation of 6-TG by 
adsorption on non-toxic microporous aluminum-containing MOF Basolite 
A100. We performed a detailed characterization of chemical bonds and the 
stoichiometry of adsorption complex MOF:Drug by the complementary 
methods of spectroscopic analysis. Finally, we studied kinetics of controlled 
release of 6-TG from its MOF-encapsulated form to bodily fluids with different 
pH at 37 °C. Adsorption of 6-TG from non-toxic FDA-approved solvent 
dimethylsulfoxide (DMSO) yields an adsorption complex with Basolite A100 
MOF. To learn about molecular state of 6-TG in complex with Basolite A100, 
we have utilized, for the first time, the front face 3-dimensional fluorescence 
emission spectroscopy at 25 °C. Fluorescence spectra of pure Basolite A100 
MOF show optical emission in the near-UV and visible range at λexc>360 nm 
due to benzenedicarboxylic acid (BDC) linker in the MOF. Upon encapsulation 
of 6-TG by adsorption on Basolite A100, the fluorescence spectra of Basolite 
A100 undergo quenching of fluorescence due to formation of complex 
between the BDC linker and 6-TG molecule. Findings by fluorescence 
spectroscopy were complemented by near-UV-Visible and Near InfraRed 
Diffuse Reflectance Spectra and attenuated reflectance FTIR (ATR-FTIR) 
spectroscopy. Release of MOF-encapsulated 6-TG drug to simulated 
intestinal fluid (SIF) was studied by in-situ photoluminescence spectroscopy in 
suspension, and it proceeds on >24 h. time scale. Non-toxic microporous 
MOF Basolite A100 is a promising novel drug-encapsulation platform for 
synthesis of new biologically active composite materials and targeted delivery 
of anti-cancer drugs and similar small molecule nitrogen and sulfur 
heterocyclic compounds. 
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Protein-peptide interactions are involved in numerous cellular processes and 
therefore, in the recent years, peptides have been attracting interests in drug 
discovery and development. In our study, we have discovered the use of 
peptide inhibitors as anti-angiogenic and anti-dengue NS2B/NS3 protease 
agents. We first designed the sequence of peptides using computational 
modeling, synthesized by Fmoc solid phase peptide synthesis and evaluated 
their activity against anti-angiogenic and anti-dengue protease for enzyme 
inhibition. For anti-angiogenic activity, the docking study showed that the 
investigated peptides shared the same binding region as shown by tuftsin 
known to bind selectively to NRP-1. Four pentapeptides (DKPPR, DKPRR, 
TKPPR and TKPRR) and a hexapeptide CDKPRR demonstrated good 
inhibitory activity against neuropilin 1. In contrast, peptides having arginine 
residue at sites other than the C-terminus exhibited low activity towards 
neuropilin 1 because they failed to displace the VEGF165 binding to 
neuropilin 1. Pentapeptides having C-terminal arginine showed a strong 
interaction and good inhibitory activity with NRP thus may be a good template 
for anti-angiogenic targeting agent. Whilst for anti-dengue NS2B/NS3 
protease, the peptide substrate, Arg-Arg-Arg-Arg-Ser-Ala-Gly-Met 
(RRRRSAGM) from the capsid’s cleavage region was chosen as a starting 
ligand and the structure of the NS2B/NS3 protease homology model of 
Wichapong et al., 2009 was selected and used in this docking study. Alanine 
scanning of the substrate peptide (RRRRSAGM) was also employed for the 
design of new peptide based dengue protease inhibitor. The docking result 
showed that the changes of the P1 & P2 arginine to alanine have resulted in 
higher values of free energy of binding (-7.1 and -6.8 kcal/mol), hence shows 
that the arginine is an important residue at the P1 & P2 positions for the 
binding of the substrate peptide to DENV NS2B/NS3 protease. The docking 
results also show that the P1’-P4’ residues has little effect on the peptide-
protease binding. The docking of tetrapeptides at the P1-P4 position showed 
that several tetrapeptides have lower free energy of binding (-9.2, 9.1 and -9.0 



kcal/mol) and can be further tested in in vitro studies to examine their 
inhibitory activities towards DENV NS2B/NS3 protease. 
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Novel levodopa-PAK-Tempo conjugate (LPTC) protects the heart against 
ischemia/reperfusion injury via inhibiting mitochondrial fission and 
oxidative stress 

Shanshan Hou, shou1@mtu.edu. Chemistry, Michigan Technoligical 
University, Houghton, Michigan, United States 

Recently, we discovered a novel levodopa-PAK-Tempo conjugate (LPTC) that 
possess both free radical scavenging properties and mitochondrial-fusion 
promoting activity. The free radical scavenging activity of LPTC was confirmed 
in PC12 cell survival assay. In addition, we found that LPTC could restore the 
mitochondrial tubular network in response to genetically induced 
fragmentation. The therapeutic potential of LPTC was examined in both in 
vitro and in vivo experimental ischemia/reperfusion (I/R) models. We 
demonstrated that LPTC could protect cells from ROS overproduction and 
inhibit cytochrome c release in a simulated I/R cellular model. Furthermore, 
we have demonstrated that LPTC could attenuate organ damage induced in a 
cardiac I/R animal model. Our findings suggest that the protective effect of 
LPTC reside in maintenance of optimal mitochondrial function by inhibiting 
mitochondrial oxidative stress and fragmentation. 
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Scaffold Hopping approach for the development of a potent class of 
allosteric HIV-1 integrase inhibitors 

Tyler Wilson1, wilson.2370@buckeyemail.osu.edu, Nicholas T. Cockroft1, 
Janet Antwi1, Pratibha Koneru2, Matthew J. Kobe1, Mamuka Kvaratskhelia2, 
James Fuchs1. (1) Division of Medicinal Chemistry and Pharmacognosy, The 
Ohio State University, Columbus, Ohio, United States (2) Division of Infectious 
Diseases, University of Colorado, Aurora, Colorado, United States 

The human immunodeficiency virus (HIV), the virus responsible for the 
acquired immune deficiency syndrome (AIDS) epidemic, affects millions of 
people worldwide leading to approximately one million deaths annually. 
Although recent medical advancements have turned what was once a 
presumed death sentence into a manageable disease, the high propensity of 



the virus towards mutation has resulted in the reduced efficacy of many 
current HIV therapeutics. HIV-1 Integrase (IN), the enzyme responsible for 
viral integration into the host genome, has proven to be a useful target in the 
quest for finding new HIV drugs. Active site inhibitors of this enzyme have 
been approved by the FDA, but are becoming increasingly susceptible to the 
ever-evolving virus, further highlighting the need for novel therapies. Allosteric 
HIV-1 IN inhibitors (ALLINIs), compounds that bind at the IN/LEDGFp75 
interface, represent a new and promising alternative. Since the initial 
discovery of quinolyl-acetic acid ALLINIs by Boehringer-Ingelheim and 
Debyser, some key elements have been identified that make these inhibitors 
potent. An important structural motif of these ALLINIs is a t-butoxy acetic acid 
side chain that helps to anchor the drug into the allosteric site, allowing the 
molecule to pick up crucial backbone hydrogen bonding interactions as well 
as hydrophobic contacts. Drawing inspiration from the original ALLINIs, we 
have designed and synthesized novel scaffolds that maintain key ALLINI 
interactions with the protein, but are able to interact with additional sites within 
the binding pocket in an effort to avoid previously identified mutations. Such 
scaffolds include substituted indoles and isoquinolines with the 
aforementioned side chain. Rational drug design using X-ray crystallography 
and synthetic feasibility of these compounds has led to the generation of 
numerous analogues, with the most potent of these analogues displaying sub-
micromolar potency in vitro against HIV-1 Integrase. These new inhibitors 
represent a promising lead, and help to further the understanding of the viral 
integration process, ultimately providing more ammunition in the battle against 
AIDS. 
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Investigation of synthetic strategies for the development of heterocyclic 
small molecule HIV-1 integrase inhibitors 

Nicholas Jentsch1, nicholas.jentsch@usm.edu, Jian Sun2, Matthew G. 
Donahue3, Jacques Kessl4. (1) Chemistry and Biochemistry, Univ. of Southern 
Mississippi, Hattiesburg, Mississippi, United States (2) University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (4) University of Southern 
Mississippi, Hattiesburg, Missouri, United States 

HIV-1 integrase (IN) is essential for virus replication and represents an 
important multifunctional therapeutic target. Allosteric IN inhibitors (ALLINIs) 
have recently been established as an effective class of antiretroviral agents 
due to their potent ability to inhibit viral replication. Pursuant of our endeavors 
to further develop a library of heterocyclic candidates for IN inhibition, we have 



implemented synthetic strategies for the preparation of tri-substituted 
quinoline scaffolds. Quinoline-based ALLINIs have shown to effectively impair 
HIV-1 replication highlighting the importance of these heterocyclic scaffolds. 
The preparation can be achieved via acylation of active methylene 
compounds with isatoic anhydrides followed by dehydrative intramolecular 
cyclization. The isatoic anhydride is readily accessed by treatment of 
anthranilic acid with triphosgene. Conversion to the tri-substituted quinoline is 
then accomplished by employing the sodium enolate of ethyl acetoacetate in 
DMA providing a robust method that can be carried out without rigorous 
exclusion of moisture or degassing protocols. This presentation will further 
elaborate on the late stage transformations as well as next generation 
approaches for the development of the desired libraries. Additionally, inhibition 
assays utilizing the prepared candidates and the respective results will be 
discussed. 
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Design and synthesis of a series of non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) exhibiting potent activity against wild-
type and resistant strains of HIV 

Nicole Pribut2,1, nicole.pribut@emory.edu, Adriaan E. Basson3, Willem Van 
Otterlo2, Dennis Liotta1, Stephen C. Pelly1,2. (1) Chemistry Dept, Emory 
University, Atlanta, Georgia, United States (2) Chemistry polymer Science, 
Stellenbosch University, Matieland, South Africa (3) Pathology, WITS 
University, Johannesburg, South Africa 

Three decades after its discovery, HIV still presents a significant public health 
challenge with approximately 37 million people infected with the virus 
worldwide. However, due to significant strides in the development of 
combination therapy the acquisition of HIV is no longer a death sentence. 
Instead the viral load in infected individuals can be effectively controlled, 
leading to improved quality of life and lowered mortality rates. Unfortunately, 
there is currently no cure for the disease and chronic treatment often leads to 
the onset of resistant strains of the virus, rendering many antiretroviral agents 
ineffective. As a result there remains a continued need for the development of 
superior therapeutic agents that are effective against wild-type and 
problematic resistant strains of HIV.  
In our efforts to address this need, a series of heterocyclic compounds were 
designed based on a scaffold-hopping approach to overcome stability issues 
associated with our previous series of indole-based NNRTIs. Docking studies 
showed that these compounds bound to the allosteric pocket in a position and 



orientation similar to the indole-based NNRTIs. These compounds were 
synthesized and evaluated in a phenotypic assay and were found to be 
nanomolar inhibitors of HIV-RT. Regrettably these compounds lost potency in 
the presence of the clinically significant Y181C mutation. To address this 
issue a series of second generation NNRTIs were developed. Not only did 
these compounds maintain the potency exhibited by the first-generation series 
of compounds but they retained activity in the presence of common resistant 
strains, such as Y181C as well as the double mutant K103N/Y181C. 
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Synthesis and biological properties of pyridine-fused 
cyclotriazadisulfonamides (CADA) against HIV 

Liezel Lumangtad1, llumangtad@unr.edu, Dominique Schols2, Kurt 
Vermeire2, Thomas W. Bell1. (1) Department of Chemistry, University of 
Nevada, Reno, Reno, Nevada, United States (2) Rega Institute for Medical 
Research, Katholieke Universiteit Leuven, Leuven, Belgium 

Macrocyclic polyamine cyclotriazadisulfonamide (CADA) is a small molecule 
that down-modulates CD4 expression. The mechanism of action involves 
binding to the signal peptide (SP) of human CD4, locking it in the channel 
across the membrane of the endoplasmic reticulum (ER), preventing 
translocation of CD4 into the ER lumen and subsequent transport of the 
mature protein to the cell membrane. Several modifications and structure-
activity relationship (SAR) studies have been conducted on CADA but the 
most potent analogs that have been synthesized suffer from poor drug-like 
properties. Pyridine-based CADA analogs represent a novel molecular 
scaffold which may be promising for improving potency and water solubility as 
pyridine is completely miscible with water in all proportions. CADA analogs 
with para-substituted pyridine and fused ring systems have been synthesized 
following different synthetic routes. These compounds were tested for CD4 
down-modulation and showed promising potencies. 
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Drug discovery at the speed of sound 

Shabnam Shaabani2, s.shaabani@rug.nl, Tryfon Zarganes-Tzitzikas1, 
Constantinos Neochoritis1, Joe Olechno3, Alexander Doemling2. (1) 
TelesisPharma B.V., Groningen, Netherlands (2) Department of Drug Design, 



University of Groningen, Groningen, Netherlands (3) Labcyte Inc., California, 
California, United States 

A blockbuster drug generates > $ 1 billion revenues per year. Each day not on 
the market corresponds to a loss of > $ 2.7 million. Multiple benchmark 
reports suggest development costs of drugs are skyrocketing while the 
introduction of novel drugs is decreasing or at best stagnating. Part of the 
problems can be attributed to the preclinical drug discovery and development 
involving expensive high throughput screening (HTS) and hit-to-lead 
campaigns using mostly traditional technologies. 
Here, we introduce a fundamentally novel approach towards preclinical drug 
discovery and development by blending Instant Chemistry, nL dispensing, 
acoustic-MS, uHTS and artificial intelligence. 
Acoustic droplet ejection (ADE) technology allows for the fast, contact-less 
and accurate transfer of very small droplets (nL) from plate to plate of different 
high density formats. ADE has had a dramatic impact in different technology 
areas, including drug discovery, cancer research and genomic research and is 
used in many laboratories world-wide. However, ADE has never been used in 
miniaturization and acceleration of library synthesis for uHT to dramatically 
accelerate the preclinical drug discovery cycle. 
One-pot multicomponent reactions (Instant Chemistry, MCRs) are suitable to 
create very large libraries of small molecules and macrocycles. A prototype 
instrumentation platform is developed which allows for the parallel synthesis 
of hundreds of libraries of scaffolds on an unprecedented dense format. The 
platform is integrated with acoustic-MS for quality control and an efficient 
affinity-based mass-spectrometry screening platform using the same high 
density format. Artificial intelligence is developed to ensure never-seen-before 
fast cycle times for hit-2-lead progression. 
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Synthesis and characterization of sulfonium silent agonists of the alpha 
7 nicotinic receptor 

Marta Quadri1,2, marta.quadri@chem.ufl.edu, Clare Stokes2, Alican 
Gulsevin1, Ashley Felts3, Khalil A. Abboud3, Roger Papke2, Nicole 
Horenstein1. (1) Dept of Chem Box 117200, Univ of Florida, Gainesville, 
Florida, United States (2) Pharmacology and Therapeutics, University of 
Florida, Gainesville, Florida, United States (3) Department of Chemistry, 
Center of X-Ray Crystallography, University of Florida, Gainesville, Florida, 
United States 

