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15 BACKGROUND OF THE INVENTION
[0004] The complement system plays a central role in the clearance of immune complexes
and in immune responses to infectious agents, foreign antigens, virus infected cells and tumor
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.

[0005] 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. It 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
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15 P.F.etal,J Immunol. 99: 1211-1216 (1967)). It is composed of two polypeptide chains, o
and B, with approximate molecular weights of 115 kD and 75 kD, respectively (Tack, B. F. et
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 (Ooi, Y. M. et al., J. Immunol. 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 pathway and of (C3b),, Bb, and P for the
alternative pathway (Goldlust, M. B. et al., J. Immunol. 113: 998-1007 (1974); Schreiber, R.
25 D.etal, Proc. Natl. Acad. Sci. 75: 3948-3952 (1978)). C5 is activated by cleavage at position
74-75 (Arg-Leu) in the a-chain. 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);
Haeffner-Cavaillon, N. et al., J. Immunol. 138: 794-700 (1987); Cavaillon, J. M. et al., Eur.
30  J Immunol. 20: 253-257 (1990)).

[0009] In addition to its anaphylatoxic properties, C5a induces chemotactic migration of

neutrophils (Ward, P. A. et al., J. Immunol. 102: 93-99 (1969)), cosinophils (Kay, A. B. et
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membrane bound G protein-coupled receptor, and is expressed on neutrophils, monocytes,
basophils, cosinophils, 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. Leff. 44: 183-187

20 (1995); Buchner, R. R. et al., J. Immunol. 155: 308-315 (1995); Chenoweth, D. E. ef 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 C5a carboxy-terminal

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

[0011] C5a plays important roles in inflammation and tissue injury. In cardiopulmonary
bypass and hemodialysis, C5a 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. et al., Arch. Surg. 123: 1496-
30 1501 (1988); Kirklin, J. K. et al., J. Cardiovasc. Surg. 86: 845-857 (1983); Craddock, P. R. et
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-
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Immunol. 26: 1103-1109 (1996); Stevens, J. H. et al., J. Clin. Invest. 77: 1812-1816 (1986)).
More importantly, blockade or C5a with anti-C5a polyclonal antibodies has been shown to
significantly improve survival rates in a caecal ligation/puncture model of sepsis in rats
(Czermak, B.J. et al., Nat. Med. 5: 788-792 (1999)). This model share many aspects of the
20  clinical manifestation of sepsis in humans. (Parker, S.J. et 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-C5a antibodies were also protective in a
cobra venom factor model of lung injury in rats, and in immune complex-induced lung injury
25  (Mulligan, M. S. et al. J. Clin. Invest. 98: 503-512 (1996)). The importance of C5a in
immune complex-mediated lung injury was later confirmed in mice (Bozic, C. R. et al.,

Science 26: 1103-1109 (1996)).

[0013] C5ais found to be a major mediator in myocardial ischemia-reperfusion injury.
Complement depletion reduced myocardial infarct size in mice (Weisman, H. F. et al.,

30  Science 249: 146-151 (1990)), and treatment with anti-C5a antibodies reduced injury in a rat
model of hindlimb ischemia-reperfusion (Bless, N. M. et 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 IgG (Amsterdam, E. A. et al., Am. J. Physiol.
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R et al,
15  al., Ann. Rheum. Dis. 49: 747-752 (1990); Grant, E.P., et al., J. of Exp. Med., 196(11): 1461-

1471, (2002)), lupus nephritis (Bao, L., et al., Eur. J. of Immunol., 35(8), 2496-2506, (2005))

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.K., et al., J. of Immunol., 2003, 171:
2109-2115). Therefore, inhibition of C5a and/or C5a receptor (C5aR) could be useful in

treating these chronic diseases.

[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).

