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consequegesara RinsalaANIasiethin vatiaus disorders inglydingosepsigishock; myocardial, as wel

as, intestinal ischemia/reperfusion injury; graft rejection; organ failure; nephritis; pathological
inflarimatitsiseBRer aatofifa ihrecetise seaenfodos ahes EsRTpRIARhELBidm RIEERSPosed of a group of
proteins that are normally present in the serum in an inactive state Activation of the complement
system encompasses

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0002] NOT APPLICABLE

10
REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK.
[0003] NOT APPLICABLE
15 BACKGROUND OF THE INVENTION

[0004] The complement system piays a central role in the clearance of immune complexes
and in immune responses to infectious agents, foreign antigens, virus infected cells and tutor
cells. Inappropriate or excessive activation of the complement system can lead to harmful,
and even potentially life-threatening consequences due to severe inflammation and resulting
20 tissue destruction. These consequences are clinically manifested in various disorders
including septic shock; myocardial, as well as, intestinal ischemia/reperfusion injury; graft

rejection; organ failure; nephritis; pathological inflammation; and autoimmune diseases.

[6005] The complement system is composed of a group of proteins that are normally

present in the serum in an inactive state. Activation of the complement system encompasses
25  mainly three distinct pathways, i.e., the classical, the alternative, and the lectin pathway (V.

M. Holers, In Clinical Immunology: Principles and Practice, ed. R. R. Rich, Mosby Press;

1996, 363-391): 1) The classical pathway is a calcium/magnesium-dependent cascade, which

is normally activated by the formation of antigen-antibody complexes. Tt can also be

activated in an antibody-independent manner by the binding of C-reactive protein, complexed
30  with ligand, and by many pathogens including gram-negative bacteria. 2) The alternative

pathway is a magnesium-dependent cascade which is activated by deposition and activation

i



25mainly three distinct pathways, i.e., the classical, the alternative, and the lectin pathway (V. M.
Holers, In Clinical Immunology: Principles and Practice, ed. R. R. Rich, Mosby Press; 1996, 363-391):
1) The classical Joathvv_ay is a calcium/magnesium-dependent cascade, which is nointally activated by
the formation Of gﬁ‘f@é’ﬁ‘-éntibody complexes. It can also be activated in an g’ﬁjﬁﬁ(gﬁwﬁﬁépendent
manner by the binding of C-reactive protein, complexed 30with ligand, and by many pathogens
including eff & arergaivesbsrsriiies 2)rlesdligrrativesp ativsaydkat demgnasiinnd épendanpdascade

which is aetivatad By dGRPSIieR.ANd ?Fﬁiﬁ@ﬁ%n‘@/&%&%%ﬁ%%Yé'ﬁﬂ%%%?é%@%%ﬁ&&m on

certain susceptible surfaces (e.g. cell wall polysaccharides of yeast and bacteria, and certain
biopolym&iifiagelesid) any el aavEs vl eies artGrituhisihain gorneaindiesinuify lectin and
the subsegpentactivafieri@f K2.2pM CAwhighatecaaynardo theelassisak-pathway: riatsushita, M.
et at, J. Exp. Med. 176; 1497-1502 (1992); Suankratay, C. et at, .1 S5immunol. 160: 3006-3013 (1998)).
10008] THE/AK4 t}gﬂgpﬂﬁ?g%ﬁ%lge&r%)ént pathway generates biologically active fragments of

complem otejns, e.g. C3a, C4a and C5a anaphylatoxins and C5b-9 membrane attack complexes
(VA AR oA R eSS A B LT ORISR NS LR B ating
macropggilu_g’esrrqéaluﬁc_)pmmetepiatehgt§,3maétageits®mhe?d@theﬁam@l$ﬂﬁ@eﬂ;ﬂ;}émasimgadascuIar
permeabili to tissue injury; mplement is X most potent
e O D DO A oA s e

plement syste e anaphylactic Cha peptide is 100 times

more poteherrtaimeraivbirisnasrelibiing inflarophdtopjerdsponsesibragBajaiBdiss apidsactivated form

of C@(ngnhQﬂm@ﬁgL%[qgﬁggpg}ngéﬁﬂ?pgwgr}lﬁt}m%%ﬁ 1 at approximately 80 it.g/ml. (Kohler,
15P. F. et at,. Immunol. 99: 1211-1216(1967)). It is composed of two polypeptidc chains, a and p, with

approximeygyTOleaulasWRIgNES 1k KPRNAIS KRure3BRaINENTak BabrelhdBiochemistry 18:

1490-1497 (1979)). Biosynthesized as a single-chain promolecule, C5 is enzymatically cleaved into a
two-chain® TRV BH G prd A8 SamR aier SdcratisRli e RLUMRay 81 A e ARME'ARE held together
by at leastene idishiphidennanthasewels@snscs than C3a.) C5a is the activated form of C5 (190

kD, molecular weight). CSa is present in human serum at approximately 80 pg/ml (Kohler,

15 P.F.etal,J Immunol 99: 1211-1216 (1967)). It is composed of two polypeptide chains, o,
and [, with approximate molecular weights of 1 15 kD and 75 kD, respectively (Tack, B. F. ef
al., Biochemistry 18: 1490-1497 (1979)). Biosynthesized as a single-chain promolecule, C5
is enzymatically cleaved into a two-chain structure during processing and secretion. After

cleavage, the two chains are held together by at least one disulphide bond as well as

20 noncovalent interactions {Ool1, Y. M. et al., J. Immunol. 124: 2494-2458(1980)).

[0008] 5 is cleaved into the CS5a and C5b fragments during activation of the complement
pathways. The convertase enzymes responsible for C5 activation are multi-subunit
complexes of C4b, C2a, and C3b for the classical pathway and of (C3b),, Bb, and P for the
alternative pathway (Goldlust, M. B. et al., J. Immunel. 113: 998-1007 (1974); Schreiber, R,
25  D.etal, Proc. Natl. Acad. Sci. 75: 3948-3952 (1978)). C5 is activated by cleévage at position
74-75 (Arg-Leu) in the o-cham. After activation, the 11.2 kD, 74 amino acid peptide C5a
from the amino-terminus portion of the a-chain is released. Both C5a and C3a are potent
stimulators of neutrophils and monocytes (Schindler, R. et al., Blood 76: 1631-1638 (1990);
Hacffner-Cavaillon, N. ef al., J. Immunol. 138: 794-700 (1987); Cavaillon, J. M. et al., Eur.
30 J Immunol 20: 253-257 (1990)).

[0609] In addition to its anaphylatoxic properties, C5a induces chemotactic migration of
neutrophils (Ward, P. A, e al., J. Immunol. 102; 93-99 (1969)), eosinophils (Kay, A. B, ef



20noncovalent interactions (Ooi, Y. M. et at,]. Inununol. 124: 2494-2498(1980)). [0008] C5 is cleaved
into the C5a and C5b fragments during activation of the complement pathways. The convertase
enzymes responsible for C5 activation are multi-subunit complexes of C4b, C2a, and C3b for the
classical patﬁ?\ﬁgy A&t (C3b)2, Bb, and P for the alternative pathway (égﬁﬂﬂ%f’ RV 44t al.,

Immunol. 13: 998-1007 (1974); Schreiber, R. 25D. et al, Proe. Natl. Acad. Sci. 75: 3948- 3952 (1978)).
C5 is activhtdulhyrole 39298 X7 d SRTGN. /s iy et} rinvineVa-shaiinl. AftéractrodtiolT; the 11.2 1(13,
74 aminoagid pepliss Can iﬁ%%égem%emw POIIPRO! 806 BEMBNISFEIAsE GOt Coa and

C3a are potent stlmulafors of neutrophils’and monocytes (Schindler, R. et at, Blood 76:

1631- 163%3?@9%)?14%@?%%9 Rrvéwteydwﬁrﬁlm%@%sg ergwsr@é@%wqte&%ﬁﬂon J. M. et at,

Eur. 30 Jeloemiuned2Qqdd-RRa 6$8&@Jate{@m&b&5h@§i%m tadis.anapby Rinximpeaperties, CSa induces
chemotactlc m\%atron of neutrophrlskjard P.A. etal,.1l. Immunot 102: 93-99 1969&) eosinophils

(Kay A. BUSP\WETSB1b/H7E24 b T Boltyeibddodi4ar] inrhlioaN: Sarse-dre( 67 )), basophils
(Lett-BrowuIddnitiet at: 1-1 Mosend ollig; 24&-2521197@9;;@%33@@@@5&533(&6?(1@0@@91 R. et at, Proc.

Soc. Expc@ol Me 9&1% 351%7 H:%ato 1%&1 }Onsq;[h Y ngnCS QHQ;(C:PV%S endgéhlellal cells to express
adhesion molecu es esse or seduestration ofacfn\}afed)?eu%cy &SR métiatE issue

|nflammaﬁmdﬁdlﬁm@ﬂbl(ﬁmr@mam%a@mmﬂdl H@Bmellrhdegt@aidnmnznﬂhﬁ&l(cl@n:)leﬁmre?nan K. E. et
l, Infamaln 205,01 9991 RS, Akl GLIARSRENAHOR 60749584997 (2000). Coa also

medlates |anammator reactions by causing smoot muscle contraction Increasing ‘vascular

perriabifity - i¥dué Ba@@ﬁhﬁ%nﬁé’@t@éﬂ‘&@@?éﬁ%b&ﬂéﬁﬁ%ﬁ%ﬁlf@ﬁ@%@l%@%ﬂ?%@omal
proteases anf-mddative.featadicale {RataT) feh @b RB8YcH mrﬂwp A2 LO7EDBR8 (1994)).

Furthermore Cb5a modulates the hepatic acute-phase gene expression and
L-&, prostaglandins and leukotrienes (Lambris, J. D. et al., In: The Human Complement

System in Health and Disease, Volanakis, J. E, ed._, Marcel Dekker, New York, pp. 83-118).

{0010] The anaphylactic and chemotactic effects of C5a are believed to Be mediated

15 through its interaction with the C5a receptor. The human C5a receptor (C5aR) is a 52 kD
membrane bound G protein-coupled receptor, and is expressed on neutrophils, monocytes,
basophils, ecosinophils, hepatocytes, lung smooth muscle and endothelial cells, and renal
glomerular tissues (Van-Epps, D. E. et al., J. Immunol. 132: 2862-2867 (1984); Haviland, D,
L.etal,J Immunol 154:1861-1869 (1995); Wetsel, R. A, Immunol. Leif, 44; 183-187

20 (19953); Buchner, R. R, et al.,, J. Immunol. 155: 308-315 (1995); Chenoweth, D. E. et al,
Proc. Natl. Acad. Sci. 75: 3943-3947 (1978); Zwirner, J. et al., Mol. Immunol. 36:877-884
(1999)). The ligand-binding site of C5aR is complex and consists of at least two physically
separable binding domains. One binds the C5a amino terminus {amino acids 1-20) and
disulfide-linked core (amino acids 21-61), while the second binds the C3a carboxy-terminal

25 end (amino acids 62-74) (Wetsel, R. A., Curr. Opin. Immunol. 7. 48-53 (1995)).

[06i¥] C5a plays important roles in inflammation and tissue injury. In cardiopulmonary
bypass and hemodialysis, C3a is formed as a result of activation of the alternative
complement pathway when human blood makes contact with the artificial surface of the
heart-lung machine or kidney dialysis machine (Howard, R. J. e al., Arch. Surg. 123 1496-
30 1501 (1988); Karklin, J. K. et al., J. Cardiovasc. Surg, 86: 845-857 (1983); Craddock, P. R. ef
al., N, Engl. J. Med. 296: 769-774 (1977)). C5a causes increased capillary permeability and
edema, bronchoconstriction, pulmonary vasoconstriction, leukocyte and platelet activation

and infiltration to tissues, in particular the lung (Czermak, B. J. et al., J. Leukoc. Biol. 64: 40-



augments the overall immune response by increasing the production of TNF-a, 1L-13 IL-6, IL-8,
prostaglandins and leukotrienes (Lambris, J. D. et at, In: The Human Complement System in Health
and Diseasg, Yolanakis, J. E. ed., Marcel Dekker, New York, pp. 83-118). 100101 The anaphylactic
and chemot;ﬂ%vc \é éﬁﬁielz:%%f Cba are believed to be mediated 15 through i CGHISAEO8% I the c5a
receptor. The human C5a receptor (C5aR) is a 52 kD membrane bound G protein-coupled receptor,

and is expfedS@d)onEntraiaiienpionouidsS hasopilitssbovitofhiteshépatosytedydeng smooth muscle

and endomﬁdiabﬁﬁﬂémﬁp%ﬁ%laﬁ@@ﬁﬁuﬁ%ﬁ%ﬂg&eﬁef chiobc Bk Adyskulfynol. 132: 2862-2867
(1984); Haviland, D. L. et at, I. Imtnunol. 154:1861-1869 (19 SgiWesel, F\y A., Immunol. Leff. 44:

183-187 é@?f@)‘@g'ﬁf,%u@ﬁﬂer{' R TR SHE: ib@:(]‘ﬁég‘ 68 (188%): Chenoweth, D. E. et at,
Proc. Natl. Acad. Sci. 75; 3943-3947 (1978); Zwirner, J. et al., Mot Immunot 36:877-884 (1999)). The
ligand-birdHgkitd-of 3R vebirpiaratreiasy SisiirsaspdivmsHy sl SBparsble binding
domains. GrebindsthienGibayanioalée (CORIS) @rinaiasids:i-4d)iand dirvifiderlnker coge (amino acids
Cum O TG S 1 0SS} OIS LA IAgE (holARETIB A Abiaton and tissue
injury. In EaidiopuliNoran) By passari@idemddilyEid, OBaris loMhedads ares it gfiactivation of the
Peartng S e kaney D e e N oSS RS B e 01501
(1988); KirklmnmaiererapkinGatdibvased Surg. €62 BabaBs h¢u088)v Cradbiycly PpRitett role
10 in the development of tissue injury, and particularly pulmonary injury, in animal models of
septic shock (Smedegard G ef al. Am. J. Pathol. 1989, 135: 489-497; Markus, S., et al.,
FASER Journal (2001), 15: 568-570). In sepsis models using rats, pigs and non-human
primates, anti-C5a antibodies administered to the animals before treatment with en dotoxin or
E. coli resulted in decreased tissue injury, as well as decreased production of IL-6
15 (Smedegard, G. et al., Am. J. Pathol. 135: 489-497 (1989); Hopken, U. et al., Eur. J.
Immunol. 26: 1103-1109 (1996); Stevens, J. H. eral., J. Clin. Invest. 77: 1812-1816 (1986)).
More importantly, blockade or C5a with anti-C3a polyclonal antibodies has been shown to
significantly improve survival rates in a caecal ligation/puncture model of sepsis in rats
(Czermak, B.J. ef al., Nat. Med. 5: 788-792 (1999)). This model share many aspects of the
20 clinical manifestation of sepsis in humans. (Parker, 8.J. ef al, Br. J. Surg. 88: 22-30 (2001)).
In the same sepsis model, anti-C5a antibodies were shown to inhibit apoptosis of thymocytes
(Guo, R.F. et al, .J. Clin. Invest. 106: 1271-1280 (2000}) and prevent MOF (Huber-Lang, M.
etal.,J. Immunol. 166: 1193-1199 (2001)). Anti-C35a antibodies were also protective in a
cobra venom factor model of fung injury in rats, and in immune complex-induced lung injury
25 (Mulligan, M. 8. et al. J. Clin. Invest. 98: 503-512 (1996)). The importance of C3ain
immune complex-mediated lung injury was later confirmed in mice (Bozic, C. R. et al.,

Science 26: 1103-1109 (1996)).

0013] CS5ais found to be a major mediator in myocardial ischemia-reperfusion injury.
Complement depletion reduced myocardial infarct size in mice (Weisman, H. F. ef al.,

30 Science 249: 146-151 (1990)), and treatment with anti-C5a antibodies reduced injury in a rat
model of hindlimb 1schemia-reperfusion (Bless, N. M. ef al., Am. J. Physiol. 276: L57-1L63
(1999)). Reperfusion injury during myocardial infarction was also markedly reduced in pigs

that were retreated with a monoclonal anti-C5a 1gG (Amsterdam, E. A. et al., Am. J. Physiol.



al.,, N. Engl. J. Med. 296: 769-774 (1977)). C5a causes increased capillary permeability and edema,
bronchoconstriction, pulmonary vasoconstriction, leukocyte and platelet activation and infiltration to

tissues, in p%‘ébﬁ)??é% ung (Czermak, B. J. et al., J. Leukoc. Biol. 64: 4}6 ‘r/%\ég?m% 994

2010/07525 9/068941 48 (1998)). Administration of an anti-Oba monocfoné‘l antibody was
shown to reduce cardiopulmonary bypass and cardioplegia-induced coronary endothelial dysfunction

(Tofukuji 2688648, 4 ThOARS) & drdrsoatina Rymene: 106 eetasesis wysyys [0dEs] Esdifalso involved in

acute respirafQr v distress.syRar MR (M RRR e CIROAICIE DhstictiverBulimenansRigorses(COPD) and
multiple org@a}n failureé%\%)%g (Hack, C. E et at, Am. J. Med. 1989: 86: 20-26; Harnmerschmidt DE et at
2 ) e

Lancet 19 3_L5093157g ideman M. et at J. Trauma 1984; 4: 1038-1043; Marc, MM, et at, Am. .1.
Respir. Cell and Mol. Bjol., 2004: 31: 216-219), C5a augments monocyte production of two important
pro-inflang?ﬂéférygﬁcﬂﬁﬁ‘é‘%T‘Wﬁpﬁlgﬁ&ﬂﬁ‘im@@ﬁ%@%%%@éﬂssﬂéwge%ep% ':ﬁrioﬁﬁportant role 10 in
the develpamaitodd tissuehipjisryylant padtieuwiptizpuivicneary) ey rcarimakmetelsiofgeptic shock
(Smedegard Octal. Am. J..Pathot. 1989; 135: 489-497; Markus, S.,.etal., FAS Iral (2001), 15:
568-570)?‘1%?39{%%&%65 el sﬁﬁsﬁﬁﬁuﬁﬁs\f : %gcéeﬁlc% %dcz)h r?rﬁberiﬁaerl? %sﬁ?ﬁ%?e%t aglgﬁ%gla%%ngt}%%dies administered
to the aninaleriefopeck edthrerkiwitld endosexiW v Eawseintdadiesdarkeetroased lnsaigd ijliey, as well as

decreaseg| ppduction At IO Aaisraedeaart, Gr Bt Al RatRok A AR L8N Hopken, U. et
at, Eur. J. Immunol. 26: 1103-1109 (1996); Stevens, I. H. et al., J. Clin. Invest. 77: 1812-1816 (1986)).

More impeEinagy o Bea o S E Y P AHROT e RIS At 5115 G eSS H ABAREHTEHOWA to significantly

imprve sikvivalfiaiesinaicansdl Hossiambupstiemadrlelsensiaindas KGasoakifd. Bl at, Nat.
Med. 5: 788-792 (1999)). This model share many aspects of the 20clinical manifestation of sepsis in
humans. EERFREEOEIMEHYE HPAYCEIRET 8BV SRAE FTOT5 ot SR @%6@@%6?& anti-05a
antibodiescWeriecshaminiibinfibiiaapo prosis gf teymo tlies{Guen R.BegirainteGlihidhwest: 106:
1271-1280 and prevent MOF (Huber-Lang, M. et at, J. Immunol. 166: 1193-1199 (2001)).

000
Anti-05a 3?1%%%%@%%\8@@ also protective ina .

[0015] Complement levels are elevated in patients with rheumatoid arthnitis (Jose, P. J. ef
15 al., Ann. Rheum. Dis. 49: 747-752 (1990); Grant, E.P, et al., J. of Exp. Med., 196(11): 1461-
1471, (2002)), tupus nephritis (Bao, L., et al., Eur. J. of Immunol., 35(8), 2496-2506, (2003))
and systemic lupus erythematosus (SLE) (Porcel, J. M. et al., Clin. Immunol. Immunopathol.
74: 283-288 (1995)). C5a levels correlate with the severity of the disease state. Collagen-
induced arthritis in mice and rats resembles the rheumatoid arthritic disease in human. Mice
20 deficient in the C5a receptor demonstrated a complete protection from arthritis induced by
injection of monoclonal anti-collagen Abs (Banda, N.X., et al., J. of Immunol., 2003, 171:
2109-2115). Therefore, inhibition of C3a and/or C5a receptor (C5aR) couid be useful in

treating these chronic discases.

[0016] The complement system is believed to be activated in patients with inflammatory

25  bowel disease (IBD) and is thought to play a role in the disease pathogenesis. Activated
complement products were found at the luminal face of surface epithelial cells, as well as in
the muscularis mucosa and submucosal blood vessels in IBD patients (Woodruff, T M, et al.,
J of Immunol., 2003, 171: 5514-5520).

[0617] C5aR expression is upregulated on reactive astrocytes, microglia, and endothehal
30 cells in an inflamed human central nervous system (Gasque, P. ef al., Am. J. Pathol. 150: 31-

41 (1997)). C5a might be involved in neurodegenerative diseases, such as Alzheimer disease

(Mukherjee, P. et al., J. Neuroimmunol. 105: 124-130 (2000); O'Barr, S. ef al., /.

i



cobra venom factor model of lung injury in rats, and in immune complex-induced lung injury
25(Mulligan, M. S. et at J. Gin. Invest. 98: 503-512(1996)). The importance of C5a in immune
complex-m %?tedg)tf%% _pjury was later confirmed in mice (Bozic, C. R. eit)gr},f Scz:loen((:}e 26:1103-1109
(1996)). 100 a'’3bund to be a major mediator in myocardial ischemia ?é AU i injury.
Complement depletion reduced myocardial infarct size in mice (Weisman, H. F. et at, 30Science 249:

146-151(DG90)mardak A0SR - BBkeantivddied. reduced.iF003 1 4 vttrhd@él of hindlimb
ischemia-peRertuRIoNi(BIES Db MyetlindMin ikl o%%ﬁo%régnlcéﬁl&%%%sR%ﬁqﬁ%ﬁn injury

during myocardial infarction was also markedly reduce inp s that were retreated with a monoclonal

anti-05a I§EMRTraaRnmey Rdasipapipsiy ( det V\’/d 1@@7%»5%@%*2@6)9/068941

268:H44 8451 995)) tidnrecophindat Dyaras 8 aRoariagenishreciicasiniamisizedina porcine
mode)] of sur |cal revascularization (Riley, R. D. etal., J. Thorac. Cardiovasc. Surg. 120: 350-358

(2000)). [ 014 C5a drlven neutrophlls also contrlbute to many bullous diseases (e.g., bullous 5

pemphlg s vul arls em | us foI| ceus). Thes%are chronic and currlng
j e 15 80 that p6 utc @' r3ens mtlammation a Bvé
inflammatory disordéers &ical y ke arac Brized by Sterie Bistdrs th appearl idermal

space of mwskdtmm:mtﬁbbsheiv\muerwﬁtdmmmmébgs 18: ké{%lu{@@?ies dmdatedrm tinewutaneous
basement;m smlpr s /Rz?y%ﬁ(‘fﬁ,? 19,1 Dgglrlﬁ jrhgfge@g of epidermal basal keratinocytes from

the underlying basement mefbrane, b sters are a acte |zed by 10accumulation of neutrophils
in both theyypgier SEHMSLIAVESS RRSWIDIR. e BUSIRLSAYNSH e (Gottlich, E. L. e af., Nat.
10 AMed. 1: 442-447 (1995}). However, neutrophils and mast cells may also be involved in the
pathogenesis of the disease (Terui, T. et al., Exp. Dermatol. 9: 1-10; 2000); Werfel, T. et al.,
Arch. Dermatol. Res. 289: 83-86 (1997)). Neutrophil accumulation under the stratum
- corneum is observed in the highly inflamed areas of psoriatic plaques, and psoriatic lesion
(scale) extracts contain highly elevated levels of CSa and exhibit potent chemotactic activity
I5  towards neutrophils, an effect that can be inhibited by addition of a C5a antibody. T cells and
neutrophils are chemo-attracted by C3a (Nataf, S. et al., J. fmmunol, 162: 4018-4023 (1999),
Tswt, R.F. et al., J. Immunol. 165: 1588-1598 (2000); Cavaillon, J. M. et al., Eur. J.
Immunol. 20: 253-257 (1990)). Additionally expression of C5aR has been demonstrated in
plasmacytoid dendritic cells (pDC) isolated from lesions of cutaneous lupus erythematous
20 and these cells were shown to display chemotactic behavior towards C3a, suggesting that
blockade of C5aR on pDC might be efficacious in reducing pDC infiltration into inflamed
skin in both SL.E and psoriasis. Thercfore CS5a could be an important therapeutic target for

treatment of psoriasis.

[0020] Immunoglobulin G-contaming immune complexes (IC) contribute to the

25 pathophysiology in a number of autoimmune diseases, such as systemic lupus erthyematosus,
rheumatoid arthritis, Sjogren’s discase, Goodpasture's syndrome, and hypersensitivity
pneumonitis (Madaio, M. P., Semin. Nephrol. 19: 48-56 (1999); Korganow, A. S. ef al.,
Immunity 10: 451-459 (1999); Bolten, W. K., Kidney Int. 50: 1754-1760 (1996); Ando, M. et
al., Curr. Opin. Pulm. Med. 3: 391-399 (1997)). These discases are highly heterogencous

30 and generally affect one or more of the following organs: skin, blood vessels, joints, kidneys,
heart, lungs, nervous system and liver {including cirrhosis and liver fibrosis). The classical

animal model for the inflammatory response in these IC discases is the Arthus reaction,



experimental models a reduction of neutrophils or absence of complement (total or CS-selective) can
inhibit formation of sub-epidermal blisters, even in the presence of high auto-antibody titers. [0015]
Complement levels are elevated in patients with rheumatoid arthritis (Jose, P. J. et 15at, Ann. Rheum.
Dis. 49: 747-752 (1990); Grant, E.P., et al., J. of Exp. Med., 19601): 1461- 1471, (2002)), lupus
nephritis (Bao,.L.. etal., E ! % - : ' thematosus
(SLE) (P‘(’)gr%c ,"Se.aW%?i‘é%t, ﬂtﬁgﬁﬁ%ﬁﬂggyﬁﬁ uﬂ%”;ég%@g %%%Qzﬁgsa Qi%dgg) . Cgﬁégaél%%%iﬁé%’rrelate with
the sevefitytbithd.dis8asecshitd. Bofddei?dind@iénd Resmtismiipicaand iats’rEseifiig the rheumatoid
arthritic disease in human. Migs20 deficisptindhe @oamsentor demenstatesha narpiete protection
from arthritis induced by injection of monoclonal anti-colla%en Abs (Banda, N.K., et at, J. of Immunol.,

2003, 173020089 Pmaredisie inhifiitiorof E5a KivardP EEa1888ntb P EBRR)%Eduld be useful in
treating these.chronis diserses. 400461, thricampplement systemissbelievedio bie activated in

patients with inflammatory 25bowel disease (IBD) and is thought to pl role i  disease
pathogeBRIAEATATRPEoIh FIEMERY d%ésﬂ%&%%ég‘?&ﬁ?\%’%{rﬁeﬁwﬁ@ﬁ%”é’“cﬁp si?r%’ace epithelial
cells, as waibasdp theouSuatisrwitdsarangisylifusasakbloopbvesselim D patients (Woodruff,
T.M., et at, ,J of Inimunol,, 2003, 171..5514-5520). 7],ChaR expression is upregulated on reactive
astrocyte%a,tﬁﬁ’i%%eﬁ}fa??a?#adgﬁ%%gﬁ]‘ia’lpé%rée s%l%r?l 3%%%3#83%%%%&&%%@ ?ﬂagr%%%t?s system (Gasque,
P. et at, Aiveasks.Pathol. 150: 31- 41 (1997)). C5a might be involved in neurodegenerative diseases,
such as Alzheimer disease (Mukherjee, P. et at, J. Neuroimmunot 105: 124-130 (2000); O'Barr, S. et
al.,1. WQ01eieveZbtned Ads52009/068941

[0621] Only recently have non-peptide based Coa receptor antagonists been described in
the literaﬁﬁe"(e. g., Sumichika, H., et al., J. Biol. Chem. (2002), 277, 494(3-49407). Non-
peptide based C3a receptor antagonist have been reported as being effective for treating
endotoxic shock in rats (Stracham, AL, ef al., J. of Immunol. (2000), 164(12): 656{}-6565);
and for treating IBD in a rat model (Woodreff, T.M., et al., J of Immunol., 2003, 171: 55 14-
5520). Non-peptide based C5a receptor modulators also have been described in the patent
literature by Neurogen Corporatior, (e.g., W02004/043525, WO2004/018460,
WO2005/007087, WO03/082826, WO03/08828, WO02/49993, WO03/084524); Dompe
SP.A. (WO02/029187); and The University of Queenland (WO2004/100975).

[0022] There is considerable experimental evidence in the literature that implicates
increased levels of C5a with 2 number of diseases and disorders, in particular in autoimmune
and inflammatory diseases and disorders. Thus, there remains a need in the art for new small
organic molecule modulators, e.g., agonists, preferably antagonists, partial agonists, of the
C5a receptor (C5aR) that are useful for inhibiting pathogenic events, e.g., chemotaxis,
associated with increased levels anaphylatoxin activity, The present invention fulfills this

and other needs.
SUMMARY

10023] The present disclosure provide compounds having the formula:

O

X LC
N
H
3
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Neuroimmunol. (2000) 105: 87-94; Farkas, 1., et at J. Ithnzunol. (2003) 170:5764-5771), Parkinson's
disease, Pick disease and transmissible spongifolui encephalopathies. Activation of neuronal C5aR
may induce rkas | et al. J. Physiol. 1998; 507: 679-687). The efore |nh|b|t|on of Cha
and/or prﬁ@ﬁ%@ aﬁségk?e useful in treating neurodegenerat ve 5d|seasesé &%i@]"? Rere is some
evidence that C5a production worsens inflammation associated with atopic dewiatiti.s (Neuber, IC., et

at, ImmuridrbBlaT3assua7 i1 9o ate e Adtite and roraptantharef JWistikirgy din. Immunol. 114;
465-474, (20041 I0QLRbR SR IasIS IS SRV KpayYRAR Qﬁi%eTeﬁ%N“%@f&‘éQ fispasRizoLigh, E. L. etat,

Nat 10 Med. 1: 442-447 (1995)). However, ncutrophils and mast cells may also be involved in the

pathogenes@%f@i’?@& s?’e%%%‘("’l"@??ﬁ &?r‘é‘gé?e@%ﬁrsﬁ%lﬁﬂﬁ‘id? o . ﬁa%§0§n9\)€?f’é?“1's‘éfial Arch.
Dermatol. Resy284: 1&&@6@1@&1@5 htewsapiil geoumitiadonitintian the Stiatunbermewm is observed in

the hi th fla as soriatic plagues, an soriatic lesio scal xtracts contain highly
eIevaBt%d evels e %@aﬁ 8n§h %(%r%up os] é’hgc Sha ‘? Ak (o) 5?&5%\%3%8?{9’ EXi'Bffect that can
be inhibited l:blyba[timméfi‘v bEEIGCBarantibouly niEoéls arlderdutropilOhzedchiemdelttrattedithy C5a (Nataf,
S etat 3. Iyl 12 AABANRL0S00) Tl Ry s MU OR185, 561500 (2000)

Cavaillon, J tat Eur. J. Immunol. 2 257 |t|ona y expression of’'C5aR has been

demonstrﬁtelél ﬁﬁ%érﬁﬁ%cﬁ%ﬁ@ﬁﬂ&%&[fs%@@? aféet %&hﬂﬂ@ibﬁs ofxaleatiebls dupus
erythematougi() and these celik watasbayn ftedisplascchematactichshavg gffawards Cba,

suggesting that blockade of C5aR on pDC might be efficacious in reducin C infiltration into
inflamed skirl RS St iy %Wﬂaé‘igeﬁ?ﬁ’efr@fg?ée@%mlt%“&ﬁ %%Pﬁ%éf%‘ﬁe’u@ic target for-
treatment of pseriagis 820 dmmunagiobidin, @@mﬁaﬂmmmmmﬁpga@hgm fiénh gontribute to the
25 pathophy in a number o auto es, emic lu erthyematosus,
rheumatoid aﬁrﬁw @bogren’%rrc]i|se<'f§"éébe(lgCt é{;)as re's sf% ea%ds(iw)}bgpsg%ghnty pneumonitis
(Madaio, M. mbs&mmd Nablirah 13 RBs66:(1899); Korganow, A S. flat, Immunity 10: 451-459 (1999);

it il I 00 TSECAIER 4990 0618 Q1 DOIRPAI o 5 301 00

(1997)). These dlsea s are Highly heterogene era ctone or more of the following

orgdns: skin, S@H@\‘?ess‘é@)}bm@cmé{ R RN, r?léR/&ﬁ@)sﬁssteNRaﬁHWéR"(R]cludlng cirrhosis
and liver fibrogiR)cldnefaesisat r®, -OR", and -$(0);NR'R"; wherein cach R* and R" is

mdependently selected from hydrogen, C s alkyl, and C; g haloalkyl, or when attached to
the same nitrogen atom can be combined with the nitrogen atom to form a five or six-
membered ring having from 0 to 2 additional heteroatoms as ring members selected from
20 N, O or §; cach R* is independently selected from the group consisting of Cysalkyl, Cig
haloalkyl, Ci cycloalkyl, heterocycloalkyl, ary! and heteroaryl, and wherein the aliphatic
and cyclic portions of R*, R” and R® are optionally further substituted with from one to
three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups; and
optionally when two R' substituents arc on adjacent atoms, are combined to form a fused
25 five or six-membered carbocyclic ring;
each R” is independently sclected from the group consisting of halogen, -CN, -R, -CO,RY,
-CONR'R®, -C(O)RY, -OC(OINRR®, -NR°C(O)RY, -NR°C(O),R’, -NRIC(OINRR?,
NRUC(OINR'R?, -NR'R®, -ORY, and -S(0),NR'R%; wherein cach RY and R® is
independently selected from hydrogen, Cy.5 alkyl, and C, 5 haloalkyl, or when attached to
30 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-
membered ring having from 0 to 2 additional heteroatoms as ring members selected from
N, O or §; each R'is independently selected from the group consisting of C;galkyl, Crs
haloalkyl, Cs.s cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic



animal model for the inflammatory response in these IC diseases is the Arthus reaction, which
features the infiltration of polymorphonuclear cells, hemorrhage, and plasma exudation (Arthus, M.,
C.R. Soc. Biol. 55: 817-824 (1903)). Recent studies show that C5aR deficient mice are protected from
tissue injury induced by IC (Kohl, J. et at, Mot Immunol. 36: 893- 903 (1999); Baumann, U et at, .1.
Immunot 164: 1065-1070 (2000)). The results are consistent with the observation that a small peptidic

anti-05aR amntagesist johibitso e’ Intammdtay Jespensasauseghby it g aposiion dgirechan, A. J. et
at," Immunol, 164: 6560-6565 (2000)).. Together, wjth its receptor, C5a plays an important role in the
pathogenesﬁ%rféef %ﬁ%a%’é%%&h%ﬁ 58 aagﬂ’éa&%%g&%f&gg&ﬂj%%%at these diseases.
DescrintercioRR &l até epAreB021d @hfyore denthohmvensptinpefidibpase 01658 reCEpIY, antagonists
been descrihed,in, the li e souEichikas At rBjal, Che W ,49403-49407).
Non-peptidet\iggtrg{ci Sa&i@%%tcé%%{%%gr%s’thﬁ%e %)2%1 ’r%%r?e@%%bi@%%@ﬁ%%ér treating
endotoxic shHBﬁRﬁ rEXBE(SHARRERTRA I & alX FNIHR IR el 2006, 1BAMRICEBIRS6565) and for _
treating IBD,axgleniofel Alandktl, I M., eitent ALUNURGIR A0Fdichadds o20). Non-peptide

based C5a receptor modulators also have been described in the patent literatufe by Neurogen

CorporationfI&dty $5e2ed4ie By 5 wo2tudnh 8ub0, Wirdoalbslou ok wWodsbe2826, W003/08828,

W002/49993,\¥ 0034084 58 c-Aasmpemsb R +MHAR/028I8 Rican e TheWniversityQf Queenland
(W02004/100975). [0022] There_is considerable exgerimental evidence in the literature that implicates

increased |E0ETRSFE SR BEGARHEIOF AREEeR Befarprlrisiding Pantaas s datimmune and
inflammatory diseases dR@gispitgrsibifus dhefe semains aneeddn ke atiépemrwismall organic

molecule modulators, e.q., agonists, preferably ant ists, partial agonists, of the C5a receptor
(C5aR) thatsgr%c% e%)frf(%élﬁéﬁﬁiﬁ%ﬂsplg%ggo(gr%&ggv ts??é. aiogalﬁg' ﬁ&@f%%%%%liated with increased
levels anaphytatoxynladtiyityril kediesentrityvention fUlfilkssthisteh frothéeneadscGlsIMMARY [0023] The

present discéos re.pr vige compounds h viqg the g)rlmu a; 2 Ié,' WFQ
2010/07525 b@éﬁ}z f@éﬁ% 3)6%%@3{ gﬁ’grb%%m%lcg%tlocgﬁé’ a%%e t%rg erggﬁé,aﬁ)d/drates and rotomers
thereof; whéesihydropyranyi, and wherein the aliphatic and cyclic portions of R®, R" R’ and R are
optionally further substituted with from one to three halogen, methyl, CFs, hydroxy,
amino, alkylamino and dialkylamino groups; and

X 18 hydrogen or CHj,

[0024] In addition to the compounds provided herein, the present disclosure further provides
pharmaceutical compositions containing one or more of these compounds, as well as methods
for the use of these compounds in therapeutic methods, primarily to treat diseases associated
C5a signalling activity.