Recent work has shown that compounds that are effective desensitizers of 
ionotropic activity of the human α7 nicotinic acetylcholine receptor (nAChR) 
can have potent anti-inflammatory activity. We term these α7 nAChR 
desensitizers as “silent agonists” if they are extremely weak (<10%) partial 
agonists relative to acetylcholine. Typical silent agonists contain an 
ammonium pharmacophore and can be as simple as tetraethylammonium, or 
more complex scaffolds including N,N-diethyl N’-arylpiperazines (diEPPs). In 
the work described here, we asked the simple question as to whether the 
ammonium pharmacophore of a silent agonist could be replaced with a 



sulfonium group. While the positive charge of the molecule is preserved, the 
sulfur group potentially impacts charge distribution, size and ring shape of the 
compound. We describe the synthesis and purification of 1-ethyl-4-
phenylthiomorpholin-1-ium trifluoromethane sulfonate. We investigated the 
sulfonium isostere of diEPP in two-electrode voltage clamp electrophysiology 
(TEVC) on Xenopusoocytes expressing α7 and α4β2 nAChRs. The CRC 
(concentration-response curve) data confirm the sulfonium group binding to 
the nAChR orthosteric agonist site together with promoting α7 nonconducting 
desensitized states. The new sulfonium derivative showed no significant α7 
ion channel activation (30 μM: 0.02 ± 0.00, relative to ACh controls) and co-
application of positive allosteric modulator PNU-120596 (30 μM compound + 
10 μM PNU: 4.8 ± 0.78, relative to ACh controls) revealed the desensitizing 
ability of the sulfonium compound. The sulfonium replacement achieved a 4-
fold PNU response enhancement compared to N,N-diethyl-N’-
phenylpiperazine (30 μM + 10 μM PNU: 1.3 ± 0.3, relative to ACh controls). 
The molecular electrostatic potential (MEP) was evaluated and shows the 
sulfonium positive charge is more distributed across the thiomorpholine ring, 
possibly allowing a better interaction with the π-cation box of the α7 receptor. 
These compounds may offer a therapeutic alternative relative to isosteric 
ammonium compounds via their lack of hydrogen bond donor functionality. 
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Yurii Moroz2,3, ysmoroz@gmail.com, Carsten Detering1, Olena Savych3, 
Christian Lemmen1. (1) BioSolveIT Inc, Bellevue, Washington, United States 
(2) ChemBioCenter, National Taras Shevchenko University of Kyiv, Kyiv, Kyiv, 
Ukraine (3) Enamine Ltd, Kyiv, Ukraine 

Small molecules have been the major source of new drugs. New drugs, 
however, require new molecules as the target space is limited and overused 
in-stock collections are less and less capable to provide new chemical 
entities. As an analogy, in-stock is a mere fishing pond with a few million 
compounds at best and many fishermen seeking for a good catch. Virtual 
compounds, by comparison, comprise an ocean of billions of options that wait 
to be caught. The crux lies of course in the ability of turning virtual into real, 
otherwise your catch in the virtual ocean would just remain wishful thinking… 
Our solution is to define the virtual space based on qualified building blocks 
and validated chemistry procedures. It has been first introduced as the REAL 
database (REAL = readily accessible) containing many millions of new 
molecules. Further exploration of this concept utilizing the CoLibri technology 



allowed us to expand way beyond compound enumeration and generate a 
searchable space of over 1/2 billion molecules. This space is based on over 
100 synthetic procedures involving more than 50,000 building blocks. The 
technology supports fast similarity searching in the space and convenient 
analysis of the results. The generated molecules are by definition highly 
feasible and can be delivered within industry-accepted lead time and a 
reasonable price. 
We present the general concept and composition of the space as well as 
application scenarios to exemplify the use of this vast new resource. 
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Towards selective inhibitors of the astacin proteases Meprin α and β 

Daniel Ramsbeck1, daniel.ramsbeck@izi.fraunhofer.de, Antje Hamann1, 
Kathrin Tan1, Dagmar Schlenzig1, Stephan Schilling1, Mirko Buchholz2. (1) 
Department of Drug Design and Target Validation, Fraunhofer IZI, 
Halle/Saale, Germany (2) Drug Design and Target Validation, Fraunhofer IZI, 
Halle, Germany 

Targeting proteases has always been a source for new therapeutics. For 
example, huge efforts have been made to develop inhibitors of 
metalloproteases, in particular matrix metalloproteases. However, many 
candidates failed, most likely due to a poor selectivity profile leading to 
undesired side effects. 
 
A family of metalloproteases closely related to the MMPs are the astacins. 
However these proteases are not well explored with small molecule probes, 
yet. In particular Meprin α and β evolved as potential drug targets in the recent 
years, but the lack of selective inhibitors hampered the detailed investigation 
of the proteases in different diseases. 
Thus, our aim was to develop novel selective effectors of both, Meprin α and 
β. Starting from NNGH, a known Meprin and MMP inhibitor, the first SAR was 
investigated. This led to a first series of compounds, already exhibiting a good 
selectivity over related metalloproteases. 
 
Here we present a structure-guided optimization, giving rise to a second 
generation of Meprin inhibitors with improved activity and a remarkable 
selectivity profile. The design, SAR and fine-tuning of Meprin α and Meprin β 
inhibition will be shown. The resulting inhibitors will serve as tool compounds 
and could be used to probe the Meprin proteases in various disease models. 
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Composition and endogenous biosynthesis of the chemical defense 
of Pyractomena borealis 

David A. Posner, da27posn@siena.edu. Biochemistry, Siena, Loudonville, 
New York, United States 

Chemical investigations of several genera of North American fireflies have 
shown the presence of steroidal pyrones known as lucibufagins (LBGs). 
These compounds have been shown to have potent anti-predator activity. 
Lucibufagins are a subclass of bufadienolides, toxins that affect sodium-
potassium ATPase, that includes compounds known from toads, a snake, and 
at least six families of plants. Due to the wide variety of taxa that contain 
bufadienolides and their medically-relevant bioactivity, there is great interest in 
their biosynthesis. Here we describe the presence of LBGs from Pyractomena 
borealis and show evidence of endogenous biosynthesis of these compounds. 
Analysis of NMR spectra of extracts of P. borealis adults indicated the 
presence of a LBG previously known from Lucidota atra. HPLC-MS studies 
were performed to show incorporation of doubly 13C labeled cholesterol into 
the steroid core of the P. borealis LBG.  
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Co-crystal technology for drug development 

Stefan Andree1, snlandree@ksu.edu, Christer B. Aakeroy3, Abhijeet 
Sinha2. (1) Chemistry, Kansas State University, Manhattan, Kansas, United 
States (2) Department of Chemistry, Kansas State University, Manhattan, 
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Co-crystals have become increasingly important in the pharmaceutical 
industry as new solid forms that can provide altered/improved physical 
properties of an active pharmaceutical ingredient (API) without changing its 
chemical identity or biological activity. We aim to put forward a set of reliable 
guidelines that can facilitate the assembly of co-crystals of a wide range of 
small molecular anti-cancer drugs and pain killers regardless of shape, 
geometry and size purely by targeting two or three of its most prominent 
binding-sites with a co-former optimized for interacting with a precise 
combination of chemical functionalities. We want to establish if the aqueous 
solubility of the drug can be modulated through careful choice of co-former 



and whether poorly soluble molecules can be stabilized in solution, and 
maintained at supersaturation. 
For this purpose, we have chosen four nonsteroidal anti-inflammatory drugs 
(NSAID) and three small-molecule anticancer drugs which are highly selective 
agents for inhibiting EGFR Tyrosine Kinase. A series of co-crystals 
experiments were performed in a controlled manner, in the presence of 
aliphatic dicarboxylic acids, aromatic carboxylic acids, aminopyridines, 
pyrimidines and N-heterocyclic tritopic acceptors to influence the nature of the 
primary intermolecular interactions between drug and the co-former. Infrared 
(IR) spectroscopy and melting points have confirmed the formation of co-
crystals. This is followed by solubility/stability measurements of the key co-
crystals, and we are currently employing ways to provide reliable and 
transferable correlations between solid-state assembly and solution behavior 
to provide new opportunities for improved and individualized drug delivery 
based on tailored solubility profiles and stability. 
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The novel peptide-based, nanostructures which we named “nanosponges”, 
are ideal candidates for biomedical applications, because they are virtually 
non-toxic, highly biocompatible, and biodegradable. Drug molecules can be 
attached to these nanosponges by either covalent binding or physisorption. 
Recently we have evaluated the suitability of these nanostructures for cell-
based cancer treatment. 
A naturally occurring monoterpene; perillyl alcohol (POH) is a well known 
anticancer agent, which is especially active against glioma. It is necessary to 
find effective POH delivery strategies free of side effects. The new peptide-
nanosponges that we have developed were tested for POH delivery. 
Two different nanosponges loaded with perillyl alcohol were synthesized. 
These water-soluble supramolecular adducts are composed of trigonal 
supramolecular building blocks. Type (D-POH)10K20 and (D-POH)10R20 were 
characterized by Dynamic Light Scattering (DLS), Atomic Force Microscopy 



(AFM), and Transmission Electron Microscopy (TEM). They were then tested 
in cell cultures of murine glioma cells (GL26) and murine neural progenitor 
cells (NPC). The two nanosponges exhibited significantly different biophysical 
properties (size distribution and zeta potentials). Consequently, different 
efficacies in killing GL26 and NPC were observed in both, serum free and 
serum containing culture media. The results from these experiments 
confirmed that the type (D-POH)10K20 holds great promise for improved cell-
mediated cancer therapy. 

 
 
Chemical structure of nanosponge type (D-POH)10K20 
C: cysteine, G: glycine, D: aspartic acid, V: valine, E: glutamic acid, K: lysine, R: 
arginine 
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Bringing β-lactam antibiotics back to life: Strategies for restoring their 
activity against resistant bacteria 

Marc A. Boudreau, marc.boudreau@unh.edu. Department of Chemistry, 
University of New Hampshire, Durham, New Hampshire, United States 

The emergence of antibiotic resistant bacteria is a modern global public health 
threat. Although resistant strains have emerged against all the major classes 
of antibiotics, those that no longer respond to β-lactam therapy have been 
especially concerning, as the β-lactams have traditionally been the drugs of 
choice for treatment of infections caused by many species of both Gram-
positive and Gram-negative bacteria. One clinically successful approach for 
prolonging the utility of β-lactams has been to co-administer them with 
adjuvants, which are agents that potentiate the activity of the antibiotic, but 
that do not necessarily exhibit antibacterial activity of their own. Our group is 
interested in developing new adjuvants for restoring β-lactam activity against 
antibiotic resistant bacteria, with a focus on harnessing underexplored 
mechanisms of inhibition. We have initiated chemical and biological studies on 



natural products displaying adjuvant activity against methicillin-
resistant Staphylococcus aureus (MRSA), and on synthetic small molecules 
for inhibition of β-lactamases expressed by Gram-negative bacteria. This 
seminar will present some of our early results in these areas. 

MEDI 356 
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The development of bacterial resistance to existing drugs is a current threat to 
public health worldwide. To tackle this problem, it is important to identify drugs 
capable to target alternative essential cellular processes and act through 
novel modes of action. Filamenting Temperature sensitive mutant Z (FtsZ) is 
an essential functional protein required for binary fission of prokaryotic cells. 
FtsZ polymerizes to assemble a ring structure, named the Z ring, that provides 
a framework for the cell division. Therefore, inhibition of FtsZ would prevent 
bacterial cell division, halting bacterial growth. 
 
Berberine is an alkaloid present in a variety of plant species some of which 
have been used in chinese folk medicine for many years. Although berberine 
shows modest antiobiotic properties, it has been demonstrated that it inhibits 
FtsZ polymerization. And while Structure-Activity Relationship Studies (SAR) 
of berberine derivatives have provided leads with higher antibacterial activity 
(e.g. tetrahydroprotoberberine, THPB) most of these studies rely on the direct 
derivatization of berberine itself, rendering evaluation of other potentially 
active berberine derivatives inaccessible. 
 
We have developed a concise synthesis of berberine and THPB that involves 
a Pictet-Spengler reaction to assemble a tetraisoquinoline intermediate 
followed by reductive amination to a tertiary amine that undergoes 
intramolecular Friedel-Crafts hydroxyalkylation / elimination. The resulting 
enamine is easily oxidized to Berberine or reduced to THPB. We have applied 
this synthetic route to functionalized precursors that allow rapid access to 
berberine and THPB derivatives bearing synthetic handles at key positions. 



These key intermediates can be easily functionalized by applying established 
protocols to access a variety of berberine analogs for biological testing. 
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Obesity is considered as an epidemic throughout the world and described 
basically as having excess body weight for height. Obesity gives a great 
impact in the number of chronic diseases for instance type 2 diabetes, 
cardiovascular disease, cancers, as well as disability and depression. One 
therapeutic approach to decrease post-prandial hyperglycaemia (increase in 
blood glucose level) is through inhibition of carbohydrate hydrolysing enzyme 
such as α-amylase. This project aimed to discover potential anti-obesity 
compound from our natural product using computer aided drug design 
approach. Pharmacophore modelling was conducted and lists of compounds 
were designed according to the pharmacophore mapping followed by 
molecular docking for the understanding of their interaction. Dynamic studies 
on the selected compounds reveal that α-amylase-compound 7 complex 
sustained significant stability throughout the simulation. MMPBSA calculation 
also reflected that van der Waals energy shows largest contribution as 
compare to the non-polar solvation free energy. Thus, suggesting that 
compound interaction towards α-amylase is favouring hydrophobic condition. 
In addition, Isothermal Titration Calorimetry (ITC) experimental approach was 
conducted on 10 selected compounds. The dissociation constant (Kd) value of 
compound 1 (HAT-1) was observed with more than 5 fold lowest than the 
positive control (Acarbose) amounted 0.3703 µM. From the results, 
computational and ITC methods have contributed in both qualitative and 
quantitative perspective. Hence, these approaches are recommended as tools 
to substantiate the protein-ligand interaction. 
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Targeting multiple myeloma: Toxicity elucidation and structural 
modification of 6-thiopurine and development of new targeting delivery 
systems 
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Multiple myeloma (MM.1R) is currently one of the most difficult forms of 
cancers to treat. This is mostly due to late detection and poor delivery of 
potent therapeutics. Our laboratory, through the total synthesis of natural 
products have identified two new delivery agents that are highly selective 
towards this form of multiple myeloma. Reniochalistatin E, a cyclic 
octapeptide, has been synthesized by our laboratory, and upon cellular 
evaluation was found to have moderate activity towards MM.1R. In parallel, 
through the failed total synthesis of balgacyclamide A we have constructed a 
new cyclic tri-oxazoline based macrocycle from the intermediates of the route 
that possess highly selective uptake and retention towards MM.1R. Through 
extensive structure-activity relationship studies upon both compounds, we 
have identified positions within each that are amendable for drug conjugation. 
Keeping in mind that the detection of MM.1R is a late, a potent therapeutic 
agent is required to provide high cytotoxicity. 6-Thiopurine is a currently 
prescribed potent cytotoxic agent in the treatment of acute lymphocytic 
leukemia. Unfortunately, the side effects associated with its administration is 
severe, requiring an on- and off-regiment cycle. Our laboratory has 
undertaken extensive investigation studies and have found the key enzymatic 
step that is inhibited by 6-thiopurine and is oxidative metabolites. The key 
metabolic position within 6-thiopurine has been identified, new analogs 
constructed, and a new variant of this potent drug has been constructed that 
retains its potent cytotoxicity, but with decreased toxicity. To be presented will 
be the findings in the synthesis and evaluation of both delivery vehicles, 
investigational studies that identified the inhibition target of 6-thiopurine, 
analog construction and evaluation, and the first-generation conjugate 
therapies born from these projects.  
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Jason P. Burke, burkeling@gmail.com, Matthew M. Hamilton, Michelle Han, 
Zhijun Kang, Kang Le, Zachary J. Herrera, Hannah E. Shephard, Jennifer P. 
Bardenhagen, Norma E. Rogers, Zhen Liu, Troy Johnson, Yongying Jiang, 
Jeffrey J. Kovacs, Mary Geck-Do, Giulio Draetta, Timothy Heffernan, Carlo 
Toniatti, Philip Jones, Maria E. Di Francesco, Michael J. Soth. Institute for 