[0017] C5aR expression is upregulated on reactive astrocytes, microglia, and endothelial
30  cells in an inflamed human central nervous system (Gasque, P. et 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. et al., J.
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(scale) extracts contain highly elevated levels of C5a and exhibit potent chemotactic activity
15  towards neutrophils, an effect that can be inhibited by addition of a C5a antibody. T cells and
neutrophils are chemo-attracted by C5a (Nataf, S. et al., J. Immunol. 162: 4018-4023 (1999);
Tsuji, 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 cutancous lupus erythematous
20 and these cells were shown to display chemotactic behavior towards C5a, suggesting that
blockade of C5aR on pDC might be efficacious in reducing pDC infiltration into inflamed
skin in both SLE and psoriasis. Therefore C5a could be an important therapeutic target for

treatment of psoriasis.

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

25  pathophysiology in a number of autoimmune diseases, such as systemic lupus erthyematosus,
rheumatoid arthritis, Sjogren’s disease, Goodpasture's syndrome, and hypersensitivity
pneumonitis (Madaio, M. P., Semin. Nephrol. 19: 48-56 (1999); Korganow, A. S. et 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 diseases 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 diseases is the Arthus reaction,
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15) . THUHER fpirey tﬁ% i v %}%Obgaoraﬁ%rmfeate% rlé%%'fnf&gem@é segudetng

usef ul dapnbi§ aat icng §heepr ofr on- §24j(1%§f)e§ece£199t1clgles-m@wWS@K%@EC@MM emis
believed to be activated in patients wth inflammatory bowel disease (IBD)
and i s mivoargroteoteg Ifmyn assuolueullynndlmeddtvé@a{&ehlpétdwgeMeé ilgmupeh B&at98ed

col s R QRN HE RSt dut b oo Do R oy 2GR oL BB L cocel & i n
| BDspatdogéibtent(Wibte theWbbervdtioM thatef sn@dl]z peim@fc AR antZ6HAkt inhithis tRS14- 5520) .

[0017] C5aR expression is u%re ul ated on reactive astrocytes, mcroglia,
and endbflramatry tﬁépqnzselcmusaﬁ i A€ | dgpesitin(Patacheanty é|etﬁéme9@gwgqlsﬂ@4n (Gasque,
P. et t nvol ved in
neur odgégenera #%/Oeola %sﬂée:lsr%thl#ecgpt% tﬁg%@% aléi% %@ggFl E‘ng? ee, P. et al,
J. Neurpathogemsis deG.dléﬂébslﬁﬁltﬁﬁﬁﬂﬁ“)CSa@nBﬂiaR doulddie wkful do ﬁd&lnlwsmrunol
(2000) 105: 87-94; Farkas, L, et al. J. Immunol. (2003) 170:5764-5771),
Par ki n<b¥9283di sease, Pick di sease and transnissi bl e spongiform

encephal opat hi es. Activation of neuronal C5aR may induce apoptosis (Farkas
| d0 alDckcriptoy oif Bklatco®®: 507: 679-687). Therefore, inhibition of C5a

and/ or ChaR could also be useful in treating neurodegenerative di seases.

[0018] [dbef|e OfIySeaE S HhdCAGRpdAE bERA (Waqgé&)ftdr%ﬂta‘g@ﬁ@ﬁ%%eﬂ aéAapTEhi on
associ ated with atopiC dermatitis (Neuber, K , ' mmunol ogy 73:83-87,

(1991) )the Kisthteierogi, (Sunmthﬂceaﬁ aet@kablb’a@{ Cherm, gzooz) A, éP493-¢9407). Nomunol .

114; 465-4 | 1 - medi d
di se aSéJ PE%? l{)ﬁsgciggaéece{itor 81%t %(?ms rhI&g?S cen repor? ‘é’ as lP)elng e%f%ctlvee fa or treaﬁl%g nmedi at e

endotoxic shock in rats (Stracham, A.J., et al., J. of Immunol. (2000), 164(12): 6560-6565);
15  and for treating IBD in a rat model (Woodruff, T.M., et al., J of Immunol., 2003, 171: 5514-

5520). Non-peptide based C5a receptor modulators also have been described in the patent
literature by Neurogen Corporation, (e.g., W02004/043925, W02004/018460,
W02005/007087, WO03/082826, WO03/08828, W002/49993, W0O03/084524); Dompe
S.P.A. (W002/029187); and The University of Queenland (W02004/100975).

