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The increasing incidence of resistance to current HIV-1 therapy underscores the need to develop
antiretroviral agents with new mechanisms of action. Integrase, one of three viral enzymes essential for
HIV-1 replication, presents an important yet unexploited opportunity for drug development.

Compounds in the diketo-acid class have provided proof of principle that HIV-1 integrase is a bone fide
anti-retroviral target. Building upon this foundation a series of systematic SAR studies have led to the
discovery of a novel class of integrase inhibitors that comprise an 8-hydroxy-(1, 6)-naphthyridine-7-
carboxamide pharmacophore. Compounds in this class inhibit HIV-1 integrase mediated strand transfer
and have potent antiviral activity in vitro, which is a direct consequence of their ascribed effect on
integration. We describe here the identification and characterization of a small molecule inhibitor of
HIV-1 integrase L-870,810 with potent antiviral activity in cell culture and good pharmacokinetic
properties. Surprisingly, while this molecule is mechanistically identical to previously described
inhibitors from the diketo acid series, viruses selected for resistance to L-870,810 contain mutations
which uniquely confer resistance to the naphthyridine. Conversely, mutations associated with resistance
to the diketo-acids do not engender naphthyridine resistance. Importantly, the mutations associated with
resistance to each of these inhibitor classes maps to distinct regions within the integrase active site. We
therefore propose a model of the two inhibitors that is consistent with this observation and provide a
rationale for developing novel integrase inhibitors with the potential for unique and non-overlapping
resistance profiles.
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Migraine

Triggers

v

Pain
ot Moderate
3 Mild | to Severe

Premonitory/ Aura Headache Postdrome

Prodrome 20% 99%
HME - from R. Hargreaves

* Episodic headache attack lasting 4-72 hrs
 moderate to severe pain, aggravated by
movement

* nausea, photophobia, phonophobia
* 11% of general population suffer from migraine

2



Migraine therapy

°* Analgesics/NSAIDS

* Gold standard is triptan class of migraine-

specific drugs
* 5-HT,5,,p @gonists

° Triptans are contraindicated for use in patients

with cardiovascular disease

« 5-HT,z mediated vasoconstriction



CGRP — a vasoactive neurotransmitter

Calcitonin Gene-Related Peptide

1
NH,-ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF-NH,

Neuropeptide and potent vasodilator

Released from activated cranial (trigeminal)
sensory neurons during migraine

Peptide release leads to vasodilation
and headache pain



CGRP receptor antagonism during migraine

Possible therapeutic effects

e Normalize blood vessel diameter

o Decrease trigeminal sensory nerve activation

Relief of migraine headache pain



Boehringer-Ingelheim CGRP antagonist
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Br OH

Phase Il clinical trial Proof of Concept
® Pain relief at 2 hours: 66% (27% placebo)

® Recurrence: 19% (20-35% with triptans)
® Sustained pain free: 42% (18-26% w/ triptans)
® No reported CV effects

Olesen, J; Diener, H-C; Husstedt, |.W; Goadsby, P.J.; Hall, D.; Meier, U.; Pollentier, S.; Lesko, L.M. Calcitonin gene-related
peptide receptor antagonist BIBN 4096 BS for the acute treatment of migraine. NEJM (2004), 350(11), 1104-1110.
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CGRP antagonist for acute migraine

Program objectives

e Orally active
— Convenient for patients

— Ability to dose early in the migraine attack

e No cardiovascular effects
— Therapeutic advantage over triptan class



Receptor pharmacology

Calcitonin-Like Receptor
RAMP1 Receptor Activity Modifying Protein 1

NH, poccoccescccoscecsccccooccecsse NH.,

CLR/RAMP1

Heterodimeric
wewy Family B GPCR
HOOC Se'se §. » ..8 .§ Cyclase

N G, 1tcAMP
Roses00000000000 COOH ‘ M cAMP
G

® Binding assay: K,
— Inhibition of [**°1]-CGRP binding
® Functional assay: cCAMP IC,,

— Inhibit CGRP-stimulated cAMP
production in cells



CGRP antagonist lead from HTS

K, =6 uM
Active in functional assay
Reversible



Potent CGRP antagonists

Boehringer-Ingelheim / Karl Thomae CGRP antagonists
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Peptide antagonist
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The same pharmacophore?