[0624a] In one aspect, there 1s provided a compound having the formula

c? "o @;
and pharmaceutically acceptable salts, and rotamers thereof; wherein
C' is phenyl optionally substituted with from 1 to 3 R substituents;
C? is phenyl optionally substituted with from 1 1o 3 R? substituents; |
C? is selected from the group consisting of Cy.3 cycloalkyl and phenyl, and each C° is optionally
‘substituted with from 1-3 R® substituents;

each R' is independently selected from the group consisting of



C1 is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group has from
1-3 heteroatoms as ring members selected from N, 0 and S; and wherein said awl and heteroaryl
groups are optionally substituted with from], to 3 RI substituents; 5 C2 is selected from the group
consisting of awl and heteroaryl, wherein the heteroaryl group has from 1-3 heteroatoms as ring
members selected from N, 0 and S; and wherein said aryl and heteroaryl groups are optionally

substituted huithEQnTNIOR3, B@@mgtmg@;a@@g@cxg@{@é@h@grﬂpd sisting of Chs alkyl,
C3..8 cyclo%léy %:)% 5 cycloalkyl-C1-4 alkyl, aryl agl-él A alkyl, Debferoaryl,eﬂetéroaryl-CIA alkyl,
heterocycloa JF 6 ﬁhé@o@@%# %%‘M%e@%ﬁiﬁ%@k&%é%ﬁﬁ@?@b@_m@&?ﬁmn has
from 1-3 heteiepininsieleetaciitm hydand S, aadihereio teNefermasyLaorpas.rom.L-3

heteroatomg as r memtbers seré?ected from N, 0 and S, and each C is optionally substituted with from
1-3 R3 substitients. each B S&RaSPRRIRS Ty L R e Bt ivedrobpre s g s  hemsepsed
-CN,-002Reipg 5:CONRARD 1oQ(8)E2ansD EINRARD 2s NRLE NS 8 NREG{ BB 6 -NRALC(0)NRaRD,
-NRaC(O)Ngggﬁﬁg ile%gRb &Olﬁz, ar11d E%( 2NRaR1'; wherein each Ra and Rb is inde&iﬁndently
selected from hydrogen FC1e B AT and Cr8 Ra BRI CHEiRA Attectitliothe halpatritfogen atom
can be combivied withhthe wipdgalindten midhmceotivel omaix-RembeesdipRg:baying,fipm 0 to 2

additional :asuing members selected.from 20N, 0 or S; each Re is independently selected
from the group g’(%rt%?s]%n?gﬁo?xglg Alky TP Of%ll%aﬁga}f%}l? ?%ﬁ@lﬁﬁ@%%&cm%gﬁlaﬁﬂﬁand
heteroaryl, Byftaitieretthemliphaticytaminyehid polfioharotReoRisand Reiare1Bphianalyduither
substituted yish;fiam.ape 47 iAeehalonen. Vo, methl.amino, pllylamino and diallglamino

oms,

groups; and optionally when two RI substituents arc on adjace FESEERMRE S form a fused
25five or sigeEmBERSEEarbocyclic ring; each R2 is independently selected from the group consisting

of ha'°9§i&h'ﬂs‘ﬁ%§ieﬂﬁy selected from the group consisting of
halogen, -CN, R, -CO,R®, -CONR?R®, -C(O)RY, -OC(O)NRR®, -NRC(O)RY, -
NR°C(0).R’, -NR*C(O)NRR®, -NRUC(O)NRIR?, NRUR*, -OR’, and -S(0),NRR®; wherein
each R® and R®is independently selected from hydrogen, C;.4 allcyl, and Cy ¢ haloalkyl, or

when attached to the same nitrogen atom can be combined with the nifrogen atom to form a
five or six-membered ring having from 0 to 2 additional heteroatoms as 1ing members

selected from N, O or S; each R is independently selected from the group consisting of Ci.
alleyl, Cy.¢ haloalkyl, Cs.¢ cycloalkyl, heterocycloalkyl, arvl and heteroaryl, and wherein the
aliphatic and cyclic portions of R%, R® and Rf are optionally further substituted with from one
to three halogen, hydroxy, methyl, amino, alkvlamino and dialkvlamino groups;

each R? is independently selected from the group consisting of
halogen, -CN, -R', -COR?, -CONRR", -C(O)RE, -OC(OJNRER, -NR*C(O)RE, -
NREC(O)R', -NREC(O)NRER?, -NRERY, -ORE, -S(0);NR®RE, -X*-R/, -X*-NRER", -X*-CONR
R, -X-NREC(O)RE, -NHR! and -NHCH,R’, wherein X*is a C14 alkylene; each R® and R” is
ndependently selected from hydrogen, Cigalkyl, Cayg cycloalkyl and C, g haloalkyl, or when
attached to the same nitrogen atom can be combined with the nitrogen atom to form a five or
six-membered ring having from 0 to 2 additional heteroatoms as ring members selected from
N, O or S and is optionally substituted with one or two oxo: each R is independently selected
from the group consisting of Cy.5 alkyl, C;¢haloalkyl, Cay cycloalkyl, heterocycloalkyl, aryl
and heteroaryl; and each R’ is selected from the group consisting of Cs.4 cycloalkyl,

9a



-CONRdle, -C(0)Rd, -0C(0)NRdle, -NReC(0)Rd, -NrC(0)2RI, -NRdC(0)NRdle, -NRJC(0)NRdle,
-NRdRe, -ORd, and -S(0)2NRdle; wherein each Rd and Rd is independently selected from hydrogen,
C18 alkyl, and C1..8 haloalkyl, or when attached to 30the same nitrogen atom can be combined with
the nitrogen atom to form a five or six- membered ring having from 0 to 2 additional heteroatoms as
ring members selected from N, 0 or S; each Rf is independently selected from the group consisting of

Chs alkyl, Grsthindd kyheG8ngicycyditdih vhatsrarydtohikarybrad daret dintérgamn dnehd/héreiinthe
aliphatic and cycli rti fR e an re,optionally further suhstituted with frc e to three
halogen, hﬁ%%&%@?@%ﬁ?ﬁﬁ%ﬁﬁ%&%pﬁa igﬁé’/ arﬁ}l{ RO pgttfgxlﬁapsy each R3 éﬁ%&%ﬁé’ﬁféemw
selected frofrrthegrtupusrsiktiey. oidibibgeh;, IO @D 2Ripe CiNMRg R, 2€l(6)Rigy1aBCG{0)NRgRh,
-NRIt(0)Rg, NRRC(O)2RI, -NRgC(0)NRgRh, -NRgRh, -ORg, -S(0)2NRgRh, -X4-R, x4NR5Rh K
X4-NRhC(0)Rg, -NHR and -NHCH2R, wherein X4 is a C1.4 alkylene; each Rg and Rh is
independeiitlyéeteeted frdm hydrogen, C1L8 alkyl, C3_6 cycloallcyl and C138 haloallcyl, or when
attached to the same nitrogen atom can be combined with the nitrogen atom to fowl a five or
six-membEi&Hhh raeihgesne®. i@ aditondshetphoanneertisdingrpesibersemipdseifom N, 0 or S

and is opgnaliysubstited i ipoe.or e XP: £a6A Rk s dodengadpily selected from the group

consisting of C138 alkyl,”C138 haloalkyl, C3_6 cycloalkyl, heterocycloallcyl, aryl and heteroaryl; and
each R is selected from the group consisting ofyC8 5 ¢ 1cloa|ky|, pyrrolinyl, piperidinyl, morpholinyl,
tetrahydrofuranyl, and tetrahydropyranyl, a erejrthe aliphatic and cyclic portions of Rg, Rh, R
and R are optionally further substituted with_frg og%! to three halogen, methyl, CF3, hydroxy, amino,
alkylamino and dialkylamino groups; and Xis ydr%gen or CH3. [0024] In addition to the compounds
provided herein, the present disclosure furgh ovides @:

and pharmaceutically acceptable salts, and rotamers thereof; wherein

clis pheny! optionally substituted with from 1 to 3 R’ substituents:

C*is phenyl optionally substituted with from 1 to 3 R? substituents; _

C* is selected from the group consisting of Cs.¢ cycloalkyl and phenyl, and each C* is optionally
substituted with from 1-3 R® substituents:

each R’ is independently selected from the group consisting of
haloger, -CN, -R®, -CO,R?, <CONR®R?, -C(O)R?, -OC(OINR*R?, -NR"C(O)R?, -
NRPC(O),R®, -NR*C(OINR®*R®, -NR*R®, -OR?, and -S(O),NR*R”; wherein each R* and R® is
independently selected from hydrogen, Cgalkyl, and C;.shaloalkyl, or when attached to the
same nitrogen atom can be combined with the nitrogen atom to form 2 five or six-membered
ring having from 0 to 2 additional heteroatoms as ring members seiected from N, O or S;
each R® is independently selected from the group consisting of C; g alkyl, Cy.g haloatkyl, C
cycloalkyl, heterocycloalkyl, aryl and hetercaryl, and wherein the aliphatic and cyclic
portions of R%, R® and R° are optionally further substituted with from one to three halo gen,
hydroxy, methyl, amino, alkylamino and dialkylamino groups; and optionally when two R!
substituents are on adjacent atoms, are combined to form a fused five or six-membered

carbocyclic ring;

ob



pharmaceutical compositions containing one or more of these compounds, as well as methods for the
use of these compounds in therapeutic methods, primarily to treat diseases associated C5a signalling
activity. [0024a] In one aspect, there is provided a compound having the foimula X 0 N C3 C20(l); and
pharmaceutically acceptable salts, and rotamers thereof; wherein Cl is phenyl optionally substituted
with from 1 to 3 RI substituents; C2 is phenyl optionally substituted with from 1 to 3 R2 substituents;
C3 is sel&R & rs iR iR BsuD csiwsisti ol Eammuydoatisiandihenyl, and each C3 is optionally
substituted Wﬂ%é&mcji\'@ﬁ?~%@g%£ﬁu_%ﬁ@%b-%ﬂld?8w§ﬁg¥ el_%ﬁgg%oga the group consisting
of halogen, -CN,-CO2r, -CONReRb, -C(0)1e, -0C( deR , - Re, - (0),r, -NrC(0)Nab,
-NReRb, -ORR afid 2B (072N iRk Whetéin @40hiRaRY RIRISihdopanaentyspiskiad; fiomriydrogen,

C1_8 alkyl, apd, &1 E&h@l_@g@%gﬁg@ﬁ@s@f@g&%%%@me [ij;r%g%q?a}i?é&géngﬁ)% orpbined with

the nitrogen atom to form a five or six-embered ring Raving fror t€rodtonas as
ring membePERIBEERFFBMIR SOTSIIST ea56I A RE: igth Be pemtientl wdlettet frararthegroufhepasisting of
C1.8 alkyl, %ﬁ%hﬁkﬂﬂkﬁ%%@ﬁ%‘ﬁﬁﬁﬁ?ﬁr&ﬁt@wcﬁﬁ vl ang heteroarxl?ﬁnqjxvherein the

aliphatic and cyclic portions of le, Rb and Re are optionally further SL%gtmltuatge with from one to three

halogen, hy&?&?ﬁ?%%‘ﬁﬂﬁ»&ﬂﬁ& %R?I%Fﬁ@%ﬁ@é%ﬁ@aﬁm@@ifm;péhagdvqpﬁmnaﬂmghﬁmwo Ri

substituentszarg an, adiacent:ato sy iR Smbined o form 2 fised five or shemembered carbocyclic

ring; L e ' ]
aliphatic and cyclic portions of R%, R® and RY are optionzlly further substituted with from one
to three halogen, hvdroxy, methyl, amino, . lamino and dialiylamine groups; |

each R is in@lap'éndenﬂy selected from the group consisting of |

balogen, -CN, -R, -CO.R¥, -CONRERE, -C(O)RE, -OC(O)NRER?, -NREC(O)RY, -
NRIC(ORR!, -NREC(O)NRER?, -NRERE, -ORE, -S(0),NRRE, 3R, SXONRERE, SC-CONR
¥R, -X*-NRPC(O)RE, -NHR! and -NHCHR!, wherein 3% is 2 Oy alkcylene; each R¥ and RY ig
independently selected from hydrogen, Cyg alkyl, Cag cycloalkyl and C 4 haloalicyl, or when
attached fo the same nitrogen atom can be combined with the nifrogen atom to form a fve or
six-membered ring having from 02 additional heteroatoms & ring members selected Tom
N, O or S and is optionally substituted with one or two oxo; each R is mdependently selected
from the group consisting of C atkyl, Cip haloalkeyl, Cag cycloalkyl, heterocycloalkyl, aryl
and heteroaryl and each R is selected from the group consisting of Cy; cycloalioyl,
pyrrolinyl, piperidinyl, morpholinyl, tetrabydrofuranyl, and tetrahydropyranyl, and wherein
the aliphatic and cyclic portions of RE, RY R and B’ are optionally further substtuted with
. Trom oneto three halogen, mathyl, CFs, hydroxy, aminoe, alicyiaming and dialkylaminoe

groups; and

X 15 hydrogen or CHs,.

[0025] In yet another embodiment, the present disclosare provides methods of diagnosing disease
m an mdividual. In these methods, the compounds provided herein are admimstered in
labeled form to a subject, followed by diagnestic imaging to determine the presence or
absence of C5aR7. In a related embodiment, a method of diagnosing disease is carried out by
contacting & tissue or biood sample with 2 labeled compound zs provided herein and

determining the presence, absence, or amount of C3zR in the sample.

Y



each R2 is independently selected from the group consisting of halogen, -CN, -R-CONRdr, -C(0)Rd,
-0C(0 )NRdr, -NrC(0)Rd, - NrC(0)2Rf, -1RdC(0)NRdr, -NRAC(0)NRdr, -NRdr, -ORd, and -S(0)2NRdr;
wherein each Rd and Re is independently selected from hydrogen, C3..8 allcyl, and C3.8 haloalkyl, or
when attached to the same nitrogen atom can be combined with the nitrogen atom to form a five or
six-membered ring having from 0 to 2 additional heteroatoms as ring members selected from N, O or
S; each Rf is independently selected from the group consisting of C1.8 allcyl, C3.8 haloallcyl, C3-6
cycloallcyl, heterocycloallcyl BRYE&EUERERBAIYOE A EVIERDRAGEINGAEtIc and cyclic portions of Rd,
Re and R ptionally.furthe stituted, with from ene to three halogen, hydroxy, methyl, amino,
oy laming L AT A e A e B oneiting o
halogen, I RIDORRG h:CONRGREs, “SORB2-GTION R greiRNE @Rybed\NRIRT{BY 2RI,
“NROC(ONRAR Y, NRABA-aRRG-S{0)2NARs ¥4zMRERN.-X4-CONR gRh, -)Ce-NRNC(0)Rg, -NKR
and -NHCH2r, wherein X4 is a CI alkylene; each Rg and-Rh is independently selected from hydrogen,
C1.8 alkyl, C3-6 cycloalkyl and C1_8 haloaikyl, or when attached to the same nitrogen atom can be -
combined with the nitrogen atom to form a five or six-membered ring having from 0 to 2 additional
heteroatoms as ring members selected from N, O or S and is optionally substituted with one or two
0xo; each Ri is independently selected from the group consisting of Ci.8 allcyl, CI.8 haloallcyl, C3_6
cycloalkyl, heterocycloalkyl, awl and heteroaryl; and each Ri is selected from the group consisting of
C8..6 cycloalkyl, pyrrolinyl, piperidinyl, morpholinyl, tetrahydrofuranyl, and tetrahydropyranyl, and
wherein the aliphatic and cyclic portions of 11,Ri and Ri are optionally further substituted with from one
to three halogen, methyl, CF;;, hydroxy, amino, alkylamino and dialkylamino groups; and X is
hydrogen or CFI3, [0024b] In another aspect, there is provided a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a compound having formula 0
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C1 N C3 CO(l); and pharmaceutically acceptable salts, and rotamers thereof; wherein Cl is phenyl
optionally substituted with from 1 to 3 R1 substituents; 02 is phenyl optionally substituted with from 1 to

3 R2 substitwgﬁi&%?\f/elected from the group consisting of 03.5 cyclog@ﬁg&ﬁ&%wl, and each C3

is optionally substituted with from 1-3 R3 substituents; each Rl is indepen y selected from the
group consisting of halogen, -ON, -le, -0021e, -CONRale, -C(0)Ra, -0C(0)NRaRb, -NRbC(0)1e, -
NRDbC(0)21e, -NleC(0)Nfellb, -NleRb, -ORa, and -S(0)2.NTeRb; wherein each le and Rb is

independently selected frgme hydrguem XS gy RBIG T hNvalkyg ornwhen attached to the same
nitrogen gtom can be c,ombine% fég the nitrogen atom to form a Eve or six-membered ring having

from O to 2 addi%?ﬁméfé% g'ltiirqﬁsmembers selected from N, 0 or S; each le is independently
selected from the group consisting of C 14 alkyl, CI-8 haloalkyl, C3-6 cycloalkyl, heterocycloallcyl, aryl
and hetert943/] arddwkereiniae. Mipalicoant RAyLIE Portior bitibcRbasi jevatesHplisHEly further

substituteg.with fcamons o ieRanaloaen sdrosy -meinvleeming. alisvienyna.and sialkylamino

groups; and optionally when two Ri substituents are on adjacent atoms, are combined to form a fused

five or sixdRTEmEEIdHeCAro BRANS ARG S3H BRI IERERBkAR LsdEumidhtiig Gradbi-consisting of

halogen, B, 1RrfeN TREBEYL GRS, =0E{0)NRRE, sRetG(@)Rshtyl, n-hexyl, n-heptyl, n-
octyl, and the like. The term "alkenyl" refers to an unsaturated alkyl group having one or
more double bonds. Similarly, the term "alkynyl" refers to an unsaturated alkyl group having
one or more triple bonds. Examples of such unsaturated alkyl groups include vinyl, 2-
propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl,
1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers. The term "cycloalkyl”
refers to hydrocarbon rings having the indicated number of ring atoms (e.g., Cascycloalkyl)
and being fuily saturated or having no more than one double bond between ring vertices.
"Cycloalkyl" is also meant to refer to bicyclic and polycyclic hydrocarbon rings such as, for
example, bicyclo[2.2.1]heptane, bicyclo[2.2.2]Joctane, etc. The term "heterocycloatkyl”
refers to a cycloalkyl group that contain from one to five heteroatoms selected from N, O, and
S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. The heterocycloalkyl may be a monocyclic, a bicyclic or a polycylic
ring system. Non limiting examples of heterocycloalkyl groups include pyrrolidine,
imidazolidine, pyrazolidine, butyrolactam, valerolactam, imidazolidinone, hydantoin,
dioxolane, phthalimide, piperidine, 1,4-dioxane, morpholine, thiomorpholine,
thiomorpholine-S-oxide, thiomorpholine-S,S-oxide, piperazine, pyran, pyridone, 3-pyrroline,
thiopyran, pyrone, tetrahydrofuran, tetrhydrothiophene, quinuclidine, and the like, A
heterocycloalkyl group can be attached to the remainder of the molecule through a ring

carbon or & heteroatom.

[0028] The term "alkylene” by itself or as part of another substituent means a divalent
radical derived from an alkane, as exemplified by -CH,CH;CH,CH,-. Typically, an alkyl {or
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer
carbon atoms being preferred in the present invention. A “lower alkyl" or "lower alkylene” is
a shorter chain alkyl or alkylene group, generally having four or fewer carbon atoms.
Similarly, "alkenylene" and "alkynylene” refer to the unsaturated forms of "alkylene™ having

doubte or triple bonds, respectively.
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NTIt(0)2RE, -NRdC(0)NRaR, -N-RdC(0)NR_dRe, -4R6Re, -Cad, and -S(0),NRdr; wherein each Rd
and Re is independently selected from hydrogenalkyl, and CI ghaloalkyl, or when attached to the same

nitrogen atow&?ﬁ‘pt%go bined with the nitrogen atom to form a Eve or %wﬁ%g% é'&ng haying
10 ; eac

from 0 to 2 additional heteroatoms as ring members selected from N, O or independently
selected from the group consisting of C]..8 alkyl, Ci_ghaloalkyl, C3.6 cycloalkyl, hettrocycloalky. 1, aryl
and 'neteB&, ahbaisiarehistgreiighdticiant eyulieopdriahHeroV Ry REEHETRERFE dPWMHAlly further
substitutednaififeamiane siptes dialogeanbydroxynmetpdaminecatkyiaminaiand dialkylamino

groups; each R3 is independently selected from the group consisting of halogen, -Chi,-CO2Rg,
“CONR.gRFREIHNRS eSOyt ONEMK6TRY, SRS NRGD EIR KL ORFRRS . BIKE,
-5(0)2N-RgRtnatdd sNRgRI, fr¥d-GONRpaidhis){dn b Rb(OIR g ¢ N IR andrdiHH2Rgetherein X4 is a
Ci_4 alkylene; each Rg and Rb.is indfrin-ndi-ntly selected from hydrogen, Ci.g alkyl, 5 cycloalkyl
s G o T e S B e R B e MG R Bl s vogen
atom to fauatafivedor&ix ieterndsensd) thg\mod rignirorhe@lto<d atditionzi e roatemEths ring members

selected fiqm ;91 2ndis RRUSRAll SHbaltUsAIANE Qrive i end RIS ipdspendenty

selected from the“group consisting of Ci-g alkyl, Cl.shaloalicyl, Cg.6 cycloal@gl, heitegocycloalkyl, aryl
and beteZodpdingricameHimeis seedted frora e gratistshsishinrorogda dyEoaRCHrolinyl,

piperidinymaspRohavidetrahygioiurenyl, -and ietratygiopyranyl. end whemeinche atiphatic and cyclic
portions of Rg, Rh, Rl .and R are ()é)tiona%urther substituted with from one to three halogen, methyl,

CFal ShydFdhly ClimioHarkbTariid-Sht-afaileyfarint Yrdulls; St KHs O drogsi SHemM$ Ho025] In yet
another eptbadidert, the preseri gisCiasucaipravidesmdihedsohdiagnasingrdisedse, kuan individual

in these methods, the compounds provided herejr ministered jn labeled form to a subject,
followed By (gL e AT e DAt or B o ey Tkl dlec
embodiment,“aatethibsingt thagteliny idiseabmisioamigdaoothioy teontastimg, aitissuslorblend sample

with a labglech campaund A5 BravEEA NS AR AEIR IR (B ARSRDCRARRERGS-3r amount of

C5aR in the sample. ~ o
15 carbons and having from one to three heteroatoms selected from the group consisting of O,

N, Si and S, and wherein the nitrogen and sulfur atoms may optionally be oxidized and the
nitrogen heteroatom may optionally be quaternized. The heteroatom(s) O, N and S may be

placed at any interior position of the heteroalkyl group.

f0030] The term “heteroalkylene” by itself or as part of another substituent means a

20 divalent radical, saturated or unsaturated or polyunsaturated, derived from heteroalkyl, as
exemplified by -CH,~-CH,-5-CH,CH;- and -CH;-8-CH;~CH;-NH-CH;-, -O-CH,-CH=CH-,
-CH,-CH=C(H)CH;,-0-CH;- and -5-CH,-C=C-. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alkylencoxy, alkylenedioxy,

alkyleneamino, alkylenediamino, and the like).

[0031] The terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alky! groups attached to the remainder of the molecule
via an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally, for
dialkylamino groups, the alkyl portions can be the same or different and can also be
combined to form a 3-7 membered ring with the nitrogen atom to which each is attached.
Accordingly, a group represented as -NR*R” is meant to include piperidinyl, pyrrolidinyl,
morpholinyl, azetidinyl and the like.
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BRIEF DESCRIPTION OF THE DRAWINGS [0026] Figure 1 provides structures and activity for
representative compounds of the present invention. The compounds were prepared usually methods

as describe%,ggwg%gelow, as well as methods provided in the Examplesq:3sh/068941
2010/07525 2009/068941 DETAILED DESCRIPTION OF THE INVENTION

|.Abbreviation and Definitions [0027] The term "alkyl", by itself or as part of another substituent,
means, UAYY othBRiAEEsST#d 08 SHI9EFR- oPHIAFERIUCE AL AT R UCRBBH MO Raving the number
of carbornyatgingmAesignaetdked l:Simeanscaneiie, tightitarbonginExampleddfiadkilygroups include
methyl, ethyl, n-propy|, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, noctyl,
and the Iﬁ?g?l%ﬁ‘écgle%yn hﬁ?&g&/ﬁ Pé?erfg%t é‘h‘%‘%&&“Pé’%%‘&@F&F;S%ﬁpﬁ%’ér‘{??ﬁ%%‘ﬁ@'of?%/ore double bonds.
Similarly ctaentdembiatiymylC refatsagydhisinsatukated wlkyifrouprdetih G 8ietoflmoretitsib - bonds.

Examples, of such unsaturated z%ék l.gr include vinyl, 2- propenyl, crotyl, 2-isopcntenyl,
2-(butadigiﬁ)?ﬁ?lfﬂfﬁ'yb%sr%gg}gﬁrﬁ? %f%f%%ﬁ%gdienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the

higher hogpiges #hd fsameia. Theemevsinalol tleie Jobudiasasien iogs.iging he indicated

number atoms tocycloalky ing fully saturated or having no more than one double
bond betwesringydasecor gpeoaikgl ¢arubse Hagaripeeiarbipicyers andhERf&/dneshydrocarbon
rings such s, fgk mmgetﬁé‘?)é?l%%e%- QME@EB’ BleHeial 212R1esANGeRES 1J Re RIS (or

"heterocycloalkyl" refers to a cycloalkyl group that contain from one to five heterpatoms selected from
N, 0, andrBNRRFEHRTHRENTTRBRNS KHdvsetFratamms s SstiBRmN-Xidaea: ¥R Mitrogen atom(s)
are optiopaty.auatrrgizad . hetepocyaloalylimay Hel shandnogychaabieyehetumalpolycylic ring
system. Non limijtin mples of heterocycloalkyl groups include pyrroliding, imidazolidine,
pyrazolidﬁ}@f%ﬂ@?ﬁﬁa%ﬁﬁ%%ﬁ%ﬁ%ﬁ&%}i; i ggoﬁ%{ﬁo%r%efeﬁ%%n%%{ |on>}8{%a%ué? phthalimide,
piperidineyclsbalioxanmnrtioringlinertilismbeprialinepstinsdr pholine r@pbstisleand biphenyl,
thiomorphgline-S,S-oxide, piperazi i - ing, thiopyr etrahydrofuran,
etthycrol T S R B e o the
remaindeptithedinpletiatrscuiie borh g uassetingh QHeterbatbrA oo DS TheiddaT Bikylene” by itself
or as pafﬁoeﬁﬂﬂ%ﬁ{yﬁ#}%&mﬂeB&m%ﬁa&@iﬁiyﬁéﬁiﬁﬂmpsémﬁmgr&@iﬁ@%ﬁg@xemplified by

. LYP

-CH2CH2CH2CF12-. T ,|caliy, an alkyl (or alkylene) group will have from 1 to 24 carhon atoms, with
those groWiplchaRAly 1 FEPYelvb iRy At BAIEIT R HrdRisPa g T ERORHTY . A "lower alky!"
or "lower glkyingyis-achareiiehaipalkoraiiodenegraubsgenasaly, baviotfaul andelyer carbon
atoms. Similarly, “alkenylene’ and " I@/n lene" refer to.the unsaturated, founts of "alkylene" having
double or%HB Qﬂﬁ%‘%‘%@éﬁ&e&?ﬁ%f‘y’l& St 5&?#@%&9‘%&%‘6@#{6&6‘? e telii
"heteroalkytioyyitseitarih comibiialitnaditacdnotherdeinhinrebisiunylldbs utherd/ibe Kkated, a stable
straight og (ranched faly LNl dgeRThon adicah A AAmPRRHANS I aRRk QRRIsting of the
stated number of carbon atoms and from one to three heterdoatoms' selected from the group consisting
of 0, N, SthergiGipearidieobripbin shbsitnagesescribed below.

[6034] For brevity, the term "aryl" when used in combination with other terms (e.g.,

aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above.

Thus, the term "arylalkyl" is meant to include those radicals in which an aryl group is

attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethyl and the like).

[0635] The above terms (e.g., "alkyl,” "aryl" and "heteroaryl"), in some embodiments, will
include both substituted and unsubstituted forms of the indicated radical. Preferred
substituents for each type of radical are provided below. For brevity, the terms aryl and
heteroaryl will refer to substituted or unsubstituted versions as provided below, while the
term "alkyl" and related aliphatic radicals is meant to refer to unsubstituted version, unless

indicated to be substituted.
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5and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be
qguaternized. The heteroatom(s) 0, N and S may be placed at any interior position of the heteroalkyl

group. The i may be placed at any position of the heteroalk j ing the
bty S

position at whic yl group is attached to the remainder of the molecu s include
-CH2-CH2-0-CH3, -CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-CH3, -CH2-S- 10 C12-CH3,
-CH2-cHEYo)-Shsitieps ferithe dio)edinds (erudre hrespgegi el sicoed ® € H=N-OCH3, and
'C|zCH'W@}H@%Qﬁﬂ@nHP&IQyW&NEJﬂ@@f)&@Hﬂ@§I m?%%? c&mgz@wtgv@a;ﬁ{ﬁkbaéldf@éﬁx?m@eﬁ,k -
-CH2-NH-QCH3 and -CH2-0-Si(Gl-13)3. Similarly, erms "heteroalkenyl" and "hetcroalkynyl" by
itself or i ¢5mB r?On \5%1 é%lét%ééerﬁ%%ﬁ@é%s,'éﬁ@&’ggﬁ%%is"&o@%g af?)a(?ﬁgﬁvﬁgﬁotlp or alkynyl
group, resBECHYENR thaiKoataisRR stardt Gumider, alHsealBonsiEndNRaAGIg frprRIanavie-three
hetcroato ected f e copsisti .0, ' >, W, in.the nitrogen and sulfur
St e SIS Sl S e S

atoms may opt2| n b t may optiona ﬁ%lea(ﬂlug%emlzed. The

heteroatorging. fivarrdrs tmeyrive plavkeramamthateidmpotiton ofthen htaroulloyihgrelign 00301 The

term "hetgroglieyleng oy I3l g agnalt Rfano ek substiaalMrans 2 2RJivalabiadical, saturated
or unsaturated or polyunsaturated, derived from heteroalkyl, as exemplﬁ‘led by -CH2-CH2-S-CH2CH2-

o - CHASSEABADSNHIELES ATt MR Y |23 s DL B S B CH2-Con

For hetergalkylraig, @rQUpsHRQIRIAIOIS San alsaracauRy sifher.onkothof e shainternini (e.g.,
alkyleneoyy, alkylenedioxy, ang:l)éleneamino, aIIEéIenedi mino; and the like). [00311 The terms "alkoxy,"

"alkylamino"&ha" tfﬂ(ﬁle(é?‘ iBHIRERY Fare BT S PRSI S RHOECR AP to those
alkyl groufesratidehed 39 Sheordmaindersdfrthe rfotecutepiia-AROXY (emaatane, iacla@®ino group, or a

sulfur atom, respectively, Additiopally, for dialkylaming groups..the-alkyl portians can be the same or
ifforent TN 1 T S B B BT B vk e
is attachexdfonctsortinidylxl, radgpaupheepregantebisniiigtie i avetdnthihtlgiegipe titimginpyfrolidinyl,

morpholinyl, azeiding @0dHel ke QLI KEIRBA R L2 RIP/06EIH0032] The terms "halo™ or

"halogen,” by themselves or as part of another substituent, mean, unless otherwise stated, a fluorine,
chlorine, &é}ﬁﬁ &SRB dtbaiik&dditionally, terms such as "haloalkyl," are meant to include
monohaloalkyl and polyhaloalkyl. For example, the term "C1-4haloalkyl" is mean to include

trifluoromEt3T] 2, Simiidlyorsihipends EHiBoBURANS SFYP SHORPARE tHElfkaNf0B331 The term "aryl”
means, uplasfnihelwise staied RipaUIBRILBES Y RicalyraraRtCR hydracatoon g@mp, which can
be a single_ri multiple rin three 1in hich_are fused together or linked, covalently. The
WIlin "heté%%%%e’féﬁﬂ% rygs}éa%g rfﬁ‘éﬁﬁé oﬁ% ?@%ne‘%@‘ﬁ\?gﬁ&& toms selected
from N, O;:8Hd ENWhetdh thR Miteger s Hd ST C(atdmsNRe sfliHRAJMN (OjekZed(@ndNthiR Hjtrogen
atom(s) ar. j ly quaternjzed. A heteroaryt group can attached to the remainder of the
molecule tﬁgﬁgﬁﬁﬁéﬁ%g%@r%oﬁééﬁ ?tln%xgkgglr(r? B%@g) a ylléggr%ﬁ%ﬁiﬁ%l% %HEJ cérﬁ%gh%phthyl and
biphenyl, fhilesiondimitinglexamhptes afdmetaioany drdvpsindidiansyrdiampyridatiend RoyRazinyl,
pyrimindinyl _ﬁi%mw%mm, Qo ngHinaze iyl anelinyt, btalaziniylikenrotriazinyl,
purinyl, benzimidazolyl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl, isobenzofuryl, isoindolyl,
indoIizinyg%@ﬁm%ﬂﬁiﬂ?%ﬁféﬁgﬁﬁb‘?ﬁw?Fﬁfﬁ%ﬂyﬁ‘r‘ﬁ?&%?ﬁ”ﬁﬁ&%po yrittidinidmidazopyridines,
benzothiaxgiybshepzpivraryl.dyenzethienybrindelyle aubsohybnisosttinelyicisothiazocpyyazolyl,
indazolyl, pteridinyl, imidazolyl, triazolyl, tetrazalyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl, thiazolyl,
fury. o ARG S kT AT PSR GF S S Gheh S AR R bary g Systoms
are selectffipm 1% 19K L ASSRIADIS SHRSHYENS S8RSTRTS PRI ryt ring may

optionally be replaced with a substituent of the formula -T-C(O)-(CH,)¢-U-, wherein T and U

are mdependently -NH-, -O-, -CH,- or a single bond, and g is an integer of from 0 to 2.

Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may

optionally be replaced with a substituent of the formula -A-(CH;),-B-, wherein A and B are

independently -CH;-, -O-, -NH-, -S-, -5{O}-, -S(0):-, -S{O),NR’- or a single bond, and r is an

integer of from 1 to 3. One of the single bonds of the new ring so formed may optionally be

replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of the
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[00341 For brevity, the term "aryl" when used in combination with other tes (e.g., aryloxy, arylthioxy,
arylalkyl) includes both aryl and hetcroaryl rings as defined above. Thus, the term "arylalkyr is meant
to include t icals.in which an aryl group is attached to an alkyl gr ég |, phenethyl,
pyridylmethy %erziml’g%ﬁé). [0035] The above terms (e.g., "alkyl,” "aryl" a%%'i{ e%qé%%??g' , in some
embodiments, will include both substituted and unsubstituted forms of the indicated radical. Preferred
substituefte! SrheiseparyheEns rydiealianalyrbyigeldisih rorbrdwy ehé ey Gl heteroaryl will
efer to sshtiypdorasuhsiieRasisisE ERiMdschoeloNo Wi theyenn. ol and related
aliphatic radicals is meant to refer to unsubstituted version, unless indicated to be sybstituted.
2010/075%%)?ch|J )3355H %@5{41 [6@%%?‘%‘&%&}1{3@& Tﬁ&daﬁ@%%eé% fﬁ?%?ﬁ?g%r%’?ﬁose groups
often refeiydebipasatkydbsayatkenylaiallkynyl and cycloalkyl) can be a variety of groups selected from:
-halogen, OR', -NR'R", -SR’, -SIR'R"R", -0C(0)R’, -C(0)R', -CO2R’, -CONR'R", -OC(0)NR'R",
NR"C(0) ROOMNR'-AO)NR Mt inNRE GR) 2 R e @ (NHRY =i kb, N RAE (AR (CH, nldgeNNR)--NR',
-S(O)R’, SUQQ%]IZE%% -Sé(%)ﬁlc\l@'%;P‘-NR'S(O)ZR", -CN and -NO2 in a number ranging from zero to (2 m'+1),
e ero

where m'is t fal’num carbon atoms in such radical. R', R" and R™ each independently refer

to hydrog sybstituted. C1-8.alkyl, upsubstituted heteroalkyl, unsubstituted,aryl, aryl substituted
with 13 T e Y R R B & etitea
aryl-C1-4thdkykepmupscWitren iRtighiduRY apéettache sitts thkosameltHigrogen iatshitithbylesn be

combined yyith, i miEaes atomiRLOMAid1idtids infru R TR MAEIRRHEING. Forgrample, -NR'R"is
meant to include 1- pyrrolidinyl and 4-morpholinyl. The term "acyl" as used by itself or as part of

. P y m, :
another g5l Fetierpbium ety iraenbarsiidranitb ettt am e LIIoRW# R iS closest to the
p?in)tfof a@”@t?hmﬁﬁtﬁgﬁrﬁh@?ﬁ@%@ﬁh&ﬁﬂﬁﬁﬁﬁl@l‘zﬁ%&h Iﬁgﬁ@ub&ﬁtsﬂiﬁgnhf&is;l@mﬂO)CH3, -l
C(0)CH2CH20R' and the like). {00371 Similarly, substituents for t ryl and heteroaryl groups are
ot anS RS GEETATS) LeEe R TR TR SRR N RE SR, o N, ‘NOD.
-CO2R’, -GeyRRa=6l{0pRh A C0)RIRShal RIC (O) By HNRIG9) 2R PoRG (@INRIR 4nd the
-NH-C(NH2)=NH, -NR'C(NH2)=NH, -NH-C(NH2)=NR', -S(0)R’, -S(0)2R", -S(0)2NR'R", NR'S(0)2R",
-N3, perfluoro(CI-C4)alkoxy, and perfluoro(Ci-C4)alkyl, in a number ranging from zero to the total
number ences on the aromatic ri em..and w R, R": "are ] e endently
selected Poﬂr%?ﬁyﬁg}eeﬁfn CR?‘%%ﬂ?ﬁﬁ%gin%%%%%ﬂ%y : gz?%%%%%’l 1 %§f§ %1%§%y ,%u%%%titituted aryl
and hetersarppuitisubstitate drepyiptith wiaiy dnaenieubasidted bistoxda@rdpgRythother suitable
substituegts, ingiderachof RS ARVEchRslucREsBtREhah v ERgAIRRRY BRalkylene tether

of from 1-4 carbon atoms. [0038] Two of the substituents on adjacent atoms of the awl or heteroaryl

ring may BisteHaANyBEYe s WitH CeasidituBRE BRIy htiG a9eiBon sttt 5o e bifEein T and U

are indepppelentitiihhe Rutcl Figmasfasnalenbond sanehg is.ei:ipiegabelfsomddaizAlternatively,

two of theg substjtuents on adjacent atoms of the aryl or heteroaryl yin optionally be replaced with
5 o AT S e bR o

a substituBitoF S RSAUIA- ASERYS IFEL SOV Bheif ARG S S i Mty -CH2-, -0-, -NH-, -S-,
-S(0)-, -5(2maSiieNiR awraadihgletand, anek insladeistegenof, Fomdhio s c@nemnf thppsingle bonds
o e S Sl SRS A SR Bl oo e
like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
secondary and tertiary amines, including substituted amines, cyclic amines, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N’-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol,
gthanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperadine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present

invention contain relatively basic functionalities, acid addition salts can be obtained by

contacting the neutral form of such compounds with a sufficient amount of the desired acid,
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aryl or heteroaryl ring may optionally be replaced with a substituent of the fo-(CH2),- X-(CH2)t-, where
s and t are independently integers of from 0 to 3, and X is -0-, -NR'-, -S-, - 5(0)-, -S(0)2-, or -S(0)2NR'-.
The substituent R in.zNR'- and -S(0)2NR'- is selected from hydrogen or %i%?é [-o alkyl.
[0039] As ulégé% ﬂe(r)}eaiﬁj,}!tﬁe term "heteroatom" is meant to include oxygenlﬂ, 0), nl:é%dgg%%\l]), sulfur (S)
and silicon (Si). 100401 The teiin "ionic liquid" refers to any liquid that contains mostly ions. Preferably,
in the preS8ifE BRAATIEH SIHBIAGAESPhTers Baarien el Rirssw shetisalvpstapiatisiagidely low (e.g.,
belovlv 2598@51@@ ﬁ?}ﬂm}ﬂ% i%iéﬁ lﬁ@ﬁ%@ iﬁlglihl%@%ﬁf@cﬁ%ﬂﬂf@@%&ﬂio@i&)ﬂy@;@%l d}/éi,mi:iazolium
tctrafluoroborate, 1-hcxyl-3-methylimidazolium tetrafluoroborate, Socty1-3-methylimidazolium
tetrafluorBHOTate o S R P B GPSBOPA Lo ORI ety lmicazolur
tetrafluordiiorhiechpheptibde, meflwylinnidazioldnn: hex#iluor aphiospisate pladphorous acids and

L-hexy1- 3meihyimidazolym bromiide, and the e, 100411, The term pharmaceytically acceptable
salts” is meant to Inciide salts of the active compou ds Which are prepare With relatively nontoxic
acids or haspenee pehdirdcomafmsabicuar. substittentsfouhdnen cheasdmisopitisldescribed herein.
When CO%M%&Ek@ﬁl%ﬁ@%?f’sﬁ}ﬁ{hﬁ%&#ﬁ%&ﬁm Felativelvagidic funglionaliug s, aask addition salts

can be obtained by contacting.the neutral form of such compounds with a sufficient amount of the
desired b#Ss2EfRBARBSSHIN M HABRIHE AT HECEXShpls £ bpisarys deids i From
pharmaceuficalirascentabladnotganiainge sikRcHideral Lminym, BERFONIUMCalcium, copper, ferric,
ferrous, lithijum, magnesjum, manganic, manganous, potassium, sodium, zinc and.the like. Salts
derived fror PHAFRIHERRTY Ay REERBIEI BRIZHH 645e8 Ficfu i Ealtd: dr BHmGs 2 Leds ity and
tertiary anungeuinilufing substituiet@mines: oyelih mminesd naidicafyecousinisatminedoand the like,
such as a,é%i%r}g (pu%tgi@ebcaﬁeiglgtbgh line N,{j\laiéedibenz?glggg%engﬂigmine, diethylamine,

2-diethylaminoe ano?, -dﬁr%%%ylam?ﬁge'ﬁ%eﬁol, Sthano arnlne,](1etgﬁyiénediamine, N-ethylmorpholine,

N-ethylpi 86@[1%%189 ‘Tﬂ%og}%c&%ﬁé“é&‘% Q&%%Qi”% ydrabaming, isopropylamine. ysing.
methylglucamine, morpﬁome, piperazine, |peracm1 , polyamine res:?’ns, proc:ﬁne, purines,
theobromirtaseriatigptbanthisoleimetiylasrdnesanpeopglanthseotroensanahsivenahd the fitentWhen

compoundisplihRRIEHR0L ENIANEANALIRIAIGY Resic ianailes. asig arllianalts can be

obtained by contacting the neutral form of such compounds with a sufficient amount of the desired
acid, WG2Btehiitssrpesabssbotrostontisithe sHis e civixadentdpidsisicaoiveneithamples of

phainiacesfigpiihageciiapiepascid additiprsaltmingalide those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,

monohydees)phespiesis ikyrreannhosriericnselfiticopanelysipgensifilit hydradic, or
phosphorous acids and the like, as well as the salts. ec[ived,frgm elatively nolg%;g%c organic acids like
bcetic, praNE, TEBb A6 e CHRROTE® Seines RSHHE RS TRARHSC bR
ber?zenes_uﬂﬂargo,qhdmiytek_uﬁomges citrier pamanib,gmﬁthanﬁﬁmhﬁo@i@mhddhe kkenptisddinditided are salts of
amino acy r%s%ﬁﬁ{%}%%@ég! ”ﬁh%%’c‘)%?ﬁ%‘gﬁkoeﬁ%dc%?\%é Qc{n%‘%?é'&' ?o%ﬁ%dgqlr%%gl!é

cu%qgti?c or gtlactunoric
acids and the like (see, for example; Berge, S.M., et al, "Pharmaceutical 'z#fsg, Journar of

Pharmacetitisals bie peentalzg, Bechimap! oetiwits speeific dormpountgoftthopragantinvention contain
both basig, a4, &QQFHMBB‘»'\Q?%Bﬂ@&@é@%@‘%’&ﬁﬁo%ﬁ@%%&fﬂgﬁr@%ﬁ?i-ﬁ@&ﬁ%ﬁ%@%ﬁ%yg@fn@se or acid

addition salts. 100421 The neutral forms of the compounds may be regenerated by contacting the salt
with a bad@BAHER! ARt IERetRtHath & At RS AFOTROCIC IR EGhVRAS6Bhal manner. The parent form of
the compound differs from the various salt forms in certain physical properties, such as solubility in

polar s8] bt BiRBTGAEE tHa Al B eaivAERERS tHa Peftit o B thEedotiiiFor the
purposessefinediesentinvantionydrated forms. In general, the solvated forms are equivalent to

unsolvated forms and are intended to be encompassed within the scope of the present
mvention. Certain compounds of the present invention may exist in multiple crystaliine or
amorphous forms. In general, all physical forms are equivalent for the uses contemplated by

the present invention and are intended to be withun the scope of the present invention,

[0645] Certain compounds of the present invention possess asymmetric carbon atoms

(optical centers) or double bonds; the racemates, diastereomers, geometric isomers,



[0043] In addition to salt forms, the present invention provides compounds which are in a prodrug
form. Prodrugs of the compounds described herein are those compounds that readily undergo
chemical C"@%‘ﬁﬁ,}{,@g&%g physiological conditions to provide the compougg%ﬂgig@/%@int invention.
Additionally, prodrugs can be converted to the compounds of the present invention by chemical or
biochemical methods in an ex vivo environment. For example, prodrugs can be slowly converted to the
compourigg eraReeasbindiviBIi e WiHe e lasarpir acrE BT FRbTp AL H Fesle 81bvith a suitable
enzyme Qhchepical readent.[QO4dLEaHaincampaunds. of iiearpeanidnyentigRean existin

unsolvated forms as well as so)vated forms, including_hydrated forms. In general, t}}e solvated forms
are equivATI S GHEGN QHE OIS At 4R RS HOR G B B PR RE ST T thE  SBBpe of the
present inuenditiat Castaincartpamnpsiaith@qresentiy)ventongoaye xial ivemudidpibebry stalline or
amorphous finms. In.general, all physical forms are e uiy?%l?ent or the uses, contemplated by the
Present TR A RS o Ja AT i Sl U IR st i fasOTobis] Certain
compound¥of thik ipvesentinaention{tbssespasineldiriprcashomataims. (ehtibat temestyor double
bonds; the; [agemales, ARG SEAMSHE ROMEHR /YR pALIPITIERIFCT/US2009/068941
regioisomers and individual isomers (e.g., separate enantiomers) are all intended to be encompassed
within thqﬁcoqugmp&g@sent invention. The compounds of the present invention may also contain
unnatural proportions of atomic isotopes at one or more of the atoms that constitute such compounds.
For example, the compounds may be radiolabeled with radioactive isotopes, such as for example
it (SN0 D95 PP95s 5 S 1 COAGTO KA B CAn O IR CBSounds of the
present invention, whether radioactive or not, are.intended to be encompassed within the scope of the
present invention. Compounds [0046] In one a¥ppct, the present invention provides compounds
having the formula I: if .C1 N C3 c2 0(l); arfd p arn&a(ceutically acceptable salts, hydrates and rotomers

thereof, wherein N e

&O )

and pharmaceutically acceptable salts, hydrates and rotomers thereof, wherein

CE

C' is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group
has from 1-3 heteroatoms as ring members selected from N, O and S; and wherein said
5 aryl and heteroaryl groups are optionally substituted with from 1 to 3 R' substituents;
C? is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group
has from 1-3 heteroatoms as ring members sclected from N, O and S; and wherein satd
~ aryl and heteroaryl groups arc optionally substituted With from 1 to 3 R? substituents;
C? is selected from the group consisting of C,5 alkyl, Cicycloalkyl, Cas cycloalkyl-C; 4

10 alkyl, aryl, aryl-C, 4 alkyl, heteroaryl, heteroaryi-Ci.4 alkyl, heterocycloalkyl or
heterocycloalkyl-Cy.4 alkyl, wherein the heterocycloalkyl group or portion has from 1-3
heteroatoms selected from N, O and S, and wherein the heteroary! group has from 1-3
heteroatoms as ring members selected from N, O and S, and each C” is optionally
substituted with from 1-3 R substituents;

15 each R'is independently selected from the group consisting of halogen, -CN, -R®, -CO,R?,
-CONR‘R?, -C(O)R?, -OC(O)NR'R®, -NRC(O)R?, -NR°C(O),R®, -NR*-C(O)NR"R”,
NR*C(OINR'R®, -NR'R®, -OR®, and -S(0),NR*R®; wherein each R* and R” is
independently selected from hydrogen, C,.5 alkyl, and C,_s haloalkyl, or when attached to
the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

20 membered ring having from 0 to 2 additional heteroatoms as ring members selected from

16



C is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group has from
1-3 hetcroatoms as ring members selected from N, 0 and S; and wherein said 5aryl and heteroaryl

groups are ,%Q;i F@M}/ﬁypstituted with from 1 to 3 R1 substituents; C2 isgelaciesidiagsihe group
consisting of aryl and heteroaryl, wherein the heteroaryl group has from 1-3 heteroatoms as ring

members selected from N, 0 and S; and wherein said aryl and heteroaryl tionall
substituted WitP b %8 B P?Z‘%i?ﬁgﬂ‘f‘ﬁ@m’ss,e@‘i?‘ig’i%l@t %‘fﬂptﬁ%nﬁlr%}ﬁ% %%%i%%g%‘io%igaaﬁw,

Ig:?,t_5 cycIloail%(wla@)aﬁ&Wélaﬂmﬁg&&&admoam aryl-Gi& alkpladybtard aviytr dietdodiph@h4 alkyl,
cterocycloalkyl or heterocyclaalkyl+Ch4 alkyl, wherein the heterpcyc rtion has from
1-3 heteroa §%%1%8?5%0f¥so??1%1,’% aaﬁl(? gi %r?dj %1??3%%1 tﬁehﬁreﬁggréﬁpyk?gﬁgtb aHsP ?%rrﬁp 1-3
heteroatomstascringpprerhbérscgatedted. froma\zipandis atdedshianisopwonalRidubstituted with from

1-3 B3 substituents: 15each Rdiis i end, ected from th &LORSISHRY logen, -CN,
R, gooz|c,OPg%%%W-5%&%—0%%%%?&%3%?%%@0%, %ébgf%@el% -Nléﬂ%?mlﬁf Fggﬁb, ‘NrC(0)NR
aRb, -NRaRbyeORsx ariniS (o) ZRRem Bk ein each le and Rb is independently selected from

Eg(xg%@rgaﬁﬁsﬁ%ﬁpéﬂ%@g s%@@% 2 WheR aliached o thp sameNirejenatarh can be
A L M AL o 2 woners

NRIC(OINRR, -NRYRE, -ORY, and -S(0),NRR%; wherein each R® and R® is

10 independently selected from hydrogen, Cu.s alkyl, and C;.s haloalkyl, or when attached to
the same nitrogen atom can be combined with the nitrogen atom to form a five or six-
membered ring having from 0 to 2 additional heteroatoms as ring members selected from
N, O or S; each R is independently selected from the group consisting of Cy.salkyl, Cis
haloalkyl, Cs.¢ cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic

15 and cyclic portions of RY, R® and R’ are optionally further substituted with from onc to
three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;

each R* is independently selected from the group consisting of halogen, -CN, -R', -CO.R®,

_CONRZR", -C(O)RE, -OC(O)NRER?, -NRI'C(O)RE, -NR'C(O)R’, -NR*C(O)NR*R’,
_NRER", -OR?, -S(O),NRER", -X'-R!, -X*-NR#R", -X*-CONRER", -X"-NR"C(O)R?, -NHR’

20 and -NHCH,R!, wherein X" is a C;_s alkylene; each R® and R is independently selected
from hydrogen, C,.5 alkyl, Cz cycloalkyl and Cys haloalkyl, or when attached to the
same nitrogen atom can be combined with the nitrogen atom to form a five or six-
membered ring having from 0 to 2 additional heteroatoms as ring members selected from
N, O or § and is optionally substituted with one or two oxo; each R is independently

25 selected from the group consisting of C;galkyl, Cighaloalkyl, Cis cycloalkyl,
heterocycloalkyl, aryl and heteroaryl; and cach R’ is selected from the group consisting of
Ca¢ cycloalkyl, pyrrolinyl, piperidiny!, morpholinyl, tetrahydrofuranyl, and
tetrahydropyranyl, and wherein the aliphatic and cyclic portions of R¥, RE, R'and R’ are
optionally further substituted with from one to three halogen, methyl, CFs, hydroxy,

30 amino, alkylamino and dialkylamino groups; and

X is hydrogen or CHa.

[0047} In formula I, the substituent ¢! is, in one embodiment, selected from the group

consisting of phenyl, pyridyl, indoly! and thiazolyl, each of which is optionally substituted

17



N, O or S; each Rb is independently selected from the group consisting of C15 alkyl, C1-8 haloalkyl,
C3_6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic and cyclic portions of

Rd, Rb and |R! g ally further substituted with from one to three ha| roxy, methyl,
amino, alkylggr%%%%gﬁﬂd ialkylamino groups; and 5optionally when two R%gu%)ﬂsl%’%g%é%{g%xrie on adjacent

atoms, are combined to form a fused five or six-membered carbocyclic ring; each R2 is independently
selected foih Foeigrénp Rordisdingast ieigeblyamch B, sookredanthnmlared fotoskad, -0C(0)NRdRe,

-1\IReC(0)RAp-NREFHR) 3R NRAIGIRINRAIR-NRIGORNRIR e 1NRAIREHPRAd ahd -S(0)2NRARb;
wherein each Rd and Re is 10independently selected from hydrogen, Chs alkyl, and C1..8 haloalkyl,
or when dﬁgﬁlﬁé‘&%ﬂ@hg@éﬁﬂeﬁﬂfﬁfé’éﬁ%ﬁr@ééﬁ%@ﬁ’%gfn%'ﬁﬁﬁﬁyﬁh@rﬁ’iﬁ%éﬁaﬁ}f@%‘?&%tm a five or

six-membered ritgdea vioen ftanbd dendadditidmahbaiegatomsmas fitg Meynhersselreteddiom N, 0 or

S; each Rids independently selected from the group.consisting of C14, alkyl, Ch8 haloalkyl, C3_6
cycloglk;},g‘ hleﬁtienrdc?egﬁ?ﬁ%a%/I‘?%?f/%ér%)wggeér 50&1% (33(1)r11]P WA roeir¢ fﬁéﬁéﬂrcilpééﬁé%%%%ﬁ?gﬁ}gh "Hortions of Rd,
Re and Réaredigtiomally hertire thsutislitute dndithidiiopouimeto fie & hald démrdypiiorylimethyl, amino,

alkylamin ial i | € 23 4S. | tly ele the.group consisting of
.04 diplkylamine grHRELeRERE ﬂ%&*@?@@?{éﬂ%ﬁ% ( (‘%1%%?\'% 5:?8)21\/’

halogen, -CN,-002R8, -CONRgle, -C(0)R5, -0 R5Rh
-NRgC (ORI ATINRE RS - @ptmﬂﬁyqﬂ-mﬁh?nmrgemmﬁqtmwmc(omg, -NHR
20and -NEiHzEdlvvbereinsdis @ 6l akwereieaah Keirnsh Rhisstidependehiy sslected

10 of the invention, C' is selected from:

?‘a@ %’Q\CINSJ@\C: %,’@\czrp, %’Q\k
%QD xﬁg 3 E’QW v@::

CHy CHg
Ss i< sQN s BN < O]

CHj

%’@,\O IL‘“/@:D Ba,j@\s\o “‘(@\D

CHs Cl
Lo, JL L o
%y CHy o OACHS g, P OH
FF CHj

MzC CHga

’%{Q:zfﬁ “z e am%

CH4 HsC
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from hydrogen, C1..8 alkyl, C3_6 cycloallcyl and Chghaloalkyl, or when attached to the same nitrogen
atom can be combined with the nitrogen atom to form a five or six-membered ring having from O to 2

additional hgteroatorms, as ring members selected from N, 0 or S and is option %g; &?t'liuted with one
or two oxo; 2@:2@? %s%ﬁdependently 25selected from the group consisting o/feg Oa{?ky , C1.8haloalkyl,
C3_6 cycloallgl, heterocycloallcyl, aryl and heteroaryl; and each R’ is selected from thet%roup

C

consistind08¢ 81 cRsferminRyp fymalnt thsiseaMgnttorih SIS, sahatipreirpedirm
;etfﬁhydr%ﬂﬁrﬁ@&gsﬁiﬁ%wmf th@aﬁrﬂ]imm;@ﬁ@ﬂl ﬁmliﬁﬂaq?mi@a&%a‘flggims Sytammﬂjzlﬁre optionallé/
urther substituted with from one tg three halogen, methyl, CF3, hydroxy, 3Qamino, alkylamino an
ikt SRS hEOR e Pyt e GRS, TSR M 16 i SRR EHE o, n one
embodimgst selestes tamishe; gftupgansiting of(uke mpereyiendh, Ridolyiameahdiaizolyl, each of which
is optionally substituted with fr to, 3 R,' substjtuents. Preferably, each R1 is jndependently
bl B R e R M S SR
is indepetidegityrsedeststhfront hydiogdn «ba® ikl Gndtioskdldatkybcpelntley] atthched to the same

nitrogen gfam can he combinegwithhenitga alomiiafoin & pyoldins dingicachial 2_ is
independently sélected from the group consisting of C1"8 alkyl, C1.8 haloalkyl and C3-6 cycloalkyl,

and whergihstHetegiprtitomn ausyelibise tdpaces tedmx grigchy st@optih AR IRRET substituted with

from one g, thyRentidrexnsMathivie Ak inaL ek amine mad dalkylaotinosereursiandipptionally when
two RI substituents are on, adjacent atoms, are combined to form a fused five or six-membered

carbdcy cREHRGOITEERERE embodiments 100f the invention, C1 is selected from:

CHa,
=, Y >, o, %
..o ot O
CH

X Oy O T &
coicilicaicalod

CHy Ha

CHs CH; CH, CHx
C O O O =
and
Ci OCH3
F .

[0049] The substituents C* is, in some embodiments, selected from the group consisting of
Ci, alkyl, Ca cycloalkyl, Cigs cycloalkylCy palkyl, phenyl, pyridinyl, pyrazolyl, piperidinyl,
pyrrolidinyl, piperidinylmethy! and pyrrolidinylmethyl, each of which is optionally

15  substituted with from 1 to 3 R substituents, Preferably, each R’ is independently selected
from the group consisting of halogen, -R’, -CO,RE, -CONRER”, -NR"C(O)RE, -NR'C(O),R,
NRERY, -OR®, -X*-R/, -XNR®R!, - X -CONRZR", -X*-NR*C(O)RE, -NHR! and -NHCH;R/,

wherein X* is a C;.3 alkylene; cach R® and R” is independently seiected from hydrogen, Ci.x
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WO 2010/075257PCT/US2009/068941 [0048] Returning to foxula I, the substituents C2 is, in one
embodiment, selected from the group consisting of phenyl, naphthyl, pyridyl and indolyl, each of which

is optionallw%&}&%gg,yvith from 1 to 3 R2 substituents. Preferably, eaglyR2dsipdgpapdently
selected fromthe group consisting of halogen, -121. and -ORd; wherein each Rd is independently

Sselected from hydrogen, C 1_8 alkyl, and C 1_8 haloalkyl; each Rf is independently selected from the
group cosidiifgoniciealidigpt © halpallakiey "o Aeskin, he R pUsai A Sy ’é?téeroaryl, and
wherein thegliRhatizrand GyeiePadions fofiRe ardorfiareantiesalinfithérgshibstiouted with from one to
three halogen, hydroxy, methyl, amino, alkylamino,and di laging groups. In select mbodiments
of the |n\/’é!?‘mb‘?'¥laﬁﬁ?)‘/§‘étf§8fé% W%@&F%%%c?ﬁ%%ﬁﬁ% %%%fﬁeogﬁ Egtlstlﬁl%grf%q&% is, in some
embodimeitiis;eale cketbitaraatheRgioin qondistiyr It C3l Gratikyhe @Brarayivisting of£ 816
cyclaalkylCh2alkyl, phenyl, pyridinyl, pyrazolyl bipesidinyl idj iperidi | and
pyrrﬁdin@%r%%ﬁ%hg%’gﬁﬁ g‘f v@%fcﬁ%glgggﬁla?g fgg?%ét tute v%/%ﬁyf%gn%i% %ﬁgg%ﬁgg%ents.
Preferabhe) atchiRBiithingtepe neeitipg efccted einaliib praaprodrsrgirtret Reapseiinde1, -co2R,
-CONR-NRIC(MZR et RRan 45 Fargl ENRR BreiX rCANRIRAnMANRPGHMR o AR L and

-NHCHZ2R]|, : } .
R Rl and R are optionally further substituted with from one to three halogen, methyl, CFs,
hydroxy, amino, alkylamino and dialkylamino groups. In selected embodiments of the

10 invention, C is selected from the group consisting of:
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wherein X4 is a C1.3 alkylene; each R and Rh is independently selected from hydrogen, C1-8 WO
2010/075257PCT/US2009/068941 alkyl, C3-6 cycloalkyt and C1..8 haloalkyl, or when attached to the
same nitroggvrbazt‘glmﬂg ,pe combined with the nitrogen atom to form a five or six-membered ring
having from O to 1 ad(%%onal hcteroatoms as ring members selected fromPﬁfIB%r(g/(z)aﬁr??f s optionally
substituted with one or two oxo; each Ri is independently selected from the group consisting of CIA,

5alkyl, C1_8 haloatkyk3-6 cycloaikylHQeterocyclea aryl and héteregryl; and each R.1 is selected
from the group cons of C3_6 cygloalkyl, B%rrolin
tetrahydropyranyl, andwherein the alip atlcr;lén Pcyclic

peridinyl, mprphplinyl, tetrahydrofuranyl, and

portions of Rg, Rh, Ri and RI are optionally
further substituted with from one to three halegen, methy, CF3, hydroxi.amino, alkylamino and
dialkylamino groups. In selected embodiments of the vention, C3¥s gelected from the group
consisting of: WO 2010/075257PCT/US2009/068941

"‘\Q f\@ &@\D ;‘S\@ﬁ/g

H3C-..,/N\/CH3

O O VD

@D Qb

s LS & $

SRR O N UV G UUH
0 H,C CHg

ieVe B sUs B olie

3
CHy 2

o0 O L0

In other embodiments, C’ is selected from the group consisting of:

2%



In other embodiments, C5 is selected from the group consisting of: WO
2010/075257PCT/US2009/068941

WO 2010/075257 PCT/US2009/068941

& N &

e Ty, TR
T Cuos 00
‘Lo oL At
o T ou

oo tn oo
E\CL/Q J‘:\@N/YOH and;\QN/o

HSé ch CHg H

[0050] Returning to formula I, X is preferably H.

Subformulae of Formula I:

5  [0051] In one embodiment of the invention, compounds of formula I have subformula Ia:

&
O LN’G
o H
N7 R

A

c? 0 (Ia).
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[00501 Returning to formula I, X is preferably H. Sul?fonnulae of Formula k 5[00511 In one
embodiment of the invention, compounds of formula | have subformula la: Cr m [0052] In a second

embodimenw‘;‘pl%/i{:}gz%qtion, compounds of formula | have subformula '9&:9/%&6%%6@941

[6052] In asecond embodiment of the invention, compounds of formula I have subformula
Ib:

O

X el
N
, H

NT OB

A

20 (Ib).

[6053] In athird embodiment of the invention, compounds of formula I have subformula

5 ie¢:
o) “N
N~ X
H
NT e
X2
«
(R~ ; ©
(fc)

wherein X' is selected from the group consisting of N, CH and CR'; the subscript n is an
integer of from 0 to 2; X2 is selected from the group consisting of N, CH and CR?; and

the subscript m is an integer of from 0 to 2.

10 [¢054] In afourth embodiment of the invention, compounds of formula I have subformula
Id:

Q7
‘JJ\ ~ 4 (R')a
O\\ N X1
, H
NT 3
X2
7 R
R O
o . (]d)

wherein X' is selected from the group consisting of N, CH and CR'; the subscript n is an
integer of from 0 to 2; X? is selected from the group consisting of N, CH and CR* and

15  the subscript m 1s an integer of from 0 to 2.

[0055] In a fifth embodiment of the mvention, compounds of formula I have subformula
Ie:
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N #11C3 2 0(lb).  [0053] In a third embodiment of the invention, compounds of formula | have
subfoj,nula 5lc: 0 X ;,2n NXi N C3H wherein X' is selected from the group consisting of N, CH and

CRi; the su N integer of from 0 to 2; X2 is selected from the 1Y @é&g of N, CH and
CR2; and tr$§su Esgc}:r%ﬁqn is an integer of from 0 to 2. 10[0054] In a fourt%r%n}gbi%??nent of the

invention, compounds of formula! have subformula

0 =3
J ) (R1)n
\‘ LN

H

o O
R2y—f- s
(Ie)

wherein the subscript p is an integer of from 0 to 3; X' is selected from the group consisting
of N, CH and CR'; the subscript n is an integer of from 0 to 2; X" is selected from the group
consisting of N, CH and CR?% and the subscript m is an integer of from 0 to 2.

5 |0056] In other selected embodiments, the compounds of the invention are represented by:

~ ied A od ~A et
@g O——-m% & O—(RS & O—(R%

de") : (Ie’) (1e’)

wherein the substituents R', R” and R?, and the subscript p all have the meanings provided

with reference to formula 1.

10 [8057] In still other selected embodiments, the compounds of the invention are represented

by:
1
qd 2
? ‘LN R' O N

SLC~ GXO, S

(1eh (1%

wherein the substituents R' and R®, and the subscript p all have the meanings provided with

15  reference to formula L

[0058] In aparticularly preferred group of embodiments, the compounds of the invention

are represented by formula (Ie’) wherein R® is a member selected from the group consisting
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Id: (R2), (Id) wherein X1 is selected from the group consisting of N, CH and CR1, the subscript n is an
integer of from O to 2; X2 is selected from the group consisting of N, CH and CR2; and 15the subscript
m is an integgy, 9f fiaar Q40 2. 100551 In a fifth embodiment of the inventign, cempoupnads of formula |
have subfonnula le: 0 R-1)n NXi wherein the subscript p is an integer of from 0 to 3; X1 is selected
from the grou (g:opsisting of N, CH and CR1; the subscript n is an integer of from 0 to 2; X2 is selected

from the GloRcBnsiRg BIINNEHRY e saehB e aebEchtHine Brmtes Srdrfshv o 2. 5100561
In other sgirgtad-ambpdiments, the compounds of the invention are represented by: 0

[0659] In another particularly preferred group of embodiments, the compounds of the
invention are represented by formuta (Ie”) wherein R® is a member selected from the group
‘5 consisting of -X*-NR!R?, -X*R} and -X*-NR"CORS, and each of X*, R, R" and R have the

meanings provided with reference to formula 1.

[06060] Compounds of the invention having formula | can exist in different diastercomeric
forms, e.g., the substituents C' and C? in subformulae 1a and I¢ can be cis to each other or
trans to each other. As used herein, the terms cis or trans are used in their conventional sense
10 inthe chemical arts, i.e., referring to the position of the substituents to one another relative to
a reference plane, e.g., a double bond, or a ring system, such as a decalin-type ring system or
a hydroquinolone ring system: in the cis isomer, the substituents are on the same side of the
reference plane, in the trans isomer the substituents are on opposite sides. Additionally,
different conformers are contemplated by the present invention, as well as distinct rotamers,
15  Conformers are conformational isomers that can differ by rotations about one or more ¢

bonds. Rotamers are conformers that differ by rotation about only a single ¢ bond.

Preparation of Compounds

[6661] Those skilled in the art will recognize that there are a variety of methods available
to synthesize molecules represented in the claims. In general, useful methods for

20 synthesizing compounds represented in the claims consist of four parts, which may be done
in any order: Formation of the piperidine ring, installation of two amide bonds, and

installation and/or modification of functional groups on C, €7, and C°.

[06062] Several methods for the preparation of claimed compounds are illustrated below
(eq. 1-6). \



------ , ,0 N HH R2---. --- i, 00 R2R2F (10)(1e2)00 wherein the substituents R1, R2 and R3, and the
subscript p all have the meanings provided with reference to formula 1. 1010057] In still other selected
embodimen@otgﬁ&mr?unds of the invention are represented by: wWhersin e mubstituents R1
and R3, and the subscript p all have the meanings provided with 15reference to formula I. 100581 In a
particularly preferred group of embodiments, the compounds of the invergion are represented by
formula (1e5) whereig R3 is a member selectedjfrom the group consistin
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H, “ OR
M__.____,, N [ e eq. 1
H g
RS
0 0 ﬁ\ o
1 Z-B OH ’C'l H2 \\\‘ N/
X M > M N7z
N halo N Z H
i 3 i ¢! H \?J\ o
1 C3MgCl - 2 SN
AN NHe I R 7N v L/j H eq. 3
X M X 5 NGB
N™ X N7 C N

o) Cl ™\,
HzNu,erH MsCI E{/ 1) TBSCI "'[{O
¢ O base o WM g N

3
° ore c TBS
base eq. 4
1) H*
O
IL 2) base
N7

[0063] Equations 1-4 demonstrate some methods of forming the piperidine ring. Coupling
at the 2-position of the pyridine ring can be accomplished via transition metal mediated
couplings as shown in eq. 1-2, or metal catalyzed addition of an organometallic species such
as the zincate or magnesium salt (eq. 3). Subsequent to coupling at the 2-position, transistion
metal mediated hydrogenation of the pyridine ring yields the piperidine ring system {(eq. 1-3).
Another method results in elaboration of a B-amino acid to a piperidine ring as described in
eq. 4. Those skilled in the art will recognize that many synthetic methodologies can yield
substituted piperidines, including C-C or C-N cyclization of acyclic precursors via alkylation
or ring-closing metathesis. Relative stereochemistry may be set by a variety of methods,
including facial selectivity during the hydrogenation step. Absolute stereochemistry may also
be set via a variety of methods, via the use of chiral ligands or a chiral auxiliary, separation of

chiral diasteroisomers, use of chiral starting materials, or classical resolution. Compounds
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WO 2010/075257PCT/US2009/068941 of -NRgle, -NFIRJ and -NHCH2RI, and each Rg, RI' and P2
have the meanings provided with reference to formula I. 100591 In another particularly preferred group

of embodim%%%%%gggpounds of the invention are represented by for lﬁﬁgq % E&{Fin leis a
member selected from the group 5consisting of -X4-NRgRh, -X4-12} an?—l;e- ? lg g, and each of

X4, Rg, Rh and 12 have the meanings provided with reference to formula 1. 100601 Compounds of

the inventidf RalviigHfobtienshesastaistihairdre iy eraenAmRTBHHE BgretHy substituents C' and
C2 in subjgrsridiae fa-Radde, cambeiigdawachifiaier tansdoearh;phiss dissed g, the terms

cis or trans are_used in their conventional sense 10in the chemical arts, i.e., referring to the position of
the substﬁh%‘?’itg'to one another relative to a reference plane, e.g., a double bond, or a ring system,
such as a decalin-type ring system or a hydroquinolone ring system: in the cis isomer, the substituents
are on the same side of the refgrence plane, in the trans isomepthe substituents are on opposite

sides. Additionally, different cg@‘o[@ners are contemplated by thg pregent invention, as well as distinct
rotamers. 15Conformerg are ‘conﬂbrmationanggmers thatcan diff(%jL by rotations about one or more a
bonds. Rotamers are co that differbyTotation a orly a singléa Hond. Preparation of

Compounds
3 c* N0 c? 0

[6664] Acylation of the piperidine ring is described in equation 6. In the case of eq. 6, X
may be choosen from an appropriate group such as OH, Cl and F, or from any group capable
of activating a carbonyl group for addition of an amine (e.g, OSu, imidazole, etc.). Such

10 couplings may be assisted by the use of inorganic or organic bases, activating agents such as
HBTU, and also by catalysts, i particular by those catalysts known in tha art which assist in
the formation of amide bonds, such as DMAP, HOBT, etc. Suitable coupling partners
include a carboxylic acid and a piperidine, an acy! fluoride and an amine and so forth., Those
skilled in the art will recognize that there are other possible combinations which will also

15 result in the desired product.