20 [0022] There is considerable experimental evidence in the literature that implicates
increased levels of C5a with a 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,

25  associated with increased levels anaphylatoxin activity. The present invention fulfills this

and other needs.

BRIEF SUMMARY OF THE INVENTION

[0023] In one aspect, the present invention provide compounds having the formula:

o)

X .C!
N
H

N™ ~C3

A

c® o ;



Med. 1: 442-447 (1995)). However, neutrophils and mast cells may al so be
i nvol ved in the pathogenesis of the disease (Terui, T. et al, EXxp.

Der mat ol .w0 20102073837 2000); Werfel, T. et al, Arch. Der mrCoOIUS20005689289:
83-86 (1997)). Neutrophil accunul ati on under the stratum corneumis

observed ;in the highly inflame reas of psoriatjc plaques, and psoriatic
| esi on 4 P@)\%@%ﬁ%ﬂz@scee@h?feaﬁaﬁs,ﬂwarﬂt@s @ doRmets DevBh S Sbsa and exh bi
pot ent cheuntacd iEmatt biubXohQWRAT aRRULE BPREdasy], RRciBinftBChettidatyl gRINpLE
inhibited by addition of a Cbha antibody. T cell’s and neutrophil's are

cheno- at t hacfirend 163/ h@bmaloNstaafringSncraberabelecied frommihdd and 2and4gtic8einc2d (1999) ;
Tsuji, R _F., e |, J. Immunol. .165: 1 -1598.(,2000),; vaillon, J . M et
i B g ey grogk B sss by TR A BRI e RRUREH o coaR
has sbheert iggseited fralafe bivuplcasdiBimptdTiack 1 A8a detetdatyl CRrSIn(tRORItcloaBl gt from

| esi ons of cutaneous | upus erythematous and these cells were shown to

di spl ay cheniseraded betbronemses ringwagraeerospiected igerady.iand haandsylseriadeidof C5aR
o i TN A, . gge: ion ot Lamed oki
on ptl m g%ﬁ al?fhegéﬁoh&?g%og& qﬂﬁe%lpéglgaﬁ@ %g%tﬂﬁ%%d :vﬂih'b#r&m tb%ﬁ&é&ph%i amed sxin

in both SLCE and psori‘a . cou e an | n erapeuti c

t ar get @ok s¢le@ad fremtthobropp @vhdsing. of [(QQ2 Ky, | OTRUYOBatkyUld;n cGelogRylaCni ng
i nmune conpl exes (ll% contribute to the pathophysiology in a nunber of

aut oi mmunalkyl. eedsel-Coplbylgictarpayb hcteroaipds ey sigreoeilealky Re unat oi d
artiriti s i .51 @i ' RSy tivity
nednont ¢ 1SRRG S-SR AR Ry o N B R EHRSIIE IS o A
S. et al, hé¢tomatvinisyselbOted4tnin 50 (nFD Ahd wiotcirethe héterdéryl géowmieas framb 1-360:

1754- 1760, (1996); Ando, M. et al, rr. in, Pulm d. 3 .. 1-399
(1997)). igQaviveageadrbhy ?ﬂtiﬁ%%léﬁ%é%&@dﬁahwléeH&palp@?yaf fect one
or nore ofydshRitd Okt WoO1 -G aN6stitgdskdd, Pl ood vessel s, joints, kidneys,

heart, lungs, nervous systemand liver (including cirrhosis and liver
f i br osies¥h RThend¢randéntlyisclnicddionnthd erouporonsiseng of hadogent €7, -R&spOnBE i n

poryor phordireke Gt bR G R R s R Bk gL TOIiRs Tt on ©f

“NR*C(O)NR'R®, -NR*R", -OR*, and -S(0),NR*R"; wherein each R* and R” is
independently selected from hydrogen, C,salkyl, and C;_ghaloalkyl, 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 S; each R® is independently selected from the group consisting of Cy g alkyl, C; 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