Applied Cancer Science, MD Anderson Cancer Center, Houston, Texas, 
United States 

A novel pyridone-triazole series of glutaminase inhibitors is reported using the 
allosteric BPTES scaffold as a lead. Optimization using structure-based 
design and in vitro metabolic identification led to fluorinated analogs with 
nanomolar cell-based potency. Further optimization of terminal amide groups 
with a focus on drug-like properties eventually led to potent, soluble, and 
metabolically stable analogs such as IACS-3990. 
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Cucurbit[7]uril based main-chain polymer as drug carrier for 
supramolecular polymeric chemotherapy 

Hao Chen2, chen-h-1211@outlook.com, Yueyue Chen3,4, Han Wu2, Jiang-fei 
Xu2, Zhiwei Sun3,4, Xi Zhang1. (1) Tsinghua University, Beijing, China (2) 
Department of Chemistry, Tsinghua University, Beijing, China (3) Department 
of Toxicology and Sanitary Chemistry, Capital Medical University, Beijing, 
China (4) Beijing Key Laboratory of Environmental Toxicology, Capital 
Medical University, Beijing, China 

This work is aimed to introduce a new kind of water-soluble polymer which 
bears cucurbit[7]uril (CB[7]) in the main-chain for supramolecular polymeric 
chemotherapy. To this end, we synthesized a bis-alkynyl functionalized CB[7] 
and polymerized it with α,ω-diazide-PEG through click reaction to form the 
desired CB[7] based main-chain polymer (poly-CB[7]). Anticancer drugs, such 
as oxaliplatin, could encapsulate into the cavity of poly-CB[7] to form a 
supramolecular polymeric complex, which displayed low cytotoxicity to normal 
cells. In addition, the anticancer activity of the oxaliplatin was recovered when 
it met cancer cells that could overexpress spermine, e.g. colorectal cancer 
cell, through competitive release of the anticancer drugs from CB[7] cavity by 



spermine. Interestingly, the antitumor activity of the supramolecular polymeric 
complex is higher than oxaliplatin itself. The enhanced antitumor activity 
results from a cooperative effect by combining the release of oxaliplatin from 
the supramolecular polymeric complex and decrease of spermine in the 
micro-environment of the cancer cells. One more advantage of the 
supramolecular polymeric complex is its long circulation performance in vivo 
compared with the supramolecular complex between oxaliplatin and CB[7]. In 
addition to oxaliplatin, poly-CB[7] could encapsulate other kind of antitumor 
drugs with decreased toxicity to normal cells and increased antitumor activity 
to cancer cells. Therefore, this line of research may open new horizons for 
supramolecular polymeric chemotherapy. 
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New vacuolar-ATPase inhibitors as antiviral therapies 

Aaron Lindstrom1, alindst@purdue.edu, Dino P. Petrov1, Robert Davey2, 
Vincent J. Davisson1. (1) Medicinal Chemistry and Molecular Pharmacology, 
Purdue University, West Lafayette, Indiana, United States (2) Department of 
Virology and Immunology, Texas Biomedical Research Institute, San Antonio, 
Texas, United States 

Ebolavirus (EBOV), a subtype of filoviruses, are responsible for outbreaks that 
cause up to 90% fatality, including the recent outbreak in West Africa that has 
resulted in over 28,603 reported cases and 11,301 deaths according to the 
WHO. Inhibitors of vacuolar-ATPase (V-ATPase), a key protein complex that 
is responsible for endosomal acidification and represents a unique method to 
block this common viral pathway. Diphyllin is a natural, arylnaphthalene lignan 
that represents a novel structural class of V-ATPase inhibitors. Diphyllin has 
shown promising anti-tumor and anti-osteoclast activity, as well as strong anti-
viral activity against Influenza and Dengue viruses. Our lab determined that 
diphyllin has high nanomolar activity against EBOV infection of primary human 
macrophages (IC50=678nM). Our goal was to synthesize novel derivatives of 
diphyllin that would probe the chemical space around the lactone and the 
phenol and test if these modifications would increase the potency or selectivity 
compared to diphyllin. Three main sets of diphyllin derivatives were 
synthesized before being tested for activity against V-ATPase, cellular 
endosomal acidification, and activity against EBOV infection. A set of imide 
derivatives of diphyllin were produced by condensation of a diphyllin precursor 
with primary amines had minimal activity against both V-ATPase activity. A 
second set of derivatives was created by converting diphyllin’s lactone into a 
hydrazide and then reacting the diphyllin hydrazide with a set of aromatic 



aldehydes. Several compounds in this class showed low micromolar activity 
against both endosomal acidification and EBOV infection. However, none of 
these molecules had improved potency relative to diphyllin and decreased the 
selectivity of the compounds compared to diphyllin. The third derivative set 
diphyllin phenol ethers produced the most promising results. Both hydrophilic 
and hydrophobic phenol derivatives were synthesized and all demonstrated 
improved potency relative to diphyllin. The addition of hydrophobic, terminal 
alkyne had the most potent activity in all assays but increased cytotoxicity 10-
fold relative to diphyllin. Hydrophilic ethers had increased potency relative to 
diphyllin and exhibited no corresponding increase in cytotoxicity. Thus, the 
addition of hydrophilic moieties to the phenol group of diphyllin appears to be 
the best way to generate potent derivatives that also improve the selectivity 
index of the molecule. 
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CRAFT'ing a human serum albumin-ligand screen: A CPMG relaxation-
editing approach using 1H NMR spectroscopy and complete reduction to 
frequency amplitude table (CRAFT) to characterize ligand binding to 
human serum albumin 

David P. Soulsby, david_soulsby@redlands.edu. Chemistry, University of 
Redlands, Redlands, California, United States 

Human serum albumin (HSA) is an important protein that is responsible for 
the transport of endogenous and exogenous compounds throughout the 
circulatory system, and unlike many other proteins, HSA is a particularly 
promiscuous binder of ligands. Therefore it is highly desirable to characterize 
how drug candidates interact with this important biomolecule early in the 
development process. Herein we report on the use of a Carr-Purcell-
Meiboom-Gill (CPMG) relaxation-editing sequence integrated into a water 
excitation sculpting 1H NMR sequence. Spectra are taken of samples 
containing single or multiple ligands in the absence and presence of HSA with 
0 and 64 ms CPMG sequences, and the acquired time domain data are then 
analyzed in an objective and automated method using Complete Reduction to 
Amplitude Frequency Table (CRAFT). The resulting CRAFT'd data, which 
consists of signal frequencies and amplitudes, is then used to characterize 
ligand binding to HSA. We demonstrate how this approach can be used in a 
targeted fashion to analyze and characterize binding to individual ligands or 
mixtures of ligands, or in a more untargeted fashion to simply identify if 
binding is occuring with a mixture of ligands. 
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Discovery of bicyclic carboxamides as hepatitis B virus (HBV) core 
protein assembly modulators 

Yanming Du, yanmingd@yahoo.com, Nicky Hwang, Matthew R. Campagna, 
Shuo Wu, Ju-Tao Guo. Baruch S. Blumberg Institute, Doylestown, 
Pennsylvania, United States 

Hepatitis B Virus (HBV) capsid core protein assembly has been an attractive 
target recently for developing antivirals with a new mechanism of action. In 
addition to the heteroaryldihydropyrimidines (HAPs) and sulfonyl 
carboxamides, which are in clinical tests, other chemical structures have also 
been explored. Here we describe the hit-to-lead optimization of a benzamide 
discovered from our high-throughput screening. A new bicyclic carboxamide 
lead featuring an electron deficient core structure was discovered. Evaluations 
of its ADMET (absorption, distribution, metabolism, excretion and toxicity) and 
pharmacokinetic (PK) profiles demonstrate improved metabolic stability and 
good bioavailability. 
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Synthesis and biological evaluation of novel long acting muscarinic 
antagonists 

John F. Boulos, jboulos@barry.edu, Jocelyn Baquier, 
jocelyn.baquier@mymail.barry.edu. Physical sciences, Barry University, 
Miami Shores, Florida, United States 

Muscarinic receptors are known to play important biological roles and are drug 
targets for several human diseases. Novel long acting muscarinic antagonists 
were synthesized and tested for biological activity in CHO cells expressing 
individual subtypes of muscarinic receptors. The design of these ligands made 
use of current orthosteric and allosteric models of drug-receptor interactions 
together with chemical motifs known to achieve muscarinic receptor 
selectivity. The 4-hexyloxy-1-[2-(4-oxidobenzoyloxy)ethyl]-1,2,3,6-
tetrahydropyridin-1-ium derivatives were found to non-competitively 
antagonized functional response to carbachol with potencies ranging from 20 
nM ( pKB 7.68, α 0.0011) at M1 to 3 µM at M3 receptors. Under washing 
condition, half-life of antagonistic action ranged from 1.7 at M2 to 5 hours at 
M5 receptors. Overall, these derivatives were found to be potent long-acting 



M1-preferred antagonists. M1-preferred muscarinic antagonists are therapeutic 
targets for a number of neurological and psychiatric disease states. word 
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Design and synthesis of thiophene-N-methylbenzimidazole diamidines 
exploiting the “σ-hole” concept for specific recognition of DNA G-C base 
pairs 

Abdelbasset A. Farahat2,4, abdelbastahmed@yahoo.com, Arvind Kumar5, Pu 
Guo3, Ananya Paul3, W David Wilson1, David W. Boykin1. (1) Georgia State 
Univ, Atlanta, Georgia, United States (2) Chemistry, Georgia State University, 
Atlanta, Georgia, United States (3) Department of Chemistry, Georgia State 
University, Atlanta, Georgia, United States (4) Pharmaceutical Organic 
Chemistry, Faculty of Pharmacy, Mansoura University, Mansoura, Dakahliya, 
Egypt 

Abdelbasset A. Farahat, Arvind Kumar, Pu Guo, Ananya Paul, W. David 
Wilson, David W. Boykin. 
Heterocyclic dicationic amidines are important molecules as therapeutics 
which successfully act on specific cancers, parasitic organisms, and bacteria 
and are now in animal and clinical testing as well as therapeutic use. 
Frequently, this activity is attributed to binding to the DNA minor-groove. Most 
of these dications recognize only A-T base pairs and have off-target effects. 
Our approach to minimizing the latter is the design and preparation of minor-
groove sequence-specific compounds that can recognize G-C in addition to 
A.T base pairs. Thiophene-N-methylbenzimidazole compounds were designed 
according to the “σ-hole” preorganization principal and were synthesized in 
multi-step processes starting from commercially available compounds. These 
novel compounds show strong binding and selectivity to the G.C base pairs in 
addition to A.T base pairs. Moreover, we extended these type molecules to 
cover longer DNA sequences and additional G-C base pairs. Representative 
examples of the detailed synthesis of molecules which recognize a single G.C 
base pair and two G-C base pairs will be presented (generic scaffolds showed 
below). 
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Synthesis and biological evaluation of novel tumor-targeting biotin-
linker-fluoro-taxoid conjugate 

Yunrong Jing1, yunrong.jing@stonybrook.edu, Changwei Wang3, Xin Wang1, 
Iwao Ojima2. (1) Stony Brook University, Stony Brook, New York, United 
States (2) Chem Dept/ICBDD, Stony Brook University, Stony Brook, New 
York, United States 

Cancer is the second leading cause of death in the United States and is 
responsible for one in eight deaths worldwide. Traditional chemotherapeutics 
target the processes involved in cell division and consequently produce 
dangerous and dose-limiting side effects. In an effort to identify the 
therapeutic window of these drugs, tumor targeted drug conjugates (TTDCs) 
are currently under development. Increased expression levels of biotin 
receptors have been observed on the cell surface of a variety of cancer cell 
lines, as a potential new target for tumor-targeted drug delivery, and this 
expression has been correlated with an increased uptake of biotin 
conjugates via receptor-mediated endocytosis (RME). 
Our extensive structure-activity relationship (SAR) studies of taxoid anticancer 
agents have led to the discovery and development of new-generation 
fluorinated taxoids bearing difluorovinyl substituent at the C3'position and 
various acyl groups at the C10 position, as well as meta-substituted benzoyl 
groups at the C2 position. 3'-Difluorovinyltaxoids exhibit one order of 
magnitude higher potency against MCF-7 and up to three orders of magnitude 
higher potency against NCI/ADR cell lines than that of paclitaxel. SB-T-12854 
is one of the series of 3'-difluorovinyltaxoids, which were designed and 
synthesized, proven to block cytochrome C metabolism, especially by 
CYP3A4 enzyme. SB-T-12854 demonstrated remarkable efficacy in CSC-
enriched HCT-116 human colon cancer cells. Accordingly, SB-T-12854 was 
chosen as the payload to couple to biotin via a self-immolative disulfide linker 
for the construction of a novel Biotin-Linker-fluoro-Taxoid (BLfT) tumor-



targeting drug conjugate (TTDC) (Figure 1). The chemical synthesis and 
biological evaluation of the efficacy of this novel TTDC will be presented. 

 
 
Figure 1. Biotin-Linker-fluoro-Taxoid conjugate 
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Trisubstituted cyclohexanes as dual antagonists of CCR2 and CCR5 

Robert J. Cherney1, robert.cherney@bms.com, Douglas G. Batt1, Gregory 
Brown1, Selva Kumar2, Prakash Anjanappa2, Yanlei Zhang1, soo S. Ko1, 
Anurag S. Srivastava1, John V. Duncia1, Joseph B. Santella1, Daniel 
Gardner1, Ruowei Mo1, Anne V. Rose1, Jing Chen1, Jian Pang1, Songmei Xu1, 
Marta Dabros1, Michael A. Galella1, Arvind Mathur1, Mary Ellen Cvijic1, Joel C. 
Barrish1, Sandhya Mandlekar1, Qihong Zhao1, Percy H. Carter1. (1) Research 
and Development, Bristol-Myers Squibb Company, Princeton, New Jersey, 
United States (2) Biocon Park, Biocon Bristol-Myers Squibb Research Centre, 
Bengaluru, Bommasandra IV Phase, India 

Chemokine receptors are a large family of G protein-coupled receptors 
(GPCRs) that play a role in cell migration, activation, and maintenance. The 
pharmaceutical industry has had a long standing interest in chemokine 
receptor antagonists as potential anti-inflammatory agents. However, many 
chemokine receptor antagonists that target a single receptor have failed to be 
efficacious in clinical trials. We became interested in dual antagonists of CC 
chemokine receptors 2 (CCR2) and 5 (CCR5), as anti-inflammatory agents. In 
this disclosure, we describe trisubstituted cyclohexanes that are antagonists 
of CCR2 and CCR5. 
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Regioselective synthesis of N-substituted pyrazoles 

Natalie Norman, nnorman@wellesley.edu, Tatsiana Mello, 
tmello@wellesley.edu, Nika Kneitschel, Diane Cheon, Olivia Moeller, Adrian 
Huang. Chemistry, Wellesley College, Wellesley, Massachusetts, United 
States 

Pyrazole derivatives have received increasing attention in chemical, 
pharmaceutical, agrochemical, and material science. In the pharmaceutical 
sphere, N-substituted pyrazoles have shown to be valuable as they possess 
inhibitory activities against various biological targets such as PDE4, CCR2, 
ALK5, COX2, CRF1 receptors and c-Met protein kinase to name a few. 
Notably, the aminopyrazole derivative AZD1152 has been clinically evaluated 
as an anticancer agent. N-Substitution of pyrazoles is a common method to 
prepare pyrazole derivatives. However most of the literature reported N-
substitution reactions gave a mixture of two regioisomers, which needs to be 
separated through tedious chromatography. Therefore, efficient and 
regioselective synthetic methods are important in drug discovery. Recently, 
our team has conducted a systematic study of the N-substitution reactions of 
pyrazoles under basic conditions. Using the K2CO3-DMSO system, N-
substitution reactions occur at room temperature to yield N1 regioisomers as 
the major products. Twenty-five X-ray crystallographic structures have been 
obtained to confirm the regiochemistry of the major products. DFT calculations 
at the B3LYP/6-31G**(d) level suggest that the electronic effect of the C3 
substituent plays an important role towards the regiochemistry. This study has 
thus led to a simple, robust and regioselective reaction protocol that 
functionalizes the pyrazole rings at the N1 position in good to excellent yields. 
With this method, the resulting functionalized pyrazoles will allow chemists to 
access the pyrazoles which were difficult to prepare via traditional 
cycloaddition methods. 
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Facile synthesis of fucosylated peptides 

Christopher Gibbons, cgibbons87@gmail.com. Chemistry, Georgia State 
University, Decatur, Georgia, United States 

O-Fucosylation is a relatively uncommon type of glycosylation whereby a 
fucose is directly linked to a protein or peptide through a serine or threonine. 