0 1
S ¢”o ““J\OR
O OR . eq. 6

N7 N7 B
H ¢ o
[0065] A variety of methods described above have been used to prepare compounds of the

20 invention, some of which are described in the examples.

[0066] A family of specific compounds of particular interest having formula I consists of
compounds, pharmaceutically acceptable salts, hydrates and rotomers thereof, as set forth in

Figure 1.

25

27



00611 Those skilled in the art will recognize that there are a variety of methods available to synthesize
molecules represented in the claims. In general, useful methods for 20synthesizing compounds

representedvvbtﬂﬁoﬁl?ggg§ consist of four parts, which may be done in an%g?f?'(%%-ﬂﬁ%%%i{m of the

piperidine ring, installation of two amide bonds, and installation and/or mo lon of functional
groups on C', C2, and C3. 100621 Several methods for the preparation of claimed compounds are
illustrated Belowf g MR tigp Peneneitisps 7pCTMS2009/068941 100631 Equations 1-4
demonstrate some methods of forming the piperidine ring. Coupling at the 2-position of the pyridine

ring can h@lagtomptishiednia fsansitippunietaiomidciaied § coupbrgsaseshavdulistieg (F+2, or metal

catalyzed ition.of an organometalli ecies such as tlﬂe zincate or magnesium salt (eq. 3).
Gseau e A S R, LS o pyricine ring

vields the piggridie. 09, sysiom,(eq, 1:3), Argiher method psulan slaboratign of a 13-amino acid to
a piperidine ring as described n"eq. 4. Those skilled in the art will recoghize that many synthetic
methddoledjiaxsisan Yiekpecified ingredients in the specified amounts, as well as any product which

results, directly or indirectly, from combination of the specified ingredients in the specified

amounts, By "pharmaceutically acceptable” it is meant the carrier, diluent or excipient must

be compatible with the other ingredients of the formulation and not deleterious to the

recipient thereof.

10 [0069] The pharmaceutical compositions for the administration of the compounds of this
invention may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy and drug delivery. All methods include the
step of bringing the active ingredient into association with the carrier which constitutes one or
more accessory ingredients. In general, the pharmaceutical corpositions are prepared by

15 uniformly and intimately bringing the active ingredient into association with a liquid carrier
or a finely divided solid carrier or both, and then, if necessary, shaping the product into the
desired formulation. In the pharmaceutical composition the active object compound is
included in an amount sufficient to produce the desired effect upon the process or condition

of discases.

20 [0070] The pharmaceutical compositions containing the active ingredient may be in a form
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granuies, emulsions and self emuisifications as described in U.S.
Patent Application 2002-0012680, hard or soft capsules, syrups, elixirs, solutions, buccal

* patch, oral gel, chewing gum, chewable tablets, effervescent powder and effervescent tablets,

25  Compositions intended for oral use may be prepared according to any method known to the
art for the manufacture of pharmaceutical compositions and such compositions may contain
one or more agents selected from the group consisting of sweetening agents, flavoring agents,
coloring agents, antioxidants and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets contain the active ingredient in admixture with

30 non-toxic pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert dituents, such as cellulose, silicon

dioxide, aluminum oxide, calcium carbonate, sodium carbonate, glucose, mannitol, sorbitol,
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10substituted piperidines, including C-C. or C-N cyclization of acyclic precursors via alkylation or
. ring-closing metathesis. Relative stereochemistry may be set by a variety of methods, including facial

selectivity dyri ogenation step. Absolute stereochemistry may la A variety of
WS 105 )T/; d?g&ﬁée\é'sﬁ?

methods, via the use of chiral ligands or a chiral auxiliary, separation of chiral diasteroisomers, use of
chiral starting materials, or classical resolution. Compounds WO 2010/075257PCT/US2009/068941
with 2,3-tHfiQsstSHGERAPRSERATR 8 RdiE BBl LRk ety vaedting ga#EspiBeridine
formationg@mpiRY B derivedvideanineiz atitmefacds-6is Sipapdive asddustataekin,eq. 5. 0'03
Cr-LO base O,CILLN'CI N 1'103 CiZB-LO. . L

starch, gelatin or acacia, and hubricating agents, for example magnesium stearate, stearic acid

or talc. The tablets may be uncoated or they may be coated, enterically or otherwise, by

5  known techniques to delay disintegration and absorption in the gastrointestinal tract and

thereby provide a sustained action over a longer period. For example, a time delay material

such as glyceryl monostearate or glyceryl distearate may be employed. They may also be

coated by the techniques described in the U.S. Pat. Nos. 4,256,108; 4,166,452; and

4,265,874 to form osmotic therapeutic tablets for control release.

10 [6671] Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for exaraple, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
Additionally, emulsions can be prepared with a non-water miscible ingredient such as oils

15 and stabilized with surfactants such as mono-diglycerides, PEG esters and the like.

[0072] Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aquecus suspensions. Such excipients are suspending agents,
for example sodium carboxymethyvicellulose, methylcellulose, hydroxy-
propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum

20 acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example
lecithin, or condensation products of an alkylene oxide with fatty acids, for example polyoxy-
cthylene stearate, or condensation products of ethylene oxide with long chain aliphatic
aJcohols, for example heptadecacthyleneoxycetanol, or condensation products of ethylene
oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene

25 sorbitol monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The
agueous suspensions may also contain one or more preservatives, for example ethyl, or n-
propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and

one or more sweetening agents, such as sucrose or saccharin.

30 [0073] Oily suspensions may be formulated by suspending the active ingredientin a
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil

such as liquid paraffin. The oily suspensions may contain a thickening agent, for example
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eq. 55 100641 Acylation of the piperidine ring is described in equation 6. In the case of eq. 6, X
may be choosen from an appropriate group such as OH, Cl and F, or from any group capable of

activating a‘% r%%%l?gz@up for addition of an amine (e. g, OSu, imidazolg, gtg:d-sablbsdAcouplings may
be assisted by the use of inorganic or organic bases, activating agents such as HBTU, and also by

catalysts, in particular by those catalysts known in tha art which assist in the formation of amide bonds,
such as DN HOEPAEESTiEsHbAS ISl § H2HEIERS IMENRIS S AN BRy TetdRh ka4 Sieridine, an
acyl fluorige it apeaning aRd &R dagh-hhese siillesl dniheagallsecogaizedhpbinaiasare other
possible comginations WEiCh Wiﬂflso 1§resultin the desiﬁed grod ct. .

may be preserved by the addition of an anti-oxidant such as ascorbic acid.

[0074] Dispersible powders and granules suitable for preparation of an aqueous suspension

5 by the addition of water provide the active ingredient in admixture with a dispersing or
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified by those already mentioned above.

Additional excipients, for example sweetening, flavoring and coloring agents, may also be

present.

10 [0075] The pharmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oii, for example olive oil or arachis oil,
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragacanth, naturally-
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived

15 from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation
products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan

monooleate. The emuisions may also contain sweetening and flavoring agents.

[6076] Syrups and elixirs may be formulated with sweetening agents, for example glycerol,
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
20  preservative and flavoring and coloring agents. Oral solutions can be prepared in

combination with, for example, cyclodextrin, PEG and surfactants.

[0077] The pharmaceutical compositions may be in the form of a sterile injectable aqueous
or oleagenous suspension. This suspension may be formulated according to the known art
using those suitable dispersing or wetting agents and suspending agents which have been

25  mentioned above. The sterile injectable preparation may also be a sterile injectable solution
of suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a
solution in 1,3-butane diol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this

30 purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In

addition, fatty acids such as oleic acid find use in the preparation of injectables.
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100651 A variety of methods described above have been used to prepare compounds of the 20
invention, some of which are described in the examples. [00661 A family of specific compounds of

particular int&@%l%ﬁggy formula I consists of compounds, pharmaceuticglly, acqapiablg,salts, hydrates
and rotomers thereof; as set forth in Figure 1. 25 WO 2010/075257PCMIS2009/068941

lll.Pharmaceutical Composition;%%%?l In addition to the compounds?Frovided above, compositions
for modul4A8| coEhasamRp RS iR TR HRVRRIO WM HiRahy dBRtaiHcs ARttt carrier or
diluent. [QOESIsTBEJERMR LCRMARSHIRAL RS UFERLRIRINT R COaRHsI 6 RRCANTRASS PaftiDBICt

oo e SRS el e Serled Amoin ool o g oot st
"pharmaceuiieadtyracbepiabié tiths meahtthpecanrie pndiividriborcéxeipighimibstdetucompatible with the
othersingrediants ohing 'ermuianon. ANdanldeisieions QNG IRsiRRAL thgrer!

Additionally, the compounds can be administered via ocular delivery by means of solutions

or ointments. Still further, transdermal delivery of the subject compounds can be

accomplished by means of iontophoretic patches and the like. For topical use, creams,

ointments, jellies, solutions or suspensions, etc., containing the compounds of the present

10 invention are employed. As used herein, topical application is also meant to include the use

of mouth washes and gargles.

[6G679] The compounds of this invention may also be coupled a carrier that is a suitable
polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxy-propyl-methacrylamide-phenol, polyhydroxyethyl-aspartamide-

15 phenol, or polyethyleneoxide-polylysine substituted with palmitoyl residues. Furthermore,
the compounds of the invention may be coupled to a carrier that is a class of biodegradable
polymers useful in achieving controlled release of a drug, for example polylactic acid,
polyglycolic acid, copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,

20 polycyanoacrylates and cross linked or amphipathic block copolymers of hydrogels.
Polymers and semipermeable polymer matrices may be formed into shaped articles, such as
valves, stents, tubing, prostheses and the like. In one embodiment of the invention, the
compound of the invention is coupled to a polymer or semipermeable polymer matrix that is

formed as a stent or stent-graft device.

25 IV.  Methods of Treating Diseases and Disorders Modulated by C5a

[0080] The compounds of the invention may be used as agonists, (preferably) antagonists,
partial agonists, inverse agonists, of C3a receptors in a variety of contexts, both in vitro and
in vivo. In one embodiment, the compounds of the invention are C5aR antagonist that can be
used to inhibit the binding of C3a receptor ligand (e.g., C5a) to C5a receptor in vitro ot in

30 wivo. In general, such methods comprise the step of contacting a C5a receptor with a
sufficient amount of one or more C5a receptor modulators as provided herein, in the presence

of C5a receptor ligand in aqueous solution and under conditions otherwise suitable for
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10[0069] The pharmaceutical compositions for the administration of the compounds of this invention
may conveniently be presented in unit dosage form and may be prepared by any of the methods well

known in thwtzﬁ)lfopogggggacy and drug delivery. All methods include the'ﬁ@ﬁ%z@ﬁﬁ%@gfhe active

ingredient into association with the carrier which constitutes one or more accessory ingredients. In
general, the pharmaceutical compositions are prepared by 15uniformly and intimately bringing the
active indradiagtihterdigsadi o rairsridig B caridP SR TR REvIEsNsBlith exiféebrebth, and then,

if necessaunshiaRing thenpradustdoio the.desied-farmulation: lnthepharpasestisalcgmposition the
active object compound is included in an amount sufficient to produce the desired effect upon the

process &F&8hdition of diseases. 20 [00701 The pharmaceutical compositions containing the active
ingredient may be in a form suitable for gral use, for example, as tablets, troches, lozenges, aqueous
or oily sus¥Hdiond THigEBILINNG HOREE gﬁﬁfﬁ?ﬁﬁ@ér’%‘?ﬁﬁ%ﬁ%@gﬁﬁt i Ch?s‘i?’fcﬁﬁ%‘hs as described
in U.S. Pabentdipplidhiitn 20 02D 12680 iakdto CSaftaapsulzs;syrapseelats, &elutiengicbuccal

patch, Or%lsgxel’a CQ 1\’\/{%% m, Crbeg\égglect?glfr}lsm%ﬁx ryescent Eovggc r an ae{gerv%scatgnt tablets. 25
Compositlonglnfenge or orélill L%se“n?éiy be prepared according’to any me od known to the art for the

manufactdescobghbéneaceutical compositions and such compositions may contain one or more agents
selected from the group consisting of sweetening agents, flavoring agents, coloring agents,
antioxidaffié83d praxervinkpdigemtoiiiordociiprolic € phandeletusicaicchoganemerd paddiable

pfepafati%Ja@]%f@%@i&ﬁb&t%%vs?g@ﬂr&%gméﬁlggmwr&wﬁ%@%&w{%p&aaﬁﬂ@wuﬂcally

acceptable excipients which are suitable for the manufacture of tablets. These excipients may be for
exanible, IHERRRIBIRENS GEMAL centhesd lIRITAIBRBEO MR MR IFBIE4RiR: ¥aidhate, sodium
carbonate, glugospuipanitalisaskiiahs Wier 3R (3 2Ry R0/ 8R8%4dya£tase, calcium

hosphate or sodium phosphate; granulating and disintegratin nts, for .
P P receptor may i’% pregent En sg{utwn of sgspenswn, m agcu. tur%da C%'QESO%B.’CSCI cell preparation or

within a patient. Any modulation of the signal transducing activity may be assessed by
detecting an effect on calcium ion calcium mobilization or by detecting an effect on C5a

15 receptor-mediated cellular chemotaxis, In general, an effective amount of C5a modulator(s)
is an amount sufficient to modulate C5a receptor signal transducing activity in vitro within a
calcium mobilization assay or C5a receptor-mediated cellular chemotaxis within a migration

assay.

[0083] When compounds of the invention are used fo inhibit C5a receptor-mediated
20 cellular chemotaxis, preferably leukocyvte (e.g., neutrophil) chemotaxis, in an in vitro
chemotaxis assay, such methods comprise contacting white blood cells (particularly primate
white blood cells, especially human white blood cells) with one or more compounds of the
invention, Preferably the concentration is sufficient to inhibit chemotaxis of white blood
cells in an in vitro chemotaxis assay, so that the levels of chemotaxis observed mn a control
25  assay are significantly higher, as described above, than the levels observed in an assay to

which a compound of the invention has been added.

[6084] In another embodiment, the compounds of the present invention further can be used
for treating patients suffering from conditions that are responsive to C5a receptor modulation.
As used herein, the term "treating” or "treatment” encompasses both disease-modifying

30 treatment and symptomatic treatment, either of which may be prophylactic (i.e., before the
onsct of symptoms, in order to prevent, delay or reduce the severity of symptoms) or

therapeutic (i.e., after the onset of symptoms, in order to reduce the severity and/or duration
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example, corn starch, or alginic acid; binding agents, for example PVP, cellulose, PEG, starch, gelatin
or acacia, and lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets
may be unc%ezg ok J}Q%)é may be coated, enterically or otherwise, by 5k mﬁ&@%%ﬁ to delay
disintegration anc} a%sorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate

may be ePhpIBYREITThelySHEsf A6 het coRdHiPb st tikeiPHq e AL 9P 856P91S. Pat. Nos.
4,256,108 Anli86:A5% 808l hi2éiPe? (5 4oL oxmotis daranaukic iahlals-for prpppeiease. 10[0071]

Formulations for gral use may also be presented as hard gelatin capsules wherein the active
ingredierfSE A Wwith HSHIRIEFt SUTIRPEHOBIE ot ek e ﬁfé‘i“‘c‘}%{ﬁciﬂ}ﬁ?‘b%?rBBHﬁfés, aRsE Yhosphate or
kaolin, ormassadl, gelatisticaps ulespatienaimidhdsgetviedndgsgdient j doriaednditheviiitdraad an oil medium,
for example peanut ail, liquid paraffin, or olive.oil. Additignally, emulsions, can be.prepared with a
el e el R R A S O RS S e
mono-dig&c}:i%ides,ﬂF;EG e%ters aﬁiqegh?%ik%ll%({_)ﬂ%#queous suspensions contain the active materials

. . r:& Iy can be tred [2] ]g . ..
in admixture wi excipients suita e manufacture of agueous suspensions. Such excipients are

suspendi ents, far example sodium carhoxymethylcellulose, methylcellulose
gL i Bl et e G S S T
20acaciaCdidparsagonnvéing agenestiiayupasnephtisljuooe glemg phosphiitidesdorsxample lecithin,
or condepsghion RLoducts of ansalleylsne,gxide Wil lathaatidsIRLESRMRIG PRIV Gihylene stearate,

or condensation products of ethylene oxide with long chain aliphatic alcohols, for example
heptideddgiiienetiyde tsanhigr oA aRRisibr Proer o PR ISHE SaUs- W R esters derived

from fatty,agisls@nsha Mexiebspsp-as RO XyedIene Zbserhital nanoaieatecar condensation

roducts of ethylene oxide with partial esters derive e -
P giomer%lonepgét?s an.(i pu‘fmonary ﬁemorr age),?mmunovascaims, tissue graft rejection,

hyperacute rejection of transplanted organs; and the like.

[0086] Inflammatory disorders and related conditions-- e.g., Neutropenia, sepsis, septic

15 shock, Alzheimer's disease, multiple sclerosis, stroke, inflammatory bowel disease (1IBD),
inflammation associated with severe bumns, lung injury, and ischemia-reperfusion injury,
osteoarthritis, as well as acute (adult) respiratory distress syndrome (ARDS), chronic
pulmonary obstructive disorder (COPD), systemic inflammatory response syndrome (SIRS),
atopic dermatitis, psoriasis, chronic urticaria and multiple organ dysfunction syndrome

20 (MODS). Also included are pathologic sequellae associated with msulin-dependent diabetes
mellitus (including diabetic retinopathy), lupus nephropathy, Heyman nephritis, membranous
nephritis and other forms of glomerulonephritis, contact sensitivity responses, and
inflammation resulting from contact of blood with artificial surfaces that can cause
complement activation, as occurs, for example, during extracorporeal circulation of blood

25 (e.g., during hemodialysis or via a heart-lung machine, for example, in association with
vascular surgery such as coronary artery bypass grafting or heart valve replacement), or in
association with contact with other artificial vessel or container surfaces (e.g., ventricular
assist devices, artificial heart machines, transfusion tubing, blood storage bags,
plasmapheresis, plateletpheresis, and the like). Also included are discases related to

30 ischemia/reperfusion injury, such as those resulting from transplants, including solid organ

transplant, and syndromes such as ischemic reperfusion injury, ischemic colitis and cardiac
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from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or more preservatives, for example ethyl, or npropyt,
p-hydroxybq)%%tfgmgﬁe_[or more coloring agents, one or more flavoring agents, apd one or more
sweetening agents, stich as sucrose or saccharin. 30[0073] Oily suspensions may be formulated by
suspending the active ingredient in a vegetable oil, for example arachis oil, olive oil, sesame oil or
coconut afchsiis- £ eimeradsipE thenzéngimeparamsy rhe by siiehabsore eyt €5hgsn a thickening
agent, forQXRMRIR WQZRANATRASTHRGTH IS200%/0689¢4: beeswaaa hatd paraffin or cetyl alcohol.

Sweetening agents such as those set forth above, and flavoring agents may be added to provide a

palatableguatprepaidtioiic tRe sLIC0MNRSHIaNS MR Aa BIeseryad dyitiiel adkitieanof an anti-oxidant
such as ascorbic acid. [0074] Disg@ate%rsible powders andagiranul(fs suitable for pre a{fntion of an aqueous

suspensi6A SHHY ARLRE G AER (TBVINE RRE SRS N GPSHIEERT HaHAR RO A UiSpersing or
wetting agent)sitspandingragentanthdnger moiechease heativdiseSelithbladisgerdingroy avetting agents
and suspending agents ars exemplifieckhy. those, alreadymentioned above, Addiiona) ycipients, for
example Sweetening, flavoring and coforing agents, may also be present. f@fb gﬁjtﬁm
pharmaceutizat dohmositionsuihthaeverition apalcalsshodiis the foimout witdgrindieslemulsions. The
oily phaS%@&Vf&%%&Q@%ﬁ*ﬂ&%&ﬁfo?ﬁﬂm%%s?éi\é%&f'ae,ﬁﬁ{ﬁ&n'ﬁ:ﬁf&&’{@d’@é@@{&%&&&ﬁgexamp'e

liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-occurring gums, for
example B bRt ESHEEnRYPAFAC Tt oAt IR BRELPR BE S HE ShTRIN RS YBF & diiple soy bean,
lecithin, andeISOnRMIBLRSIEIS denvaddhiram by acids anschexiipbantysiides, for example
sorbitan monooleate, and condensation products of the said partial esters with ethylene oxide, for

example pygxyeshiane sorbiianmoneogleate. dheemulsionsmayalse soniansweeiening and

flavoring agents.. ... . .
g vgsseis. Infliltration of leukocytes leads to destruction of the vessel walls, and the

complement pathway is believed to play a major role in initiating leukocyte migration as well
as the resultant damage manifested at the site of inflammation (Vasculitis, Second Edition,

15  Edited by Ball and Bridges, Oxford University Press, pp 47-53, 2008). The compounds
provided in the present invention can be used to treat leukoclastic vasculitis, Wegener’s
granulomatosis, microscopic polyangiitis, Churg-Strauss syndrome, Henoch-Schonlein
purpura, polyateritis nodosa, Rapidly Progressive Glomerulonephritis (RPGN),
cryoglobulinaemia, giant cell arteritis (GCA), Behcet’s disease and Takayasu’s arteritis

20 (TAK).

[6089] HIV infection and AIDS -- C5a receptor modulators provided herein may be used to

inhibit HIV infection, delay AIDS progression or decrease the severity of symptoms or HIV
infection and AIDS.

[0696] Neuwrodegenerative disorders and related discases-- Within further aspects, C5a
25 antagonists provided hercin may be used to treat Alzheimer's disease, multiple sclerosis, and
cognitive function decline associated with cardiopulmonary bypass surgery and related

procedures,

[0091] In one embodiment of the invention, the compounds of the invention can be used for
the treatment of diseases sclected from the group consisting of sepsis {and associated

3¢ disorders), COPD, rheumatoid arthritis, lupus nephritis and multipie sclerosis,
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[0076] Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene
glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 20 preservative and

flavoring an lori ents. Oral solutions can be prepared in combin'c],tm i ample,
cyclodextringj{,é%@dgr?s Surfactants. [0077] The pharmaceutical compositions)gn,igig/g/flg%%ﬁithe form of a

sterile injectable aqueous or oleagenous suspension. This suspension may be formulated according to

the knowH8$2LisihEriHBey sirtaesie MRsPdeditRyor ety BESAES %Y SUSHERIME g8i@ivhich have

been 25mgnRtiepedt ahpvg: JhmsriiniesRblady eRAGIPAMAY. alarbe dsigfilanpjggsable solution or
suspension in a non-toxic par nterally-acce,gtable_diIuent or solvent, for exarg{llgle as a solution in

1,3-butarl8GfoR AT 1Y A S ERBbEEREIE LCalfit SORRIME AT B 8§ & hre water,
Ringer's séediondandfisotenits ddipicaichlacide foolutiometn adilitteihedtbeilen fixadddeils are conventionally
employed as a solvent or suspending medium..For this ur any bland fixed oil may be
emplgyedﬁ%%lmg]lsﬁé’ as%]ﬁ {aer#?léﬁﬁ@r?oq oF ?gcféjlégrlllgré’lé}lfh gﬁf? i%‘ﬁ,{)af%% %ff:‘?%% lsnlfgﬁéegs oleic acid find use
in the pregramasiontof injeptabiesivElL010/@75267 RE.TIUS2000 /06 884101 0 0F7stoThersowpounds of

the present.inyentign B?Q%ﬁééﬁé}%ﬁ%%@?tered in the form of suppositories for rectal administration of
the drug. These compositions can be prepared by mixing the drug with a suitable non-irritating

exciplent s <0l a4 AURADHLETBRSIALIE SRR BRI cial IRAREAR G A wil therefore

melt in the rectum to Srelease the drug. Such materials include cocoa butter and p%g%:lene glycols.
Additionatty StREEEAPSENIY BSATBROHBHIARIE FRAIY R BEOIMIS BIREAF b HERNE 8% s or

oifntm)entﬁi&%ﬁuém,eﬂhém%d%ﬁtﬁb @%@H@{Mﬁﬁ?ﬁ sihjectcompanndstsan fa aeaemplished by means
of iontopharetic patches and.the like, For topical use, creams, ointments, jellies, solutions or
uspensiBRETEHE CEAMAMPIHIE copBIRE GIIUTSBEERE 1O PEHTH L ShiBBYEHIRs used
herein, topiealagplicativritisaalbormeanbtatincifidetihe tusice or alleviate the symptoms

presented by the patient. Preferably, the amount administered 1s sufficient to yicld a plasma
concentration of the compound (or its active metabolite, if the compound is a pro-drug) high

15 enough to detectably inhibit white blood cell (e.g., neutrophil) chemotaxis in vitro.
Treatment regimens may vary depending on the compound used and the particular condition
to be treated; for treatment of most disorders, a frequency of administration of 4 times daily
or less is preferred. In general, a dosage regimen of 2 times daily is more preferred, with
once a day dosing particularly preferred. It will be understood, however, that the specific

20 dose level and treatment regimen for any particular patient will"depend upon a variety of

* factors including the activity of the specific compound employed, the age, body weight,

general health, sex, diet, time of administration, route of administration, rate of excretion,
drug combination (i.e., other drugs being administered to the patient) and the severity of the
particular disease undergoing therapy, as well as the judgment of the prescribing medical

25  practitioner. In general, the use of the minimum dose sufficient to provide effective therapy
is preferred. Patients may generally be monitored for therapeutic effectiveness using medical

or veterinary criteria suitabie for the condition being treated or prevented.

[0094] Dosage levels of the order of from about 0.1 mg to about 140 mg per kilogram of
body weight per day are useful in the treatment or preventions of conditions involving

30 pathogenic C5a activity {about 0.5 mg to about 7 g per human patient per day). The amount
of active ingredient that may be combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated and the particular mode of

administration. Dosage unit forms will generally contain between from about 1 mg to about
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of mouth washes and gargles. [00791 The compounds of this invention may also be coupled a carrier
that is a suitable polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone,

pyran copol roxy-propyl-methacrylamide-phenol, polyhydro - ide-
Rl AR

15phenol, o t neoxide-polylysine substituted with palmitoyl residues. Furthermore, the
compounds of the invention may be coupled to a carrier that is a class of biodegradable polymers

useful in aBRIBEAG BostisnEREreliense IS UPRG RSP adminisie pdRialbhdaride lycolic acid,
copolymeiial-priylastisrant-pelyaiisrlia acil.faepstanGarre aatune o Paly Bysipwdutyric acid,

polyorthoesters, pc%%accta,ls, polydihydropyrans, 20 polycyanoacrylates and cross linked or

amphipathEER SOl AR SR B TSR B BRAE P& BeCa TSR HRLIR iblymer matrices may be

fooned intenihapesamtitiesnsuaRas Malem] siaiitiitibibtppiasthesasand thadike. In one
embadiment of the in\(/fbr%ﬁ:)n, thegom ound of the inyentjon is coupled#g a %olyme_r or semipermeable

polyrmier AL Yortder hLGStErtBt LR SrAt TR I sRAVIBTHEHY 87 HESHAY Diseases and
Disorderscdbashilaied 2yiGha 30080dothaeaiopol s0s@hiheonveatibmayihaidied as agonists,
(preferably) antagonists, partial. agonists, inverse agoni f C5a receptors, in a.variety of contexts,
ot v A e T B e S R L e e GRS agomet that
can be usediintibitahid bindingnoftC&hteecbptor didpmatc@crniCiian tof @Fameoethr in vitro or in
30vivo. In.general, such methods comprise the step of contacting a C5a receptor with a sufficient
amount of one or more C5a receptor modulators as provided herein, in the presence of C5a receptor

ligang in aepRQuUSSAIHLRn BPAYAdSHEPRREIONS ANERMIRE RURRIS RS und used and the

particular disease treated. However, for treatment of most disorders, a dosage regimen of 4
times daily, three times daily, or less is preferred, with a dosage regimen of once daily or 2
times daily being particularty preferred. It will be understood, however, that the specific dose
level for any particular patient will depend upon a variety of factors including the activity of

15 the specific compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, and rate of excretion, drug combination (i.e., other
drugs being administered to the patient), the severity of the particular disease undergoing

therapy, and other factors, including the judgment of the prescribing medical practitioner.

[0696] In another aspect of the invention, the compounds of the invention can be used ina

20 varicty of non-pharmaceutical in vitro and in vivo application. For example, the compounds
of the invention may be labeled and used as probes for the detection and localization of C5a
receptor (cell preparations or tissue sections samples). The compounds of the invention may
also be used as positive controls in assays for C5a receptor activity, i.e., as standards for
determining the ability of a candidate agent to bind to C3a receptor, or as radiotracers for

25 posiiron enussion tomography (PET) imaging or for single photon emission computerized
tomography (SPECT). Such methods can be used to characterize C5a receptors in living
subjects. For example, a C3a receptor modulator may be labeled using any of a variety of
well known techniques (e.g., radiolabeled with a radionuclide such as tritium), and incubated
with a sample for a suitable incubation time {(e.g., defermined by first assaying a time course

30 ofbinding). Following incubation, unbound compound is removed (e.g., by washing), and
bound compound detected using any method suitable for the label employed (e.g.,
autoradiography or scintillation counting for radiolabeled compounds; spectroscopic methods

may be used to detect Tuminescent groups and fluorescent groups). As a control, a matched
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WO 2010/075257PCT/US2009/068941 binding of the ligand to C5a receptor. The C5a receptor may
be present in suspension (e.g., in an isolated membrane or cell preparation), in a cultured or isolated

cell, or in a%?(?@{;%gg?n. [0081]Preferably, the amount of C5a receptol;érmg%%%rﬁgﬁ@tacted with the

receptor 5should be sufficient to inhibit C5a binding to C5a receptor in vitro as measured, for example,
using a radioligand binding assay, calcium mobilization assay, or chemotaxis assay as described
herein. [08BP]qsaERadERmiekerrBPeHad a0 ARt de@sd FriohliBtsre bititeHhobntion are used to

modulate,pisierabiminhibit theighaluansdusingactviinef nGhaiacerian: tarexample, 10 by
contactin}%gone or more, com[t:)oun (s) of the invention thlaéa C5 receg%é)r (ejther in vitro or in vivo)

under coRAfIGRREHIEIR Hsr %‘iﬁ%ﬁﬁ@%#ﬁﬁ’é B G RRIIL) %Eé’ﬁ‘f FeldSESPWED be present
in solutioth®gShspemEiRoiih asculiuiechaliisalaigdoeelliprapagadiiny oredpon mapatignioiAims modulation

of the signal transducing actjyity may be assessed.by detecting an effect an calcium ion calcium

mob iza%g%e%troﬁip (fé%lc mfjegi% %f*le“"é)(l%ﬁag ?éesllgar}éggBﬁI)efr%-’rrﬁieeg%%edg Sccé‘lleljuelcgr) %?é*r%%ta“xs. In general, an
effective swioumttof. Ca8rh@ddlators) RreanamouRbsuffickrgitol AR didte Ehayréceptosignal
transducipg activity in vitro within a calcium mobilization assay or C5a receptor-mediated cellular

chemotaxis within a migration assay. [0083] When compounds of the invention are used to inhibit C5a

receptor-fpgpghatedi 2Qealllar ENEMAIRYIRREGTRER LI JAKREHIE 16:8- VEHIFPBRIANEMPLAXIS, In an in.
vitro chemotaxis assay, such methods comprise contacting white blood cells (particularly primate white
blood celf§!isspaainr mehods WitkeHonl cendyiitksory 8F MureddehsduisteTorifrssifention.
Prefgrablysthe canseptrationissuffigient te-inkhibi smpmotaxisotwhiieblong elisimartp vitro
chemotaxis assay, so that the levels of chemotaxis obseryed in.a control _

1solating, C5a receptors (e.g., 1solating receptor-expressing cells) in vitro. In one preferred

application, a modulator linked to a fluorescent marker, such as fluorescein, is contacted with

the cells, which are then analyzed (or isolated) by fluorescence activated cell sorting (FACS).

15 {6098] In Pigure 1, structures and activity are provided for representative compounds
described herein. Activity is provided as follows for the binding assay as described herein: -+,
500 nM < 1Csq < 2000 nM; ++, 50 nM < ICgq < 500 nM; +++, 5 nM < 1C50 < 50 nM; and

++++, IC50 <5 nM.

20 V. Examples

[6099] The following examples are offered to illustrate, but not to limit the claimed

invention.

[0100] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 'H-.NMR spectra were recorded on a

- 25 Varian Mercury 400 MHz NMR spectrometer. Significant peaks are provided relative to
TMS and are tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet) and number of protons. Mass spectrometry results are reported as the ratio of mass
over charge, followed by the relative abundance of each ion (in parenthesis). In the
examples, a single m/e value is reported for the M+H (or, as noted, M-H) ion containing the

30 most common atomic isotopes. Isotope patterns correspond to the expected formula in all

37



25assay are significantly higher, as described above, than the levels observed in an assay to which a
‘compound of the invention has been added. [0084] In another embodiment, the compounds of the

present invqggcyalf(%yg]g?can be used for treating patients suffering from gopgitionsfhalarc responsive
to C5a receptor modulation. As used herein, the tem' "treating" or "treatment" encompasses both

disease-modifying 30treatment and symptomatic treatment, either of which may be prophylactic (i.e.,
before thea8isdilesEQPRIIOINTE ZiH B Hor R HeVERE VGBI oI Y Utie &' th S QWSS Bt Symptoms) or
therapeutig. 16w pileathaensat af Sympems sitardecia woucadheseyeryandiosausation WO
2010/075257PCT/US20 9/0689{;}9}f of ag}?gtoms . As uggd er ig, agﬁgq%itg) is c_ortside,red
"responshRITSE 5N PERR DY PHABHS AT S-S PRRDE BT O OE 4! Het BHtOP = &0ty PELOIHE S e reduction
of inappraogtisde ettty dfliadobso heae phar tifsnusedikenems thewdinh Spatiedisomdidieprimates
(especial ns), esticated co nion,animals (such as ts, horse the like) and
5Iive§tocliy5(§gg%%§§1 gc;@g,c Oplfl S u S ﬁ%g%? g)r% %ﬁ%bﬁ%(ee%in%/v%% %gétgéeeggapﬁ d g%t‘rii%re% %%?%%1%62nditions that
can be treatedvwyhCSafmodutstibes (B08S]vantenvenind isordersndergovriad bnletoigehritis, systemic

lupus erythermatosys, FHAEANE HOORME RARS SAIIS HIPAS ReRBI¥iS-nuS.glpmerulonephriis,

psoriasis, Crohn's disease, vasculitis, irritable bowel syndrome, dermatomyositis, multiple sclerosis, 10
bronchialdgbttsaygemphigus, pcmphigoid, scleroderma, myasthenia gravis, autoimmune hemolytic
and thrombocytopcnic states, Goodpasturc's syndrome (and associated glomerulonephritis and

pulmonafy HhorFhadeliowing ahbreaitinntradssd gk Fareenls andiherustrtBfection of transplanted

orgaps; anddhsuise, 10286} dnflammatory disorders and related conditions-- e.g., Neutropenia, sepsis,
septic

EtOH: Ethanol

EtONa: Sodium ethoxide

THF:  Tetrahydrofuran

TLC:  Thin layer chromatography
15 MeOH: Methanol

[0102] Compounds within the scope of this invention can be synthesized as described
below, using a variety of reactions known to the skilled artisan. One skilled in the art will
also recognize that alternative methods may be employed to synthesize the target compounds
of this invention, and that the approaches described within the body of this document are not

20 exhaustive, but do provide broadly applicable and practical routes to compounds of interest.

[6163] Certain molecules claimed in this patent can exist in different enantiomeric and

diastercomeric forms and all such variants of these compounds are claimed.

[0104] The detailed description of the experimental procedures used to synthesize key
compounds in this text lead to molecules that are described by the physical data identifying

25  them as well as by the structural depictions associated with them.