O A combination analog
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A hybrid analog is a CGRP antagonist

o P
J%,_Q;Q N $OC8
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K, > 100,000 nM K. = 1,300 nM



Structure activity studies

modest stereochemical preference

H3C\
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Pharmacological characterization

F3C\\ ] CGRP receptor
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Pharmacokinetic profile

F3CTN o K= 26nM
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Benzodiazepinone CGRP antagonists

Potent CGRP antagonists
Non-peptide, relatively small molecules

Combines two GPCR “privileged structures

Good lead for program focused on orally
active drug

» Screening for CGRP antagonists:
why so few and relatively weak hits?
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Target receptor characteristics

Historically, most GPCR drug targets are in Family A
e influences content of sample repositories

CLR is a Family B GPCR

e < 35% sequence homology to Family A
e large extracellular N-terminal domain

RAMP1 accessory protein

e possible well defined extracellular CLR/RAMP1
guaternary structure

e antagonist binding sites identified in both the
transmembrane and extracellular domains’

- 1)  C.A. Salvatore, S.A. Kane et al, in press



Acknowledgments

Medicinal Chemistry Pain Research Drug
lan Bell Sue MacTough Stefanie Kane Metabolism
Chris Burgey Sandeep Saggar Ken Koblan Rick King
James Deng Jack Sisko Vic Johnston Cindy Miller-Stein
Jane deSolms  Tony Shaw Ruth Rutledge Brad Wong
Steve Gallicchio  Craig Stump John Mallee NW Automated
Sam Graham Tom Tucker Scott Mosser Biotechnology
Beth Norton Cory Theberge Chris Salvatore Priya Kunapuli
Diem Nguyen Joe Vacca
Dan Paone Blair Zartman Medicinal Chemistry
Craig Potteiger Xu-Fang Zhang .
Amy Quigley Ar-]aBZ::;(:ill_in wan “MR

Separations

Mass Spec Synthetic Services

Molecular Systems
y PK

Sookhee Ha
Constantine Kreatsoulas
Daniel McMasters

18



19



APD 356, A Potent and Selective 5HT, Agonist,
Is a Potential New Treatment for Obesity
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MICHAEL MORGAN, HAZEL REYES, JEFF SCHULTZ, DIPANJAN SENGUPTA, JEFF SMITH,
WILLIAM THOMSEN, JAMES TSAI, BRIAN SMITH, ROBERT WEBB AND KEVIN WHELAN

Departments of Molecular Biology, Screening, Pharmacology and Medicinal
Chemistry
Arena Pharmaceuticals, Inc., 6166 Nancy Ridge Drive, San Diego, CA 92121

In the US, approximately 64% of adults are overweight, and one in four adults
are obese. Despite “low carbohydrate” diets, and increased emphasis on
fitness and healthy lifestyles, the trend towards obesity is increasing at an
alarming rate.’” Obesity is associated with a high incidence of heart disease
and adult-onset diabetes.” It is estimated that adults in the US continue to
consume an average of 3800 calories per person per day, about twice the daily
requirement.’ Weight loss undeniably improves health, reduces the risk of
development of type 2 diabetes and the pharmacological treatments normally
required to manage this disorder. While there are currently two drugs
availablg for the treatment of obesity, Orlistat (Xenical ) and Sibutramine
(Meridia ), both have only moderate long-term efficacy and have prescription-
limiting side effects. * Clearly, there 1is a need for novel, safe and
efficacious drugs for the treatment of obesity.

It has been known for some time that a successful avenue to regulate feeding
can be achieved via modulation of serotonergic receptors.’® D-fenfluramine,
especially when combined with phentermine (better known as Fen-phen), potently
suppresses appetite and reduces weight in rodents and man. Unfortunately, both
D-fenfluramine and fenfluramine were withdrawn after only a year on the market
after a suspected correlation with primary pulmonary hypertension and valvular
heart disease was manifested by abnormal echocardiogram readings from patients
treated with the combination.® Sibutramine (Meridia’),’ a new generation of
serotonergic and norepinephrine reuptake inhibitor approved for the treatment
of obesity, has proven much safer but still causes dose-limiting side effects
such as hypertension.

Because of the need for chronic administration in the treatment of obesity, it
would be favorable to identify more selective compounds that have fewer side
effects. The serotonin 5-HT,, receptor might be the answer in that compounds
that display agonistic properties towards the 5-HT, receptors promote satiety,
suppressing the urge to eat and after chronic treatment appear to have effects
on metabolism. B5HT, receptor agonists have been shown to reduce food intake
and body weight in preclinical models,”’ and the importance of 5-HT, receptors
in regulating feeding is further supported by the finding that animals in
which the 5-HT, receptor has been deleted are hyperphagic and obese. ’

APD 356 is a potent 5-HT, receptor agonist with clear functional and binding
selectivity over 5-HT,, and 5-HT,,. In-house preclinical studies demonstrated
that APD 356 dose-dependently induced satiety to reduce food intake and body
weight in both lean and obese male and female rats. Weight loss was derived
from a selective and dose-dependent reduction of body fat. Plasma markers
related to obesity and diabetes also showed a corresponding improvement. Here
we present the results of preclinical investigations that led to the promotion



of APD 356 to clinical candidacy. A Phase Ia trial in healthy volunteers was
recently completed, in which APD 356 demonstrated evidence of a pharmacologic
signal at a dose that was well tolerated. APD 356 has subsequently been
advanced to Phase Ib clinical trials for the treatment of obesity.