However, the study of these peptides and the elucidation of their role in 
biological systems and diseases is somewhat limited by the difficulty of 
preparing fucosylated amino acids in sufficient quantity for solid-phase peptide 
synthesis. The direct coupling of protected fucose with serine or threonine will 
typically yield predominantly beta product whereas the alpha form is favored 
by biology. The conventional strategy for producing fucosylated threonine and 
serine is either through a multi-step synthesis or by a direct coupling followed 
by HPLC isolation of the alpha product. In this work alpha-fucosylated amino 
acids are quickly prepared in gram scales and used to synthesize a series of 
biologically relevant fucosylated peptides by solid phase synthesis. 
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Nanomedicine for trans-epithelial oral delivery of ivermectin for Zika 

Bapurao Surnar, bapusurnar@gmail.com, Shanta Dhar. Biochemistry and 
molecular bioliogy, University of Miami, Miami, Florida, United States 

Target specific delivery vehicles have emerged as important technologies to 
treat illness and develop preventive measures for various cancers and viral 
diseases. Nanomedicine can be used for the treatment of lethal virus, such as 
the Zika virus, by facilitating oral drug delivery across the epithelial barrier. We 
have proposed that nanotechnology in combination with chemical biology can 
combat the catastrophic neurological complications caused by the Zika virus. 
Zika virus is known to be transmitted by an infected Aedesspecies mosquito. 
The Zika virus (ZIKV) outbreak in Florida and its association to microcephaly 
and other neurological conditions such as Guillain-Barre syndrome, myelitis, 
and meningoencephalitis pose universal health emergency. Around 1200 
cases were reported in Florida by the Department of Health, Florida. To 
understand and tackle this problem, we have developed Fc-Ivermectin-NPs, 
an oral formulation composed of neonatal Fc receptor (FcRn) with decorated 
nanoparticles (NPs) that mediate the transport of Ivermectin across the 
epithelial barrier and release the drug in a controlled fashion to the Zika virus 
infected blood. In another approach, we are exploring the possibility of utilizing 
newly designed nanodrugs based on self-assembled structures of ivermectin 
to efficiently deliver this antiparasitic agent for Zika. 
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SAR of novel anti-fungal agents targeting the synthesis of fungal GlcCer 



Krupanandan Haranahalli2, krupa.haranahalli@stonybrook.edu, Yi Sun3, 
Cristina Lazzarini4, Julia E. Zambito3, Maurizio Del Poeta5, Iwao Ojima1. (1) 
Chem Dept/ICBDD, 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 (3) Chemistry, Stony Brook 
University, Stony Brook, New York, United States (4) Molecular Genetics and 
Microbiology, Stony Brook University, Stony Brook, New York, United States 

Globally ~300 million people are affected by serious fungal infections. 
Drawbacks of current anti-fungal drugs include drug-drug interactions, toxicity 
and narrow spectrum of activity. With the increase in incidence of fungal 
infections resistant to current drugs, there is a dire need for the development 
of new antifungal agents with novel mechanisms of action. In this context, 
fungal sphingolopids that are essential for their virulence in alkaline 
environment is a potential target for the development of new antifungal 
agents. Initial screening of a library of 49,120 compounds from ChemBridge 
against C. neoformans resulted in identification of two aromatic acyl 
hydrazones, BHBM and D0 with MFC of 4 µg/mL and 1.2 µg/mL respectively 
as hits. Results from in vitro and in vivo assays including the inhibition of 
GlcCer synthesis supported the fact that BHBM and D0 provide a good 
starting point for the discovery of new anti-fungal agents. Further screening 
resulted in three more hit compounds including D13, with MIC80 0.03 µg/mL. 
Based on these results, a new library of 192 aromatic acylhydrazides was 
synthesized and tested against C. neoformans resulting in 42 hits with 
MIC80 ≤1 µg/mL. Some of the hits displayed excellent in vitro killing activity 
against C. neoformans. Based on MIC80 and killing activity of the hits from the 
library, further SAR was carried out for identification of better leads. All the hit 
compounds consisted of a hydroxyl group at the ortho position of aromatic 
ring B, indicating its significance towards antifungal activity. The synthesis and 
biological activity of the hits, as well as further SAR of N-(aromatic acyl)-2-
hydroxyarylhydrazones and will be presented. 
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Synthesis and biological activity of coumarin-containing prodrugs of a 
butyrophilin ligand 

Nyema M. Harmon2, nyema-harmon@uiowa.edu, Benjamin J. Foust2, Chia-
Hung C. Hsiao1, Andrew J. Wiemer1, David F. Wiemer2. (1) Pharmaceutical 
Sciences, University of Connecticut, Storrs, Connecticut, United States (2) 
Chemistry, University of Iowa, Iowa City, Iowa, United States 

The binding of small phosphorus-containing compounds to the butyrophilin 
isoform 3A1 (BTN3A1) leads to activation of Vγ9Vδ2 T cells through 
mechanisms that remain unclear. Recent studies on mixed aryl/acyloxy 
prodrugs of the phosphonate 1 have given compounds with cellular potency 
that approaches that of the natural ligand (E)-4-hydroxy-3-methyl-but-2-enyl 
diphosphate (HMBPP, 2). New variations on these prodrug forms have given 
still more potent compounds and begun to clarify the features that contribute 
to their potency. The synthesis of these compounds, together with our initial 
investigations on their biological activity, will be reported. 
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Reactive oxygen species (ROS) triggered 5-fluorouracil prodrugs 

Yong Ai, yai@rx.umaryland.edu, Obinna Obianom, Yan Shu, Fengtian 
Xue. Department of Pharmaceutical Sciences, University of Maryland, 
Baltimore, Baltimore, Maryland, United States 

5-Fluorouracil (5-FU) is commonly treatment for a wide variety of tumors. 
However, it suffers from limitations such as short plasma half-life, poor 
specificity, and high toxicity. Cancer cells generally produce higher amounts of 
ROS than that of normal cells. Based on this difference, we designed and 
synthesized a new type of 5-FU prodrugs that can be activated by ROS. The 
anticancer effects and specificity of these new prodrugs was determined by 
cytotoxicity assays and cell apoptosis assays. Our results indicated that the 
prodrugs, at the concentration of 100 µM, showed 60-90% inhibition toward 
various cancer cells, while normal cells were not affected. Further, the new 
prodrugs induced 45-85% apoptosis in cancer cells but less than 25% cell 
death to normal cells. The activation mechanism was determined by NMR 
analysis. Collectively, our data provide novel 5-FU prodrugs that will inspire 
further therapeutic applications. 
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Identification and optimization of potent and selective RIPK2 inhibitors 

Sameer Nikhar2, snikhar@uh.edu, Gregory Cuny2, Alexei Degterev1. (1) Tufts 
University, Boston, Massachusetts, United States (2) Pharmacological & 
Pharmaceutical Sciences, University of Houston, Houston, Texas, United 
States 

Nucleotide binding oligomerization domain containing proteins 1 and 2 
(NOD1/2) are pattern recognition receptors present in immune cells. 
Stimulations of these receptors causes activation of receptor interacting 
protein kinase-2 (RIPK2) that mediates downstream pathways resulting in 
increased pro-inflammatory cytokines and chemokines production as well as 
initiation of immune responses. NOD1/2-RIPK2 signaling has been linked to 
several inflammatory bowel disorders (Crohn’s disease and Blau syndrome) 
and neuroinflammation present in Multiple sclerosis. Thus, the NOD1/2-RIPK2 
signaling pathway has emerged as an attractive pharmaceutical target. 
Several structural classes of RIPK2 inhibitors have been described. However, 
many of these compounds have limitations related to kinase selectivity, 



cellular potency or lack of efficacy in disease models. This presentation will 
report a structure-activity relationship (SAR) analysis for a new class of 
inhibitors that achieved potent RIPK2 kinase inhibition, selectivity against a 
related kinase and potent cellular inhibition of NOD1/2-RIPK2 mediated cell 
signaling. 
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Design and synthesis of substituted 3-(tert-butylamino)-2-
phenylpropanoate esters as potential dopamine transporter inhibitors 

Maggie Cooper, Dallas Dukes, dmdukes@eckerd.edu, Lisa A. 
Bonner. Chemistry, Eckerd College, St. Petersburg, Florida, United States 

Dopamine is a neurotransmitter essential for normal biological function of the 
brain and body. It is synthesized, stored in vesicles, and released into 
synapses by presynaptic neurons in dopaminergic pathways in the central 
nervous system. Receptors on postsynaptic neurons bind the dopamine and 
transmit a signal intracellularly through second messenger systems. The 
removal of dopamine from synapses is carried out by the dopamine 
transporter (DAT). Many neurodegenerative diseases are related to abnormal 
dopaminergic activity in the brain. Decreased levels of dopamine caused by 
the death of dopaminergic neurons leads to Parkinson’s disease, and the 
overactivation of certain dopamine receptors may cause the development of 
schizophrenia. Cognitive deficits occur in these and other psychological 
disorders, likely because of altered levels of dopamine and dopaminergic 
signaling in the prefrontal cortex. DAT inhibitors may be introduced into the 
synapse to prevent this reuptake of dopamine and to perpetuate cell signaling, 
which has been shown to be able to improve cognitive performance in animals 
and humans. Based on the structure of the putative binding site of dopamine 
in the DAT and the structures of other known DAT inhibitors, specifically 
methylphenidate, 3-(tert-butylamino)-2-phenylpropanoate esters were 
designed as potential novel DAT inhibitor molecules. The synthetic plan 
required only four transformations for each target molecule, with high to 
moderate yields of all intermediates. The syntheses of the methyl series and 
ethyl series are complete and work is continuing on the phenyl series, where 
an unexpected cyclization reaction has slowed progress on the enolate 
alkylation reaction. Pending pharmacological activity will provide valuable 
information on the structure-activity relationships of these series of molecules 
and contribute to the binding profile of inhibitors to DAT. 
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Synthesis of α,α-difluoromethyl halohydrins and their application in the 
synthesis of γ-aminobutyric acid type B (GABAB) receptor agonists 

Munia Sowaileh2, msowaile@go.olemiss.edu, Robert Hazlitt1, David A. 
Colby3. (1) St. Jude Children's Research Hospital, Horn Lake, Mississippi, 
United States (2) University of Mississippi, Horn Lake, Mississippi, United 
States (3) University of Mississippi , Oxford, Mississippi, United States 

GABAB agonists are known to exhibit muscle relaxant activity. Interest in 
these agonists as a useful lead for valuable new therapeutic agents has been 
rekindled due to reports of possible new applications especially in managing 
drug and alcohol tolerance. A novel fluorinated β-hydroxy ketone scaffold was 
developed in our lab to investigate new fluorinated analogues as 
GABAB agonists. Difluoromethyl halohydrins are important building blocks with 
potential applications in the pharmaceutical and agrochemical industries. Very 
few methods are reported for the synthesis of difluoromethyl halohydrins from 
alpha haloketones. Trifluorocetate release is a method that uses mild 
conditions to install a difluoromethyl into molecules. The difluoroenlate 
generated through the release of trifluoroacetate reacts with alpha 
haloketones to produce difluoromethyl halohydrins. The resultant fluorinated 
halohydrins can be used as intermediates in the synthesis of fluorinated 
tertiary alcohols, epoxides and oxazolidines. This method was used to 
synthesize derivatives of a novel difluoromethyl ketone scaffold which were 
evaluated as GABAB agonists using the inhibition of forskolin-stimulated 
accumulation of cAMP. Structure activity relationship studies of this novel 
scaffold were carried out. 
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Development of a practical synthesis of THC and CBD enabling access 
to novel analogs 

Zachary Shultz, zshultz1@mail.usf.edu, James W. Leahy, Grant 
Lawrence. Chemistry, University of South Florida, Tampa, Florida, United 
States 

Medicinal use of the cannabis plant dates back to 2700 BC in ancient China. 
We now have an understanding of the chemical profile of these plants and 
what molecules are responsible for their observed therapeutic effects. 
Δ9 Tetrahydrocannabinol (THC) and cannabidiol (CBD) have been identified 



as the main cannabinoids that contribute to the myriad of effects such as anti-
parasitic, antibacterial, analgesic and anti-anxiety effects. It has been recently 
discovered that these natural derived cannabinoids may play a role in 
Alzheimer’s disease by disrupting the formation of β-amyloid plaques. Our 
interest is to probe the therapeutic potential of this class of compounds and to 
this end we developed a practical modular synthesis of the cannabinoids. A 
chemoenzymatic approach to access a chiral building block used to control 
the stereochemistry found in the cannabinoids was successfully employed. 
This route allows for a scalable and efficient platform for analog development 
of both natural and unnatural cannabinoid isomers. 
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Discovery of a pyridomorpholinone series of small molecule inhibitors 
of TNF alpha signalling 

Fabien Lecomte3, fabien.lecomte@ucb.com, Mark Calmiano4, James 
Johnson3, Boris Kroeplien2, Martin Lowe3, Tim Norman3, John Porter3, 
Zhaoning Zhu3, Karelle Menochet4, Andrew Payne4, Pui Loke5, Paula Pena5, 
Giancarlo Trani5, Gareth Brace5, Donald Smyth5, Alex Burgin1. (1) Emerald 
BioStructures, Bainbridge Island, Washington, United States (2) CADD, UCB 
Celltech, Slough, United Kingdom (3) Medicinal Chemistry, UCB Pharma, 
Slough, Berkshire, United Kingdom (4) UCB Pharma, Slough, United Kingdom 
(5) Medicinal chemistry, Evotec, Abingdon, United Kingdom 

TNF alpha is a cell signalling protein involved in numerous autoimmune 
disorders. Antibody biologics that bind to TNF alpha have for some time 
demonstrated the clinical utility of anti-TNF therapy. Despite the clear clinical 
benefit demonstrated by TNF alpha inhibition, to date no small molecule 
inhibitor of TNF alpha has entered clinical development. The discovery and 
development of small molecule inhibitors of TNF alpha has therefore long 
been considered one of the holy grails of drug discovery. 
We have reported elsewhere the discovery of potent small molecule inhibitors 
of TNF alpha that stabilise an asymmetrical form of the soluble TNF trimer 
through a novel mechanism of action. In an effort to obtain alternative series 



with differentiated properties, we designed focussed libraries guided by 
structural data derived from our first series of binders. From this work, we 
identified a series of pyridomorpholinones. We present herein how we 
improved the in vitro potency of this new series and its oral bioavailability 
leading us to eventually demonstrate efficacy in in vivo models. 
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Synthetic study of orally available selective ASIC inhibitor 