[61¢5] Those skilled in the art will also recognize that during standard work up procedures
in organic chemistry, acids and bases are frequently used. Salts of the parent compounds are
sometimes produced, if they possess the necessary intrinsic acidity or basicity, during the

experimental procedures described within this patent.
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15shock, Alzheimer's disease, multiple sclerosis, stroke, inflammatory bowel disease (IBD),
inflammation associated with severe bums, lung injury, and ischemia-reperfiision injury, osteoarthritis,
as well as a spiratory distress syndrome (ARDS), chronic pulmonary obstructive disorder
(COPD), syﬁeﬁ%&q%gﬁgﬁnmory response syndrome (SIRS), atopic dermgﬁﬁ/slf%g %%(‘sal%fichronic
urticaria and multiple organ dysfunction syndrome 20(MODS). Also included are pathologic sequellae
associated with insulin-dependent diabetes meNRIEPINtluding diabetic retinopathy), lupus
nephropathy, Heyman nephritis, membranous nephritis and other forms of glomerulonephritis, contact
sensitivityubeRs € cintt (Erfleradivietad brarg bAndsndeinsr iinscBwanbenifis aickd (Races that can
cause coﬂ%ﬁ%%@ﬁf%‘?ﬁ}ﬁilw&%urs, for example, during extracorporeal circulation of blood
25(e.g., during hemodialysis or via a heart-lung machine, for example, in association with vascular

art valve replacement}; or in association with

< alve repl essociation
Cralevesselqr Contapersurtagss (e. 7 g tricujet assl vices, artificial heart
i g—brréonas'to a asngxerteﬁﬁ?p telefpheesis, and the like). Also
on irfif’/? such as{ihoulting from

transplants, including solid organ transplant, and 3yfidromes such as ischemrefeperfusion injury,
ischemic colitis and cardiac WO 2010/075257PCT/US2009/068941 ischemia. Compounds of the
instant invention may also be useful in the treatment of age-related magulaf degeneration (Hageman
eta!, P.N.A.S.102: 7227232, 2005). 100871 Cardioyascular and 2kro q@g%@&ﬁisorders--e.g.,
myocardial infarctior@onaﬂ?’thrombosis, vafﬁﬁr‘o Rision, g urg?c nlvase reocclusion,

atherosclerosis, N7
LAH N @ step ¢
T ————
© 0
O step d EtsN, CHCls
F

F
O OH HENO\CFs O\\‘ EQ\CFS
0 '
T
F

CFO3
step e

EtsN
step f F
[0106] a) PA(PPha)s (3:0 g, 2.6 mmol) was added to a solution of 2-chloro-3-
carboxyethylpyridine (25 g, 134.7 mmol), phenylboronic acid (21.04 g, 172.6 mmol) and
K»COs5 (55.1 g, 399 mmol) in 1,4-dioxane (200 mL) and water (200 mL). The reaction
10 mixture was heated at 100 °C for 2 h. The solution was then cooled to room temperature and
the dioxane was removed under reduced pressure. The resulting aqueous layer was extracted
with ethyl acetate, and the combined organic layers were dried (Na,SO.), filtered through
celite, and concentrated under reduced pressure. The residue was purified by flash
chromatography (8i0;, 10-100% EtOAc/hexanes) to get the 2-phenyipyridine derivative in
15 91%yield (27.98 g). LC-MS R (retention time): 2.45 min, MS: (ES) m/z 228 (M+H").

{0167} b) PtO; (800 mg, 3.52 mmol) was added to a solution of 2-phenyl-nicotinic acid
cthyl ester (20 g, 88 mmol, prepared in step a above) in EtOH (60 mL) and concentrated HCI
(15 mL). The reaction mixture was hydrogenated using a Parr shaker at 40-45 psi, for ] h.

The reaction mixture was then filtered through celite, washed with EtOH, and the filtrate was
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5 traumatic central nervous system injury, and ischemic heart disease. In one embodiment, an
effective amount of a compound of the invention may be administered to a patient at risk for

myocardial i&f rz%?'%,/g{stﬁrombosis (i.e., a patient who has one or more @ﬁggg%@)%g%]factor for
myocardial infarction or thrombosis, such as, but not limited to, obesity, smoking, high blood pressure,

hypercholesterolemia, previous or genetic history of myocardial 10infarction or thrombosis) in order

reduce theoresRGHAS BrdedirduptARIREIST tio YV 10888t TNdBAEeCdr rdstamid Wilsculitic
dseases gig.ehardcigtized by infammationptirsesselsy niltratonof eekecytasdeads to destruction

of the vessel walls, and the complement pathway is %eli ved to play a.majory rqle in ipjtiating leukocyte
migrationSA¥S T SR RRRyRb taPd ?ﬁéﬁlf‘ésﬂé “lavlle%hﬁéf gl%g%tfél/ﬂﬁlé’?ﬁaihg‘t?gﬂn&as litis, Second
Edition, 1&Edied by Balrand Bridges, Oxford University Press, pp 47-53, 2008). The compounds
provided in the present invention can be used to treat leukoclastic vasculitis, Wegener's

gr?nljtlorygplnﬂ'ﬁ, mjcg)&tpﬁljﬁé)pﬁwﬁ@.iﬁigmuﬁgqﬁimrﬁmawmdﬂe}uﬂohﬁmﬁnwm@urpur;a, |
polyateritis nodosa, Rapi ressive Glomerylonephr - mia, giant ce
arteritis (glé%ij%g Cets G 3égés)§’a§§§ ?ﬁgfégﬁgﬁ%%?s%%{ﬁ &%(%);f%&%%%{\l}l% ection and AIDS --
C5a receptoperdusidivieprovidediiieref mvh@quum frfHIEHH Vhinfestion, weldgnal DS progression
or decregse.ihe gevafity obaymRIRMaLQ, I infestienand AlbR AQ0R01 Nevidegenprative disorders

and related diseases-- Within further aspects, C5a 25antagonists provided herein may be used to treat
AlzheimeresisaukBermsidpreras drsdisndm dieBgrmeTirdb mite citrsudbesasd Ghipride
cardigpulpanasydpRessisy oy iand elatedirmtedw esclRghidnone siahiediorens of the invention,

the compoundsf the rvention car, beysed fo e HEATEN: 0] HPBRSRas SHiec e e aovp

was then allowed to warm to room temperature and stirred overnight. The reaction mixture
was diluted with CH,Cl> and water was added. The layers were separated and the aqueous
layer was extracted with CH»Cl,. The combined orgaric layers were dried (MgSQO4) and

15  concentrated under reduced pressure. The residue was purified by flash chromatography
(Si0;, 10-35% EtOAc/hexanes) to give 7.47 g of the desired compound 99% yield). LC-MS
R, (retention time): 2.50 min and 2.38 min (two rotamers), MS: (ES) m/z 370 (M+H").

[0169] d) Lithium aluminum hydride solution (2.0 M in THF, 8.2 ml., 16.4 mmol) was
added to a solution of the ester from step ¢ (2.98 g, 8.06 mmol) in THF (100 mi) at 0 °C. The

20 resulting solution was kept stirring at 0 °C for 2 h at which time the reaction was completed.
15% Aqueous NaOH (625 pL) was added drop wise to quench the reaction followed by H.O
(625 uL). To the cloudy colloidal mixture was added additional water (1.85 mL), and the
mixture was kept stirring for I h at rt. The mixture was then filtered through a celite plug,
and the filtrate was concentrated under reduced pressure. Purification by flash

25 chromatography (Si0,, 33-67% EtOAc/hexanes) gave 2.46 g of the desired product (93%
yield). LC-MS: R, (retention time):1.90 min and 2.09 min (two rotamers), MS: (ES) m/z 328
(M-+H").

[0110] &) A solution of the alcohol from step d (1.42 g, 4.33 mmol,) in acetic acid (635 ml)
was added to a slurry of CrQO; (2.61 g, 26.1 mmol) in HoO (16 ml) at room temperature. The
30  resulting mixture was kept stirring at room temperature until the reaction was completed (90
min). The mixture was filtered through a Celite plug and the fiitrate was concentrated under

reduced pressure. Purification by flash chromatography (Si0;, 3-10% CH>Cl;:MeOH
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30disorders), COPD, rheumatoid arthritis, lupus nephritis and multiple sclerosis. WO _
2010/075257PCT/US2009/068941 [0092] Treatment methods provided herein include, in general,
administrati jent an effective amount of one or more compoun ' ?erein. Suitable
patients incl(l}jgd%%tﬁg?sﬁgggtients suffering from or susceptible to (i.e., propdk]?ﬁ%g{\%%ﬁgg ?ﬁélnt) a disorder
or disease identified herein. Typical patients for treatment as described herein include Smammals,
particularfippiisdtes > e<pee Bty Aibsstis s ouer SOk asib thaderitsdmenduet (HiestdiebCompanion
animals sngh ARERg:Cabonses and dhedlike o adivasioskanimal such,as satiieRigy sheep and the
like. 100931 In general, treatment methods provided herein comprise administering to a patient an

effective gmaount of 3.99MPEVRALEIRAGHIQIE CHBPOUNHRAIAVIARH Retaiicing PIsfaitsths

10embodiment, the qomp%thl!?d s) Qf the invention are preferably administered to a patient (e.g., a
human) oPATi REHRENAPRNS Effectie WBESUARS e bR SUitidhtts Mdtlate C5a receptor
activity artherghsamg ontsoifhoie pttoiedsioe gradleviate tiessiuriptoms giesenteddrathe patient.
Preferably, the amaunt administered is sufficient to yield a.pl a tration.of the compound (or
its active %ﬁgit% ol &)gfaﬁ eg%oir'r? pt)%tflr?l iSa 6?3@%}6%%‘@? ?&%@r{%ﬁﬁ% é ta%lrl?/)irm%l e\ié\ihite blood
cell (e.qg., vishitrdphifyashie Hblabidomadirp sareatth emeegimel S thalhvangaépkydirgaon the compound

used and {he parficiag 89&‘?'%%19%}81}2%{;%@5%@5&3%@&%5& oh AP RIAIRAARLR,,A frequency of

administration of 4 times dalcg or less is preferred. Inogeneral, a dosage regimen of 2 times daily is

more preferritraifthréesh GarudsEpparticiad? Rog/hexpnrpetirder s16dds houkdder, that the
SPeqQific  of the product as a white solid. 'H NMR (400 MHz, CDCls) § 1.22-2.45 (m, § H), 2.93-3.32

(m, 3 H), 6.77-7.82 (m, 12 H), 9.10 (s, 0.38 H), 9.30 (s, 0.62 H). LC-MS: R, (retention time)

= 2,88 min, MS: (ES) m/z 485 (M+H").

Example 2
15

Synthesis of N-(3-tert-butylphenyl)-1-(5-chloro-3-methylpicolinoyi)-2-phenylpiperidine-
3-carboxamide

H2N
0 z l 0
= l Cl CHzClz, K2C03 = N
= ~ l H
N Cl step a PhB(OH),

NT o
step b | Pd(PPhy),

K,COs
O f - O
Y PtO,, H,
TN HCVEIOH = | N
N H o H
N "@ stepc N
H

H

ffi °
0
=N
Ci HCTU ‘,\JLN
! iProEtN O b
N
step d ©
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20dose level and treatment regimen for any particular patient will depend upon a variety of factors
including the activity of the specific compound employed, the age, body weight, general health, sex,
diet, time Of‘ﬁgfmmﬁ}@g?n' route of administration, rate of excretion, drug&gﬂym%%‘g.e., other
drugs being administered to the patient) and the severity of the particular disease undergoing therapy,
as well as the judgment of the prescribing medical 25 practitioner. In ?eneral, the use of the minimum

dose suffl@igdt to Prévidéortraeeieo chaps (hdterbdsphtrhin tan sishpisesibsittored for
therapeug@@fsf@aijiy@m t?smilmﬁﬂi@atmﬁwﬂsafmﬁh@ﬁiteréqmmka ferkheondition ilaiiTg treated or
prevented. [0094] Dosage levels of the order of from about 0 .1o ahout 140 mg per kilogram of
body Weiﬁﬁéﬁé?%ﬂcg%?@ﬁ%ﬁﬁ @Rg h@fl‘rﬁeﬁt"é’lﬁp@\?gﬁf{&é gf%Bhﬂiﬁéﬁ%rﬁf\%R}?ﬁg‘%rﬁathogenic
Cba activitys(alheutdubsmg:tecabhoteinh ¢ e Humandbtient. pef dafhcTheameuntcpbactive ingredient
that may be, combined with the carrien malsiafs ip pradce.2 sinals desags,farm ilbyary, depending
upon'the Host treated and the particular mode oPa ministration. Dosage uni orms Will generally
contain beﬂﬁ@mﬁ@mr@boqudmgﬁ%oﬂwmIM@?m¢P@giﬁ@gm'r@@mnl@@@ mg of an
active inggedient, fzanaempaunds administersd arallyy amsdermaly JRFRuRRROoWEY (B5)

subcutaneously, it is preferred that sufficient amount of the compound be administered to achieve a
serum cotiéetitPatio oH5)ng (nanograms)/mL-10 (micrograms)/mL scrum, more preferably sufficient
compound to achieve a serum 5concentration of 20 ng-1 ug/m1 serum should be administered, most

preferably/ddHcidnt R 1 BehiavEes sddadip conbeitrich ot R 60iG/Ah1 serum should
be agminigteradnfinsdikraidiectionnial hersyy o @ardfaireainent ofaithuiisjesufficient
Com P OUn S oI P& Admipisiered IoPRRISYe 8 Jpeg! Sancentaton ol ARRIKmAtel, t,Jy cromolar.
the reaction mixture was filtered through celite and the celite plug was washed with EtOAc.
The filtrate was diluted with water and extracted with EtOAc, dried (MgSO,), filtered and
concentrated and concentrated under reduced pressure. The residue was purified by
15  automated flash chromatography (Si0,, 10% to 100% gradient of EtOAc-hexanes) and dried
in vacuo to give the 2-phenyl-3-carboxyamidepyridine in 60-75% yield, MS: (ES) m/z 331.2
(M+ H").

[0114] ¢ PtO, (10 mol%) was added to a solution of the 2-phenylpyridine derivative
prepares above (1 eq) in EtOH and concentrated HCl (excess, 4:1 ratio) and the reaction

20  mixture was hydrogenated using a Parr shaker at 40-45 psi, for 1.5 h. It was filtered through
celite, washed with EtOH, and the filtrate was concentrated. The residue was diluted with
CH,Cl, and washed with saturated aq NaHCO;. The residue was then purified by automated
flash chromatography (Si0s, 1% to 30% gradient of CH;Cl;-MeOH)) and dried in vacuo to
give the title compound in ~85% vield as a foamy solid. MS: (ES) m/z 337.2 (M+ H".

25 [0115] d) 5-Chloro-3-methylpicolinic acid (30 mg, 0.16 mmol) and N-(3-fert-butylphenyl)-
2-phenylpiperidine-3-carboxamide (50 mg, 0.15mmol, prepared in step ¢ above) were
dissolved in anhydrous DMF (1 mL). N, N-Diisopropylethylamine (0.15 mL) was added at
room temperature followed by HCTU (67 mg, 0.16 mmol). After stirring 2 h at ambient
temperature, LC-MS and TLC indicated the completion of the reaction. The reaction mixture

30 was diluted with EtOAc (50 mL) and washed with 1 N HCI (20 mL), saturated NaHCO; (30
mL), and brine (30 mL) and the resulting solution was concentrated under reduced pressure.
The residue was purified by preparative HPLC (20 — 95% gradient of MeCN-HO with

42



10 [0095] Frequency of dosage may also vary depending on the compound used and the particular
disease treated. However, for treatment of most disorders, a dosage regimen of 4 times daily, three
times daily,&r I%Ei% )'Osy%rsgferred, with a dosage regimen of once daily or %,Er]r}%zg@} GQﬁiPQ particularly
preferred. It W(ﬁ| e understood, however, that the specific dose level for any particular patient will
depend upon a variety of factors including the activity of 15 the specific compound employed, the age,

body weifHt/ageiferarhemimiredsactiiss tiere brabikraisabiond ibatilsramprunsiaiiongdhdorate of
excretion, diwg eenPinAtiaRAiEmthes dgsbemegadmipistered AcibeRpsien.the severity of the

particular disease undergoing therapg/r, and other factors, including the judgment of the prescribing

medical F&ddabrAdY {boddfin’aiidther Hspecf ot lite ihve MidnHinecombauntddftné fvention can be
used in azj%ﬂ)\gﬁfd@tmpfmm@hqimge?m@fé)imwtrg@@geiwm angjjcgﬁngge@@m@ﬁ,ﬂmel_ .
compoungds of the invention may be labeled an ed as prabes for the_gdetection an alization o
C5a Tece I%’F {tbse 5PLy r%&@)-or%iégfﬁ %&%82’5@%6@%’9%@%667 §%ﬁﬁ§’fﬁ% ion may also
be used as2pagsitve)contraBInassEysfQriCBareceptor activity, i.e., as standards for determining the
ability of a candidate agent to bind to C5a receptor, or as radiotracers for 25 positron emission
tomography (PET) imaging or for single photon emission computerized tomography (SPECT). Such
methods can be used to characterize C5a red&yzmygdi3 living subjects. For example, a C5a receptor
modulator may be labeled using any of a variety of well known techniques (e.g., radiolabeled with a
radithuclfgathests abdistluymety Thenbmb Wit wosephpiey PiipesidtadiE-earbwudisrrtit &ce.g.,
determinédiRufiyiphessdiamdds time course 300f binding). Following incubation, unbound compound is
removed (e.g., by washing), and bound compound detected using any method suitable for the label

employed (e.g., autoragjography, or scintiftgfiéit tounting forgadi led compounds; spectroscopic
methods may be used 1) de mipesce ¢rtips and fludce oups). As a control, a matched
WO 2010/07525 US{200/06 1 s—&m%’re%anta ning é{led com nd a greater (e.g.,
10-fold greater) a +pf unlabeled compérd may b ed in the same manner. A greater

amount of detectable label remaining in the test sample than e centiplHndicadgs the presence of
Cb5a receptor in the sample. Detection assays, including receptor autofd@idrdphy (receptor mapping)

of C5a 5receptor in cultured cells or tissue samples may be pé:rformed as desgribed by Kuhar in
0
RS |
) ’ O‘r H
@AO @ EtyN, CH,Cl, L\{ '
F stepc

15 [0116] a) To a mixture of N~(3-ferr-butylphenyl)-2-chloronicotinamide (570.2 mg, 2

F

mmol), 3-flucrophenytboronic acid (401.2 mg, 2.8 mmol), 3 mL of toluene, and 1 mL of 2N
potassium carbonate in water was added tetrakis(triphenylphosphine)palladium(0) (234.5 mg,
0.2 mmol). The mixture was then heated at 90 °C for 3 hour under nitrogen, before it was
cooled down to room temperature. The reaction mixture was then diluted with 30 mL of

20  water and 150 mL of EtOAc. The organic layer was separated, washed with brine, and dried
(Na,S0,). The organic solvent was removed under reduced pressure and the residue was
purified by silica gel column (40% EtOAc in hexane) to give N-(3-tert-butylphenyl)-2-(3-
fluorophenylinicotinamide (691. 4 mg, 99%). MS: (ES) m/z 394.5 (M+H").

[0117] b) A mixture of N-(3-fert-butylphenyl}-2-(3-fluorophenylnicotinamide (501.2 mg,
25 1.4 mmo}), platinum oxide (51.9 mg, 0.21 mmol), and concentrated HCI (400 pL, 5.2 mmol)

in 5 mL of ethanol was stirred vigorously under hydrogen balloon overnight. The mixture
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sections 8.1.1 to 8.1.9 of Current Protocols in Pharmacology (1998) John Wiley & Sons, New York.
[0097] The compounds provided herein may also be used within a variety of well known cell separation

methods. F(ﬁ&)&zﬁlm%gzz{podulators may be linked to the interior surface ?’f??ﬁ’gﬁg @§%gsgwture plate or

other support, Tor use as affinity ligands for immobilizing and thereby isolati a receptors (e.g.,
isolating receptor-expressing cells) in vitro. In one preferred application, a modulator linked to a

fluorescetipaired. sadrhasdlidsraaslsd vidte dAtadiod wathann bansiwpsc aecodnrathalyzed (or
isolated) by flusrescence asdivated callbsaiting (TH&S).IAI008lInEKigurail oStiMaiEs and activity

are provided for representative compounds described herein. Activity is provided as follows for the
binding as&iydigadaisisdibiehml Sog A< TS et 4 S BE AR LREsH B0 hM; +++, 5
n_1\4 < |c&0usb Mg, apthporatiod GBEKEMMa2A N EnxanmplasTiuRepde digfpliawvirg examples are

offered to illustrate, but not to limit he claimed invention. 0] Reagents and solvents used below can
e otmin A LA A AT K B RS R e, S
'H-NMR dpeatrst wepe MedikEdaniaRb (Warldn.Mercury 400 MHz NMR spectrometer. Significant
peaks are provided relative to TMS and are tabulated in the order: multiplicity (s, singlet; d, doublet; t,
triplet; g, HUdRkt; en, ToultipletiandhdrfibérofoprotonpiMadespectromptiyaad (kseare reported as the

ratio of mgas aker aiarGe Iloeryhe selaliye abundaseof sad g paEAMERE). I the

examples, a singlé m/e value is reported for the | (or, as’noted, M-H(% lon containing the 30 most

common &d8pdiEINIIPR s Lisetense) prrterrincbreaipsibciiomde dRpe i Ysrmmal intapom

10 temperature. The resulting solution was then stirred at this temperature until completion of
the reaction (10 min.). The reaction mixture Was then directly loaded onto & stlica gel
column, and was purified by using ISCO (30% EtOAc in hexane) to give the final product 2-
(3-fluorophenyl}-1-(2-methylbenzoyl)piperidine-3-carboxylic acid (3-fert-butylphenyl)amide
(151.2mg, 64% yield). 'H NMR (400 MHZ, CDCls, mixture of rotomers): & 7.91 (s, 0.6 H),

15  7.85(s, 0.4 H), 7.18-746 (m, 9 H), 7.11 (n, 1 H), 6.95 (m, I H), 6.67 (d,./= 1.2 Hz, 1 H),
3.36(d, J=1.6Hz 04 H),326(d,J=1.6 Hz, 1 H),3.05 (m, I H), 2.89 (t,.J=1.2 Hz, 1 H),
245 (s, 1 H),2.02-2.40 (m, 4 H), 1.70-1.84 (m, 3 H), 1.44-1.64 (5, 1 H), 1.32 (5,6 H), 1.25
(s, 1 H). MS: (ES) m/z 473.2 (M+H").

20 Example 4

Synthesis of cis-1-{2-methylbenzoyl)-2-(2,2-dimethylpropyl)piperidine-3-carboxylic acid
(3-ferr-butylphenyljamide
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WO 2010/075257PCT/US2009/068941 cases. Electrospray ionization (ESI) mass spectrometry
analysis was conducted on a Hewlett-Packard MSD clectrospray mass spectrometer using the HP

1100 HPLC aﬁ d?Z I|very Noimally the analyte was dissolved in mgthangl atQd.mo/
nfused wit

microlitre was |

h the delivery solvent into the mass spectrometer, which scanned

mE and 1
from 100 to

51500 daltons. All compounds could be analyzed in the positive ESI mode, using acetonitrile / water

with 1% formic acid as the delivery 3

3nt. The compounds provided below could also be analyzed in

the negative ES1 mode, using NS in acetonitrile / water as delivery system. 101011 The
following abbreviatiogs are usedin the Examples and thrgugh e 10description of the invention:
EtOH: Ethanol dium etbiexidesmidF: Tetrahydro C:_Fhin layer ¢chromatography 15

MeOH: Methapol | 10 Compourds-withirtie scppe | ftl“ﬁ’ﬁ inventi

described belowm Usiag a variety of #€a&ions known
recognize that alternative methods may be employed to synthesize th%efh?g t 0

be esized

O

as

the,skilled artisan. Ohegkdlied in the art will also
ounds of this

invention, and that the approaches described within the body of this document arc not 20exhaustive,

but do provide broadly applicable_ and pra
molecules claimed in this patent gan =@
such variants of these compounds are aimesd,

10

15

tical routes to compounds of |
n differendygnaytiomeric and
HCVEtOH =

N step ¢
5
|

0
e
DMAP \\“l
] CHCly/pyridine O

J\N
H
N ’
step d >v
O

[0119] a) To a stirred solution of 2-bromonicotinic acid (1.01g, 5 mmol) dissolved in

anhydrous dichloromethane (8 mL) were added EDCI (1.34 g, 7 mmol) and 3-zert-

butylaniline (0.74 g, 5 mmol) at room temperature and the reaction mixture was stirred for 12
hours. The mixture was then diluted with dichloromethane, followed by saturated sodium
bicarbonate and water wash. The dichloromethane layer was dried over anhydrous
magnesium sulfate, filtered and concentrated under reduced pressure, The residue was
purified by flash chromatography to obtain 2-bromo-N-(3~tert-butylphenyl)nicotinamide in
59% vyield (950 mg). Rt: 2.44 min (20-100-5 method). MS: (ES) m/z 333, 335 (M+H").

[6120] b) 2, 2-Dimethylpropylmagnesium chloride (1 M-diethylether, 4.8 mL, 4.8 mmol)
was added to a suspension of copper cyanide (215 mg, 2.40 mmol) in THF (6 mL.) at -78°C.
After stirring at the same temperature for 1 hour, 2-bromo-N-(3-fert-
butylphenyl)nicotinamide (200 mg, 0.601 mmol) was added all at once as a solid. The
reaction mixture was gradually warmed to room temperature and the reaction was allowed to
stir overnight. Saturated ammonium chloride solution and ethyl acetate was added, and the
reaction mixture was filtered through celite and rinsed with ethyl acetate. The layers were
separated and the product was extracted once more with ethyl acetate. The combined organic

layers were washed with brine and dried over anhydrous sodium sulfate. After removing the

01031 Certain
eric finins and all



[0104] The detailed description of the experimental procedures used to synthesize key compounds in
this text lead to molecules that are described by the physical data identifying 25them as well as by the

structural dgggd%)llaa(%ﬁgciated with them. 101051 Those skilled in the 96%!@5%%5?&@9””‘9 that

during standard work up procedures in organic chemistry, acids and bases are frequently used. Salts
of the parent compounds are sometimes produced, if they possess the necessary intrinsic acidity or

basicity, SNARf tiesxperiekpresprodbaltiels arderit otrivitiv ediysirsiticawpbeolumn

2010/0752pdR5d Hehid AOMUDE Bk @ Mple- L Y gsiR @hte in hexanes to yicld N-(3-fert-
cis-1-(2-fluoro-6-methylbenzoy1)-2-phenylpiperidine-3-carboxylic acid (3- trifluoromethylphenyl)amide
10106] 2) PEPPB3ITE 078 BT HESSHAES G Eoifol ol 2ERRECH: catboryahyIpyridine (25
g, 134.7 masnehe phenybasanicacid (21.04 g, 172.6 mmol) and K2CO3 (55.1 g, 399 mmol) in
1,4-dioxane (200 mL) and water (200 mL). The reaction 10mixture was heated at 100C for 2 h. The

solution igE #encgaole e BaryiBmpisatre diddhe pioxAns svdsarettoved underseduced pressure.
drid (NaDS R HA R SOTHC, el coSEA RS s ot pPABSt SR e Was
purified bfpHashdhyematograghivBi@R]o1-40092 IBt0RL/Adxanss)otorgetittren2sphenylpyridine
derivativ%gf%rogenated using a Parr apparatus for 1.5 hours at 45 psi. Analysis of the reaction mixture
showed incomplete conversion, and the sequence was repeated one more time. Platinum
10 oxide was filtered off and the solvents were removed under reduced pressure. The crude
material was neutralized using saturated sodium bicarbonate solution and extracted with ethyl
acetate. The organic layer was then washed with brine and dried over anhydrous magnesium
sulfate. Removal of solvent under reduced pressuré gave the crude 2,3-cis-2-(2,2-
dimethylpropyDpiperidine-3-carboxylic acid-(3-tert-butylphenyl)amide (153 mg) which was

15  uscd in the next step without further purification.

{0122} d) To a solution of 2,3-cis-2-(2,2-dimethylpropyl)piperidine-3-carboxylic acid-(3-
tert-butylpheny!amide (84.8 mg, 0.257 mmol) in pyridine (415 pl., 5.13 mmol) at room
temperature was added 2-methylbenzoyl chloride (81.6 mg, 0.528 mmol) in chloroform (415
uL), A catalytic amount (not weighed) of dimethylaminopyridine was added to enhance the

20 reaction and the mixture was stirred for three days. Ethyl acetate and water was then added
to the reaction mixture and the product was extracted with ethyl acetate three times. The
combined organic layers were dried over anhydrous magnesium sulfate. After removal of the
solvent under reduced pressure the crude material was purified via silica gel chromatography
using 10% - 20% ethyl acetate in hexanes to give 2,3-¢is-2-(2,2-dimethylpropyl)-1-(2-

25  mcthylbenzoyl)piperidine-3-carboxylic acid-(3-tert-butylphenylamide (47.0 mg, 0.105
mmol, 41%). Rf= 0.6 (hexanes: ethyl acetate = 2:1). Rt =3.16 min., 3.26 min. (compound
exists as mixturcs of several conformers. 20-100-5 method.). "H NMR (CDCl3) 8 9.68 (s, 1
H), 9.43 (s, 1 H), 8.33 (5, 1 H), 8.28 {5, 1 1)), 6.97-7.79 (m, 8 H), 5.48 (br, 1 H), 339 (dd, J =
4, 10 Hz, 1 H), 5.33 (dd, /= 6, 6 Hz, | H), 3.38(ddd, /=4, 14, 14 Hz, 2 H), 3.25 (dd, ./ = 13,

30 13 Hz, 2H),2.66(dd, /=4, 84 Hz 1 H), 2.63 (ddd, /= 2.8, 2.8, 8 Hz, 1 H), 2.50 (s, 9 H),
2.40 (s, 9 H), 2.25 (s, 9 H), 2.13 (s, 9 H), 1.79-1.99 (m, 2 H), 1.23-1.56 (m, 2 H), 1.32 (s, 9
H), 1.07 (s, 9 H), 1.06 (s, 9 H), 0.97 (s, 9 H), 0.95 (s, 9 H). MS: (ES) m/z 449 (M+H").
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1591% vyield (27.98 g). LC-MS R1 (retention time): 2.45 min, MS: (ES) m/z 228 (M-HT ). [0107] b) Pt02
(800 mg, 3.52 mmo1l) was added to a solution of 2-phenyl-nicotinic acid ethyl ester (20 g, 88 mmaol,
prepared in \%[880?0%%9\’%) in EtOH (60 mL) and concentrated FTC! (15 mLégIr}gzgga}&t;is%n mixture was
hydrogenated using &'Pan shaker at 40-45 psi, for 1 h. The reaction mixture was then Hitered through
celite, washed with EtOH, and the filtrate was WO 2010/075257PCT/US2009/068941 concentrated
under reduced pressure. The residue was diluted with CH2C12 and washed with saturated NaHCQO3.
Purification by flash chromatography (Si02, OF2@98cDH/CH2C12) gave the desired product in 85%
yield (17.4 g). LC-MS Rt (retention time): 1.73 min, MS: (ES) m/z 234 (M+H7). 5[0108] c) Oxalyl
chloride (SYRURSisR] 78-MGrRIoReAL hddane imbbepraibripeidinertycar brenlinpeidGreestid (3.79 g,
24.6 TnmAVTHRHGBERINIE 1ri ) in a reaction flask at room temperature, followed by addition of a
catalytic amount of DMF. The reaction was kept stirring for.2 h at room temperature. Solvent and

excess oxalyl chloride were refn@ved in vactfo and the @ i y igh vacuum for 20
min. The resulting &cid chloride.10 was dissdlved ir].,czl : edito O C followed
by the additi RiRerid ade {fi S{EP BBe56 g, 20.5 mmolyand : 761 5 mmol).

The mixture Waslthen alfowedtowar Q-roQurtemperatureand*stired*ayekqight. The reaction
mixture was dititedPwith@HREIR gl water addetBYHd yers were separated and the aqueous
layer was extracted with GHPEI2°Crhe combined orgarit 1aJefs were dried (Mg504) and
15concentrated under redused pressure. The residue wasspnirified by flash,ehromatography (Si02,
10-35% EtOAc/hexanes) to give 7,47 g of the desired compound 99% vyi Isdq\,;fé'@ﬁvls R1 (retention
time): 2.50 min and 2.58 min (two rotamers), MS: (ES) m/z 370 (M+H-). | = gep ¢

1 ' 1
. :“ e :“
, H ’, H
N T4y ﬁ fry
o EtaN, CHCl,
step d

{6123] a) Cyclopentylzine bromide (0.5 M, 6.5 mL, 3.26 mmol) was added to a room

10 temperature stirred solution of the 2-chloronicotinic acid methyl ester (400 mg, 2.33 mmol),
Cul (19 mg, 0.1 mmol) and Pd(dppf)Cl; (42 mg, 0.06 mmol) in anhydrous
dimethylacetamide (1.7 mL.) under nitrogen. The reaction mixture was heated to 70 °C for
3.5 hours, cooled to room temperature, filtered through celite, and the cake was rinsed with
cthyl acetate. The filtrate was washed with water, brine, dried (MgSQy,), filtered and

15 concentrated under reduced. The residue was purified by flash chromatography (Si02, 10-
100% EtOAc/hexanes) to get the desired compound in 83% yield (400 mg). LC-MS R,
(retention time): 1.87 min; MS: (ES) m/z 206 (M-+H".

[8124] b) n-BuLi (1.47 mL, 3.68 mmol) was added to the 3-tert-butylaniline (580 mg, 3.89
mmol) at -78 °C in dry THF (2 mL) under nitrogen and the solution was allowed to stir at §
20 °C for 10 minutes. The reaction mixture was re-cooled to -78 °C and 2-cyclopentyl-nicotinic
acid methyl ester {400 mg, .94 mmol) dissolved in dry THF (2 mL) was added to it. The
reaction mixture was allowed to attain 0 °C over a pertod of 2 hours, quenched with saturated
aqueous NHCl, and extracted with ethyl acetate. The combined organic layers were dried

(MgS0,), filtered and concentrated under reduced pressure. The residue was purified by
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[0109] d) Lithium aluminum hydride solution (2.0 M in THF, 8.2 mE, 16.4 mmol) was added to a
solution of the ester from step ¢ (2.98 g, 8.06 mmol) in THF (100 ml) at 0 'C. The 20 resulting solution

was kept stirring at 0 r 2 h at which time the reaction was completed Y aghequs NaOH (625 lit)
was added mgge\}vqgg%cgﬁuench the reaction followed by H20 (625 pi). Tg(]fﬁe c%uéﬁy coﬁoidal mixture

was added additional water (1.85 mL), and the mixture was kept stirring for 1 h at rt. The mixture was

then filterdephiaiomatecsetits (51ifR. didl g havaende mivn e BHESORBRIEEEHPA S8 ure.

Purification.py lesh2p ERramaAtogranne4SieR): 3%6 Mk BiBAcHnAResk gare 2)46 g of the desired
product (93% yield). LC-MS: 124 (retention time):1.90 min and 2.09 min (two rotamers), MS: (ES) m/z

328 (MTHg)2K)110] ghA soliinneefiberatcRbobitomnsisp d (kA3 @nd @& ookt smetg acid (65 ml)
was added to a slurry of CrQ3 (2.61 g, 26.1 mmol) in H20 (16 ml) at room mp@fgﬁture. The 30

.61 1 e
resulting mbirERA2 kbapeihght ?B%tﬂﬁ“l’é‘ﬁwf:%‘r%?ﬁffét%gﬂqhg rBLRATEN @éggdc Pidted (90 min). The
mixtue wasdiilieteddhvaughracGaliterduglanshtihesiitratepwassdanteniedhukdestrédipcedpressure.

Purificatiqn_by flash chromatography (5102, 3-10% CH ‘Me followed by 50-6.7%
EtOAe/hex'aSLné)gf 'gaveerf%rgoé}“ (nglﬁ}%%eglsré}eﬁ?é et F}]O?%%ﬁff:éla QFBC SRt I(Ir%;t%&r)l%zﬁ time): 1.88 min
and 2.12 etiim(twd rotiinersyaVSmiESyatatz S4IMATYuf04 a9 driBumdiftogbvrsthiyialiilide (16.2 mg, 0.1
mmol, 1. i f the. agi [e 420 ' nd
memylan%??é%%*‘i%ﬁﬂﬁéﬁ%%‘%i%*&mﬁé Bl ied and the
solution viiarehlloHewite MY AEPI anF s pdrddude for 1.5 h. The reaction mixture was diluted with

CH2C12 (1 mL), washed with 1 N aqueous HC1 followed by saturated agueous NaHCO3.The organic
layetvad $E$AratbdT arealuier ahthyaisusonymony rirpidineehtrahosiisasidEired préssure
Purification by flashichromaoasaphy (SigR, b-APMBIPARe ANES) Cave 32 M3 ¥.yield)
(142 uL, 1.02 mmol) was added 2-methylbenzoyl chloride (53 mg, 0.34 mmol) and the
mixture was stirred at room temperature for 2 hours. The reaction mixture was then diluted
with ethyl acetate (20 mL), washed with 1 N aqueous HCI, water, and brine. The organic
15 layer was dried (MgSOy), filtered and concentrated under reduced pressure. The residue was
purified by reverse phase preparative HPLC (20-95% gradient of CH:CN-Hz0) and dried
(Lyophilizer) to give the title compound in 65% yield (109 mg). 'H NMR (400 MHz,
CDCl3): 8 1.22-1.48 (m, 11 H), 1.56-1.80 (m, 5 H), 1.84-2.06 (m, 4 H), 2.10-2.23 (m, 1 H},
2.30 (s, 1.6 H), 2.39 (s, 1.4 H), 2.41-2.50 (m, 1 H), 2.71-2.76 (m, 1 H), 3.02-3.09 (m, 1 H),
20 3.25-3.39 (m, 1 H), 5.11 (bs, 1 H), 7.05-7.30 (m, 6 H), 7.47-7.55 (m, 2 H), 8.32 (bs, 1 H).
LC-MS R, {retention time): 3.16 min; MS: (ES) m/z 447 (M+H)". LC-MS method: Agilent
Zotbax SB-C18, 2.1x 50 mm, 5y, 35 °C, | mL/min flow rate, a 2.5 min gradient of 20% to
100% B with a 1.0 min wash at 100% B; A= 0.1% formic acid/ 5% acetonitrile / 94.9 water,
B = 0.1% formic acid / 3% water/ 94.9 acetonitrile.