25 five or six-membered carbocyclic ring;

cach R? is independently selected from the group consisting of halogen, -CN, R, -CORY,

-CONR'R®, -C(O)RY, -OC(O)NR'R®, -NR°C(O)R?, -NR°C(0),R", -NR*C(O)NRR®,
“NRIC(O)NR'R?, -NRR?, -ORY, and -S(0);NRR®; wherein each R® and R® is
independently selected from hydrogen, C,_g alkyl, and C, g 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 S; each R"is independently selected from the group consisting of C g alkyl, Ci.g
haloalkyl, Cs 6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic



(Arthus, M, CR Soc. Biol. 55: 817-824 (1903)). Recent studies show that
CoaR deficient mce are protected fromtissue injury induced by IC (Kohl, J
. et ah, wobl2o1darmsnol . 36: 893- 903 (1999); Baumann, U. PET/UsR009@689%MMIUNOI .
164: 1065-1070 (2000)). The results are consistent with the observation

that a snal ptidic aptj-CoaR antagoni st (nhibits.the inflamatory
r esponse e%&ljgsgﬁwwwa BosR g R e@tqpéleﬁ%ﬁv, %uﬂ?eﬁsuﬁmétpteﬁwﬂl '59m|%r-‘rm10| . 164:

6560- 6565 Z0AMdon, FRAH S Mininb SaIkAGERIInd FiRy B A erBpd PO tant rol e

in the pathggenesis © i seases. Inhibitors of Cha and aR coul d be

usef ul caoch Rf edindervadentiyisskeatsd sronDibs eroym ansistinglef el emin AGN,:-Rf, 60Q1R%, Onl y

recently in- iod a re Qr i S scribed in
the 11 tor ArORE e -EIORERCRDRR R INREERERE NOEIER hReCRTBES) | 577,
494@3- 4940NRER"NapRE psicieNRESe X ‘TR - X ERRPR Y- XAURURR "s I R &C (THRA Nepor t ed
as being effective for treating endotoxic shock in rats (Stracham A J., et
al ., J. ofnd MWHQBLR, whoro) X' Beu(uRlkylgssoedgssind Ryriglifdspendentiy sadertedBD i n a
rat nodel ruff, ~T. t : - 5520).
Non- popt i e URRRbe G Tt e Bstonadhg ETERDG Ky, 80 Mtherity P00
pat ent | i kanahitiogerbytoiedan bgepmbaicpavitd the Ritrogen giom MWOBAN4/B43925- WO2004/ 0
18460, WOR2005/007087, WDX03/082826, W0O03/08828, WO02/49993, WO03/084524);
Donpe S. PM&MbeigdamegpyngAyom Qrig 2 peditigRrhhskespatgmy ps i@ BSMBRE sc\aeizd diom

00945) . | Ther.e i . [ .  feneey .|
00 A ur 6 Opcr S LR opRoEAOSLAEAAN i EAEE RETLAL &l RAVERICLEANRy
di seases saticktcl Somdke group ropadting@diCak aikyl, £uk balombliple Capdydlodlk@dmrat or y

di seases and di sorders. Thus, there remgins a need.in the art for. new snall
or gan ¢ nbrEey oHbtur SRt ogS a3 SereramC Brbagor e ol *
partial agopisdiSalkAl phinGD i SRERY Ao RIRR), ttiralydRItEratpiehad for inhibiting
pat hogeni ¢ events,” e.g., Chenotaxis, b :
tetrahydropyranyl, and wherein the aliphatic and cyclic portions of R®, R”, R' and R’ are
15 optionally further substituted with from one to three halogen, methyl, CF3, hydroxy,
amino, alkylamino and dialkylamino groups; and

X is hydrogen or CHs,

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

C5a signalling activity.