1. Vickers, S.P.; Dourish, C.T. Current Opinion in Investigational Drugs
2004, 5(4), 377-388.

2. Bonow, R.O.; Eckel, R.H. Diet, obesity and cardiovascular risk. New
England Journal of Medicine 2003, 348(21), 2057-2058.

3. Abelson, P.; Kennedy, D. The Obesity Epidemic (editorial), Science 2004,

304, 1413.
4. Duhl, D.M.; Boyce, R.S. Annual Reports in Medicinal Chemistry 2003, 38,
239-248.

5. Clifton, PG; Lee, M.D.; Dourish, CT similarities in the action of RO 60-
0175, a B5HT,. receptor agonist, and D-fenfluramine on feeding patterns in
the rat. Psychopharmacology 2000, 152(3), 256-267.

6. http://www.fda.gov/cder/news/fenphenpr81597.htm, September 15, 1997.

7. James WPT, Astrup Al, Finer N, et al. Effect of sibutramine on weight
maintenance after weight loss: a randomized trial. Lancet 2000, 356,
2119-2125.

8. Bickerdike, M.J. 5HT, receptor agonists as potential drugs for the
treatment of obesity. Current Topics in Medicinal Chemistry 2003, 3(8),
885-897.

9. Vickers, S.P.; Clifton, P.G.; Dourish, C.T.; Tecott, L.H. Reduced
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mice. Psychopharmacology 1999, 143(3), 309-14.

STRUCTURE-BASED OPTIMIZATION OF NOVEL AZEPANE DERIVATIVES AS PKB
SELECTIVE INHIBITORS Masjost, B." Breitenlechner C.B.} Wegge T.f Berillon LS,
Graul, K.T, Marzenell K.7 Frlebe W.-G.f Thomas u.f Schumacher R. Huber R , Engh,
RAT;t Brunet Ef, Wemer G, Kunkele K.-P.t Schafer W.", Gassel, M Bossemeyer D.}
TPharma Research, Roche Dlagnostlcs GmbH, Werk Penzberg, Nonnenwald 2, D-82372
Penzberg, Germany, and Abtellung fiir Strukturforschung, MPI fiir Biochemie, Am
Klopferspitz 18a, D-82152 Martinsried, Germany, and German Cancer Research Center, 69120
Heidelberg, Germany

PKB is located downstream in the PI3 kinase pathway and phosphorylates a growing list of
substrates involved in several pathways for cell survival and inhibition of apoptosis as has been


http://www.fda.gov/cder/news/fenphenpr81597.htm

shown recently. Constitutive activation of PKB-a is frequently found in human prostate, breast,
and ovarian carcinomas. It is due to a complete loss of the lipid phosphatase PTEN gene, a
negative regulator of the PI-3 kinase pathway. These data indicate that PKB- a is a central player
in tumorigenesis and a potential target for cancer intervention. Inhibitors of PKB- a are
therefore promising drugs for cancer therapy as effective sensitizers or inducers of apoptosis.

Novel azepane derivatives were prepared and evaluated for protein kinase B (PKB- a) and
protein kinase A (PKA) inhibition. The original (-)-balanol derived lead structure (4R)-4-(2-
fluoro-6-hydroxy-3-methoxy-benzoyl)-benzoic  acid  (3R)-3-[(pyridine-4-carbonyl)amino]-
azepan-4-yl ester (1) (ICso (PKB-a) = 5 nM) which contains an ester moiety was found to be
plasma unstable and therefore unsuitable as a drug. Based upon molecular modeling studies
using the crystal structure of the complex between PKA and 1, five compounds with linkers
isosteric to the ester were designed, synthesized, and tested for in vitro inhibitory activity against
PKA and PKB- a and for plasma stability in mouse plasma. One compound was found to be
plasma stable and highly active (ICso (PKB- a) = 4 nM). Cocrystals of the newly synthesized
compounds with PKA were obtained and analyzed for binding interactions and conformational
changes in the ligands and protein in order to rationalize the different activities of the molecules
[1].