25
Example 6

Synthesis of (2R,35)-2-(4-Cyclopentylaminophenyl)-1-(2-methylbenzoyl)piperidine-3-
carboxylic acid(3-chloro-4-methylphenyl)amide
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10 of the product as a white solid. IFINMR (400 MHz, CDC13) 8 1.22-2.45 (m, 8 H), 2.93-3.32 (m, 3
H), 6.77-7.82 (m, 12 H), 9.10 (s, 0.38 H), 9.30 (s, 0.62 H). LC-MS: Rt (retention time) = 2.88 min, MS:
(ES) m/z 48 éM mple 2 15 Synthesis of .

N-(3-tert- but% %%8’ ?(5 ehloro-3-methylpieolinoy1)-2- phenylplperldlne Té%sr é’i’é’?ﬁ? e WO
2010/075257PCT/1JS2009/068941 101121 a) 2-Chloronicotinoyl chloride (1.05 eq) dissolved in
anhydrous dichlorome_thﬁ@e (0.5 M) was added to a solution of 3-tert-butylaniline (1 eq) and 2 M aq
K2C0O3 (2.2 eq) in anh%l'rohloromethane (0.5 M) at 0 C over a period of 30 min, and the reaction
mixture was allowed to stir at¥0 nmmempera@ure for an addltlonal 1.5 hOThe layers were separated 5

and the aquegus er was @?W% Lqrometh@,@@HThe %ag organic layer was washed
with brine, d |ed (Mg O@—%@r@d—aﬂd gonce

rated‘t—sgrv—efh‘é d ide as a foamy solid which
was used as #1¢ 'ln the next'@tép withollt r purrfrcatron MS; (‘CES 289.1 (M+). 101131 b)
Pd(PP113)4 (2-5 mol%) was added to a solufion 8f#tfe above pyridine amldeFﬁo_fLO eq), phenylboronic
acid (1.4 eq) and 2 M aq K2CO3 (2.4 eq) in toluene (0.7 M) andaiearedct ehogﬁ?gg@e fWas heated at
100 C over night (-12 h). After cooling to room temperature, the lgggctl n mixteremeas filtered through
celite and the celite plug was washed with EtOAc. Th i filgate was dilutgdsshidedraterapd extracted with

EtOAc, dried (MgS(f ), filtered and concentrated and.eqneeptrated under j”educed pressure. The
residue was parified @5t 15 gkdgmat ghroma
EtOAc-hexane emuaidﬁ e 2-phenyt=3=carboxyamidégyrigine in 60-75% yield, MS:
(ES) m/z *@% )1141 ¢) P12 (ﬂgol%) was, gdded t@raﬁautl tlhe.2-phenylpyridine
derivative ares above (1 eq]) tO” aRd dbBeentrated VIC | (excess, 4:1 ratio) and the reaction
20 mixture was hydxggesated ushfg a Pan shaker at 40-45 psi, for 1.8H.f4#s filtered through cclite,
washed with t0H, the filtrate was concentrated. The residue was diluted with CH2CI2 and
washed with satu ag NaHCOa3. The residue was then purified by automated flash
chromatography ( |92 1% to 30% gradlent of CH2C12- MeOH) and dried in vacuo to

C

KN u\
O OEt HoN ] O
@rio Q0 o @A @ o

(2R, 35)

phy (5i02, ¥0% 10 2®0% gradient of

[0127] b) cis-2-(4-tert-Butoxycarbonylaminophenyl)piperidine-3-carboxylic acid ethyl

5  ester was synthesized similarly as illustrated in example 1.

[0128] c:1) : cis-2-(4-tert-Butoxycarbonylaminophenyl)piperidine-3-carboxylic acid ethyl
ester (61 g, 174.8 mmol) and di-p-toluoyl-L-tartaric acid (62 g, 174.8 mmol) was dissolved in
EtOH (500 mi). The clear solution was concentrated and pumped to dry. The obtained white
salt was then dissolved into 250 ml of ethyl acetate to form a clear solution. To this solution
10 was added 500 ml of TBME slowly. The obtained solution was left at rt undisturbed for 3
days. At this time a lot of white crystals were formed. They were then filtered and washed

with 100 ml of TBME to obtain a white solid (60 g).

[6129] The above salt was re-dissolved in ethanol, concentrated and pumped to dry. The
obtained salt was dissolved into 500 ml of THF, followed by adding TBME (500 ml). The
15  obtained clear solution was left at rt undisturbed for another 2.5 days. The obtained white

crystals were filfered to obtain 20.5 g (enrichment 64:1) of the salt.

49



give the title compound in -85% vyield as a foamy solid. MS: (ES) nilz 337.2 (M+ Hi). 25[01151 d)
5-Chloro-3-methylpicolinic ac d (30 mg, 0.16 mmol) and N-(3-tert-butylpheny1)- '

2-phenylpiperidine(}%;icarpoxamide (50 mg, 0.15mmol, prepared in step Cpabr(?z\fse ﬂvg%rﬁ%&i]ssolved in
anhydrous W?i mEfSNA-Diisopropylethylamine (0.15 inL) was added at’room temperature followed

by HCTU (67 mg, 0.16 mmol). After stirring 2 h at ambient temperature, LC-MS and TLC indicated the

completion of the reaction. The reaction mixture 30 was diluted with EtOAc (50 mL) and washed with 1
N HCI (20010 satdrdied NAHSORY 8espenyicarnd tinel{8mE) andiibelrésiitmg)suhstiddofas

concentraigd-ynger redieed e sshigicNe Je HiEY S aR RWiisd RyRreParatyefidLe(@A05%
gradient of MeCN-H20 with WO 2010/075257P€r/1752009/068941 0.1% TFA) and the pure fractions

were lyopHif2&8 29 amdref tHepmated n o tryg estermgeBras e e peotstbuEbi tme = 2.88 minutes.

1H NMR (480cMizite BDEL3) 868 A2 Y(dnk bbrdbined - Srdtle Vapkh (s dddded wAHGatdrided/-= 0.8 Hz), 7.56
(d,1H,.7=7.6 Hz), 7.34 (m, 3 H), 7.20.(m, 3 H), 7.10 (d, 1 H, = 7.6 Hz), 6.61 (two sets of br, 1 H),

3.12 (twotSBEOST MRHCQy (BX YW b et rangepistascd o gvs (R3990 {duls'Sets of br, 2 H), 1.74 (hr

complex, BukdkykaBots: Siihe Sy (S oimiznd M2 Oivkidicld i xampier & OSymiheisia @fd ~ in
cis-l-(2-n§9wyelgenzoy1)-2-(3-f|uorophenyppiperidine-3-carboxylic acid (3- ters-butylphenyl)amide

[0131] d) To a0 °C solution of the (2R,38)-2-(4-tert-Butoxycarbonylaminophenyl)-

10 piperidine-3-carboxylic acid ethy! ester prepared above (600 mg, 1.72 mmol) in dry CH,Cl,
(5 mL) containing Et;N (480 pL., 3.44 mmol) was added 2-methylbenzoyl chloride (266
mg,1.72 mmol) and the mixture was stirred at room temperature for over night. The reaction
mixture was then diluted with CH,Cl; (20 mL), washed with | N aqueous HCI, water, and
brine. The organic layer was dried (MgSQOy), filtered and concentrated under reduced

15 pressure to give (2R,35)-2-(4-tert-Butoxycarbonylaminophenyl)-1-(2-
methylbenzoyi’)pipcridinew3;carboxyiic acid cthyl ester in quantitavic yicld and the crude

product was used as such in the next step.

[0132] ¢) 4N HClin 1,4-dioxane ( 5 mL, 20 mmol) was slowly added to a 0 °C solution of
the above crude product (2R,38)-2-(4-tert-Butoxycarbonylaminophenyl)-1-(2-

20 methylbenzoyl)pipendine-3-carboxylic acid ethyl ester (840 mg, 1.72 mmol) in dry CH,CL,
(4 mL). After the addition of the HCL, the reaction mixture was allowed to attain r.t and |
stirred for 1 h. It was diluted with CH,Cl; (30 mL), cooled to O °C and neutralized with
saturated aqueous NaHCOs to get the (28,35)-2-(4-aminophenyl)-1-(2-
methylbenzoyDpiperidine-3-carboxylic acid ethyl ester (612 mg) in 97% yield over two steps.

25 ]0133] ) Na(OAC)BH (495 mg, 2.33 mmol) was added to a solution of the (28,35)-2-(4-
aminophenyl)-1-(2-methylbenzoy)piperidine-3-carboxylic acid ethyl ester (612 mg, 1.67
mmol}, cyclopentanone (140 mg, 1.67 mmol) and acetic acid (100 mg, 1.67 mmol) in dry
dichlorocthane at r.t and the reaction mixture was heated to 50 °C for 4 h, cooled to r.t and
stirred for 48 h. It was then diluted with CH,Cl; (30 mL), washed with saturated aqueous

30 NaHCOs;solution, dried and concentrated in vacuo. The residue was purified by ISCO flash

column using ethyl acete and hexanes as mobile phase (40 g column, 0-40% gradient) to
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15[0116] a) To a mixture of N-(3-tert-butylpheny1)-2-chloronicotinamide (570.2 mg, 2 mmol),
3-fluorophenylboronic acid (401.2 mg, 2.8 mmol), 3 ml. of toluene, and 1 mL of 2 N potassium
carbonate in water was added tetrakis(triphenylphosphine)palladium(0) (234.5 mg, 0.2 mmol). The
mixture was THeh HEatad at 90 C for 3 hour under nitrogen, before it Was%%rgféstf‘%%(?ﬁ%l room
temperature. The reaction mixture was then diluted with 30 ml. of 20 water and 150 mL of EtOAc. The
organic laférd/Esepardtedyiershdawittobhipny Dahd2cried (a2 @yirThéinrdarideailient was
removed é’&g%{hﬁ@%‘?%ﬁﬁ%ﬁ%we and the residue was purified by silica gel column (40% EtOAc in
hexane) to give N-(3-tert-butylpheny1)-2-(3- fluorophenyl)nicotinamide (691. 4 mg, 99%). MS: (ES) nilz

394.5 (Myfi)y 1%%%@6%&%%%%&;{%%&)}@?%Qaaa@%-{wgggﬂnﬁﬂym olinamide (501.2

mg, 251.4 mmol), platinum oxide (51.9 mg, 0.21 mmol), and concentrated HC1 (400 4, 5.2 mmol) in 5
mL of ethGhsrwvagnsibdphoiydrmiyainaer hibmgeh bafioodidieridhactherhhaisabwo

20100 TSRSHRGTASAARY RESHT e, liered e e 395 uashisshiiiaamie! methanol tree
e

times. The combined solution was dried under reduced pressure. To the residue was added 30 mL of

saturated 2B BRABEALERSHIc IS Mot 6 ike! T3 BEAme Rydrmed depabuddn 4Rd dried over

sodium sulfaie-dvaperatian)atsolvest gaverthersitia 3 fluerephenyipipetidise<g-gearboxylic acid
(3-tert-bu&ylphe]‘n%/fiamide as a hrown solid, which was taken on directly to the next step. MS: (ES) m/z

355.7 (MATOY6T 181 cf 14 Whfutioh de 2203mulorsihenhybipEHERE- SRR L4id
(3-tertbutytpinény Nhmidedprepace dabtonectdavidhnagl, 05 (aomal)) im2 1 cofbipltospmethane was
added Et3N (100 pi,.e nd 2-methylhenzayl chlgride (92.3.mq, 0.6 mmol). at room
1Ote?rﬁperigef{?’lj%ev.v“3IShF2{(:}:1 ?éi(sﬁfh%%‘?&% iGN WAS cedh SUPrEc aetmsst%%ip%ga?ﬁggﬂeﬁ%ﬁ %ﬁ%letion of
preparative HPLC (20-95% gradient of CH3CN-H;0 with 0.1% TFA as additive), the product
containing fractions were pooled together and concenirated. The residue was diluted with
CH,Cl; (30 mL), washed with saturated aqueous NaHCOs solution. The CH>Cl; layer was
dried (MgSOy) and concentrated to get the pure (2R,35)-2-(4-Cyclopentylaminophenyl)-1-(2-

15 methylbenzoyl)piperidine-3-carboxylic acid (3-chloro-4-methylphenyhamide in 50 % yield.
[0135] 'H NMR (400 MHz, CDCls) § 8.4(bs, 1H), 7.55 (s, 1H), 7.37-7.05 (m, 9H), 6.55-

6.52 (m, 2H), 3.77-3.70(m, 1H), 3.30-3.16 (m, 1H), 3.04-2.91 (m, 2H), 2.43-1.94 (m, {H),
1.71-1.46 (m, 11H).

20 Example 7

[0136] The following are representative compounds prepared and evaluated using methods
similar to the examples herein. Characterization data is provided for the compounds below.
Biological evaluation is shown in Figure 1 for these compounds and others prepared as

25 described herein.

(2R,35)-2-(4-Cyclopentylaminephenyl)-1-(2-flucro-6-methylbenzoyl)piperidine-3-
carboxylic acid (4-methyl-3-trifluoromethylphenyl)amide
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the reaction (10 min.). The reaction mixture was then directly loaded onto a silica gel column, and was
purified by using 1SCO (30% EtOAc in hexane) to give the final product 2-
(3- quoropheﬁéO%—é%%hylbenzoyOpiperidine -3-carboxylic acid (3- tert-%@@%‘%}g@ 9e (151.2mg,
64% yield) 0 MHZ, CDC13, mixture of rotomers): 7.91 (s s 0.4 H),
7.18-7.46 (m, 9 H), 7.11 (m, 1 H), 6.95 (m, 1 H), 6.67 (d, J = 1.2 Hz, 1 H), 3.36 (d"l = 1.6 Hz, 0.4 H),
3.26 (d, J= 1.6 Hz, 1 H), 3.05 (m, 1 H), 289 (7 =372 Hz, 1 H), 2.45 (s, 1 H), 2.02-2.40 (m, 4 H),
1.70-1.84 (m, 3 H), 1.44-1.64 (s, 1 @%\] 25 (s, 1 H). MS: (ES) nilz 473.2 (M+1-11).
20Example 4 Synthesis of cis-1- (%Tn:e)hylbenzoyl)- “(2,2-dimethylpropyl)piperidine-3-carboxylic acid
(3-tert-butylphertyl)amide [0119] a) o &d d solution of 2-bromonicotinic acid (1.01g, 5 mmol)
dissolved in anhydrous dichloremethape \were added EDC1 (1.34 g, 7 mmol) and 3-tert-
5butylaniline (0.74 g, 5 mmol) pom temperatire and the reaction mixture was stirred for 12 hours.

The mixture was then diluted w ichlorome followed by saturated sodium bicarbonate and
water wash. The dichloromethane layer was dtied over anhydrous magnesium sulfate, filtered and
concentrated undgr reduced pressure, The residue was purified by flash chromatography to obtain

2-bromo-Ni3Hert- BIPhE Gt d in"1d89%6 Vid it tesdth g Re-2 24 i420tH00-5 method).
MS (ES)Mig-833,(833 (W ¢-5) 1102 20HD), 2, malmmF(mpylmaagmsmm(ﬁhlmua s iethylether,

L,4.8 m ol S e nide (215.m ol) in THF (6 mL)
at 7n§C ,&?%ér s |’rr%|r\1§\§l gt%%g San%a%eﬁpge?g ré7f%§|) J’.9 Eb%u{r % %rémc)—é-?g t%?tg %u‘ty enyenicotinamide
(200 mg, 0.601 mmol) was added all at once as a solid. The

(2R,35)-1-(2-Chlorobenzoyl)-2-(4-cyclopentylaminophenyl)piperidine-3-carboxylic acid
(4-methy}l-3-trifluoromethylphenyhamide

.
O““LN CF,
H
¢l N ©\
@Ao NH

10

[0138] 'H NMR (400 MHz, CDCLy) § 9.41 (bs, 0.5H), 9.03 (bs, 0.5H), 7.55 (s, 1H), 7.49-
7.39 (m, 3H), 7.31-7.27 (m, 2H), 7.18-7.04 (m, 2H), 6.83-6.74 (m, 3 H), 3.76-3.64 (m, 1H),

15 3.22-2.90 (m, SH), 2.39 (s, 3H), 2.32-2.20 (m, 1H), 2.16-2.04 (m, 1H), 2.0-1.86 (m, 2H) 1.80-
1.72 (m, 3H), 1.56 (bs, 5H).

(2R.,35)-2-(4-Cyclopentylaminophenyl}-1-(2-fluoro-6-methylbenzoylypiperidine-3-
carboxylic acid (3-chioro-4-methylphenyl)amide
20



15 reaction mixture was gradually warmed to room temperature and the reaction was allowed to stir
overnight. Saturated ammonium chloride solution and ethyl acetate was added, and the reaction
mixture was v{fi(l%e{)?(c)j &pg%l%gh celite and rinsed with ethyl acetate. The 'ay%ngW%g%O%?ﬁggged and the
product was ex Facted dhce more with ethyl acetate. The combined organic fgyers were washed with
brine and dried over anhydrous sodium sulfate. After removing the WO
2010/075833HC TSRO0 DE8044 sdMERR (sndB rddiided, gredstitdy. the thdddaniterialdvas purified
e ISR a9 ography s foradientsl 4 PEM e agaiiedppiexancs (o
yield N-(3-tertbutylphieny1)-2-(2, 2-diméthylpropyOnicotinamide (168 mg, 0.517 rnmol, 86%). Rf = 0.45
(toluene: eiryiracEiatd 2022198 G011 £ PR3 tsrt3BUIBREhSA) (o- 8D 2 L ditna i/ (Brop3fdhicotinamide
(168 mg, 0.517 mmol) was dissolved in ethanol (5 mL). Platinum oxide (11.6 mg, 0.0511 mmol) was
added followed by concentrated hydrochloric acid (250 ttL). The reaction mixture was hydrogenated
using a P@ff-AfharafuShiT eewonts Tl 46 yeppenayaRivaRhed RIBsHHIREre2EROWEE incomplete
conversidtfidftrehsddoflernsmetbripbeiy Bd@idfore time. PLatinum 100xide was filtered off and the
solvents were removed under reduced pressure. The crude material was neutralized using saturated
sodium bicarbonate solution and extracted \/\m aicetate. The organic layer was then washed with
brine and dried over anhydrous magnesiory Sma@yal of solvent under reduced pressure gave
oxylic acid-(3-tert-butylphenyl)amide (153
her purification. [01221 d) To a solution of
c-3garbexyliomcid-(3- tert-butylphenyBamide (84.8 mg, 0.257
mmol) in pyridine (415 4, 5.13 mmil) at room tempiiature was added 2-methylbenzoyl chloride (81.6

mg, 0.528 mmol) in chloroformc('415 E). A cataly ount (not weighed) of dimethylaminopyridine
was added to enhance the 20 reaction and the mixture was stirred for three days. Ethyl acetate and

watg wagiigh addelhir (400 MHz, CDCLy) 6 8.79 (bs, 1H), 7.62 (s, 1H), 7.52-7.48 (m, 1H), 7.37-
7.30 (m, 5H), 7.13 (d, J = 8 4Hz, 1H), 6.52-6.50 (m, 3H), 3.75-3.69 (m, 1H), 3.44 (bs, 1),
3.09-2.97 (m, 2H), 2.39 (s, 3H), 2.37-2.30 (m, 1H), 2.13-2.08 (m, 1H), 2.10-1.93 (m, 2H),
1.80-1.59 (m, 7H), 1 48-1.42 (m, 2H)

15 (2R,35)-2-(4-Cyclohexylaminophenyl)-1-(2-flugro-6-methylbenzoyl)piperidine-3-
carboxylic acid (3-"butylphenyl)amide

F Qfé\
o S

[0141] 'H NMR (400 MHz, CDCL): & 8.24 (m, 1H), 7.40-6.85 (m, 8H), 6.65-6.40 (m, 3H),
3.57 (s, 1H), 3.30- 2.90 (m, 4H), 2.50-1.85 (m, 9H), 1.80-1.50 (m, 5H), 1.40-1.00 (m, 13H)

(2R.35)-2-(4-Cyclopentylaminephenyl)-1-(2-fluoro-6-methylbenzoylpiperidine-3-
25 carboxylic acid (4-methyi-3-pyrrolidin-1-yi-phenyl)amide



to the reaction mixture and the product was extracted with ethyl acetate three times. The combined
organic layers were dried over anhydrous magnesium sulfate. After removal of the solvent under
reduced' prea%@&m%gsqde mat.erial was purified via silica gel chromatoq;gﬂ,lg}gzﬂggﬂgsgjgf/o - 20% ethyl
acetate in hexancs to give 2,3-cis-2-(2,2-dimethylpropy1)-1-(2-
25methylbenzoyl)piperidine-3-earboxylic acid-(3-tert-butylphenyl)amide (47.0 mg, 0.105 mmol, 41%).
Rf = 0.6 (hexanes: ethyl acetate = 2:1). Rt = 16 .26 min. (compound exists as mixtures of
several confointers. 20-100-5 method.). 241 89.68 (s, 1 H), 9.43 (s, 1 H), 8.33 (s, 1 H),
8.28 (s, 1 H)), 6.97-7.79 (m, 8 H), 5.48 |(br, ]l H)5.39 (dd, | #4, 10 Hz, 1 H), 5.33 (dd, J =6, 6 Hz, 1
H), 3.38 (ddd, J = 4, 14, 14 Hz, 2 H)F3.2%/(dd 3,30 13 Hz, 2H), 2.66 (dd, J = 4, 8.4 Hz, 1 H), 2.63
(ddd"/ = 2.8, 2.8, 8 Hz, 1 H), 2.50 (4 SO), 2.25 (s, 9 H), 2.13 (s, 9 H), 1.79-1.99 (m, 2 H),
1.23-1.56 (m, 2 H), 1.32 (s, 9 H), 1 /4- 9 H), 1.06 Is, 9 H), 0.97 (s, 9 H), 0.95 (s, 9 H). MS: (ES) tn/z
449 (M+H-E). WO 2010/075257PCT71152009/06894% Example Synthesis of
cis-2-cyclopentyl-1-(2-methylbenzoyl)piperidine-3-carboxylic acid (3-ten5butylphenyl)amide [0123] a)
Cyclopentylzinc byomide (0.5 M, 6.5 mL, 3 2%3 mmol) was added to a room 10temperature stirred

solution o b-chI MBI &k il R 21 (Fod g 2033 M8 Bl (16 i 67 mmol) and

Pd(dpp0Qig, @24mg40 @6 rrmal)d0-aahyerous divethytaeatamide £6.7. Tolgnundernivogen. The
react%on rgixt VY%% q?o\t&d t8 0 C for 3.5 hours, cooled to room temperature, filtered through celite,
and the cake"wés finsei ethyl acetate. The filtrate was washed with water, brine, dried (MgS0O4),
filtered and .

(2R,35)-2-[4-(Cyclopentyloxy)phenyi]-1-(2-fiuoro-6-methylbenzoyl)piperidine-3-
carboxylic acid (3-chloro-4-methylphenyl)amide

ved
O N cl
, H
L
sahe

e
[6143] 'H NMR (400 MHz, CDCls) § 8.68 (bs, 0.6H), 8.58 (bs, 0.4H), 7.59-7.40 (m, 3H),
7.29-6.90 (m, 4H), 6.80 (m, 2H), 6.65 (m, 1H), 4.72 (m, 1H), 3.30-2.92 (m, 3H), 2.44 (s, 1H),

2.42-2.30 (m, 1H), 2.30 (s, 1H), 2.29 (s, 2H), 2.20 (s, 2H), 2.19-2.12 (m, 1H), 2.08-1.92 (m,
15 2H), 1.90-1.72 (m, 7H) 1.60 (m, 2H).

10

(£)-(2R,35)-2-(4-Cyclopentylaminophenyl)-1-(2-fluoro-6-methvibenzoyhpiperidine-3-
carboxylic acid (4-chioro-3-methylphenylyamide

20
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15concentrated under reduced. The residue was purified by flash chromatography (Si02, 10- 100%
EtOAc/hexanes) to get the desired compound in 83% yield (400 mg). LC-MS 12.) (retention time): 1.87
min; MS: ( t.n/ E,f% M+H4). [1124] b) n-BuLi (1.47 mL, 3 68 mmol) W IMEQ(}E%JIE
3-tert-butyll<il‘?l u%gl% Sh‘]g, 3.89 mmol) at =78 'V in dry THE (2 rriL) under%ﬁrogen and the solution
was allowed to stir at 0 20C for 10 minutes. The reaction mixture was re-cooled to -78 C and

2-cyclopdAtyithicOtinie Heid 40 et (106 Rid b, 84 Minfelp dhss810BG in ‘Ury FRifm¢PFh ) was added
to it. The feaclion mixiufe éﬂ.@s@ﬁ@wﬁdﬁ)ﬁit_%@ﬁ vare peliofiph2houss (usngheghwith saturated
e

aqueous Ni-14C1, and extracted with ethyl acetate. The combined organic layers were dried (MgS0O4),

e
filtered ak®l Edhcemrartt(OhdED rddided fredsii & PHa: redfitte ABs2ptinfidd By Wi 208
2010/075267 B, PIPS2009/988084 Ftpsh chromagography (Si02, 10-100% EtOAc/hexanes) to give the
pure compound in 91% yield (572 mg). LC-MS R3(retention time): 2.61 min; MS: (ES) nilz 323 (M+H").
[0125] c) To a solution of the N-(3-tert-butylphenyl)-2-cyclopentylnicotinamide (570 mg, 1.77 mmol) in
ethanol (19rpls)-eqataipinghaonasiiieiaenkici (2 mbywas medstbelaiisnpifeddide-§40 mg, 0.17 mmol)
and the sglvbiofyieschydrdpanaigddiagmaifan shaker at 40 psi for 1.5 hour. The reaction mixture
was filtered through Celle, and the cake was rinsed with ethanol. The filtrate was concentrated, and
the residue was dried under high vacuum for @ houy#S™tp get quantitative yield of the desired piperidinc
as a HCI salt. LC-MS R, (retention timeﬁj&ni, ES) nilz 329 (M+1F). 10101261 d) To a

)

solution of the cis-2-cyclopentylpiperidine-3 carHoxyIic acid (3-tert-butyl- phenyl)amide prepared above

('f(o@ng Et3N
O 2;

(123 mg, 0.34 mmol) in dry CH2CI2

10
[0145] 'H NMR (400 MHz, CDCl3) § 8.20 (s, 0.6 H), 8.39 (s, 0.4 H), 7.44-6.88 (m, 10 H),

6.25 (dd, J = 12 Hz, J =6 Hz, 1 H), 6.45 (t, J =8.4 Hz, 1H), 3.87 (m, 1H), 3.26-2.95 (m, 3H),
2.46-2.05 (m, 8H), 1.86-1.61 (m, 5H), 1.34-1.11 (m, 9H)

15 (2R,385)-1-(2-fluoro-6-methylbenzoyl)- 2-[4-(tetrahydropyran-4-ylamino)phenyl
Ipiperidine-3-carboxylic acid (3-morpholin-4-yl-phenyhamide

s

20 [0146] 'HNMR (400 MHz, CDCL3) 8 7.61 (s, 1 H), 7.34-6.92 (m, 10 H), 6.78-6.65 (m, 1
H), 6.62-6.53 (m, 1), 3.98-3.85 (m, 4H), 3.83-3.70 (m, 1H), 3.55-3.30 (m, 3H), 3.27-2.98
(M, 4H), 2.42-1.92 (m, ]H), 1.81-1.45 (m, 7TH)

(2R 38)- 1-(2-fluoro-6-methylbenzoyl)-2-[4-((R)-2-trifluoromethylpyrrolidin-1-
25  yimethylpheny|piperidine-3-carboxylic acid {3-"butyiphenylamide
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(142 gL, 1.02 mmol) was added 2-methylbenzoyl chloride (53 mg, 0.34 namol) and the mixture was
stirred at room temperature for 2 hours. The reaction mixture was then diluted with ethyl acetate (20
mL), Washeg, 915\ %L gueous HCI, water, and brine, The organic 15laygras shiRekeMaSO4), filtered
and concentrated under reduced pressure. The residue was purified by reverse phase preparative
HPLC (20-95% gradient of CH3CN-H20) and dried (L ophlllzer) to give the title compound in 65%
yield (109 mg). IFINMR (400 MHz, CDC13): 8 %322 F48(m, 11 H), 1.56-1.80 (m, 5 H), 1.84-2.06 (m, 4
H), 2.10-2.23 (m, 11:1), 2.30 (s, 1.6 H), 2 s» {L-2.50 (m, 1 H), 2.71-2.76 Itn, 1 H),
3.02-3.09 (in, 1 H), 203.25-339 (m, | H), .11 (bs H H), 7.06-7.30 (in, 6 H), 7.47-7.55 (m, 2 H), 8.32
(bs, I H). LC-MS Rt (retention time): 3.56 niin; S) m/z 447 (M+H)Ir. LC-MS method: Agilent
Zorbax SB-C18, 2.1x 50 nun, 5g, 35 rate, a 25 min gradient of 20% to 100% B with a
1.0 min wash at 100% B; A= 0.1% fqQrmig aC|d/ 5% acgtonitrile / 94.9 water, B = 0.1% formic acid / 5%
water/ 94.9 acetonitrile. 25 Example 6 Synthesis of CFy :
(2R,3S)-2-(4-Cyclopentylaminophenyl)-1-(2-methylbenzoyDpiperidine-3- carboxylic

acid(3-chlora- M R N A ISR, D4 PR £ T 56380 W08 37 (m, 30,
730719 (m. 6H), 7.13-7.06 (m, 1H), 7.01-6.90 (m, 1H), 6.85-6.64 (m, 1H), 4.15-4.11 (m,
S 1H), 3.58-3.54 (m, TH), 3.30-3.20 (m, 250), 3.17-2.80 (m, 2H), 2.45-2.17 (m, 4H), 2.00-1.94

(m, 2E), 1.86-1.60 (m, 8H), 1.31-1.26 (m, 7H)

Example 8
MATERIALS AND METHODS
10 A, Cells
1. C5a recentor expressing cells

a) U937 Cells

[0148] 1937 cells are a monocytic cell line which express C5aR, and are available from
ATCC (VA). These cells were cultured as a suspension in RPMI-1640 medium

15 supplemented with 2 mM L-glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L. glucose, 10 mM
HEPES, I mM sodium pyruvate, and 10% FBS. Cells were grown under 5% CO,/95% air,
100% humidity at 37°C and subcultured twice weekly at 1:6 (cells were cultured at a density
range of 1 x 10° to 2 x 10° cells/mL) and harvested at 1 x 10° celts/mL. Prior to assay, cclls
are treated overnight with 0.5 mM of cyclic AMP (Sigma, OH) and washed once prior to use.

20 cAMP treated U937 cells can be used in C5aR ligand binding and functional assays.

b Isolated human neutrophils

[0149] Optionally, human or murine neutrophils can be used to assay for compound
activity. Neutrophils may be isolated from fresh human blood using density separation and
centrifigation. Bricfly, whole blood is incubated with equal parts 3% dextran and allowed to

25  separate for 45 minutes. After separation, the top layer is fayered on top of 15 mls of Ficoll
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classicall) di-toluoyl-L-tartaric acid resolutioncrystallization step cTHF/TBME 2) saturated aq.NaHCO3
0 C"IL ------ . OEt N (2R, 3S) 30%, 97% ee 101271 b)

cis-2-(_4-tert@gtg@i%%%gnylaminophenyl)piperidine-3-carboxylic acid ethlyéfrmszﬂowaﬁswl

(15 mls of Ficoll for every 30 mls of blood suspension) and centrifuged for 30 minutes at 400
x g with no brake. The pellet at the bottom of the tube is then isolated and resuspended into
PharmLyse RBC Lysis Buffer (BD Biosciences, San Jose, CA) after which the sample is
again centrifuged for 10 minutes at 400 x g with brake. The remaining cell pellet is

5  resuspended as appropriate and consists of 1solated neutrophils.

B. ASSays

1. Inhibition of C5aR licand binding

[0150] cAMP treated U937 cells expressing C5aR were centrifuged and resuspended in
assay buffer (20 mM HEPES pH 7.1, 140 mM NaCl, 1 mM CaCls, 5 mM MgCly, and with

10 0.1% bovine serumn albumin) to a concentration of 3 x 10° cells/mL. Binding assays were set
up as follows. 0.1 mL of cells was added to the assay plates containing 5 pL of the
compound, giving a final concentration of ~2-10 pM each compound for screening (or part of
a dose response for compound ICsy determinations). Then 0.1 mL of 1257 Jabeled C5a
(obtained from Perkin Elmer Life Sciences, Boston, MA) diluted in assay buffer to a final

15 concentration of ~30 pM, vielding ~30,000.cpm per well, was added, the plates sealed and
incubated for approximately 3 hours at 4°C on a shaker platform. Reactions were aspirated
onto GF/B glass filters pre-soaked in 0.3% polyethyleneimine (PEI) solution, on a vacuum
cell harvester (Packard Instruments; Meriden, CT). Scintillation fluid (40 ul; Microscint 20,
Packard Instruments) was added to each well, the plates were sealed and radioactivity

20  measured in a Topcount scintillation counter (Packard Instruments). Control wells containing
either diluent onty (for total counts) or excess C5a (1 pg/mlL., for non-specific binding) were
used to calculate the percent of total inhibition for compound. The computer program Prism
from GraphPad, Inc. (San Diego, Ca) was used to calculate [ICsq values. ICsq values are
those concentrations required to reduce the binding of radiolabeled C5a to the receptor by

25  50%. (For further descriptions of ligand binding and other functional assays, see Dairaghi, et
al., J. Biol. Chem. 274:21569-21574 (1999), Penfold, ef al., Proc. Natl. Acad. Sci. USA.
96:9839-9844 (1999), and Dairaghi, et al,. J. Biol. Chem. 272:28206-28209 (1997)).

2. Calcium mobilization

[0151] Optionally, compounds may be further assayed for their ability to inhibit calcium

30 fluxin cells. To detect the release of intracellular stores of calcium, cells (e.g., cAMP
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Sester was synthesized similarly as illustrated in example 1. 101281 c:1) :
cis-2-(4-tert-Butoxycarbonylaminophenyl)piperidine-3-carboxylic acid ethyl ester (61 g, 174.8 mmol)
and di-p-tolyoyl-l_-tartaric acid (62 g, 174.8 mmol) was dissolved in EtO Frm lear solution
was concen‘{‘rigt(?é0 @?}7 2|3ﬁmped to dry. The obtained white salt was thenHla%gg ve?j9 fg{%% 0 ml of ethyl
acetate to form a clear solution. To this solution. 10 was added 500 ml of TBME slowly. The obtained

solution wamuéstedtPPaiheaiieiberhity araiiigbatethigim e ot Bl MhdtadMokiarmed. They were
then filtegd andayashedrjin LQPHekef TBMEipehtainawhitepselid 00 @)y 484294 he above salt

was re-dissolved in ethanol, concentrated and pumped to dry. The gbtained salt was dissolved into

500 mi oPRIEDASIISE by G TBMETEDIHLY MhieatiBn iR st S F5T I RBIINAR Ieft at rt
undisturb@ekion fanqinei?s bdaysd Kk pbianed BRie oid/ stal swerefitaed tokbtaio?®&5 g

(enrichment 64:1) of the salt. WO 2010/075257PCT/US2009/068941 [Q130] c:2) To a 0 C stirred
susp%nsig}?ac?ﬁf‘%gléséii'tg(iggﬁﬁﬁ#&%ﬂéﬁ%ﬁ&%%ﬂa\}v%’gcé%)&’e (?%aeﬁ% Ogé%gg)ﬁ%ﬂ aBCco3 solution
(100 mL)lakthtitiereadiioniaiki) rwithas@tkbimedtt&@tmang dvdrsanpdirinebed BOardmgtes. The layers .
(e aSPUsIRNCLNARE BRI GRS (e Hhe,combined organic

were sepggled g
layer was washed with saturate aqueous NaHCOS (2 x100 mL), dried and concentrtated to give
(2R, 3S)-2X@aerB atoky dAPsBnihitcBreHY N pAver dineeBreaiHs Ky e Aimed i3y Pé el i190% yield and -
in 97% ceulQL3Thakife @ QuCeralulian QhiheiAR Sk (-1t Ritaxy carpenytasinonbeny 1)-
10piperidine-3-carboxylic acid ethyl ester prepared above (600 mg, 1.72 mmol) in dry CH2C12 (5 mL)
contdiningaReArAB G oAy ﬁw?ﬁ%ﬂ?\%@&o%é&(ﬁ%tﬁ??o%‘ﬁ%&ﬂ%ﬂ@@%%i MG mmol) and
the mixtugemiasistresiatieonteriperaisadaievengiwhtpdieyegetionomiviuae whakdnendiluted with
CH2CI2 (20 mL), washed with | N.ague HO, water, 1 bri he organic layer.w. ried
(VSO TR A e PR ALt e, e KD Sy IR E N TRY

and control chemokine (i.e., SDF-1o; R&D Systems; Minneapolis, MN) at 150 scconds.