[0025] In yet another aspect, the present invention provides methods of diagnosing disease
in an individual. In these methods, the compounds provided herein are administered in
labeled form to a subject, followed by diagnostic imaging to determine the presence or

25  absence of C5aR7. In a related aspect, a method of diagnosing disease is carried out by
contacting a tissue or blood sample with a labeled compound as provided herein and

determining the presence, absence, or amount of C5aR in the sample.

BRIEF DESCRIPTION OF THE DRAWINGS
30 [0026] Figure 1 provides structures and activity for representative compounds of the
present invention. The compounds were prepared usually methods as described generally

below, as well as methods provided in the Examples.



associated with increased | evels anaphylatoxin activity. The present
invention fulfills this and other needs. BRI EF SUMVARY OF THE | NVENTI ON

[ 0023] | rworeltaspeset, t he present invention provide compolirusgooaaesony t he
formul a: and pharmaceutically acceptable salts, hydrates and rotoners

t hereof; wherein Cl is selected fromthe group consisting of aryl and

het eroaryl, wherein the heteroaryl group has from 1-3 heteroatons as ring

menbers sel ected froRMMNIXBPESCRAAIONOGEITHSRUYEABONND het eroaryl
groups are optionally substituted with from1 to 3 RL substituents; C2 is

sel ect dd f r oxbhrieziagion andddefmiiionsng of aryl and heteroaryl, wherein the
het eroaryl group has from 1-3 heteroatons as ring nenbers selected fromN,

O and Soo#d MLl neRah b Avhe AN NELELOREN W ALRNER LS ABLLBALLY

. <
substit m substit uen s 'se € om T he group

consi ststAe, fstriighBorebriydhed SBaif) h¥ot&BbK W dicaCIhading Yied Mahbatlof Cirbodt ambdsy |
aryl, aryl-C _4 alkyl, heteroaryl, heteroaryl-C _ 4 al kyl, heterocycl oal kyl
or het eledigpetrd &l acy§ -aneans oap kg pightgsehansh Exienmes Eradey eravap kigludgmagthylor

portio S, - r r l: N o d | in the
het er o%rtéx}lﬁ’ %%‘@g‘ ’ #gﬁr@&%& %pﬂg]fl%?é%? E)l ’ Saeté %ﬁyl}\flgn %%é? s§ e?ginlg}:l%\ﬁe}gf’ ? rom N,
O and $Sctydnahdehe ik€3Thesteopt'alkaall! yefasbsin tnshchted dlRylf groop Aavdndone or
substituents; each Rl .is independentl elected fromth roup consjstin
of hal GB¥R dolikbong:. Simeleriy the Checkbo R relStyopRUBANECH GNREIONS TV R
b O R de or MRS De s, 'E&Bn@l’e%pgtmﬁ ﬁ&%urafé&%l%%t@giﬁ%e ving &Rb, - QR a,
and -S(O 2NRaRb; wherein each Ra and Rb i1s independently selected from
hydr ogemepaBiyl, 8raylk Hisopantednydi 2-8butadiomtik 2l4-portaditrem, Jat it 4obmeditayl), kthysalre

o B A BT s B BT R R A o
(S:glngiCtstqigflew %;Hyglrocg}bgiﬁ ﬁ%ﬁs ﬁ%ﬁﬁ% e ih@ichtbd RRAPERITnY SheEtL i Lpsbiike) gr oup
and%eing fully 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]octane, etc. The term "heterocycloalkyl”

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 a 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

double or triple bonds, respectively.

10



hal oal kyl , C cycl oal kyl, heterocycl oal kyl, aryl and heteroaryl, and wherein
the aliphatic and cyclic portions of Ra, Ro and Rc are optionally further
substi t utwo 20itd1557om one to t hree hal ogen, hydroxy, neProyiuS2@mionsy41

al kyl am no and di al kyl am no groups; and optionally when two Rl substituents

i t at L to f f d f d
car booy Bt T TheraneieRaly PR ”%8%@&98{?%3%2\5 np'rhé%e?%e%'g%ﬂe s ©
consi stdifiguls smécpg%fable &igin BY bran G4 2Fn R ARfocar i, or O O NR

dRe, -NR e a0 2 R ALONB dRe. Nk dC O NR dRe, - NR
dRe, Cdén@maalnds thS(e@f CDNFRsth Oﬁm@astetled ngadbr CFfd:aehm aRans ald ﬁﬂ@t@[@@ﬂ deﬂmey