Kunihiko Fujii1, fujii.kunihiko.a2@daiichisankyo.co.jp, Hiroaki Nakamura1, 
Yuma Umezaki1, Rieko Takano1, Yukinobu Numata1, Tatsuo Tanimoto2, 
Satoko Wakimoto1, Liu Sitong1, Masanori Izumi3, Terumi Watanabe4, Tsuneo 
Deguchi5, Tamayo Matsuo2, Takashi Hirayama2, Shinji Marumoto3, Masao 
Yoshida1. (1) Pain & Neuroscience Laboratory, Daiichi-Sankyo, Tokyo, Japan 
(2) Novare Research, Management, and Operations, Daiichi-Sankyo, Tokyo, 
Japan (3) End-Organ Disease Laboratories, Daiichi-Sankyo, Tokyo, Japan (4) 
Drug Metabolism & Pharmacokinetics Research Laboratories, Daiichi-Sankyo, 
Tokyo, Japan (5) Oncology Function Biomarker Department, Daiichi-Sankyo, 
Tokyo, Japan 

Acid-sensing ion channels (ASIC) are proton-gated, voltage-insensitive cation 
channels activated by extracellular acidosis. ASICs belong to a superfamily 
which also contains degenerins (DEG) and epithelial sodium channels 
(ENaC). All members within the ENaC/DEG/ASIC superfamily share the same 
topology, with the N- and C-termini located inside the cell and a large 
cysteine-rich extracellular domain. ASICs are highly expressed in neurons, but 
are also present in non-neuronal tissues. In peripheral sensory neurons, 
ASICs have been found on cell bodies and sensory terminals, where they 
appear to be important for nociception and mechanosensation. DS60290263 
shows highly selective ASICs inhibition from the result of receptor binding test. 
DS60290263 is oralyl administrable. SAR and pharmacokinetics will be 
discussed in this poster. 
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Emerging synthetic cannabinoids and their primary metabolites 

Ryan J. McKinnie1, rmckinni@uno.edu, Chastity Biggers1, Bryan Euceda1, 
Tasneam Darweesh1, Xian Cao2, Mark L. Trudell3. (1) Chemistry, University of 
New Orleans, Marrero, Louisiana, United States (2) Department of Chemistry, 



University of New Orleans, New Orleans, Louisiana, United States (3) 
Chemistry, University of New Orleans, New Orleans, Louisiana, United States 

Synthetic Cannabinoid abuse is a growing and evolving problem in the United 
States. The prevalence of indazole cannabinoid derivatives being currently 
marketed is rapidly increasing due to their efficacy as well as in an attempt to 
evade new regulations. In this study we aim to identify emerging analogues as 
well as potential new synthetic cannabimimetic compounds. A library has 
been constructed consisting of currently marketed SCBs bearing an indazole-
3-carboxamide scaffold as well as those SCBs identified to have the potential 
marketability in the future. Novel syntheses of three types of primary 
metabolites have been developed with libraries constructed of each individual 
metabolite. A method to analyze ESI-MS/MS fragmentation patterns has also 
been developed in order to identify both the synthetic cannabinoids and their 
primary metabolites. 
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Analysis of fluorescent thermal shift screening hits against Burkholderia 
pseudomallei IspF 

Sydney M. Watkins1, watkinssydneym@gmail.com, Dakota L. Grote1, Chanté 
A. Muller1, Joy M. Blain1, Chi-Hao Luan2, James R. Horn1, Timothy J. 
Hagen1. (1) Chemistry and Biochemistry, Northern Illinois University, 
Sycamore, Illinois, United States (2) High Throughput Analysis Laboratory and 
Department of Molecular Biosciences, Northwestern University, Evanston, 
Illinois, United States 

The methylerythritol phosphate (MEP) pathway is essential for isoprenoid 
biosynthesis in most bacteria, higher plants, and some eukaryotic parasites. 
Inhibition of an enzyme in the MEP pathway is an attractive target as an anti-
infective agent or herbicide because it does not share any enzymes with the 
alternative isoprenoid biosynthesis pathway used by humans, the mevalonate 
pathway. IspF, also known as 2-C-methyl-D-erythritol 2,4-cyclodiphosphate 
synthase, is the fifth enzyme in the pathway. Fluorescence Thermal Shift 
(FTS) analysis was used to screen a library of 2560 compounds against a 
mutant of Burkholderia pseudomallei IspF. The resulting hits were then 
evaluated through molecular docking, Saturation Transfer Difference (STD) 
NMR, and an enzyme inhibition assay. Results and future directions will be 
discussed. 
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Discovery of tetrahydropyran derivatives as inhibitors of indoleamine 
2,3-dioxygenase – in silico screen and structure-activity relationship 
studies 

Jae Eun Cheong, jcheong@temple.edu, Finith E. Jernigan, Lijun Sun. Center 
for Drug Discovery and Translational Research, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Brookline, Massachusetts, United 
States 

The dioxygenase indoleamine 2,3-dioxygenase 1 (IDO1) catalyzes the 
commitment step of the kynurenine (KYN) metabolic pathway. KYN is a key 
signaling molecule and activates the intracellular arylhydrocarbon receptor to 
induce immune tolerance. Recently, emerging data has revealed IDO1 as a 
crucial enzyme in promoting tumor immune evasion, and supports the 
development of selective IDO1 inhibitor as novel cancer immunotherapies. 
 
We designed and implemented a docking protocol to select virtual IDO1 
inhibitors. A 3D conformer library (1.5 million entries) was generated using 
Open Babel from commercial compound database and docked by Autodock 
Vina to the crystal structure of IDO1. The 133 top-scoring virtual hits were 
selected and tested for their inhibitory activity of IDO1 in an in 
vitro biochemical assay. We successfully discovered 4 confirmed hits (IC50: 
<50 μM) that are structurally unique and different from reported IDO1 
inhibitors. The hit rate for this in silico screen is 3%. Among the 4 newly 
identified IDO1 inhibitors, N-(naphthalen-1-yl)-4-phenyltetrahydro-2H-pyran-4-
carboxamide (IC50: 9.8 μM) is also selective against tryptophan 2,3-
dioxygenase 2 (TDO2, IC50: ~100 μM). We have conducted structure-activity 
relationship (SAR) study and identified key structural requirements for the 
IDO1 inhibitory of this novel chemical class, which is supported by docking 
analyses. In this presentation, we will provide updated results of our SAR 
study as well as cellular activities of the most advanced lead molecules. 
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Transesterification and bacterial quorum sensing inhibition of β-keto 
esters 

Susan M. Meschwitz, susan.meschwitz@salve.edu, Rachel 
Ruest. Chemistry, Salve Regina University, Newport, Rhode Island, United 
States 



Traditional therapeutics to treat bacterial infections have given rise to multi-
drug resistant pathogens, which pose a major threat to human and animal 
health. Currently, antibiotics work by either killing or inhibiting the growth of 
bacteria, allowing the evolution of resistant strains. As such, it is crucial to find 
ways to treat bacterial infections without promoting resistance. One alternative 
is through the inhibition of quorum sensing (QS) pathways, which are bacteria 
cell-cell communication processes. Quorum sensing is mediated through the 
production and detection of small molecules called autoinducers. Once a 
quorum is detected, the bacteria express certain genes necessary for infection 
of a host, including virulence factor production, biofilm formation, and 
swarming. Previously, our lab has shown that ethyl β-keto esters containing a 
substituted phenyl ring are capable of interfering with QS by binding to the 
bacteria’s receptor and blocking the autoinducer. More recently, we have 
synthesized a new library of β-keto esters through a transesterification 
reaction, replacing the ethyl ester with various substituted benzyl esters. This 
new panel of compounds has also been tested using a broth dilution assay in 
a wild type strain of Vibrio harveyi for the ability to inhibit luminescence, a 
phenotype controlled through QS, and IC50s were calculated. Several of these 
diaryl β-keto esters have demonstrated a 3-fold increase in activity with an 
average IC50 of 5 μM. Expansion of the β-keto ester panel will enable us to 
obtain more insight into the structure–activity relationships needed to allow for 
the development of novel anti-virulence agents. 
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Development of the phyllanthusmin class of natural products: SAR, 
mechanistic probes, and drug property optimization 

Andrew C. Huntsman1, huntsman.21@osu.edu, Alexandria Young2, John L. 
Woodard1, Hee-Byung Chai1, Yulin Ren1, Mitch A. Phelps3, Alan D. Kinghorn1, 
Joanna E. Burdette2, James Fuchs1. (1) Medicinal Chemistry and 
Pharmacognosy, The Ohio State University, College of Pharmacy, Columbus, 
Ohio, United States (2) Medicinal Chemistry and Pharmacognosy, University 
of Illinois at Chicago, College of Pharmacy, Chicago, Illinois, United States (3) 
Pharmaceutics and Pharmaceutical Chemistry, The Ohio State University, 
College of Pharmacy, Columbus, Ohio, United States 

Historically, natural products have been an important starting point for 
developing new cancer chemotherapeutics. In 2014, bioactivity-guided 
fractionation furnished several novel arylnaphthalene lignan glycosides from 
extracts of Phyllanthus poilanei possessing potent in vitro activity against the 
HT-29 cancer cell line. Additional in vivo activity, shown for phyllanthusmin D, 



prompted our lab to elucidate structure activity relationships for this class of 
compound. Initial studies with this series focused on substitutions of the 
glycoside, lactone, and aryl substituents. With the synthesis of over 60 
analogues, a new lead compound, PHY-34, has emerged. The potent 
antiproliferative activity (both in vitro and in vivo) of PHY-34 warrants further 
studies to both improve pharmacokinetic properties and elucidate its 
mechanism of action. Utilizing the available hydroxy groups as 
functionalizable handles, mechanistic probes and prodrugs have been 
designed and synthesized to fuel these studies. In addition, efforts to both 
recognize and minimalize metabolic liabilities will be reported. 
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Lessons taken from the study of HCV-NS3 protease affinity to its NS4A 
cofactor at different conditions 

Maan T. Khayat3, maankhayat@yahoo.com, Moustafa E. El-Araby3, 
Abdelsattar M. Omar2,3, Mahmoud El-Faky3, Stefan T. Arold4, Sameh Soror5, 
Hani Asfour1, Ahdab Khayyat3. (1) Faculty of Pharmacy, Medicinal Chem 
Dept, King Abdulaziz University, Alsulaymanyah Jeddah, Saudi Arabia (2) 
Pharmaceutical Chem Dept, Bldg 6, Faculty, King Abdulaziz University, 
Jeddaha, Saudi Arabia (3) Pharmaceutical Chemistry Medicinal Chemistry 
Division, King Abdulaziz University Faculty of Pharmacy , Morgantown, West 
Virginia, United States (4) Biological and Environmental Science and 
Engineering Division, King Abdullah University of Science and Technology, 
Thwal, Saudi Arabia (5) Structural Biology, Helwan University, Helwan, Egypt 

The non-structural protein 4A (NS4A) is a versatile polypeptide that is 
imminent for growth, maturity, and replication of the hepatitis C. virus. It 
sandwiches with A1 and A0 regions forming a 3-way anti-parallel sheet of the 



NS3 apoenzyme to resulting in conformation organization, active site ordering, 
and substrate binding. We have been interested in developing strategies for 
interference with NS4A-activation of NS3 protease. To move forward in this 
direction, it was fundamental to have sufficient knowledge of NS4A affinity 
towards NS4A. Old studies by Lin et al (1995) and Tomei et al (1995) 
confirmed that the central region NS4A21`-34` is sufficient for NS3 activation 
(See Figure below). For our surprise, we found no data available for 
quantification of NS4A affinity to NS3. 
Differential static light scattering technique (DSLS) on NS3 alone and after 
incubation with NS4A revealed that NS4A moderately stabilize NS3 (ΔTagg = 
2.83±0.24). More important, the aggregation temperature shift was sensitive 
to specific experimental factors such as incubation time, temperature and 
relative ratio. It was also observed that gentle shaking of the incubation vessel 
controls the standard error and enhance the reproducibility of the experiment. 
Affinity determination by fluorescence anisotropy (FA) method via titration of 
the NS3 with FTIC-Ahx-NS4A was also affected by the experimental 
conditions. Shaking at room temperature (25 °C) for at least 45 minutes was 
necessary to obtain reproducible results for the determination of the 
dissociation constant (Kd). Results of FA test revealed that NS4A binding to 
NS3 is not tight (1.87 0.1µM at 1.87 µM NS3). 
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Design, synthesis and bio evaluation of novel liver X receptor ligands 



Rajesh Komati1, rkomati@xula.edu, Marilyn Ndukwe1, Kortney LaMark1, 
Kourtney Payne1, melyssa bratton2, Jayalakshmi Sridhar3, Kevin E. Riley4. (1) 
Chemistry, Xavier University of Louisiana, New Orleans, Louisiana, United 
States (2) Cellular and Molecular Biology, Xavier University of Louisiana, New 
Orleans, Louisiana, United States (3) Chemistry, Xavier University of 
Louisiana, New Orleans, Louisiana, United States 

Nuclear receptors (NRs) are one of the most abundant classes of 
transcriptional regulators in animals. These receptors regulate diverse 
biological functions, including homeostasis, reproduction, development, and 
metabolism in normal as well as in pathological settings. The liver X receptors 
(LXRs) are NRs that act as oxysterol sensors, regulating genes involved in 
cholesterol and lipid metabolism. The primary role of the liver X receptors 
(LXRs) is the regulation of cellular and serum cholesterol and lipid 
concentrations. Because of this function, there are self-evident reasons that 
novel ligands are being developed to target LXRs for new treatments of 
atherosclerosis. More recently, the LXRs have been shown to play roles in 
several important diseases, including cancers (principally colorectal, breast, 
and prostate), Alzheimer’s disease, and diabetes. Thus, as these protein 
receptors are important mediators of metabolic functions and diseases, the 
LXRs have become the objects of intensive scientific investigation and 
important targets in the development of novel ligands that can potentially 
serve as new therapeutics against many devastating diseases. In this study, 
we use computational chemistry methods, namely scaffold hopping and 
computational methyl scanning, in order to develop new ligands that bind to 
the LXRα receptor. We are also presenting the synthesis and biological 
studies of developed ligands. 
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Design, synthesis and bio evaluation of amido phthalimides as CDK9 
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Rajesh Komati1, rkomati@xula.edu, Veronica C. Miles1, Moamen M. Ismail2, 
Harris McFerrin2, Jayalakshmi Sridhar3. (1) Chemistry, Xavier University of 
Louisiana, New Orleans, Louisiana, United States (2) Bio Chemistry, Xavier 
University of Louisiana, New Orleans, Louisiana, United States (3) Chemistry, 
Xavier University of Louisiana, New Orleans, Louisiana, United States 

Angiogenesis is the formation of new blood vessels, which involves the 
migration, growth and differentiation of endothelial cells. Recently, the search 
for antiangiogenic compounds and their molecular targets has been intensified 



because of involvement of angiogenesis in various pathological conditions, 
including arthritis, psoriasis, diabetic retinopathy, macula degeneration and 
cancer. Vascular endothelial growth factor receptor (VEGFR) is one of the 
most important proangiogenic factors. Recently various research groups 
suggested that Cylcin-Dependant kinase 9 (CDK9) inhibitors exhibited the 
antiangiogenic properties. These crucial observations led us to develop a new 
series of ligands that acts as a dual kinase inhibitors of both VEGFR and 
CDK9. Computational molecular modeling studies revealed that phthalimides 
as a reputable core structure due to their ability to competitively bind both 
CDK9 and VEGFR, in place of ATP, and thus inhibit the downstream signaling 
process that promotes angiogenesis. Recently we identified a series of 
phthalimide derivatives using molecular modeling studies that exhibited the 
inhibition to both CDK9 and VEGFR in high-throughput assays. We also 
confirmed their antiangiogenic properties by using in-vivo chick embryo 
assays. Based on these preliminary results, we are in the process of 
developing a di substituted pahthalimide derivatives to improve the potency 
and selectivity for VEGFR and CDK9. Here we are presenting the so far 
developed substituted phthalimide derivatives, their synthesis and biological 
results. 
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Amidophthalimides derivatives as CDK9 and VEGFR inhibitors 