Protein kinase B (PKB) selective inhibitors were designed, synthesized and cocrystallized using
the AGC kinase family protein kinase A (PKA, often called cAMP-dependent protein kinase);
PKA has been used as a surrogate for other members of this family and indeed for protein
kinases in general. The high homology between PKA and PKB includes very similar ATP
binding sites and hence similar binding pockets for inhibitors, with only few amino acids that
differ between the two kinases. A series of these sites were mutated in PKA in order to improve
the surrogate model for a design of PKB selective inhibitors. Namely, the PKA to PKB
exchanges F187L and Q84E enable the design of the selective inhibitors described herein which
mimic ATP but extend further into a site not occupied by ATP. In this pocket, selectivity over
PKA can be achieved by the introduction of bulkier substituents. Analysis of the cocrystal
structures and binding studies were performed to rationalize the selectivity and improve the
design.

[1] Breitenlechner CB, Wegge T, Berillon L, Graul K, Marzenell K, Friebe W-G, Thomas U,
Schumacher R, Huber R, Engh RA, Masjost B. Structure-based optimization of novel
azepane derivatives as PKB inhibitors. J. Med. Chem. 2004; 47 (7).

[2] Breitenlechner CB, Friebe W-G, Brunet E, Werner G, Graul K, Thomas U, Kiinkele K-P,
Schifer W, Gassel M, Bossemeyer D, Huber R, Engh RA, Masjost B Design and crystal
structures of protein kinase B selective inhibitors in complex with protein kinase A and
mutants J. Med. Chem., in press.

IDENTIFICATION AND DEVELOPMENT OF POTENT AND SELECTIVE PI3KYy
INHIBITORS.

Rickle T.", Grippi-Vallotton T.!, Maio M.", Covini D.!, Pomel V., Burgat-Charvillon F.",
Church D.", Shaw J.", Sauer W.", Klicic J.!, Sherbukhin V., Quattropani A.", Dorbais J.},
Desforges G.', Valognes D.", Camps M.", Chabert C., Gillieron C.", Francon B.", Perrin
D.!, Leroy D.!, Gretener D.", Nichols A.", Ji H.", Rintelen F.", Ardissone A.2, Ferrandi
C.2, Vitte P.A.", Carboni S.", Cirillo R.?, Schwarz M.K." and Rommel C.".
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Small molecule inhibitors targeting class | PI3K isoforms have vast potential use for the
treatment of inflammatory and autoimmune disorders as well as cancer and
cardiovascular diseases. However, the lack of specificity, isoform selectivity and poor
biopharmaceutical profile of PI3K inhibitors has so far hampered rigorous disease-
oriented and pharmacologically relevant target validation. PI3Ky plays a crucial role in
mediating leukocyte chemotaxis as well as mast cell degranulation, mainly in response
to G-protein coupled receptor activation and hence represents an interesting target for
autoimmunity and inflammation.

In our laboratories we have developed potent, selective and orally available PI3Ky
inhibitors. SAR of two generations of inhibitors, supported by X-ray crystallography and
structure based design, has led to the identification of the lead compound AS-605240
(Ki=7.8 nM), active in animal models of cell recruitment, mast cell activation and
inflammation. We will report the design, synthesis and biological activities of these novel
PI3Ky inhibitors.

UNUSUAL HETEROCYCLE SYNTHESIS: ROUTES TO PYRAZOLO[1,5-a]PYRIDINE
COMPOUNDS AS P38 KINASE INHIBITORS. Stevens, K.L;* Jung, D.K.; Alberti, M.J.;
Badiang, J.G.; Peckham, G.E.; Veal, J.M.; Cheung, M.; Harris, P.A.; Chamberlain, S.D.; Peel,
M.R.; Departments of Medicinal Chemistry (MMPD), High-Throughput Chemistry, and
Computational, Analytical, and Structural Sciences, GlaxoSmithKline Research and
Development, 5 Moore Drive, RTP, NC 27709, Kirk.L.Stevens@gsk.com
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A convergent synthesis of substituted pyrazolo[1,5-a]pyridines has been achieved via [3+2]
cycloaddition reaction of N-aminopyridines with alkynes or by thermal cyclization of
disubstituted azirines. Palladium catalyzed introduction of pyridines or de novo synthesis of
pyrimidines affords inhibitors of p38 kinase. Reactivity, regioselectivity and various process-
type improvements of this chemistry will also be addressed.



	Stage D: final coupling, synthesis of CJ-12662
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