3. Chemotaxis assays

15 [9152] Optionally, compounds may be further assayed for their ability to inhibit
chemotaxis in cells. Chemotaxis assays are performed using 5 um pore polycarbonate,
polyvinyipyrrolidone-coated filters i 96-well chemotaxis chambers (Neuroprobe;
Gaithersburg, MD) using chemotaxis buffer (Hank’s balanced salt solution (HBSS) and 1%
FBS). C5aR ligands (i.e., C5a, R&D Systems; Minncapolis, MN) are use to evaluate

20 compound mediated inhibition of C5aR mediated migration. Other chemokines (i.e., SDF-
1o, R&D Systems; Minna&poﬁs, MN) are used as specificity controls. The lower chamber 18
loaded with 29 pl of chemokine (i.e., 0.03 nM C5a) and varying amounts of compound; the
top chamber contains 100,000 U937 or neutrophil cells in 20 ul. The chambers are incubated
1.5 hours at 37°C, and the number of cells in the lower chamber quantified cither by direct

25 cell counts in five high powered fields per well or by the CyQuant assay (Molecular Probes),

a fluorescent dye method that measures nucleic acid content and microscopic observation.

C. Tdentification of inhibitors of C5aR

I Assay

[0153] To evaluate small organic molecules that prevent the C5a receptor from binding

30  ligand, an assay was employed that detected radioactive ligand (i.e, C5a) binding to cells
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15pressure to give (2R,3S)-2-(4-tert-Butoxycarbonylaminopheny1)-1-(2-
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester in quantitavic yield and the crude product was
used as suc&gﬂ Iﬂ] ggl,]step [0132] e) 4N HCI in 1,4-dioxane (5 mL, 2 @&34 wly added to
a 0 C solution % e a ove crude product (2R,3S)-2-(4-tert- Butoxycarbonylamlnop eny0-1-(2- 20
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester (840 mg, 1.72 mmol) in dry CH2C12 (4 mL)
After the @i HEHE i hpetbaefss @kﬁ%@@@s%é&%@fﬁdﬁ?i@ﬁ@%ﬂ?ﬁé@]%ﬁ% h. It was

diluted With-fr 26k FBAM L@@%@Q&%Qt%ﬂ%ﬂ@ﬁé&@ﬁ& With-sRtuaind @arenusNaHCO3 to get
the (2R,35)-2-(4-aminopheny1)-1-(2- methylbenzoyOpiperidine-3-carboxylic acid ethyl ester (612 mg)

in 97% y.@H%&@?%}gfe%mﬁm@@fﬁfﬁa’(éﬂé%@@r?ﬁ&s% hipited cOREY$vas added to a solution of
the (2R, 38)l 4 amlnophenyl) 1#’2 methylbenzoyl)piperidine-3- carboxyllc aC|d eth | ester (612 mg,
1.67 mméh! W cIoPBREHBIE B1ATTHY M6 AHFISH S0 Wekde Bebltoot it sy in dry
diChlGroeﬂikafhﬁt@(ﬂ ki tnddibaseladtcn Mikbrend dgdndated torb<d lﬁgrvéhm@@ﬂieddldxrﬁaind stirred for
48 h. It was trhep dilyted vc\{ettgn%%% 12 3.:10 n]gL}i wa Iggc .With srés e%llgesigg yzﬂcos solution,
dried and"€6nce ra%e i vacuo. g?e& \Was puritie ied By’ cgiumn u%mg ethyl accte and
hexanes Wﬁhﬂ@bﬂ@p}lﬂ%éqd@g)@mdrgﬁve@omé%)gmdmﬁm@ﬁ@@@m&/@%%&bﬁ@w@52009/068941
afford (ZRnt?@a%%l Y CARC Y IaMminanhRI i aneinibanz adipineriding:gicarboxylic acid ethyl

ester (450 mg) 34] g) Me3A1 (290 pL, 0.57 mmol, 2M'in toluene) was added to a solution of the 3-
Chloro- 4%@%@@1&/@%?&@(@5 mg, 0.46 mmol) in dry dichloroethane (1 inL) at ambient

% inhibition = (1 — [{sample cpm) — (nonspecific cpm))/[(total cpm) - (nonspecific cpm)}) x
100.

10

2. Dose Responsge Curves

[0155] 'To ascertain a candidate compound’s affinity for C5aR as well as confirm its ability
to inhibit ligand binding, inhibitory activity was titered overa 1 x 107 to 1 x 10™ M range of
compound concentrations. In the assay, the amount of compound was varied, while cell

15 number and ligand concentration were held constant.

D. In Vivo Efficacy Models

[0156] The compounds of interest can be evaluated for potential efficacy in treating a CSa
mediated conditions by determining the efficacy of the compound in an animal model. In

20 addition to the models described below, other suitable ammal models for studying the
compound of interest can be found in Mizuno, M. et al., Expert Opin. Investig. Drugs (2005),
14(7), 807-821, which is incorporated herein by reference in its entirety.



Stemperature. Stirred for 20 minutes, then (2R,3S)-2-(4-Cyclopentylaminopheny1)-1-(2-
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester (100 mg, 0.23mmol) dissolved in dry

dichloroeth é %IE? s added to it. The reaction mixture was then he or 3 h, cooled to
r.t, diluted wi E) JElr(g i%?zo mL), washed with saturated aqueous NaHCg‘%%gté%%?gﬁ% ﬁle agueous

layer was extracted with CH2C12 (20 mL) and the combined organic 10 layer was dried (MgS0O4) and
concentrated. The resitiue wadogghid 59 dused betdppibarative HPLC (20-95% gradient of
CH3CN-H20 with 0.1% TFA as additive), the product containing fractions were pooled together and
concentrated. The residue wa$ diluteshiihCad 2@ HR o3 0 kx), Adshnad GiliRsRisdidd aqueous
NaHCO3 solution. The CH2C12Iay(i;I_v¥laes<lglr{i)%dl(Mg504) and concentrated to get the pure
(2R,38)-2-(4-Cyc|opentylaminophenyﬁ-i- - gmethylbenzoyl)piperidine-3-carboxylic acid
(3-ch|oro-4-methyTIphen l)amide in 50 % yield. [0135] 1H NMR (400 MHz, CDC13) 8 8.4(bs, 1H), 7.55
(s, 1H), 718¥37l o5T@rtehthe eficecr of prmprynds o7 BergaAninyeisn 18 A medha-2.91 (m, 2H),
2.43-4.94: {8 nBibant hbubeAB s &bk} d 28R xamplerd {Qhafjuthevipllowing sse-tRIyQRRALRLIVe

compounds prepared and evaluated using methods similar to tge xam Iesgféer in. Characterization
cata 13 prOUATE & R GHRR BRI BIAtOAPELARARE e L BHP S thnd FHf Hese
compouni§ aRdiithersspréparedasSadscriiedibrerdihCsa leads to upregulation of adhesion
(ZR’38)'2ﬁgo'C lope minophenyl -1% -11lugro-6-methylbenzoyupi eri%ine- - carhoxylic acid
ety S BB R o
blood stream. Animals are administered 20ug/kg of hC5a and 1 minute later leukocytes are
10 quantified in peripheral blood by standard techniques. Pretreatment of mice with varying

doses of the present compounds can almost completely block the hC5a induced leukopenia.

b)  C5ainduced Leukopenia in a Cynomolgus Model

{0158] To study the efficacy of compounds of the instant invention in a non-human primate
model model, C5a induced leucopenia is studied in a cynomolgus model. In this model

15 administration of hC3a [eads to upregulation of adhesion molecules on blood vessel walls
which bind blood leukocytes, hence sequestering them from the blood stream. Animals are
administered 10ug/kg of hC5a and I minute later leukocytes are quantified in peripheral
blood.

Mouse model of ANCA induced Vasculitis

20 {0159] On day 0 hC5aR-KI mice are intraveneoﬁsly injected with 50mg/kg purified
antibodiy to myeloperoxidase (Xiao et al, J. Clin. Invest. 116: 955-963 (2002)). Mice are
further dosed with oral daily doses of compounds of the invention or vehicle for seven days,
then mice are sacrificed and kidneys collected for histological examination. Analysis of
kidney sections can show significantly reduced number and severity of crescentic and

25 necrotic lesions in the glomeruli when compared to vehicle treated animals,

2. Mouse Model of Choroidal Neovascularization

[0160] To study the efficacy of compounds of the instant invention in treatment of age
related macular degeneration (AMD) the bruch membrane in the eyes of hC5aR-KI mice are
30 ruptured by laser photocoagulation (Nozika et al, PNAS 103: 2328-2333 (2006). Mice are
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[0137] 1H NMR (400 MHz, TFA-d) 8 7.91 (d, J--= 8.6 Hz, 1 H), 7.848.6 Hz, 1 H), 7.58-6.82 (m, 8 H),
6.75 (t, J= 8.6 Hz, 1 H), 4.10-4.00 (m, 1H), 3.60-3.47 (rn, 1H), 3.45-3.41 5(m, 1H), 3.33-3.25 (m, 1H),
2.44-2.22 ( 4-1.92 (m, 4H), 1.82-.169 (m, 7H)
(2R,35)-1-(%§%Pcéb7gﬁbzi)yl)-244-cyclopentylaminophenpriperidine-S-lc):gr ’%izy"ﬁg’%{;é? '
(4-methyl-3-trifluoromethylphenyl)amide 10 [0138] 11-1 NMR (400 MHz, CDC13) 59.41 (bs, 0.5H),
9.03 (bs, W8kl Witb g giclegy, a7dady pralopinmepriateania oGy, s of a grmamoPy, 6.83-6.74 (m, 3
H), 3.76-3,66 o drbn33 @2 280 MR Sizth & R:(SnBtba2i32:R 2hlMReds kB2 M iR 1H), 2.0-1.86
(m, 2H) 1.80- 1.72 (m, 3H), 1.56 (bs, 5H).

(2R, 3S)- 2550 FEHR RN G SREIREIPIY2- fluoro-6-methylbenzoyppiperidine-3- carboxylic acid
(3-chloro-4-methylphenyl)amide 20

5 3 Rheumatoid Arthritis Models

aj Rabbit model of destructive joint inflammation

[0161] To study the effects of candidate compounds on inhibiting the inflammatory
response of rabbits o an intra-articular injection of the bacterial membrane component
Hpopolysaccharide (LPS), a rabbit model of destructive joint inflammation is used. This

10 study design mimics the destructive joint inflammation seen in arthritis. Intra-articular
injection of LPS causes an acute inflammatory response characterized by the release of
cytokines and chemokines, many of which have been identified in theumatoid arthritic joints.
Marked increases in leukocytes occur in synovial fluid and in synovium in response fo
elevation of these chemotactic mediators, Selective antagonists of chemokine receptors have

15 shown efficacy in this model (see Podolin, er al., J. Immunol. 169(11):6435-6444 (2002)).

[0162] A rabbit LPS study is conducted essentially as described in Podolin, et al. ibid.,
female New Zealand rabbits (approximately 2 kilograms) are treated intra-articularly in one
knee with LPS (10 ng) together with either vehicle only (phosphate buffered saline with 1%
DMSO) or with addition of candidate compound {dose 1 =50 pM or dose 2 = 100 UM} in a
20 total volume of 1.0 mL. Sixteen hours after the LPS injection, knees are lavaged and cells
counts are performed. Beneficial effects of treatment were determined by histopathologic
evaluation of synovial inflammation. Inflammation scores are used for the histopathologic

evaluation: | - minimal, 2 - mild, 3 - moderate, 4 - modcrate-marked.

bj Evaluation of a compound in a rat model of collagen induced

25 arthritis

[0163] A 17 day developing type 1i collagen arthritis study is conducted to evaluate the
effects of a candidate compound on arthritis induced clinical ankle swelling. Rat collagen
arthritis is an experimental model of polyarthritis that has been widely used for preclinical
testing of numerous anti-arthritic agents (sec Trentham, et al., /. Exp. Med. 146(3):857-868
30 (1977), Bendele, et al., Toxicologic Pathol. 27:134-142 (1999), Bendele, et al., Arthritis
Rhewn. 42:498-506 (1999)). The hallmarks of this model are reliable onset and progression

61



WO 2010/075257PCT/US2009/068941 101391NMR (DMSO-d6) 8 10.22 (s, IH), 7.67 (dd, J= 1.8 Hz,
J=11.0 Hz, 1H), 7.04- 7.33 (m, 9H), 6.30 (dd, J= 5.8 Hz, J= 9.4 Hz, IH), 5.52 (br, 1H), 3.56-3.64 (M,

1H), 3.00-3; .90-2.98 (m, in), 2.23(2.24) (s, 3H), 1.97(2.33) -2 22 (m, 12H)
\%ﬁ éﬁ?ﬂﬁ%ﬁz &ﬁ}‘@%ﬁ%ﬁ%gﬁ

5(2R,3S5)- 1 enzoyl)-2-(4-Cyclopentylaminophenyl)piperidine- xylic aci
(4-methyl-3-trifluoromethylphenyl)amide  10[01401 11-1 NMR (400 MHz, CDC13) 58.79 (bs, 1H),
7.62 (s, 1#)ropusp-sily easpbePplyasoyis isfpmmatm g mpkgdieastilapy desgochonoym, 3H),

3.75-3.69(Bac{Ml o A BSarkls FoB8vh (A 21)md RP{S b3ED r &R A2 e diblhed §872-08 (M, 1H),
2.10-1.93 (m, 2?&,91.80-1.59 (m, 7H), 1.48-1.42 (m, 2H)

15(2R, 35594 ohexylaminophenyl)-1-(2-fluoro-6-methylbenzoyl)piperidine-3- carboxylic acid
(32-buty|phen2/pamide i . . . s
16164] Female Lewis rats (approximately 0.2 kilograms) are anesthetized with isoflurane
5  and injected with Freund’s Incomplete Adjuvant containing 2 mg/mlL bovine type H collagen
at the base of the tail and two sites on the back on days 0 and 6 of this 17 day study. A
candidate compound is dosed daily in a sub-cutaneous manner from day 0 till day 17 at a
efficacious dose. Caliper measurements of the ankle joint diameter were taken, and reducing

Joint swelling is taken as a measure of efficacy.

4, Rat model of Sepsis

[0E65] To study the effect of compounds of interest on inhibiting the generalized
mflammatory response that 1s associated with a sepsis like disease, the Cecal Ligation and
Puncture (CL.P) rat model of sepsis is used. A Rat CLP study is conducted essentially as

15 described in Fujimura N, et al. (dmerican Journal Respiratory Critical Care Medicine 2000,
161: 440-446). Briefly described here, Wistar Albino Rats of both sexes weighing between
200-250 g are fasted for twelve hours prior to experiments. Animals are kept on normal 12
hour light and dark cycles and fed standard rat chow up until 12 hours prior to cxperiment.
Then animals are split into four groups; (i) two sham operation groups and (i1) two CLP

20 groups. Each ofthese two groups (i.e., (i) and (i1)) is split into vehicle control group and test
compound group. Sepsis is induced by the CLP method. Under brief anesthesia a midline
laparotomy is made using minimal dissection and the cecum is ligated just below the
ileocaecal valve with 3-0 silk, so the intestinal continuity is maintained. The antimesinteric
surface of the cecum is perforated with an 18 gauge needle at two locations 1 cm apart and

25 the cecum is gently squeezed until fecal matter is extruded. The bowel is then returned to the
abdomen and the incision is closed. At the end of the operation, all rats are resuscitated with
saline, 3 ml/100 g body weight, given subcutaneously. Postoperatively, the rats are deprived
of food, but have free access to water for the next 16 hours until they are sacrificed. The
sham operated groups are given a laparotomy and the cecum is manipulated but not ligated or

30  perforated. Beneficial effects of treatment are measured by histopathological scoring of
tissues and organs as well as measurement of several key indicators of hepatic function, renal
function, and fipid peroxidation. To test for hepatic function aspartate transaminase (AST)

and alanine transaminase (ALT) arc measured. Blood urea nitrogen and creatinine
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[0141] 114 NMR (400 MHz, CDC13): 8 8.24 (m, 1H), 7.40-6.85 (m, 8H), 6.65-6.40 (m, 3H), 3.57 (s,
IH), 3.30- 2.90 (m, 4H), 2.50-1.85 (m, 9H), 1.80-1.50 (m, 5H), 1.40-1.00 (m, 13H)

(2R,3S)-2-(4- laminophenyl)-1-(2-fluoro-6-methylbenzoyl)pipepidings 3 rhoxylic acid
(4-methyl-3§Vp§r¥rgh8(§]iﬂ%l-phenyl)amide WO 2010/075257PCT/U8200910689%g%§%f32]ylH NMR
(400 MHz, CDC13): 67.98 (m, 1H), 7.40- 7.18(m, 3H), 7.10- 6.80(m, 4H), 6.64- 6.40 (m, 3H), 3.80-3.50
(m, 2H), S03e=DIGHIRA ABHUdSBIgasE Tl IR N1 Be-STHFBRAOTY S e 513y
(2R,3S)-F2tf-Apyelanentyivesaienkiqi-d bpaordanetbyaanzoyhpiperidine-3- carboxylic acid
(3-chloro-4-methylphenyl)amide 10 P91431 114 NMR (400 MHz, CDC13) 68.68 (bs, 0.6H), 8.58 (bs,
0.4H), 7.59-7.40 (M, 3H), 7.3208 3G (1P Akl 6188 {1668 Mphtiis 4.72 (M, 1H), 3.30-2.92 (m,
3H), 2.44 (s, 114), 2.42-2.30 (m, 1H), 2.30 (s, 1H), 2.29 (s, 2H), 2.20 (s, 2H), 2.19-2.12 (m, 1H),
2.08-1.93¢186[L 521 stdd9nd ofZ(ndf ChbhdoGddar Atbrest on a Systemic Lupus Erythematosus

(0GR 3502t Coclpentieminag 2L e R g ne i e 2o

is a commonty used mouse model of human SLE. To test compounds efficacy in this model

male MRL/Ipr mice are equally divided between control and C5aR antagonists groups at 13
weeks of age. Then over the next 6 weeks compound or vehicle is administered to the
animals via osmotic pumps to maintain coverage and minimize stress effects on the animals.
10 Serum and urine samples are collected bi-weekly during the six weeks of disease onsct and
progression. In a minority of these mice glomerulosclerosis develops leading to the death of
the animal from renal failure. Following mortality as an indicator of renal failure is one of
the measured criteria and successful treatment will usually result in a delay in the onset of
sudden death among the test groups. In addition, the presence and magnitude of renal discase
15 may also be monitored continuously with blood urea nitrogen (BUN) and albuminuria
measurements. Tissues and organs were aiso harvested at 19 weeks and subjected to
histopathology and immunohistochemistry and scored based on tissue damage and cellular

infiltration.

6. Rat model of COPD

20 [0167] Smoke induced airway inflammation in rodent models may be used to assess
efficacy of compounds in Chronic Obstructive Pulmonary Discase (COPD). Selective
antagonists of chemokines have shown efficacy in this model (see, Stevenson, et al., 4m. [
Physiol Lung Cell Mol Physiol. 288 1L514-1L522, (2005)). An acute rat model of COPD 1s
conducted as described by Stevenson et al. A compound of interest is administered either

25  systemically via oral or IV dosing; or locally with nebulized compound. Male Sprague-
Dawley rats (350-400 g) are placed in Perspex chambers and exposed to cigarette smoke
drawn in via a pump (50 mL every 30 seconds with fresh air in between). Rats are exposed
for a total period of 32 minutes. Rats are sacrificed up to 7 days after initial exposure. Any
beneficial effects of treatment are assessed by & decrease inflammatory cell infiltrate,

30 decreases in chemokine and cytokine levels.

[6168] In a chronic model, mice or rats arc exposed to daily tobacco smoke exposures for

up to 12 months. Compound is administered systemically via once daily oral dosing, or
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20 101441 1HNMR (400 MHz, CDC13) 8 8.25 (bs, 0.4H), 8.16 (bs, 0.6H), 7.44-7.20 (m, 6H),
7.06-6.84 (m, 2H), 6.59-6.50 (m, 2H), 3.75 (m, 1H), 3.66 (bs, 1H), 3.26-2.92 (m, 3H), 2.43 (s, IH),
242230( H , 1H), 2.29 (s, 2H)220(s 2H)219212(m 2,(m, 2H),
80158 (0 "Wd %faj@ ety b B deRi
(2R,3S)-2-(4-C clobutylamlnophen Fg 1-(2-fluoro-6-methylbenzoyl)piperidine-3- carboxylic acid
(3- butylpﬁ%ﬁ%éﬂfiﬁﬁ&@a {or4sprnlirgrRqopVIMz ICOEB) &g IR0E 2B AP B (s 0With), 7.44-6.88
(M, 10 H)B. 28 dehd 112 H%nd6 a1, uauﬁa‘ﬂéna@.ylammlmesﬁmm L60i.3i26:2 £ (M, 3H),
2.46-2.05 (m, 8H), 1.86-1.61 (m, 5H), 1.34-1.11 (m, 9{32 15(2R,3S)-1-(2- quoro 6-methylbenzoyl)-
2-[4- (tetraﬁﬁ%lﬁaﬁgvfa?fl&%%ﬂﬁmﬁéﬂmﬁﬁ@ﬁéﬁﬁénél Fﬂc‘j’k’ﬁ‘&%&?&d@?ﬁ&lﬁﬁﬁfﬁlPFrfrF«b‘Plé%yl)amlde
20[01461NMR«;(4E&M iz g CRAEIB)y§ #eb Migtdrdr), of B344mA2 {ospld EHir €48-H1&b (m(DHH), 6.62-6.53
%f) %2?88 85(m 4H), 3.83-3.70 (m, IH), 3.55-3.30 (m, 3H), 3.27-2.98 (M, 4H), 2.42-1.92 (m, 8H),
1 81 45°(m, (2R,3S)- 1-(2-fluoro-6-methylbenzoyl)-2-[4-((R)-2-trilluoromethylpyrrolidin-1-

25ymenyphenyiveine g2 bpas A (2 AIPREATe

{0169} Experimental autoimmune encephalomyelitis (EAF) is a model of human multiple

sclerosis. Variations of the model have been published, and are well known in the field. Ina
typical protocol, C57BL/6 (Charles River Laboratories) mice are used for the EAE model.

10 Mice are immunized with 200ug myelin oligodendrocyte glycoprotein (MOG) 35-55
(Peptide International) emulsified in Complete Freund’s Adjuvant (CFA) containing 4 mg/ml
Mycobacterium tuberculosis (Sigma-Aldrich) s.c. on day 0. In addition, on day 0 and day 2
animals arc given 200 ng of pertussis toxin (Calbiochem) i.v. Clinical scoring is based on a
scale of 0-5: 0, no signs of disease; 1, flaccid tail; 2, hind limb weakness; 3, hind limb

15 paralysis, 4, forelimb weakness or paralysis; 5, moribund. Dosing of the compounds of
interest to be assessed can be initiated on day O (prophylactic) or day 7 (therapeutic, when
histological evidence of disease is present but few animals are presenting clinical signs) and
dosed once or more per day at concentrations appropriate for their activity and
pharmacokinetic properties, e.g. 100 mg/kg s.c. Efficacy of compounds can be assessed by

20 comparisons of severity (maximum mean clinical score in presence of compound compared
to vehicle), or by measuring a decrease in the number of macrophages (F4/80 positive)
isolated from spinal cords. Spinal cord mononuclear cells can be isolated via discontinuous
Percoll-gradient. Cells can be stained using rat anti-mouse F4/80-PE or rat [gG2b-PE (Caltag
Laboratories) and quantitated by FACS analysis using 10 ul of Polybeads per sample

25 (Polysciences).

8. Mouse Model of Kidney Transplantation

[0178] Transplantation models can be performed in mice, for instance a mode! of allogenic
kidney transplant from C57BL/6 to BALB/c mice is described in Faikah Gueler et al, JASN
Express, Aug 27th, 2008. Briefly, mice are anesthetized and the left donor kidney attached to
30 a cuff of the aorta and the renal vein with a small caval cuff, and the ureters removed en
block. Afier left nephrectomy of the recipient, the vascular cuffs are anastomosed to the

recipient abdominal aorta and vena cava, respectively, below the level of the native renal
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WO 2010/075257PCT/US2009/068941 [0147] IFINMR (400 MHz, CDC13) 8 8.01 (bs, 0.5H), 7.96 (bs,
0.5H), 7.55-7.37 (m, 3H), 7.30-7.19 (m, 6H), 7.13-7.06 (m, 1H), 7.01-6.90 (m, 1H), 6.85-6.64 (m, IH),
4.15-4.11 ( 3.54 (m, 1H), 3.30-3.20 (m, 2H), 3.17-2.80 (m, m, 4H),
2.00-1.94 (%(Z%‘?M%Z% 60 (m, 8H), 1.31-1.26 (m, 7H) Example 8 hf@éé&%%bk; METHODS
10A.Cells 1.C5a receptor expressin2 cells U937 Cellsk 148] 1J937 cells are a monocytic cell line
which exjresasc 3ER i Brditgoal aphstapiA Ty A dtre sk i hars Smaireel48% suspension in

FtPM1- 1@&@ MediwmimisupRiemenies Wik ﬁgﬁM#@@tﬁ@H&lﬁﬁmlb% g sediupnbisatbenate, 4.5 g/L

glucose, 1 HEPES, 1 mM sodium pyryvate, and 10% FBS. Cells were grown under 5%

CO2/95%" rgri GO TRARIRISP L $78O%H; Ei Bt W(ggrv%/%t@ﬁ/rg‘[ i@ W& cultured at a
density rdinge:af ghxs165 dﬁnﬁxb(oh(lﬁ" eeltslnehb ma:dlhaedefstadrﬂbﬂcx dﬂejeﬁllsimtoﬁpmmd) assay, cells

are treated overnight with, 05 AMP%? ma, OH).and washed on rlor tg yse. 20 cAMP
R GO R e S e

sub cut injection once daily. Mice are qtudled for renal function and survival. Serum
creatinine levels are measured by an automated method (Beckman Analyzer, Krefeld,

Germany).

g, Mouse Model of Ischermia/Reperfusion

10 [0171] A mouse model of ischemia/reperfusion injury can be performed as described by
Xiufen Zheng et al, Am. J. Pathol, Vol 173:4, Oct, 2008. Briefly, CD1 mice aged 6-8 weeks
ar¢ anesthetized and placed on a heating pad to maintain warmth during surgery. Following
abdominal incisions, renal pedicles are bluntly dissected and a microvascular clamp placed
on the left renal pedicie for 25-30 minutes. Following ischemia the clamps are removed

15  along with the right kidney, incisions sutured, and the animals allowed to recover. Blood is
collected for serum creatinine and BUN analysis as an indicator of kidney health.
Alternatively animal survival 1s monitored over time. Compound can be administered to
animals before and/or after the surgery and the effects on serum creatinine, BUN or animal

survival used as indicators of compound efficacy.

20 10. Mouse Model of Tumor Growth

[0172] C57BL/6 mice 616 wecks of age are injected subcutancously with 1x105 TC-1
cells (ATCC, VA) in the right or left rear flank. Beginning about 2 weeks after cell
injection, tumors are measured witﬁ calipers every 2—4 d until the tumor size required the
mice are killed. At the time of sacrifice animals are subjected to a full necropsy and spleens
25 and tumors removed. Excised tumors are measured and weighed. Compounds may be
administered before and/or after tumor injections, and a delay or inhibition of tumor growth

used to assess compound cfficacy.
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b)Isolated human neutrophils 101491 Optionally, human or murinc neutrophils can be used to assay
for compound activity. Neutrophils may be isolated from fresh human blood using density separation
and centrifigation. Briefly, whole blood is incubated with equal parts 3% dextran and allowed to
25separate for 45 minutes. After separation, the top layer is layered on top of 15 mls of flea WO
2010/075257PCT/US2009/068941 (15 mls of Ficoll for every 30 mls of Mood suspension) and
centrifuged for 30 minutes at 400 x g with no brake. The pellet at the bottom of the tube is then
isolated and resuspended into PharmLyse R13C Lysis Buffer (BD Biosciences, San Jose, CA) after
which the sample is again centrifuged for 10 minutes at 400 x g with brake. The remaining cell pellet is
5resuspended as appropriate and consists of isolated neutrophils. B.Assays 1. Inhibition of C5aR i
and binding [0150] cAMP treated U937 cells expressing C5aR were centrifuged and resuspended in
assay buffer (20 mM HEPES pH 7.1, 140 mM NaC1, 1 rriM CaC12, 5 mIVI MgC12, and with 100.1%
bovine serum albumin) to a goneeRtaHoR QLS kdAGGalls/mL Binding assays were set up as follows.
0.1 mL of cells was added to the assay plates containing 5 uL of the compound, giving a final
concentration of -2-10 uM each compound for sgregening (or part of a dose response for compound
IC50 determinations). Then 0.1 mL of 1251 5a (obtained from Perkin Elmer Life Sciences,

Boston, MA) diluted in assay buffer to a fin " C3H

J%O @;

and pharmaceutically acceptable salts, and rotamers thereof; wherein

C2

C' is phenyl optionally substituted with from 1 to 3 R! substituents;
C? is phenyl optionally substituted with from 1 to 3 R substituents;
C? is selected from the group consisting of Cs3 cycloalkyl and phenyl, and each C° is optionally
substituted with from 1-3 R? substituents;
each R' is independently selected from the group consisting of
halogen, -CN, -R®, -CO.R?, -CONR®R®, -C(O)RY, -OC(OJNR*R", -NR°C(O)R?, -
NRPC(O),R", -NR*C(O)NR?R®, -NR*R’, -OR?, and -S(O),NR*R®: wherein each R* and R is
independently selected from hydrogen, Cig alkyl, and C; 3 haloalkyl, or when attached to the
same nitrogen atom can be combined with the nitrogen atom to form a five or six-membered
ring having from 0 to 2 additional heteroatoms as ring members selected from N, O or S;
each R® is independently selected from thé group conststing of Cy.5 alkyl, Cy.5 haloalkyl, Cs.6
‘cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic and cyclic
portions of R%, R” and R® are optionally further substituted with from one to three halogen,
hydroxy, methyl, amino, alkylamino and dialkylamino groups; and optionally when two R
substituents are on adjacent atoms, are combined to form a fused five or six-membered
carbocyclic ring;
each R is independently selected from the group consisting of
halogen, -CN, -RY, <CO,R’, -CONRR®, -C(O)R®, -OC(OINR'R?, -NR*C(O)RY, -
NRC(0).R’, -NRC(OINRR®, -NRC(O)NRR®, -NRRE, -OR’, and -S(0);NR®R®; wherein
each R® and R® is independently selected from hydrogen, Cy.galkyl, and C; haloaikyl, or

when attached to the same nitrogen atom can be combined with the nitrogen atom to form a
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15 concentration of -50 pM, yielding -30,000 cpm per well, was added, the plates sealed and
incubated for approximately 3 hours at 4C on a shaker platform. Reactions were aspirated onto GF/B
glass filters pre-soaked in 0.3% polyethyleneirnine (PEI) solution, on a vacuum cell harvester (Packard
Instruments; Meriden, CT). Scintillation fluid (40 ill; Microscint 20, Packard Instruments) was added to
each well, the plates were sealed and radioactivity 20measured in a Topcount scintillation counter
(Packard Instruments). Control wells containing either diluent only (for total counts) or excess C5a (1
itg/mL, for non-specific binding) were used to calculate the percent of total inhibition for compound.
The computer program Prism from GraphPad, Inc. (San Diego, Ca) was used to calculate IC50 values.
IC50 values are those concentrations required to reduce the binding of radiolabeled C5a to the
receptor b %, %-%TE iRt of ligan {g'ndi d other functional gssays, see
Dairaghi, é‘ftl %a%%giﬁ %%#%@4 5%%@?@7%3 (?1%52933 {é% é}g‘,ggrg?f Fo&S NBE "KEAF Sci. USA.
06:9839-088 e SR D fagiacheR His. ind@iold et 12020 BE06IRE200 1697 iz, (T alcium
mobllizatiogne, E0RAIRpNnAl RMAAUAMS MBS a5sRued oL Inglh ability foahibit

llutar sto C , cells

calcium 30flux in cells. To detect the release of intface res of calci e.g., cAMP WO

2010/075 28 SRBG IBETILLSHR Idhe and 83 2reontondbhilsjresinstbetd dvititirarP s of

INDO-1AM@m&\4@[@g&@h§3@@§§ nRHgeng, LRI GSlmedia fo5ifo minute; pom temperature and
washed with phosphate buffere salir?(g?PBS). AftgleDO-lAM Ioagling, thé’%g&é’are resuspended in

flux bufféFrfark SdrRenicat s st csid dermths SOy aramswirB S, Calcium mobilization is 5 measured
using a Phaitdiectnplagy-interrational RRECoRMRomste RO Taehnejagy International; New

Jersey) wiﬁ '@ti pﬁggé) nrn apd, dual girpulta%eous recording of fluorescence emission at 400 nm
“and 490 n ‘%@4 t?%’i' c ﬂ(apngc cinRidverORre S(HIeNE as a4l MRFI0-Her ERRsion

ratio. Expefifietds MréQ@fafnedat 31E - WIHTERRS ALY #0.COYSHRS RAChLONaiRingREGS cells in
2 mL of flux Quffer The chemak.ne

mdependently selected from hydrogen, Cygalkyl, Cs4 cycloalkyl and C, 4 haloalkyl, or when

attached to the same nitrogen atom can be combined with the nitrogen atom to form a five or

six-membered ring having from 0 to 2 additional heteroatoms s ring members selected from

N, O or S and is optionally substituted with one or two oxo; each R'is independently selected

from the group consisting of Cigalkyl, Cyghaloalkyl, Cy.6 cycloalkyl, heterocycloalkyl, aryl

and heteroaryl; and each R is selected from the group consisting of Cs.4 cycloalkyl,

pyrrolinyl, piperidinyl, morpholinyl, tetrahydrofuranyl, and tetrahydropyranyl, and wherein

- the aliphatic and cyclic portions of R&, R®, R! and R/ are optionally further substituted with

from one to three halogen, methyl, CF;, hydroxy, amino, alkylamino and dialkylamino

groups; and
X is hydrogen or CHs.
2. The compound of claim 1, wherein X is hydrogen.
3. The compound of claim 1, having the formula:
O
X i
\“{\ -~ !
eo3
I‘ H
N CE
¢z "o (Iz).
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10 ligands may be used over a range from 1 to 100 nM. The emission ratio is plotted over time
(typically 2-3 minutes). Candidate ligand blocking compounds (up to 10 uM) are added at 10 seconds,
followed by chemokines at 60 seconds (i.e., Cba; R&D Systems; Minneapolis, MN) and control
chcmokine (i.e., SDF-la; R&D Systems; Minneapolis, MN) at 150 seconds. Chemotaxis assays
15[0152] Optionally, compounds may be further assayed for their ability to inhibit chemotaxis in cells.
Chemotaxis assays are performed using 5 am pore polycarbonate, polyvinylpyrrolidone-coated filters
in 96-well chemotaxis chambers (Neuroprobe; Gaithersburg, MD) using chemotaxis buffer (Hank's
balanced salt solution (HBSS) and 1% FBS). C5aR ligands (i.e., C5a, R&D Systems; Minneapolis,
MN) are use to evaluate 20 compound mediated inhibition of C5aR mediated migration. Other
chemokines (i.e., SDEla; R&ﬁ%es %eglsal\gpril%%%?li , Ml\gl%gr used as specificity controls. The lower
chamber is loaded with 29 ul of chemokine (f.e., i\ %30&%1 rying amounts of compound; the
top chamber contains 100,000 U937 or neutrogp cells in 20 al. The chambers are incubated 1.5
hours at 37C, and the number of cells in th hathber quantified either by direct 25cell counts in
five high powered fields per well or by the CyQuantiassay (Molecular Probes), a fluorescent dye
method that measures nucleic acid content &fid mftroscopic observation. C.ldentification of inhibitors
of C5aR Assay  [0153] To evaluate smal nic molecules that prevent the C5a receptor from
binding 30ligand, an assay was employed that detected ioactive ligand (i.e, C5a) binding to cells
WO 2010/075257PCT/US2009/068941 expressing C5aR on the cell surface (for example, CAMP
stimulated U937 cell$-or isolareedmnean wé gtropHild)aFog tenfpounds that inhibited binding, whether
competitive or not, fewer radioactive counts are observed when compared to uninhibited controls..
¢

|
X (R,
N X
H
CS

N
Xz
o
(R2)m kj/gg
e

X' is selected from the group consisting of CH and CR};

wherein

the subscript n is an integer of from 0 to 2;
X* is selected from the group consisting of CH and CR’; and

the subscript m is an integer of from 0 to 2.