Phe cnb ol YeaR Romhe o St S ¥ handS s ip S BB el

five Oranﬁlsﬁﬂﬁrm&hﬁﬂlaﬁﬂo%ﬂoﬁtﬁl\y' RO fhdtthe &u@@@h hét%@ﬂonﬁﬁh?‘b?@drﬁ@ bas ring
menbers selected from Oor S; each Rf is independently selected fromthe

group etz gThstherogom(R. N @id §maaibe alaegd at @y@p@n@am@ytlon of the

het 1 ooNRLRALI P e AP NEN SN B0 DR AR L AL SRR B
t o t hr dgclhding g&fposhwiira@x\&‘uchrfﬁé lal;kbzl gratp mttaalhddwbalm Irebmaamér o tak kydlemiano

groups; _each R3 is independently sel ect ed from t he ou conS| stl ng_ of
hal oger'ExamHl\?S ingude -(cth &12' Q- GRrCH:A ZCQ%@N(& %C( OR g,

1 1
- Xé?%Ng(@)i%éﬁ xf%%ﬁq%?w%ﬁ%??ﬁ@ Z'CQ%H%{ and gggih%wﬂ%%u n X4
is a OCH—N#GX@He,mad -EHeb’HRY (@He)-EHs.i Bpitedepketcientoins nsagi lm:ctoadedutmenshgfldr ogen,
C_8 alk G, 8 ttach d to.th
I
Si x mn%ﬁ%et@fdﬁﬂcy%?ﬁ'b@fgtsgff %mtpcotn’i’mgatﬁﬂd)\/lttﬂ aher RGHE HRARQRIRSothbRsdTeMbEr S

sel ected from is optionally substituted w'th one or two 0xo;
each Rlﬂtased ad @b@nﬂl@wlﬂyomlkﬁn’ﬂ gtbupy wapacheelyr hagrontmss the stagdombir ¢of al kyl ,
Cl- % ha car aolnlsq!ind hav1ng6 frg Co'n%%'o lt‘ﬁéleé 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.

[0030] 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,-S-CH,CH;- and -CH,-S-CH,-CH,-NH-CH,-, -O-CH,-CH=CH-,
-CH,-CH=C(H)CH,-O-CHj;- and -S-CH,-C=C-. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,

alkylenecamino, alkylenediamino, and the like).

[0031] The terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl 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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het er ocycl oal kyl , aryl and heteroaryl; and each RJ is selected fromthe
group consisting of C3_6 cycloal kyl, pyrrolinyl, piperidinyl, norpholinyl,
t et r ahydrwbunswmyb2s7and t et rahydropyranyl, and wherei n t ReTAIS2@M68981 and
cyclic portions of Rg, Rh, RL and RJ are optionally further substituted

with fr ne to thr halq hydr ox aIkIamno and
di al ky|[§ﬁ3ﬁo B%‘iﬁf}%ﬁ?}ﬂj ﬁ%loﬁ%lr%é‘ﬁmé&: Ves e aS[peﬁ ﬁrmrt[? BittHSh to t he
coMpoungsnPlRAKisdRELriflcStdled, b MRIORME TR Mrink B AALBr fold{ﬁem%mpAfamtfé,%uy,

phar maceut 1 cal corrp05|t|ons cont ai ni ng one or nore of these conpounds, as

wel | astlemmtsmghigs Tautoat e, "@wn@éntﬁmw@dgmmmhddslkyﬁlﬂh?@ﬂﬁpmmyé E@thods
. . |
et "anctEp Rt at Rt En R PR SRR P OO R R A e Bhdrartihaz ng”

di seasehidroRityl, gq;rymgp{@b 1, bt thb@ike. nmet hods, the conpounds provided herein
are admnistered in Yed formto a subject, followed by diagnostic

| mag ngghg]d%ﬁgmrﬁengh BESSEES MerPRISAED, Pho TR s oot o0 aspect.