Linh Ha2, lha@xula.edu, Farley J. Richard2, frichar1@xula.edu, Rajesh 
Komati1, Jayalakshmi Sridhar2. (1) University of New Orleans, New Orleans, 
Louisiana, United States (2) Chemistry, Xavier University of Lousiana, New 
Orleans, Louisiana, United States 

The movement, development, and distinction of endothelial cells are the 
crucial points of angiogenesis, which is the formation of new blood vessels 
from existing vasculatures. Angiogenesis can cause many numerous 
pathological conditions whether its antiangiogenic or proangiogenic. 
Pathological conditions like diabetic retinopathy, arthritis, psoriasis and cancer 
indicate antiangiogenic agents, which intensified some of the pathological 
conditions. The proangiogenic factor uses vascular endothelial growth factor 
receptor (VEGFR) as one of the most important factors to determine the 
inhibition rate. In recent studies, the discovery of Cyclin-Dependent 9 (CDK9) 
inhibitors that present antiangiogenic activities that have lead to the discovery 
of new types of ligands that are dual kinase inhibitor of CDK9 and VEGFR. 
There are molecular models that are created through computational studies 
that explain phthalimides as a prominent core structure because of their ability 



to aggressively bind both to CDK9 and VEGFR in the place of ATP. This 
improves angiogenesis by inhibiting the downstream signaling process. Many 
of the recently identified derivatives of phthalimides presented the inhibition to 
both VEGFR and CDK9 in high assays. The initial results of these processes 
lead us to developing di- substituted phthalimide derivatives to enhance the 
selectivity and potency for CDK9 and VEGFR. We have been synthesizing 
some of the phthalimide derivatives and developing more information on their 
selectivity and potency.  
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PROTACs – Small molecule induced protein degradation 

Mariel Pettersson, mariel.pettersson@yale.edu, Craig M. Crews. Molecular, 
Cellular and Developmental Biology, Yale University, New Haven, 
Connecticut, United States 

The Proteolysis Targeting Chimera (PROTAC) technology can be used to 
control protein levels in cells. This technology uses small molecules 
(PROTACs) that recruit target proteins for ubiquitination and subsequent 
proteasomal degradation. A PROTAC is a bifunctional molecule consisting of 
an E3 ligase binding ligand and a protein target ligand connected by a linker. 
Traditional pharmacological approaches are based on protein inhibition and 
therefore dependent on an occupancy based mode of action. In comparison, 
the PROTAC technology uses a catalytic mode of action that irreversibly 
inhibits protein functions as a result of protein degradation. The PROTAC 
technology can overcome limitations associated with the inhibition-based 
approach such as off-target side effect resulting from the need of high in 
vivo/systemic concentration to maintain protein inhibition and most importantly 
the need of an active site, thus limiting the drug target space. 
We will present our present efforts to expand the PROTAC technology to the 
currently undruggable target space. 
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Synthesis and biological studies of C1β-(aminoalkyl)carbapenem 
antibiotics 

Thu Q. Nguyen1, Maha Alqurafi1, malqurafi@mail.smu.edu, Pei W. Thomas3, 
Zhizeng Sun4, Thomas Durand-Reville2, Ram Iyer2, Adam Shapiro2, Alita 
Miller2, Noora Al-Kharji1, Jean Kim1, Melina Cox1, Olivia Marx1, Byron 
Meshram1, Pauline Nguyen1, Colton Jacobson1, Tanvi Kongara5, Clara Shi5, 



Timothy Palzkill4, Walter Fast3, Ruben Tommasi2, John D. Buynak1,6. (1) 
Chemistry, Southern Methodist University, Dallas, Texas, United States (2) 
Entasis Therapeutics, Waltham, Massachusetts, United States (3) College of 
Pharmacy, Division of Chemical Biology and Medicinal Chemistry, University 
of Texas at Austin, Austin, Texas, United States (4) Dept. of Pharmcology and 
Chemical Biology, Baylor College of Medicine, Houston, Texas, United States 
(5) The Hockaday School, Dallas, Texas, United States (6) Center for Drug 
Discovery, Design, and Delivery, Dedman College, Southern Methodist 
University, Dallas, Texas, United States 

We will present the synthesis and activity of a series of C1β-
(aminoalkyl)carbapenems, including their activity against selected Gram-
negative pathogens, pseudomonal PBP acylation/deacylation rates, and 
affinity toward the pseudomonal outer membrane porins OprD and OpdP. 
Additionally, we will characterize their unexpected relative stability to the 
NDM-1 and KPC-2 carbapenemases. 
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Next generation small molecule inhibitors of 5'-
Methylthioadenosinenucleosidase (MTN) as novel antimicrobial agents 

John H. Thurston2, Lacey Wayment2, lwayment@collegeofidaho.edu, Molly 
Vitale-Sullivan2, Aoxiang Tao4, Ken Cornell1, Danny Xu3. (1) Boise State 
University, Boise, Idaho, United States (2) Chemistry, The College of Idaho, 
Boise, Idaho, United States (4) Pharmacy, Idaho State University, Meridian, 
Idaho, United States 

Infectious disease, currently accounts for approximately one-third of the 
annual worldwide mortality, and presents a real and pressing threat to the 
health and wellbeing of the global population. This challenge is compounded 
by the increasing rate of emergence of drug resistant and multiple-drug 
resistant microbial infections, which further underscores the continued need to 
develop new antibiotics that are both selective and safe. One potential target 
for the development of novel antimicrobial therapies is the enzyme 5' 
Methylthioadenosine /S-adenosylhomocysteine nucleosidase (MTN). MTN is 
an enzyme that is part of the microbial purine salvage pathway and which is 
known to influence a number of other metabolic processes associated with 
bacterial quorum sensing, including the expression of drug resistant 
phenotypes, biofilm formation and the production of virulence factors and 
exotoxins. As part of the project, we have synthesized a series of 1,3,4-
oxadiazoles and 1,2,3-triazoles to serve as potential small molecule inhibitors 



(SMIs) of MTN. The SMIs developed for this study all contain a methylene 
bridge to effectively model the transition state of the native substrate and favor 
tight binding and high selectivity. We describe here the results of our initial 
synthetic efforts of the targeted SMIs and the resulting activity of these 
complexes against E. coli MTN (1NC1). 
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Synthesis and biological evaluation of new hybrids phthalimide-furoxan 
derivatives useful in the treatment of Alzheimer's disease 

Rafael C. Chelucci, Diego E. Chiba, chiba.diego@outlook.com, Marisa 
Placeres, Iracilda Z. Carlos, Jean L. Santos, Man Chin Chung. School of 
Pharmaceutical Science - UNESP, Araraquara, Brazil 

Alzheimer's disease (AD) is the main and most common cause of senile 
dementia. In developed countries, AD is the fourth cause of death, only 
behind of cardiovascular disease, cancer and stroke. AD is a progressive 
neurodegenerative disease, in which occurs an extensive loss of synapses 
and neurons, compromising gradually his cognitive functions. Several factors 
indicate the involvement of inflammatory process in many stages of AD 
evolution, including stages before the onset of the pathology. Activated 
microglial cells and astrocytes release proinflammatory cytokines, such as 
interleukins (IL-1β and IL-6), tumor necrosis factor alpha (TNF-α), interferons, 



reactive oxygen species (ROS), reactive nitrogen species (RNS), 
prostaglandins and complement system proteins, which can cause damage to 
neurons and also contribute to other neurodegenerative processes, such as 
hyperphosphorylation of tau protein. Chronic neuroinflammation is also related 
to the deposition of extracellular β-amyloid peptides and the deposition of 
neurofibrillary tangles. Therefore, herein we described the synthesis and 
pharmacological evaluation of six hybrid derivatives containing the 
pharmacophores subunits phthalimide (responsible for TNF-α inhibition) and 
furoxan (responsible for nitric oxide release). All compounds were synthesized 
at global yields ranging from 24 – 91%. The anti-inflammatory activity was 
evaluated by two different assays, the acute inflammation assay, based on rat 
paw edema model induced by carrageenan and the immunochemical test for 
detection of TNF-α (ELISA) from murine macrophages cells. In the first assay, 
compounds RC-3 and RC-6 showed equivalent activity to thalidomide control, 
while compounds RC-4 and RC-5 showed equivalent activity to indomethacin 
control. Derivatives RC-2 and RC-6 were able to reduce TNF-α levels at 33% 
(6.25µM) and 53% (50µM). All compounds were evaluated in vivo by 
genotoxic effect, using micronucleus assay in mice and demonstrated 
average frequency of micronucleated reticulocytes similar to negative control 
(vehicle). In conclusion, our findings show that all hybrid compounds have 
promising pharmacological activity useful to decrease the inflammatory 
process and are promising candidates for further studies to treat Alzheimer's 
disease. 
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Biochemical analysis of Guayacan and Huisache: Two potential 
medicinal plants for the treatment of diabetes 

Mark Jimenez, mark.jimenez02@utrgv.edu, Helia M. Morales, Arnulfo Mar, 
Joe Lara. UTRGV, Brownsville, Texas, United States 

The use of medicinal plants along the Rio Grande Valley of Texas has been 
employed as folk remedies in the control of diabetes. There are two plants, 
Guayacan (Guaiacum angustifolium) and Huisache (Acacia farnesiana) that 
grow locally and have been traditionally used for this purpose. In this 
research, we have undertaken the biochemical analysis from the extract of 
these plants. The preparation of the water extracts was performed by boiling 
the leaves of the Huisache and the tree bark of Guayacan to obtain the plant’s 
components. The extracts were concentrated and subsequently analyzed by 
using biochemical techniques. Amino acid analysis was performed by the 
ninhydrin reagent, proteins were analyzed by the biuret assay, and sugar 



analysis by the Benedict’s method and the phenol sulfuric acid assay. The 
results have shown that Guayacan extracts contain amino acids and traces of 
sugar while Huisache contains amino acids and sugars. Presently we are 
developing High Performance Liquid Chromatography (HPLC) methods for 
the detection of Ferulic acid, Gallic acid, and Quercetin in the extract. These 
compounds are known to play a key role in the treatment of diabetes. 
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Design and synthesis of new dibenzofuranol ether derivatives for human 
cytochrome P450 design and synthesis of new dibenzofuranol ether 
derivatives for human cytochrome P450 

Miriam Hill-Odom, mhillodo@xula.edu, Kyla Bongay-Williams, Tarius Hill, 
Eleanor Kantrow, Navneet Goyal, Maryam Foroozesh. Chemistry, Xavier 
University of Louisiana, New Orleans, Louisiana, United States 

Cytochrome P450 enzymes are a larger superfamily of hemoproteins that are 
involved in the metabolism and detoxification of endogenous and exogenous 
compounds. Their specific interactions with, and bioactivation of certain pro-
carcinogens have resulted in their popularity as targets in cancer research. 
Developing selective and potent mechanism-based inhibitors for these 
enzymes is expected to be the key to understanding their mechanisms of 
action. Previously, our group has shown that certain aryl and aryl-alkyl 
acetylenes act as inhibitors of these enzymes. In an attempt to increase the 
number of selective P450 inhibitors available for enzymatic studies, a novel 
group of dibenzofuranol ethers possessing an acetylene moiety have been 
designed. Here, the design and syntheses of these molecules will be 
discussed.  
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Identification of inhibitors of the Pseudomonas aeruginosa HasA/HasR 
protein-protein interaction 

Garrick Centola, g.centola@umaryland.edu, Wenjuan Jiang, Kellie Hom, 
Alexander D. Mackerell, Angela Wilks, Fengtian Xue. Pharmaceutical 
Sciences, University of Maryland School of Pharmacy, Baltimore, Maryland, 
United States 

Pseudomonas aeruginosa encodes the heme acquisition system (Has) as a 
method of sensing and uptake of extracellular heme in a host environment. In 



this system, heme is captured by a secreted hemophore, HasA, and delivered 
to an outer-membrane receptor, HasR. Inhibition of this pathway alters 
expression of the Has system and the higher-capacity Pseudomonas heme 
uptake (Phu) system leading to decreased virulence. While some efforts have 
been made to inhibit the heme binding of HasA, picomolar heme affinity 
presents a significant competitive challenge. Using a model of 
the Pseudomonas aeruginosa HasR protein, we have proposed a series of 
peptide sequences that will bind to HasA, inhibiting the HasA/HasR 
interaction. Using NMR techniques, computer-aided drug design and 
development of a high-throughput automated cellular assay, we propose a 
multi-faceted approach towards the identification of novel HasA binders 
capable of inhibiting interaction with HasR. This method could lead to the new 
understanding of the system as well as the development of new antibiotics 
without the need to penetrate the membranes of gram-negative bacteria. 
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Synthesis of analogues of nosokophic acid 

Timothy J. Tetrault1, tjt2002@wildcats.unh.edu, Deisy Peña-Romero1, Marc 
A. Boudreau2. (1) University of New Hampshire-Durham, Durham, New 
Hampshire, United States (2) Department of Chemistry, University of New 
Hampshire, Durham, New Hampshire, United States 

As infectious pathogens become more and more resistant to modern 
antibiotics, the need for new antibacterials increases every day. β-lactam 
antibiotics are no longer of practical use in combatting methicillin-
resistant Staphylococcus aureus (MRSA), causing the medicinal field to rely 
on last resort drugs such as vancomycin and linezolid to fight MRSA. 
Nosokophic acid (Figure 1), an intermediate in the biosynthesis of 
phosphoglycolipid natural products, does not exhibit antibacterial activity, but 
is able to potentiate the activity of imipenem against MRSA, reducing its 
minimum inhibitory concentration (MIC) by 512-fold. With the goal of 
developing a robust structure-activity relationship (SAR) for this promising 
natural product, our group has undertaken the synthesis of several analogues. 
Our efforts are presently focused on simplification of the (2Z, 6E)-farnesyl 
moiety (red, Figure 1) to yield analogues with a shortened chain, which may 
decrease potential toxicity and allow for greater ease of synthesis. Our 
progress thus far in synthesizing these analogues will be described. Once 
complete, the analogues will be tested for their ability to potentiate imipenem 
activity against MRSA as compared with nosokophic acid, as well as for their 
toxicity against mammalian cells. These results will contribute toward the 



development of an SAR for the compound. Future studies will be directed 
toward modification of other moieties of this natural product. 