0. The compound of claim 1, having the formula:

~ |
\\\ﬁ\ ~ :lj“_(Rq In
O’r ﬁ X

NT Tl
XZ
RS
{Rz)m"’“’(ﬁ 0
o

X' is selected from the group consisting of CH and CR’;

wherein
the subscript n is an integer of from 0 to 2;

X* is selected from the group consisting of CH and CR%: and

the subscript m is an integer of from 0 to 2.
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[0154] Equal numbers of cells were added to each well in the plate. The cells were then 5 incubated
with radiolabeled C5a. Unbound ligand was removed by washing the cells, and bound ligand was
determined by quantifying radioactive counts. Cells that were incubated without any organic compound
gave total counts; non-specific binding was determined by incubating the cells with unlabeled ligand
and labeled ligand. Percent inhibition was determined by the equation: % inhibition = (1 - [(sample
cpm) - (nonspecific cpm)]/[(total cpm) -- (nonspecific cpm)l) x 100. 10 2.Dose Response Curves [0155]
To ascertain a candidate compound's affinity for C5aR as well as confirm its ability to inhibit ligand
binding, inhibitory activity was titered over a 1 x 10-1 to 1 x 104 M range of compound concentrations.
In the assay, the amount of compound was varied; while cell 15 number and ligand concentration were
held constant. D.In Vivo Efﬁf’ﬁ‘céo'\rﬁogel%i L%l%g%l }h%a%omqgu ds 01 interest can be evaluated for
potential efficacy in treating a tBa mediated CoRditions &telifin ﬁ'g the efficacy of the compound in
an animal model. In 20addition to the models described below, other suitable animal models for
studying the compound of interest can be found in szuziw et alt, Expert Opin. In"estig. Drugs
(2005), 14(7), 807-821, which is incorporated ere\inglbx rﬁnglh its entirety. WO
2010/075257PCT/US2009/068941 (hj H X

NT S
m(RB)p

2
2 X5y NF
(R)m]
=
wherein
the subscript p is an integer of from 0 to 3;
X' is selected from the group consisting of CH and CR!;
the subscript n 1s an integer of from 0 to 2;
X is selected from the group consisting of CH and CR?; and

the subscript m is an integer of from 0 to 2.

8. The compound of claim 1, having the formula:
1
o R
S
H
RZ N7 Y
ii ,&O (R,
RZ
% ‘The compound of claim 1, having the formula
1
(li R
\‘\‘\‘ N R‘}
H
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1.Models of C5a induced Leukopenia a) C5a induced Leukopenia in a Human C5aR knock-in Mouse
Model [0157] To study the efficacy of compounds of the instant invention in an animal model, a 5
recombinant mouse can be created using standard techniques, wherein the genetic sequence coding
for the mouse C5aR is replaced with sequence coding for the human C5aR, to create a hC5aR-KI
mouse. In this mouse, administration of hC5a leads to upregulation of adhesion molecules on blood
vessel walls which bind blood leukocytes, sequestering them from the blood stream. Animals are
administered 20ug/kg of hC5a and 1 minute later leukocytes are 10 quantified in peripheral blood by
standard techniques. Pretreatment of mice with varying doses of the present compounds can almost
completely block the hC5a induced leukopenia. b) C5a induced Leukopenia in a Cynomolgus Model
[0158] To study the effjcacy.Qf compounds of the instant inyention in a non-human primate model
model, C5a induced Iggc'copg?ﬁ%ﬁ%ms%ﬁa?e e ®do Hﬁﬁéﬁ%m}l}ﬁ:this model 15administration of
hCb5a leads to upregulation of adhesion molecules on blood vessel walls which bind blood leukocytes,
hence sequestering them from the blood stream. Animals-a eRddministered I0ug/kg of hC5a and 1
minute later leukocytes are quantified in periphergj\bluse model of ANCA induced Vasculitis
20 [0159] On day 0 hC5aR-K1 mice are in é’ouggy inject&d with 50mg/kg purified antibodiy to

myeloperoxidase (Xiao et at, J. Gin. Invest.110i,955:963 (2002)). Mice are further dosed with oral daily
doses of compounds of the invention or icle fqf se er(‘h@]jays, _
. P p
0
F

11.  The compound of claim 1, having the formula:

N
(8
CHy N "'I\ X

——(R%)
s
F.'

12, The compound of claim 1, having the formula:

t C1
O“‘“ﬁ\ "
Cfo o
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Y

13.  The compound of claim 1, having the formula:
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then mice are sacrificed and kidneys collected for histological examination. Analysis of kidney sections
can show significantly reduced number and severity of crescentic and 25necrotic lesions in the
glomeruli when compared to vehicle treated animals. Mouse Model of Choroidal Neovascularization
10160] To study the efficacy of compounds of the instant invention in treatment of age related macular
degeneration (AMD) the bruch membrane in the eyes of hC5aR-KI mice are 30ruptured by laser
photocoagulation (Nozika et al, PNAS 103: 2328-2333 (2006). Mice are WO
2010/075257PCT/US2009/068941 treated with vehicle or a daily oral or appropriate intra-vitreal dose
of a compound of the invention for one to two weeks. Repair of laser induced damage and
neovascularization are assessed by histology and angiography. 53.Rheumatoid Arthritis Models
Rabbit model of destructive joint inflammation [0161] To study the effects of candidate compounds on
inhibiting the inflammatory response of rabbits to an intra=agtictilar injection of the bacterial membrane
component lipopolysaccharide (LPS), a rabblt mod\l 0 ructlve joint inflammation is used. This
10study design mimics the destructive join mma:glon Seemin arthritis. Intra-articular injection of

LPS causes an acute inflammatory response characterized by the release of cytokines and
chemokines, many of which have been | tﬁied umatoid arthritic joints.

0 RS

14.  The compound of claim 1, having the formula:

SNk
H

CH3 N @\

SO

F
wherein R is a member selected from the group consisting of —NRth, -NHR! and -NHCH.R.

15.  The compound of claim 1, having the formula:

wherein R? is a member selected from the group consisting of -X*-NR#R?, -x*.R/
and -X*-NR*CORE,

16.  The compound of claim I, wherein C° is selected from the group

consisting of Cs4 cycloalkyl, and phenyl, each of which is optionally substituted with from 1 o 3
R’ substituents.
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Marked increases in leukocytes occur in synovial fluid and in synovium in response to elevation of
these chemotactic mediators. Selective antagonists of chemokine receptors have 15shown efficacy in
this model (see Podolin, et al. "I. Immunol. 169(11):6435-6444 (2002)). [0162] A rabbit LPS study is
conducted essentially as described in Podolin, et al. ibid., female New Zealand rabbits (approximately
2 kilograms) are treated intra-articularly in one knee with LPS (10 ng) together with either vehicle only
(phosphate buffered saline with 1% DMSO) or with addition of candidate compound (dose 1 =50 p.M
or dose 2 = 1007uM) in a 20 total volume of 1.0 mL. Sixteen hours after the LPS injection, knees are
lavaged and cells counts are performed. Beneficial effects of treatment were detenmined by
histopathologic evaluation of synovial inflammation. Inflammation scores are used for the

histopathologic evaluaion: I minj - - moderate, 4.5 moderate-marked. b)Evaluation of a
compound in a rat m_c?c’ti_‘el of%%%%ﬁ%%%ﬁ%@%%?%%%ﬁ % 17" ga?f’%ré(i/%atc@ F’neéeﬁz[ﬁ %()Ebllagen
arthritis @mw@ é@ﬁﬁﬂ%@f@@va_ma;%e%ﬁé@é‘%’f andaﬁma,aaedc@hammggohm&mmé induced clinical
ankle sweilingd3al calisgen adiiinisan experimenial modslolpobarilis dhatias bgen widely
used for preclinical testing of numerous anti-arthritic agents (see Trentham, et aﬁ, . EXp. Med.

146(3): 8575368 FHRLYYM Coe el ersnkined. withironghermtton R7fasd aper(ide) ridendele Rt al.,

Arthritis; Riyg ey 42498008 §1999hThehal s Of it | areyrgli and progression
WO 2011010%5%157P?:S?r/uszoog/oasgeﬁ ourB ro%%ﬁ%%mge%ﬁﬁ’%%@ %%ll&?ggglc%ﬁ}gﬁﬁﬁammaﬂon,

marked SAMIEGE dBEFRaTEH ihadleratnsndsitRlisamnitistorhRidh and Ritconhoudhatisone
resorptieibandiperiosieaihone prolteraiian: {044k T emals, LeWisFAts (RREAIMAIRY.GRKIQgrams)

are anesthetized with isoflurang, , _
and optionally when two R’ substituents are on adjacent atoms, are combined to form a fased

five or six-membered carbocyclic ring.

18. The compound of claim 1, wherein each R is independently selected from
the group consisting of halogen, -Rf and -ORY, wherein each R% is independently selected from
hydrogen, Cigalkyl, and C,ghaloalkyl; each Rlis independently selected from the group
consisting of Cy.5 alkyl, C;haloalkyl, Cy.6 cycloalkyl, heterocycloalkyl and heteroaryl, and
wherein the aliphatic and cyclic portions of R? and R are optionally further substituted with from
one to three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups.

19.  The compound of claim 16, wherein each R is independently selected
- from the group consisting of

halogen, -R', -CO;RE, -CONRER”, -NR'C(O)RY, -NR*C(O),R!, -NRIR®, -OR?, -X*-RJ, -X*-NRER"
, X -CONR®RY, -X*-NR¥C(O)RE, -NHR’ and -NHCH;R!, wherein X is a Cy.5 alkylene; each R®
and R® is independently selected from hydrogen, C;.galkyl, Cs4 cycloalkyl and Cig haioalkyl, or
when attached to the same nitrogen atom can be combined with the nitrogen atom to form a five
or six-membered ring having from 0 to 1 additional heteroatoms as ring members selected from
N, O or S and is optionally substituted with one or two oxo; each R' is independently selected
from the group consisting of C; 5 alkyl, Ci.ghaloalkyl, C3.¢ cycloalkyl, heterocycloalkyl, aryl and
heteroaryl; and each R’ is selected from the group consisting of C3 cycloalkyl, pyrrolinyl,
piperidinyl, morpholinyl, tetrahydrofuranyl, and tetrahydropyranyl, and wherein the aliphatic and
cyclic portions of R%, R", R’ and R are optionally further substituted with from one to three
halogen, methyl, CF3, hydroxy, amino, alkylamino and dialkylamino groups
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5 and injected with Freund's Incomplete Adjuvant containing 2 mg/mL bovine type Il collagen at the
base of the tail and two sites on the back on days 0 and 6 of this 17 day study. A candidate compound
is dosed daily in a sub-cutaneous manner from day O till day 17 at a efficacious dose. Caliper
measurements of the ankle joint diameter were taken, and reducing joint swelling is taken as a
measure of efficacy. 10 Rat model of Sepsis [01651 To study the effect of compounds of interest on
inhibiting the generalized inflammatory response that is associated with a sepsis like disease, the
Cecal Ligation and Puncture (CLP) rat model of sepsis is used. A Rat CLP study is conducted
essentially' as 15described in Fujimura N, et al. (American Journal Respiratory Critical Cure Medicine
2000; 161: 440 446). Briefly described here, Wistar Albino Rats of both sexes weighing between
200-250 g are fastedé r twelye hours prior to experiments, Animals are kept on notmai 12 hour light
and dark cycles and % sta ﬁﬁ@?ﬁf‘ﬁﬂ&ﬁ%&ﬁﬁtﬁgj?ﬁﬁ?ﬂg priot 16 ekerbfirTefee BR&IPanimals are split
into fourcgneigpsag @ftwo sham operation groups and (ii) two CLP 20groups. Each of these two groups
(i.e., (i) and (ii)) is split.into vehicle control group and test compound group. Sepsis is induced by the
CLP method. Under brief anesthesia a midline lapatotomy is madL'eEusing minimal dissection and the

ow the I@ acal va -0 si@h integé)ntinuity is maintained.
C?HOf the.ceeum is -l orated with %auge needle at two locations 1 cm
apart and 25the cecum is’géntly squeéﬂ@d until fecdl matter is extrtuded. The boiwel is then returned to
the _
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abdomen and the incision is closed. At the end of the operation, all rats are resuscitated with saline, 3
m1/100 g body weight, given subcutaneously. Postoperatively, the rats are deprived of food, but have
free access to water for the next 16 hours until they are sacrificed. The sham operated groups are
given a laparotomy and the cecum is manipulated but not ligated or 30perforated. Beneficial effects of
treatment are measured by histopathological scoring of tissues and organs as well as measurement of
several key indicators of hepatic function, renal function, and lipid peroxidation. To test for hepatic
function aspartate transaminasc (AST) and alanine transaminase (ALT) are measured. Blood urea
nitrogen and creatinine WO 2010/075257PCT/US2009/068941 concentrations are studied to assess
renal function. Pro-inflammatory cytokines such as TNF-alpha and IL-Ibeta are also assayed by ELISA
for serum levels. 5.Mguse SLE model of experimental lupus nephrltls [0166] To study the effect of
compounds of mtereﬁlon a SYfstamrotReh £ B mutsses § (SLEledied MeRLthpr gramine SLE model is
used. TheviRizdME:-TmfrstediPr strain (MRL//pr) is a commonly used mouse model of human SLE. To
test compounds efficacy in this model m Ie; MRL//pr mice are equally divided between control and
CbhaR antagonists grogps at 13 - ] of ag n overt Xt 6 wee mpound or vehicle is
administered to thesaninals vigo m % Yo .~. ma t% imize stress effects on
the animals. 10Sérum and urine samples are collec edh weekly%%*rﬁg the six weeks of disease
onset and progression. In a minority of these mice glomeruloscicrosis develops leading to the death of
the animal from renal failure. Following mortality as an indicator of renal failure is one of the measured
criteria and successful treatment will usually result in a delay in the onset of sudden death among the
ay alsp be monitored

§. Tissues and organs
istochemistry and

test groups. In addjtion, the presence.and magnitude of renal disease 15
continuously W|rea nitroge UN) &fid album measure

were also harvesied™at T8 week Fsubjpeciad to hisfopa Qgy antgmn
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Rat model of COPD 20 [0167] Smoke induced airway inflammation in rodent models may be used to
assess efficacy of compounds in Chronic Obstructive Pulmonary Disease (COPD). Selective
antagonists of chemokines have shown efficacy in this model (see, Stevenson, et al., Am. J. Physiol
Lung Cell Mol Physiol. 288 L514-L522, (2005)). An acute rat model of COPD is conducted as
described by Stevenson et al. A compound of interest is administered either 25systemically via oral or
IV dosing; or locally with nebulized compound. Male Sprague- Dawley rats (350400 g) are placed in
Perspex chambers and exposed to cigarette smoke drawn in via a pump (50 mL every 30 seconds
with fresh air in between). Rats are exposed for a total period of 32 minutes. Rats are sacrificed up to
7 days after initial exposure. Any beneficial effects of treatment are assessed by a decrease
inflammatory cell infiltrate, 30decreases in chemokine and cytokine levels. 10168] In a chronic model,
mice or rats are exp@ded to@ﬁlgﬂmﬁi@k@exﬂ@mve o¢ epagel2imortiesgr@gmpound is
administgre emically via once daily oral dosing, or WO 2010/075257PCTTUS2009/068941
potentially locally via nebulized compound. In addition to the inflammation observed with the acute
model (Stevensen et I animals 3 so exhlb pathologiges:similar to that seen in human
COPD such as emphy A (as |nd|c rea\#nean I|ne rcept) as well as altered lung
chemistry (see Martorana et al, Am. J. esﬂlr érlt Care Med 172(7 5848-53. 7. Mouse EAE Model
of Multiple Sclerosis @
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101691 Experimental autoimmune encephalomyelitis (EAE) is a model of human multiple sclerosis.
Variations of the model have been published, and are well known in the field. In a typical protocol,
C57BL/6 (Charles River Laboratories) mice are used for the EAE model. 10 Mice are immunized with
200ug myelin oligodendrocyte glycoprotein (MOO) 35-55 (Peptide International) emulsified in
Complete Freund's Adjuvant (CFA) containing 4 mg/ml Mycobacterium tuberculosis (Sigma-Aldrich)
s.c. on day 0. In addition, on day 0 and day 2 animals are given 200 ng of pertussis toxin (Calbiochem)
i.v. Clinical scoring is based on a scale of 0-5: 0, no signs of disease; 1, flaccid tail; 2, hind limb
weakness; 3, hind limb 15paralysis; 4, forelimb weakness or paralysis; 5, moribund. Dosing of the -
compounds of interest to be assessed can be initiated on day O (prophylactic) or day 7 (therapeutic,
when hlstologlcal evidence of disease is present but few animals are presenting clinical signs) and
dosed once or more ger day &€ éﬁﬁmé)ﬁéﬁéagbévdﬁ}?ﬁf@f& fasrleadifioamtpEaunacokinetic
propertiesnsiginbQmg/kg s.c. Efficacy of compounds can be assessed by 20 comparisons of severity
(maximum mean clinical score in presence of compound compared to vehicle), or by measuring a
decrease in the number of magrophages (F4/80 positive) |solated from spinal cords. Spinal cord

I

mononuclear cells can be isoka via disconti Percoll-grath - eIIs can be stained using rat
@ (Cg;@ltag b ato ies) and g |tat y FACS analysis using

anti-mouse F4/80-PE or rat IgGZ
10 ul of Polybeads per sample 25 Polﬁsmences) us Model o Kld)ﬁey Transplantation [0170i
Transplantation models can be perfouhed in mice, for instance a model of allogcnic kidney transplant
from C57BL/6 to BALB/c mice is described in Faikah Gueler et al, JASN Express, Aug 27th, 2008.
Briefly, mice are anesthetiZ the left o y ched to 30 a cuff of the aorta and the renal
vein with a small caval cuffm»%? g@ﬂ\% losk.-After left nephrectorny of the recipient,
the vascular cuffs are anastomosed recipient abdoniinal aorta and vena cava, respectively,
below the level of the native renal vessels. The ureter is directly anastomosed .into the bladder. Cold

ischemia time is 60 min, and warm ischcmia time is 30 min. The right native kidney can be removed at
the time of allol,rraft transplantation or at posttransplantation day 4 for long-term survival studies.
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Streatment of animals can be started before surgery or immediately after transplantation, eg by sub cut
injection once daily. Mice are studied for renal function and survival. Serum creatinine levels are |
measured by an automated method (Beckman Analyzer, Krefeld, Germany). 9.Mouse Model of
Ischemia/Reperfusion 10[0171] A mouse model of ischemia/reperfusion injury can be performed as
described by Xiufen Zheng et al, Am. Pathol, Vol 173:4, Oct, 2008. Briefly, CD] mice aged 6-8 weeks
are anesthetized and placed on a heating pad to maintain warmth during surgery. Following abdominal
incisions, renal pedicles are bluntly dissected and a microvascular clamp placed on the left renal
pedicle for 25-30 minutes. Following ischemia the clamps are removed 15along with the right kidney,
incisions sutured, and the animals allowed to recover. Blood is collected for serum creatinine and BUN
analysis as an indicaigr of Iislpeygalil Asinaiyebn animak supdyalismonierad usr fme.
Compound can be administered to animals before and/or after the Surgery and the e fects on serum
creatiniSEOBURPSSAREAAI survival used as indicators of compound efficacy. 2010. Mouse Model of
Tumor Growth [0172] C57BL/6 mice 6-16 weeks of age are injected subcutaneously with Ix105 TC-1
injection, tumors are

cells (ATCC, VA) ipthe gght or left rear flank. OBeg| ping about 2 weeks after ¢
measured wit callbgrs gvety 2-4 d until the tq;morrequwed the micej are Kkillefd. At the time of
sacrifice anifnals are ubjecte&% a fuII pal-ant-spte um oved. Excised tumors
are measure -.. ed. Compoun . ini nd/or after tumor injections,
and a delay or 'nh| of tumor grgwth sed 5Sess compund ffic: 1.A compound having
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C3H C2-.L0(0; and pharmaceutically acceptable salts, and rotamers thereof, wherein Cl is phenyl
optionally substituted with from 1 to 3 RI substituents; C2 is phenyl optionally substituted with from 1 to
3 R2 substituents; C3 is selected from the group consisting of C3_5 cycloalkyl and phenyl, and each

- C3is optionally substituted with from 1-3 R3 substituents; each RI is independently selected from the
group consisting of halogen, -CN, Rc,-0021e, -CONRaRDb, -C(o)r, -0C(0)NRaRb, -NRbC(0)Ra, -
NRDbC(0)2Re, 4.leC(0)NRaRb, -NRaRDb, -or, and -S(0)2NleRb; wherein each le and Rb is
independently selected from hydrogen, C1_8 alkyl, and C1.8 haloalkyl, or when attached to the same
nitrogen atom can be combined with the nitrogen atom to form a five or six-membered ring having from
0 to 2 additional heteroatoms as ring members selected from N, O or S; each-Re is independently
selected from the group conS|st|ng of C14 aIk [, C1,
and heteroaryl angyvheggin the allphatlc and gn(g:“

substituted w fromh\on F ‘ ino, allc Iamj@o lak lamino
groups; andnallﬁwh n two RI h nts-are on adjacent ato@f‘e ch‘nbl ed 10 form a fused
five or S|x‘{m ered-earbocyclic r|n ; each R dependently sglectger fro e group consisting of
halogen, -CN, Re Rd, -CO ~~CO)Rd7-0G(A)NRdle, 4RC(Q)Rd, C(0)2Re,

-NRdC( dlceD NRACMEMNRIR dr, -ORd, a‘ -S(O)ZN@rei eac Rd and Re is
indepen selected from hydrogen, C14 alkyl, m l..8 haloalleyt;.or when atié @I;th) the same

nitrogen atom can be combined with the nitrogen atogrto form a five or six- mem £d ring having
from O to 2 additional heteroatoms as ring members selected frdm N, 0 or S; each RI. is independently

selected from the gro nS|st|ng of C1.8 al anaIkyI C3,6 gytigalkyl, heterocycloalkyl, aryl
and heteroaryl, and allphatlc rtions of Rd, R & far optionally further
substituted Wlth frEi one to e halogen, h\ydroxy methyl, amln('S‘NaIk ylaml 0 and dialkylamino
groups; \O :
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each R3 is independently selected from the group consisting of halogen, -CN,-CO2Rg, -CONRgRN,
-C(0)Rg, -0C(0)NRgRh, -NRhC(0)Rg, - NRhC(0)2Ri, -NRgC(0)NR8Rh,-ORg,
-S(0)2NRgRh,-X4-NRgRh, -X4-CONR gRh, -)(4.4RhC(0)Rg, -NHR and -NHCH2R, wherein 1K4 is a
C14 alkylene; each Rg and Rh is independently selected from hydrogen, C1.8 alkyl, C3,6 cycloalkyl
and C1.5 haloallcyl, or when attached to the same nitrogen atom can be combined with the nitrogen
atom to form a five or six-membered ring having from 0 to 2 additional heteroatoms as ring members
selected from N, O or S and is optionally substituted with one or two oxo; each RI is independently
selected from the group consisting of C1,8 alkyl, C1.8 haloalkyl, C3..6 cycloalkyl, heterocycloalkyl, aryl
and heteroaryl; and each Ri is selected from the group consisting of C3 6 cycloalkyl, pyrrolinyl,

piperidinyl, morpholin e hydrofuranyl and tetrahydropyranyl, an erein the aliphatic and cyclic
portions of Rg, Rh, R re optionally f r substituted with fr a three halogen, methyl,
CF3, hydroxy, anhiNo 2 ylamlno and dialky ups; and Xy u~ or CH3.2. The
compound o Whereln Xis hydroggn 3. The compou of“Qalm 1, having the formula: 0 x p
N'C3 0(la). & ©
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20(Ib). 5.The compound of claim!, having the formula: wherein X1 is selected from the group
consisting of CH and CR1; the subscript n is an integer of from O to 2; X2 is.selected from the group
consisting of CH and CR2; and the subscript m is an integer of from 0 to 2. 6.The compound of claim
1, having the fonnula: 9 IC3 )r) :
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wherein X1 is selected from the group consisting of CH and CR1,; the subscript n is an integer of from
0 to 2; X2 is selected from the group consisting of CH and CR2; and the subscript m is an integer of
from 0 to 2. N Xi wherein the subscript p is an integer of from 0 to 3; X' is selected from the group
consisting of CH and CRI; the subscript n is an integer of from 0 to 2; X2 is selected from the group
consisting of CH and CR2; and
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the subscript m is an integer of from 0 to 2. 8. The compound of claim 1, having the formula: 0 R2 69

N
L\‘O
HN
®:
o}
HN
\&O
X
L
s
B!
82

iy @m
O & 2 O
, / N
2 J @w

O
= !s\\\\ > "/ N ll
T L s

11. The compound of claim 1, having the formula: 12. The compound of claim 1, having the formula
N/
l
‘ ‘\\\\1\\0 :
HN,_ O
7 <
]
n
|
!



CH 10 13.The compound of claim 1, having the formula: 14. The compound of claim 1,
having the formula: where R3 is a member selected from the group consisting of -NRgRh, -NHR. and
-NHCH2R3. 15. The compound of claim 1, having the formula: wherein R3 is a member selected from
the group consisting of -X4-NRgRh, -X4-12.3 and -X4-NRhCORg. 16. The compound of claim
1, wherein C3 is selected from the gimp consisting of C3.6 cycloalkyl, and phenyl, each of which is
optionally substituted with from 1 to 3 R3 substituents.



17. The compound of claim 1, wherein each RI is independently selected from the group consisting of
halogen, -CN,-NRaRb and -01e, and wherein each Ra and Rh is independently selected from
hydrogen, C1.8 alkyl, and C1.8 haloalkyl, or when attached to the same nitrogen atom can be
combined with the nitrogen atom to form a pyrrolidine ring; each V is independently selected from the
group consisting of C1.8 alkyl, C1.8 haloalkyl and C3.6 cycloalkyl, and wherein the aliphatic and cyclic
portions of Ra, Rh and Rh are optionally further substituted with from one to three hydroxy, methyl,
amino, alkylamino and dialkylamino groups; and optionally when two R' substituents are on adjacent
atoms, are combined to form a fused five or six-membered carbocyclic ring. 18. The compound
of claim 1, wherein each R." is independently selected from the group consisting of halogen, -RI and

-ORd; wherein each Rd.s independently selected fram hydrogen, C3.8 alkyl, and C 3 .8 haloalLkyl;
each Rl is independegfy shk;Iected from the group ¢

5ting of C3.8 alkyl, 81 haloallcyl, C3.6
cycloallcyl, heterog v teroaryl, angywheteinyae aliphatic ' ion8 of Rd and RI

are optionally rthdg%rbstitu with from gpe L three halogen, hy roxyL\methyI mjnoFallcylamino
and diallcylamino| groups. 19. Thefco pou@d of claim 16, Wwhenein n€ach R3 is independently
i Q N

selected fro ‘gretp.consisting of hal GPNRg )Rg, -NRhC(0)21V,
-NRgRh, R-X4-, -X4-00NRgRh, -X4- N(@Q -N @R wherein X4 is a C1.3
alkyleneh R§ and Rh is mdepengen y séfected fr @ ™ 5 l, C3.6 cycloalkyl and
C1.8 haloatkylzor when attached to the-game nitrogen an-be combined with the nitrogen atom
to form a five or six-membered ring having from 0 to 1 additidbnal heteroatoms as ring members
selected from N, O or @- is optionally sub wrth one or two 0xo @ A' is independently

selected from the grodp.censisting of Cl @oalkyl C36¢c l, heterocycloalkyl aryl

and heteroaryl; an r\ach Riis elected fr the group consisting of C3-6 cycl yI pyrrolinyl,
rpholingl, tetrahycirofu ;"ang tetrahydropyran ereln the aliphatic and cyclic

., B-and R are opti fur her substituted w h fr one to three halogen, methyl,
CF3, hydroxy, mincylamino nd |aIk larnino groups 21. The ¢ cund of claim 17, wherein C
is select ey u@si o NN o N~
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Hand 1-130 CH3 24.The compound of claim 1, wherein said compound is selected from e group
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acceptable salt thereof. 25.A pharmaceutical composition comprising a compound a
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pharmaceutically acceptable carrier and a compound having formula 0 -C1 NerN't3 C 0GO; and
pharmaceutically acceptable salts, and rotamers thereof; wherein ClI is phenyl optionally substituted
with from 1 to 3 RI substituents; C2 is phenyl optionally substituted with from 1 to 3 R2 substituents;
C3 is selected from the group consisting of C3.3 cycloalkyl and phenyl, and each C3 is optionally
substituted with from 1-3 R3 substituents; each RI is independently selected from the group consisting
of halogen, -CN, Rc,-CO2Ra, -CONah, -C(0)1r, -0C(0)Nah, -NRhC(0)Ra, - NRbC(0)21e,
-NR,C(0)Nah, -Nab, -or, and -S(0)2Nah; wherein each Ra and Rh is independently selected from
hydrogen, C1.5 alkyl, and C1.8 haloalkyl, or when attached to the same nitrogen atom can be
combined with the nitrogen atom to foim a five or six-membered ring having from 0 to 2 additional
heteroatoms as ring members selected from N,0 or S; each Re is independently selected from the
group consisting of iﬁl ‘C1,8 haloalkyl, C3: loalkyl, heterocycloal yl and heteroaryl,
and wherein the alighatic¢ clic portions qf e are optlon y\l bstituted with
‘from one to three h@ogen h drgxy, methyl ami\o alkyl migo and dlalk a\mlno gr , and optlonally
when two R §Ub3tituefits are on adjacent’atoms, &e combined to f fus@d five or SIX membered
@rep om the group II of

carbocyclic ring; @ls/mdf/enden
e d O o A0
\g

Q
(2 ,, B
va @0@&@@&%@@

@m

89



halogen, -CN, -Rf, -002Rd, -CONRdr, -C(0)Rd, -OC(0)NRdr, 4rC(0)Rd, - NrC(0)2R1, -NRJC(0)NRdr,
-NR1C(0)NR1r, -NRdr, -ORd, and -S(0)2NRdr; wherein each Rd and Re is independently selected
from hydrogen, C1.5 alkyl, and C1.8 haloallcyl, or when attached to the same nitrogen atom can be
combined with the nitrogen atom to form a five or six-membered ring having from 0 to 2 additional
heteroatoms as ring members selected from N, O or S; each R1 is independently selected from the
group consisting of C1_8 alkyl, C1.8 haloalkyl, C3.6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl,
and wherein the aliphatic and cyclic portions of Rd, r and Rf are optionally further substituted with from
one to three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups; each 113 is
independently selected from the group consisting of halogen, -CN, -R’, -CO2Rg, -CONnh, -C(0)Rg,
-0C(0)NRgRh, -NRhC(0)Rg, NRhC(0)2R, -NR5C(0)NR5Rh, -NRgRh, -ORg, -5(0)2NRgle_x4 NRS8Rh,,
gRh, -X4-NRhC(O)R%®5\and -NHCHZ2R3, whi€ X4 isaCl4 alkylen Rg and Rh is
independently seleg} hydrogen, C1.5 glky! pycloalkyl and haléalkyl, or when
attached to the sarrig nitrogen atom can be co blned Wlth the nitrogen a om to form a five or
six-member d ring ha@lng from O to 2 dlt naitheteroatoms as fi g \ém rs selected from N, O or S
and is option }y o:~- ted with one o yO OX0; ach Riis |ndep ected from the group
conS|st|ng of CL.5a C| alpalkyl, C3 6 kyI erogycl aIkyI nd roaryl; and
éctéd from the 'stl 9o my@ frotinyT; orpholinyl,
QfH apyd, and Wherelﬁthe ali d cycllc p&tlons of Rg, Rh, Ri
and Rl are optlonally further substituted with from one to three haloggn methyl, CF3, hydroxy, amino,

alkylamino and dialkyl roups; and Xis hyﬁgjﬂ or CH3.
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or a pharmaceutically

25, A pharmaceutical composition comprising a compound a
pharmaceutically acceptable carrier and 2 compound having formula

O

N~ “C?

CZ&O @;

and pharmaceutically acceptable salté, and rotamers thereof; wherein

| C' is pheny! optionally substituted with from 1 to 3 R’ substituents;

Ctis pheny! optionally substituted with from 1 to 3 R® substituents;

C? is selected from the group consisting of Cs.g cycloalky! and phenyl, and each C° is optionally
substituted with from 1-3 R substituents;

each R’ is independently selected from the group consisting of
halogen, -CN, -R®, -CO,R?, -CONR’R’, -C{O)R?, -OC(O)NR'R?, “NR’C(O)R?, -
NR°C(0),R%, -NR*C(O)NR*R?, -NR*R, -OR?, and -S(O},NR*R®; wherein each R* and R® is
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independently selected from hydrogen, Cygalkyl, and Ci4 haloalkyl, or when attached to the
same nitrogen atom caﬁ be combined with the nitrogen atom to form a five or six-membered _
ring having from 0 to 2 additional heteroatoms as ring members selected from N,OQorS;
each R® 1s independently selected from the group consisting of C5 alkyl, C; .5 haloalkyl, Cag
cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic and cyclic
portions of R?, R” and R® are optionally firther substituted with from one to three halo gex,
bydroxy, methyl, amino, atkylamino and dialkylamino groups; and optionally when two R
substituents are on adjacent atoms, are combined to form a fused five or six-membered
carbocycelic ring;
each R? is mndependently selected from the group comsisting of
halogen, -CN, -R’, -CO:R%, -CONRR?, -C(O)R?, -OC(O)NRR®, -NR*C(O)RY, -
NR*C(O),R’, -NRIC(O)NR'R?, -NR'C(O)NRR®, -NRIR?, -OR’, and -S(O);NRIR®: wherein
each R® and R® is independently selected from hydrogen, Cy g alkyl, and Ci 4 haloalkyl, or
when aftached to the same nitrogen atom can be combined with the nitrogen atom to form a
five or six-membered ring having from 0 to 2 additional heteroatoms as ring members
selected from N, O or $; each Ris independently selected from the group consisting of Cy.g
alkyl, Cy.s haloalkyl, Cs.4 cycioalkyl; heterocycloalkyl, aryl and heteroaryl, and wherein the
aliphatic and cyclic portions of RY, R® and R are optionally further substituted with from one
to three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;
each R® is independently selected from the group comsisting of
halogen, -CN, -R', -CO,RE, -CONRER”, -C(O)R®, -OC(O)NRER®, -NREC(O)RE, -
NR'C(O)R’, -NR¥C(O)NRER®, -NRER”, -ORE, -§(0),NRER", -X*-R/, -X*-NR*R?, -X*.CONR
*R", -X*-NR"C(O)R®, -NHR’ and -NHCH,R!, wherein X* is a C; alkyiene; each R and R” is
'independently selected from hydrogen, C;galkyl, Cag cycloalkyl and C, g haloalkyl, or when
attached to the same nitrogen atom can be combined with the nitro gen atom to form a five or
six-membered ring having from 0 to 2 additional heteroatoms as ring members selected from
N, O or S and is optionally substituted with one or two ox0; each R' is independently selected
from the group consisting of Cygalkyl, C.s haloalkyl, Cs.4 cycloalkyl, heterocycloalkyl, aryl
and heteroaryl; and each R’ is selected from the group comnsisting of Cy4 cycloalkyl,
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pyrrolinyl, piperidinyl, morpholinyl, tetrahydrofuranyl, and tetrahydropyranyl, and wherein
the aliphatic and cyelic portions of R%, R”, R" and R are optionally further substituted with
irom one to three halogen, methyl, CF3, hydroxy, amino, alkylamino and dialkylamino
groups; and |

X is hydrogen or CHs.
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