 
 
Figure 1. The structure of nosokophic acid with the (2Z, 6E)-farnesyl chain shown in 
red. 
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Examining the interactions of novel furoxans using techniques in 
chemical biology 

Ethel Tackie-Yarboi, ethel.tackie-yarboi@rockets.utoledo.edu. Medicinal 
Chemistry, University of Toledo, Toledo, Ohio, United States 

Nitric oxide (NO) plays an essential role in synaptic plasticity and neuronal 
function. Indeed, molecules capable of enhancing NO signaling have shown 
promise as potential therapeutics for neurodegenerative disorders. We are 
engaged in the development of a novel class of NO mimetics known as 
furoxans. Furoxans are commonly described as thiol-dependent NO mimetics- 
which must react with biological thiols to exhibit NO effects. We have 
developed a series of furoxans with attenuated reactivity in order to take 
advantage of the beneficial effects of NO while avoiding the known deleterious 
effects associated with large fluxes of NO. Due to this effort, we have created 
a series of furoxans with attenuated reactivity which do not readily react with 
generic thiols, such as glutathione or L-cysteine. One may predict that 
furoxans lacking reactivity would not possess neuroprotective and 
procognitive effects previously described for NO mimetics, since furoxans 
must react with thiols to produce NO. However, our furoxans display 
neuroprotection in cell culture and the ability to reverse scopolamine induced 
cognition deficits in a model of contextual fear memory. We demonstrated that 
furoxan neuroprotection is reversed upon blockade of NO/sGC (soluble 
guanylyl cyclase) signaling with ODQ, a selective sGC inhibitor. In retrospect, 
our results suggest furoxan activation by a subset of relatively reactive protein 
thiols to produce NO mimetics effects. The work presented focuses on the 
synthesis and evaluation of novel furoxans containing 1) a photoaffinity 



labeling group for transient covalent modification of interacting proteins and 2) 
a terminal alkyne for conjugation with a fluorophore and subsequent 
visualization of protein modification by SDS-PAGE. Photoactivation of the 
probes was analyzed by HPLC-UV analysis and protection against oxygen 
glucose deprivation was validated relative to the lead compounds. 
Identification of proteins capable of furoxan bioactivation will provide insight 
for potential development of CNS targeted furoxans 
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Novel charge-reduced heparin derivatives revealed as direct allosteric 
inhibitors of thrombin 

Ernane C. de Souza, ernaneclaudio-desouza@uiowa.edu, Ioana Craciun, 
Chaitanya A. Kulkarni, Robert J. Kerns. Department of Pharmaceutical 
Sciences and Experimental Therapeutics, Division of Medicinal & Natural 
Products Chemistry, College of Pharmacy, The University of Iowa, Iowa City, 
Iowa, United States 

Regulation of thrombin commands a prominent interest in the medical 
community because it is a key enzyme involved in coagulation, being an 
important target for preventing thrombotic disorders such as myocardial 
infarction and stroke. Heparin, a widely used anticoagulant, catalyzes 
inhibition of thrombin indirectly by forming a ternary complex with thrombin 
and antithrombin (AT), thus activating AT and facilitating thrombin inhibition. 
However, clinical utility of heparin is plagued by significant adverse reactions, 
most of which are associated with the chemical nature of heparin itself. 
Heparin is a heterogeneous polysulfated polysaccharide that nonselectively 
binds many glycosaminoglycan-binding proteins, resulting in considerable off-
target effects. Based on the molecular interactions observed in heparin-
protein binding, it is postulated that charge-reduced modified heparin 
derivatives substituted with aromatic moieties in place of the N-sulfo groups 
will exhibit improved protein binding specificity. Considering this initial 
hypothesis, a series of charge-reduced heparin derivatives was synthesized 
and each derivative was evaluated for activity towards direct inhibition of 
thrombin. Modified-heparin derivatives possessing 3-(4-
hydroxyphenyl)propionate moieties in place of N-sulfo groups were found to 
be potent, dose-dependent, direct inhibitors of thrombin. Tridimensional 
distribution of negative charges or degree of sulfation played a secondary role 
for inhibition. Initial velocity studies revealed these heparin derivatives are 
allosteric thrombin inhibitors. Cell viability studies demonstrated that at 
concentrations as high as 100-1000 fold the IC50 values, the modified-heparin 



derivatives evaluated displayed a remarkable percentage of cell survival. 
Overall, the results of this study indicate that non-selective ionic interactions 
between anionic groups on heparin and cationic amino acid clusters within 
heparin-binding proteins are being effectively replaced by more selective 
interactions with select N-arylacyl groups that have been introduced into 
modified-heparin derivatives. These novel N-desulfonated/N-acylated heparin 
derivatives were successfully identified as lead structures for further 
optimization towards the development of new allosteric inhibitors of thrombin 
as anticoagulant agents. 

MEDI 399 

Structure-based drug design, synthesis, and evaluation of peptidic 
inhibitors of thrombin-mediated activation of platelets aggregation 

Cristina C. Clement1,2, clement.cristina624@gmail.com. (1) Pathology, Albert 
Einstein College Med Inc, Bronx, New York, United States (2) Chemistry, 
Lehman College CUNY, Bronx, New York, United States 

Inhibitors of the activation of platelet aggregation are 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 
other unnatural amino acids. All new peptidic DTI competitively inhibited 
alpha-thrombin's cleavage of the S2238 chromogenic substrate with K(i) of 
500-30 nM and showed improved inhibition of thrombin activation of platelets 
aggregation. Specific amino acid substitutions required for activity against 
platelet aggregation have been identified, and five lead compounds, 
containing unnatural amino acids in the P3 position are shown to completely 
inhibit threshold alpha-thrombin-induced platelet aggregation at concentration 
of 300-30 nM. In addition, a new developed pharmacoproteomics platform 
highlighted changes occurring in the protein expression profiles of healthy 
human platelets treated with selected DTI. Specifically, many proteins 



involved in the actin-mediated cell signaling and movement pathway, including 
rhoA, rhoGDI, clathrin mediated-endocytosis, and integrin signaling pathways, 
were down-regulated in the lead DTI-treated platelets, supporting the anti-
platelet aggregation activity of the newly-designed DTI. The novel discovered 
DTI tetrapeptides could be used as future pharamacophore scaffolds for the 
development of inhibitors of thrombin-mediated platelet aggregation for 
treatment of ACS. 
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Incorporation of therapeutic proteins into polyester nanofibers via 
protein-polyelectrolyte complexes 

Andrew Mancuso3,1, amancuso934@gmail.com, Andrew Sadek1, Nicole 
Pillarella1, Krishnaswami S. Raja2. (1) Chemistry, CUNY: College of Staten 
Island, Staten Island, New York, United States (2) Dept of Chem 6S 332A, 
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PhD Program in Biochemistry, CUNY Graduate Center, New York, New York, 
United States 

Proteins are biological macromolecules which are composed of amino acids 
(and occasionally lipids, carbohydrates, and other organic moieties). Given 



their wide range of biological activities, proteins have great potential as 
therapeutic agents. However, due to their poor pharmacokinetic profiles, the 
use of proteins for therapeutic applications is challenging, requiring 
specialized drug delivery systems. Poly(lactide-co-glycolide) (PLGA) (and 
other polyester) based systems are among the most commonly used, and 
researched drug delivery systems, but are incompatible with protein 
therapeutics because they are fabricated with organic solvents that would 
compromise the protein’s tertiary structure and hence, biological activity. In 
our attempts to circumvent this problem, we have employed protein-
polyelectrolyte complexes to suspend proteins in organic solvents without 
compromising their structure and activities. Hemoglobin was initially used as a 
model protein due to its tendency to irreversibly aggregate, which is a 
characteristic shared by many proteins, including various growth factors. The 
enzyme lysozyme, which possesses antibacterial and antifungal activities, and 
the blood clotting protein fibrinogen were both used due to their therapeutic 
potential when delivered via polymer nanofibers. Protein integrity after 
exposure to the organic solvent was monitored via fluorescence and 
spectroscopy. Hemoglobin’s quaternary structure was evaluated using 
dynamic light scattering (DLS). The activity of lysozyme released from the 
PLGA nanofibers was confirmed via a modified agar diffusion assay,hile the 
clotting activity of fibrinogen released from the PLGA nanofibers was 
evaluated by the Clauss assay. Our findings reported here indicate that our 
methodology of forming protein-polyelectrolyte complexes is capable of 
shielding these proteins from organic solvents, thereby enabling the delivery 
of these proteins, and potentially others, via PLGA-delivery systems. 
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Polyester films/implants loaded with insulin-polyelectrolyte particles for 
the treatment of diabetes 
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Krishnaswami S. Raja1. (1) Chemistry, CUNY: College of Staten Island, 
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For the systemic delivery of therapeutic agents, drug eluting implants present 
some advantages over oral and intravenous administration. Primarily, 
implants can be administered much less frequently (monthly or yearly 
administration), and can give a prolonged/controlled release, as opposed to 
the spike of plasma concentration that occurs with oral and intravenous 
administration of therapeutics. Insulin is a peptide hormone which is 



administered by an injection to treat diabetes two to four times daily. We have 
fabricated a polyester insulin implant which is able to yield a controlled release 
of insulin into the bloodstream. Poly(lactide-co-glycolide) (PLGA) and other 
polyester based delivery systems are among the most economical and 
commonly used systems for the delivery of therapeutics. However, since solid 
polyesters are fabricated using organic solvents, it is not a straightforward to 
load proteins into PLGA, since contact with organic solvents causes 
aggregation and deactivation of proteins. To counteract this challenge, we 
have prepared insulin-polyelectrolyte complexes which can withstand 
exposure to organic solvents without deactivation. Using these complexes, we 
have fabricated insulin-loaded PLGA films by solvent casting to model the 
behavior of insulin eluting PLGA implants. Insulin-polyelectrolyte complexes 
were characterized for size and morphology by scanning electron microscopy, 
composition by infrared spectroscopy and colorimetric reactions, and 
resistance to organic solvent exposure by fluorescence spectroscopy. Insulin 
loaded films were characterized by infrared spectroscopy, scanning electron 
microscopy with x-ray microanalysis. The activity of the insulin released from 
the films was evaluated by an in vitro glucose uptake assay using HeLa cells. 
Our results reported here indicate that insulin-polyelectrolyte complexation is 
a viable way to prepare insulin for compatibility with PLGA-based sustained 
delivery systems. 
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Identification of dual AAK1/GAK inhibitors as host-targeted antiviral 
agent 

Nirav R. Kapadia, nirav.kapadia@unc.edu, Bill Zuercher, Tim 
Wiillson. Structural Genomics Consortium (SGC-UNC), Chemical Biology & 
Medicinal Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina, United States 

AP-2-associated protein kinase 1 (AAK1) and cyclin-G-associated kinase 
(GAK) are members of the poorly studied Numb-associated subfamily of 
human protein kinases. Phosphorylation of clathrin adaptor protein by either 
AAK1 or GAK is required for it’s binding to the core protein of Hepatitis C virus 
(HCV), a key step in a process of clathrin-mediated endocytosis by which 
HCV and many other viruses infect host cells. Inhibitors of AAK1 or GAK have 
shown promise as host-targeted antiviral agents, but the redundancy in AP 
phosphorylation pathway may limit their efficacy. Dual inhibitors of AAK1/GAK 
are predicted to show improved efficacy as antiviral agents. We have 
developed a series of pyrazolopyrimidine kinase inhibitors with potent activity 



on members of the Numb-associated kinase subfamily. Although the initial 
series showed selectivity towards AAK1, we found that incorporation of 
potential cysteine capture moieties resulted in the identification of dual 
AAK1/GAK inhibitors. Characterization of these pyrazolopyrimidines as 
potential dual covalent inhibitors of AAK1/GAK with improved antiviral activity 
will be presented.  
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Chiral optical properties of kavalactones from root extracts of kava-
kava assessed by combined experimental and computational methods 

G. Reid Bishop1, rbishop@belhaven.edu, Lorena C. Bishop1, Lindsey K. 
DeShetler1, Brittney Herrington1, Kelley M. Bishop2,1, Harley 
McAlexander3,1. (1) Chemistry, Belhaven University, Clinton, Mississippi, 
United States (2) Family Medicine, University of Mississippi Medical Center, 
Jackson, Mississippi, United States (3) ERDC, US Army Corps of Engineers, 
Vicksburg, Mississippi, United States 

Kavalactones are a diverse class of pharmacologically active compounds that 
are generated as secondary metabolites in the leaf and root portions of the 
plant kava-kava. This plant has been used to prepare medicinal and 
ceremonial teas by cultures of the islands of the South Pacific for hundreds, if 
not thousands of years. The therapeutic values of kava-kava have come 
under scrutiny due to the apparent hepatotoxicity of solvent extracts rich in 
certain kavalactones including kavain, yangonin, methysticin, and other 
related compounds. We have recently reported protocols and methods for 
identifying diverse molecular extracts for their particular kavalactone content 
based on soxhlet extraction in combination with GC-MS and HPLC. Here we 
describe a novel combination approach to identifying the pharmacologically 
active kavalactones that exploit the unique chiral optical properties of the 
known therapeutic and toxic components. Experimental absorbance and 
circular dichroism spectra of isolated kavalactone stereoisomers were 
compared to calculated spectral parameters. Specifically, kavalactone 
structures of defined absolute configuration are treated at the density 
functional theory and coupled cluster levels for the purpose of computing 
excitation energies, rotational strengths, and oscillator strengths. Combined, 
these computed parameters allow the prediction of absorption and circular 
dichroism spectra. Results from these studies are discussed in the context of 
the distribution of kavalactones obtained from kava-kava by various methods 
of extraction and separation. 
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Chloromethyl verdazyls as novel spin probes for biological systems 

David J. Brook, david.brook@sjsu.edu, Alejandro Herrera. Chemistry, San 
Jose State University, San Jose, California, United States 

Stable free radicals have key applications in the field of biochemistry and 
medicinal chemistry. These include, but are not limited to: membrane 
biophysics, spin labels for biomolecules, or antioxidant analyses. Though 
most studies currently use nitroxides as stable radicals, other radicals may 
have distinct advantages. For example, nitroxides typically have a half life in 
biological systems of a few minutes. Verdazyls are a family of exceptionally 
stable free radicals that are more resistant to reduction than nitroxides and 
may thus be useful in circumstances where nitroxides fail. This, however, 
requires the development and understanding of verdazyl chemistry. Here we 
report on the synthesis of a chloromethyl substituted verdazyl that may be 
useful as a spin label for thiols and other nucleophilic groups. The radical has 
been characterized by ESR, UV-vis and MS. We also report on initial studies 
of its reactivity. 

MEDI 405 

Differential scanning calorimetry studies reveal the curious influence of 
buffer salts on the stability and aggregation of serum albumin 

Somtochukwu I. Ngwudike, 
somtochukwungwudike@students.belhaven.edu, G. Reid Bishop. Chemistry, 
Belhaven University, Clinton, Mississippi, United States 

Serum albumins are an important class of proteins that are found nearly 
ubiquitously across the animal kingdom and have been found in various forms 
in plants. In mammals, albumins are critical participants in the maintenance of 
oncotic blood pressure and also function as transport proteins of fatty acids, 
transition metals, inorganic ions, and organic molecules including vitamins, 
metabolites, toxins, and drugs. In this capacity albumin proteins are important 
for regulating so-called absorption, distribution, metabolism, and elimination 
(ADME) aspects of drug delivery. Human serum albumin has been shown to 
be important for buffering the free serum concentrations of the anti-coagulant 
warfarin. Recent efforts in our laboratory to measure the energetic basis of 
molecular recognition of substituted warfarins by serum albumins has 
revealed an intriguing observation. In the presence of various buffer salt,s 



which have previously been assumed to be necessary for protein stability, 
serum albumin actually is rendered more unstable and prone to aggregation 
than in solutions with no added buffers at physiological concentrations. Here 
we present thermal analytical data which reveal this unexpected 
destabilization and aggregation behavior in an attempt to better understand 
this important protein that plays such a critical role in maintaining mammalian 
physiology. Results are presented in the context of drug-binding studies of 
substituted warfarins. 
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Design, synthesis and cytotoxity of new quinoline/oxime hybrids 

Samar H. Abbas1, Mai E. Shoman1, Kevin N. Dalby2, Tamer S. Kaoud1,2, 
tkaood1@utexas.edu, Heba A. Hassan1, dr_heba_dakrory@yahoo.com. (1) 
Department of Medicinal Chemistry, Faculty of Pharmacy , Minia University, 
Minia 61519, Egypt (2) Chemical Biology and Medicinal Chemistry, UT Austin, 
Austin, Texas, United States 

Cancer is the second leading cause of death globally and it represents a 
formidable load on society. Therefore, there is an urgent need for discovery of 
new effective and safe anticancer drugs. Quinoline is an important core that is 
found in many derivatives, which exhibit anticancer activity via different 
mechanisms. The mechanism of action of quinoline and its analogues 
includes inhibition of several cell growth promoters, such as tyrosine kinases, 
the proteasome, tubulin polymerization, topoisomerase, epidermal growth 
factor receptors, PI3K, histone acetyltransferase, histone deacylase, and 
STAT3. An important targets for prevention and treatment of cancer is the 
STAT3 signaling pathway. Some quinoline derivatives were synthetized and 
identified as STAT3 inhibitors. An SAR of these derivatives indicated that the 
phenyl ring at position 2 is essential for inhibition of STAT3. A bulky 
hydrophobic substituent at the 5-substituent on the 1,3,4-oxadiazole ring is 
also essential. Additionally, other quinoline derivatives caused induction of 
apoptosis in breast and pancreatic cancer cells, as a result of the down 
regulation of the phosphorylation of STAT3. The anti-tumor activities of NO 
donors have been documented in several in vitro and in vivo animal studies. 
The present work describes the incorporation of three bioactive entities; 
quinolones, oxadiazoles and oximes into single molecule entities. Quinoline 
and oxadiazole scaffolds were linked to oximes through p-
aminoacetaphenone and phencyl bromide linkers. Twentyeight new 
compounds were synthesized and designed as STAT3 inhibitors. All the 
synthesized compounds were selected by the National Cancer Institute (NCI), 



USA for in vitro anticancer screening. Results showed that the compounds 
tested have promising anticancer activity against human cancer cells, 
especially compounds 6c, 6d and 7f (mean growth inhibition percentages 
were 51, 94 and 68%, respectively). Furthermore, these three compounds 
were selected for the five-dose assay. Results of five-dose assays indicated 
that compounds 6c and 7f were more potent than compound 6d with values of 
GI50 ranging from 0.90-2.36 µM against NCI-H460, U251, OVCAR-4 and 
MDA-MB-231 cell lines. 
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Design and synthesis of potent and selective HDAC6 inhibitors 

Barbara Vergani, Giovanni Sandrone, Daniela Modena, Flavio Leoni, 
Gianluca Caprini, Gianfranco Pavich, Maria Lattanzio, Mattia Marchini, 
Marcello Pezzuto, Malgorzata Skorupska, Paola Cordella, Paolo Pagani, 
Pietro Pozzi, Raffaella Perego, Christian Steinkuhler, Gianluca 
Fossati, Andrea Stevenazzi, a.stevenazzi@italfarmaco.com. Drug Discovery, 
Italfarmaco, Milan, Italy 

Zinc-dependent histone deacetylases (HDAC) are a class of 11 different 
enzymes, involved in regulating the acetylation status of histone and non-
histone proteins. HDAC inhibitors were first developed in oncology based on 
the observation of frequent epigenetic defects in both solid and hematologic 
malignancies. These first-generation inhibitors however hit several, if not all, 
of the 11 Zn-dependent HDACs and suffer from a low therapeutic window that 
limits the possibility to target specific biological functions of individual HDAC 



subtypes. To further explore therapeutic opportunities in the HDAC field, there 
is a considerable interest in the development of isoform-selective HDAC 
inhibitors. 
HDAC6 appears to be a particularly attractive target, since its expression and 
function alterations have been correlated to a variety of pathologies, such as 
autoimmune disorders, neurodegenerative diseases and cancer. HDAC6 is 
primarily a cytoplasmic protein and its main deacetylase activity is on non-
histone substrates, such as tubulin, HSP90 and cortactin. Moreover, selective 
inhibition of HDAC6 does not show cytotoxic effects in normal cells. 
With the aim of improving potency, HDAC6 vs Class I selectivity and ADME of 
a series of amides of the p-amino methyl benzoic hydroxamic acid (see, for 
example, compound 1), we designed a library of 3,5-difluoro-
benzohydroxamate-derivatives, bearing a 5-membered heterocyclic ring 
scaffold as a non-classical amide bioisostere (see, for example, compounds 2 
and 3). 
More than 200 compounds were prepared, most of them showing a relevant 
low nM HDAC6 inhibitory activity, with selectivity of up to 3 orders of 
magnitude vs Class I and, in some cases, better ADME profiles when 
compared to other known HDAC6 inhibitors. 
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Discovery of hydrazine-bearing selective HDAC inhibitor based on 
panobinostate: Structure-activity relationship, anti-tumor mechanism 
and pharmacokinetics study 

Xiaoyang Li2, xiaoyang.kuaile@gmail.com, C. James Chou1, 
chouc@musc.edu. (1) Dept of Pharmacy MSC140 Qf307, Medical University 
of South Carolina, Charleston, South Carolina, United States (2) department 
of drug discovery and biomedical science, Medical university of south 
carolina, Charleston, South Carolina, United States 

A new series of hydrazine-bearing Class I selective HDAC inhibitors was 
designed and synthesized based on the modification in three parts (cap, linker 
and ZBG) of panobinostate. The representative compound LP97 exhibited 
potent activity against class I HDAC1, 2 and 3, with the IC50 value of 5.17 nM, 
49.5 nM, and 0.53 nM, respectively, while with no activity towards HDAC6 up 
to 50,000 nM. EC50 of LP97 against wt-p53 MV4-11 cell was 15.35 nM. 
Differential toxicity profile for LP97 toward multiple malignant tumor cells with 
diverse p53 status. The western blot study revealed the mechanism of LP97's 
cytoxicity involved in regulations of FLT3/STAT5 (oncogenic signaling), p53 
(tumor repressor/oncogene), and HDAC6/tubulin (heat-shock and 
proteasomal/lysosomal regulation and trafficking). Furthermore, we 
demonstrated instead of apoptosis, cellular autophagy is the key factor 
triggered cell death as cell death can be attenuated by autophagy inhibitor 



chloroquine other than pan-caspase inhibitor z-VAD. Althougth 
compound LP97 showed a little lower potency than panobinostate, it 
displayed HDAC class I selective profile and could't increase Hsp70 up-
regulation. When compared with the parent panobinostate, LP97 were not 
mutagenic and showed better bioavailability and half-lives with a higher 
Cmaxand a longer t1/2, which suggest that LP97 is likely to have significantly 
better bioavailability and half-lives than panobinostate. 

 
 
Figure 1a Broad spectrum protein degradation and no Hsp70 induction was shown for 
LP97 b,c Pulse treatment of LP97 with chloroquine or z-VAD 



 
 
Table 1. Comparation PK parameters with LP97 and panobinostate 
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of Biological Sciences, University of Toledo, Toledo, Ohio, United States 

Cancer is the second leading cause of death in the United States of America 
and the entire world and the disease burden is exacerbated due to resistance 
to drugs that are currently in clinical use. 
Histone deacetylase (HDAC) enzymes are highly expressed in cancer cells 
and they are considered viable targets for drug intervention. Four HDAC 
inhibitors have been approved by the US FDA as anticancer drugs for clinical 
use, but these drugs have numerous side effects, at least partly due to their 
low HDAC isoform selectivity. Most of these drugs have hydroxamic acid 
group as the metal-binding group. Hydroxamates are promiscuous in their 
metal-binding ability and also have poor pharmacokinetic properties. In this 
study, we used molecular modeling studies to design and develop a new class 
of HDAC inhibitors incorporating a new imidazole-based metal-binding group. 
The compounds showed promising cell growth inhibitory activity comparable 
to or better than that of the clinically used HDAC inhibitor SAHA and a cell 



phenotype which is distinctly different from what was observed with SAHA. 
The design, synthesis and biological activity of these compounds will be 
presented.  
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Probing the CXCR4 receptor using novel small molecule-based 
fluorescent antagonists 

Sebastian Dekkers1,2, sebastian.dekkers@nottingham.ac.uk. (1) 
Biomolecular Sciences and Medicinal Chemistry, University of Nottingham, 
Nottingham, Nottinghamshire, United Kingdom (2) School of Pharmacy, 
University of Nottingham, Nottingham, Nottinghamshire, United Kingdom 

The chemokine receptor CXCR4R is a G protein-coupled receptor that is 
predominantly expressed by neuronal cells and cells of hematopoietic origin. 
Upon activation by its only endogenous ligand, CXCL12, it induces a 
migratory movement of CXCR4R-expressing cells towards sites of 
inflammation. It was discovered that several types of cancer “hijack” this 
mechanism to metastasize to secondary tumour sites. Furthermore, it was 
found that while healthy breast cells do not express CXCR4R, high levels of 
expression were found in primary breast carcinoma.<span style="font-
size:10.8333px"> </span>To further investigate its pharmacology, and to aid 
the development of new therapeutics, novel biological tools are highly needed. 
A thorough evaluation of the described SAR, in combination with in 
silico design, informed our synthetic strategy to attach fluorescent dyes to 
previously reported CXCR4R antagonists. We report three distinct chemical 
classes of CXCR4R fluorescent probes that show high affinity in a new 
fluorescence-based nanoBRET binding assay (pKD > 6.8). We also 
demonstrate their utility in competition binding assays. With their high affinity 
for the receptor, as well as their good fluorescent properties, these 
compounds make excellent tools to study this receptor in vitro, and facilitate 
imaging techniques such as confocal microscopy and flow cytometry. 
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developing fluorescent probes 

Sebastian Dekkers1, sebastian.dekkers@nottingham.ac.uk, Birgit Caspar2, 
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Nottingham, Nottinghamshire, United Kingdom (2) Cell Signalling & 
Pharmacology, University of Nottingham, Nottingham, United Kingdom 

Chemokine receptor CXCR4 is a G protein-coupled receptor that, upon 
activation, induces a migratory movement of cells towards sites with a high 
concentration of CXCL12 (SDF-1α). Mostly these cells are of hematopoietic 
origin, migrating towards sites of inflammation. However it has been 
discovered that over 23 different types of cancer cells express this receptor, 
which use the CXCR4-CXCL12 signalling axis to migrate towards secondary 
tumour sites. The current toolkit available to study CXCR4 pharmacology 
comprises of (radiolabelled) small molecules, unlabelled and/or fluorescently 
labelled antibodies, and some peptides. With the aim to study the 
pharmacology of this receptor, as well as aid the development of novel 
therapeutics, we set out to expand the CXCR4 toolkit by developing small 
molecule-based fluorescent probes. 
 
Standard medicinal chemistry approaches were utilized to develop these 
fluorescent probes. A thorough evaluation of the described SAR, in 
combination with in silico design, informed our synthetic strategy to attach 
fluorescent dyes to previously reported CXCR4R antagonists. We 
successfully developed three distinct chemical classes of CXCR4 fluorescent 
antagonists, that show to be highly potent in a new fluorescence-based 
nanoBRET binding assay (pKD > 6.8). We also demonstrate their utility in 
competition binding assays. With their high affinity for the receptor, as well as 
their good fluorescent properties, these compounds make excellent tools to 
study this receptor in vitro, and facilitate imaging techniques such as confocal 
microscopy and flow cytometry. 

 
 



 
 
Schematic representation of NanoBRET saturation binding of novel small molecule-
based CXCR4 antagonists 
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Active-state cannabinoid 1 (CB1) receptor: Protein modeling and 
comparison to recently published X-ray structures of the inactive-state 
and active-state CB1 receptors 

Pankaj Pandey1, Ayooluwa Aderibigbe1, Kuldeep Roy1,2, Robert J. 
Doerksen1,3, rjd@olemiss.edu. (1) BioMolecular Sciences, Division of 
Medicinal Chemistry, University of Mississippi, University, Mississippi, United 
States (2) Pharmacoinformatics, National Institute of Pharmaceutical 
Education and Research, Kolkata, India (3) National Center for Natural 
Products Research, University of Mississippi, University, Mississippi, United 
States 

The cannabinoid (CB) receptors, CB1 and CB2, which belong to the 
membrane-bound rhodopsin-like GPCR family, are implicated in the 
pathophysiology of various diseases. CB1 agonists have been well-studied as 
potential drugs for the attenuation of chemotherapy induced-vomiting, 



treatment of pain, and the management of multiple sclerosis and glaucoma, 
along with many other indications. A proper understanding of the dynamics of 
the CB1 receptor and an in-depth knowledge of the binding modes of CB1 
agonists may assist in the discovery of new potential therapeutics targeting 
CB1 receptors. Active-state CB1 homology models were built using active-
state X-ray structures of the adrenergic receptor β2-AR–Gs complex (PDB-ID: 
3SN6) and bovine rhodopsin (PDB-ID: 3PQR) as the templates. A reported 
disulfide bridge between the second extracellular loop residues C257 and 
C264 was included. 100 CB1 models were generated and subjected to 
preliminary quality assessments including Discrete Optimized Protein Energy 
(DOPE) scores, GA341 scores, and Ramachandran plot analyses. A total of 
66 models passed the above assessments and were further tested by docking 
of well-known mixed CB1/CB2 agonists. The best model was used for further 
studies. We performed a comprehensive structural analysis of features 
characteristic of active-state Class-A GPCRs including salt bridges, the CWxP 
motif, and the rotameric toggle switch. A comparison was also made with the 
poses of agonists docked into the inactive-state and active-state CB1 X-ray 
crystal structures and into our best active-state model, to compare and 
contrast interaction patterns. The salt bridge interaction between Lys192 and 
Asp176 found in the 5U09 and 5TGZ inactive-state crystal structures as well 
as in the 5XRA active-state crystal structure, made Lys192 unavailable for 
interaction with a CB1 ligand. However, in our active-state model, this ionic 
lock was absent, leaving Lys192 available for ligand binding; this corresponds 
to literature mutagenesis data supporting the importance of ligand interactions 
of Lys192. This study suggest that our active-state model could be useful to 
guide the design and synthesis of novel high affinity and selective agonists of 
the CB1 receptor 
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Identification of novel small-molecule bioactive compounds in Baltic 
amber 

Elizabeth A. Ambrose, ambrose@umn.edu, Connor M. McDermott, Jenna 
Thomforde. Medicinal Chemistry, University of Minnesota, Minneapolis, 
Minnesota, United States 

Amber is an amorphous resinite created from fossilization and polymerization 
of various pine-based plant resins over millions of years. Most scientific 
research on amber has focused on identifying extinct insect or plant species 
found in fossilized specimens, or tracking origins of individual resinite samples 
and elucidating related paleontological and geological historical events. 



However, amber resin, extracts, and oils have been used medicinally in the 
Baltic nations (Lithuania, Latvia and Estonia) for centuries, with reported 
antibacterial, antifungal, analgesic, anticancer, and anti-inflammatory effects, 
among others. Very little research has been conducted towards identification 
of the active agents responsible for these effects; a small body of work has 
focused on succinic acid, a primary constituent of amber, as an antioxidant 
and as an intermediate in a number of biochemical pathways. However, 
amber contains a wide variety of other components including terpenoids and 
other, highly diverse small molecules, only a small number of which have 
been characterized. Here, we report the results of extraction, fractionation, 
TLC, NMR, LC-MS, and GC-MS experiments to isolate and identify such 
bioactives in Baltic amber samples obtained from Lithuania. We present a 
series of previously unidentified small molecules isolated from our amber 
samples, as well as their potential molecular targets, and the results of 
enzyme assays pointing to key biochemical processes involved in 
inflammation, pain relief, as well as various types of pharmacologically 
relevant cell signaling pathways. 


	AbstractsCover
	255 MEDI Final Program
	255 MEDI Separates