a meth di agnosli sea’se I'S carri contactin I SSue or

bl ood sascmhtéc, Mdﬂ@cabbmgﬁiupdvmaﬂmm ﬁﬁgl@[‘lﬁgbdﬁﬁillthﬂdf ﬁngs @pdo deteringspi ng the
presence, absence, or_ anount of aR in nmpl e. BRI EF DESCRI PTI ON OF
THE DRAVIHRGEcfoeIdpestheyoF @n&eqoqqy@ eatézé ”srhwém h@@r%ﬁd 5o (q gyl grgups (or

repr eserﬁ%@} ﬂhﬁﬁo%?aﬁi@%ﬁ{j&le% ﬂyg glgir%:fc%%gﬂ gse'l&Ye%lnlfrérﬁ'N Of Rd LOTRAK G er €

prepared “usual 'y nethods as ener a bél ow, as wel s met hods
provi dedtrogentand sﬂmnmms aIBE'ﬁAbhEED DESEHRI, Bﬂ'dl anN r@o@lﬂlﬁtdtﬁ(\ﬁ&félo@ﬂomally

Aot o o0 a0 RELLAL B0, 1902TL, The L SEm st P LSl 30 P
br anchag&habh. NEAREAIRCRaMARE eﬁimyl bRYbOGcLie pﬁm,%ap%ypﬁ{db&ﬂh@ﬁrﬁ s
while non-limiting examples of heteroaryl groups include pyridyl, pyridazinyl, pyrazinyl,
pyrimindinyl, triazinyl, quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalaziniyl,
benzotriazinyl, purinyl, benzimidazolyl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl,
isobenzofuryl, isoindolyl, indolizinyl, benzotriazinyl, thienopyridinyl, thienopyrimidinyl,
pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl, benzofuranyl, benzothienyl, indolyl,
quinolyl, isoquinolyl, isothiazolyl, pyrazolyl, indazolyl, pteridinyl, imidazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl and the like.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected from

the group of acceptable substituents described below.

[0034] 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).

[0035] 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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designated (i.e. Cl- neans one to eight carbons). Exanples of al kyl groups
I ncl ude nethyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl,
sec- but ylworeeperisaslz, n- hexyl, n-heptyl, noctyl, and thePCrRiS200906e89Er m
"al kenyl" refers to an unsaturated al kyl group having one or nore double

bonds. Sim.l a t he t "al k f t t | Kyl
ot no (08B 1or SerbHiep i o pabEt il sl o SRty R BIEQ GG g1 oups
| ncl udeywihd, alkgnylpa{l%ﬁn%d cm@ﬂwl cT Bé@@ﬁmﬁ@fyémul?s sferéuieaq‘f&@yhmogen

2, 4- pent adi enyl ent’adi eny ), ynyl, 1- and 3-propynyl,
3- but yn{JR’, aRf Rt”heSRm gﬂlErR’lPd ﬁnﬂfg@)&ndc(@)ﬁﬁe@zkrh@@élk (1368 e@@(@ﬁﬂkﬂ”"

(oo SRR AR O o bl <A gh Oy iadlh R RPN han one

doubl e CE((N}Q)JENRV\ES(O)R’ NG(GHRE,I-SAD), NRAYT -8RI K3)),R T, SCAI 3 -NEB M atnﬁm'b@ff er to
bi cyclic and polycyclic hy drocarbon rings such as, for exanpl e

bi cycl opDRIRg _ﬁ_rpﬁwmwe@ rbﬁd) Sthsromp ipthe detakeimber of carhen gtemynin such radical.

"het er qoyghs ) ( eto
five naf oRoalble. sishIfinduf it B ea RHR NG RISl RabERMRRE 1Py
at ons  diceerekylpmaubstitonsd ding eqlyl sabstittifae witht ]’-Gg&l‘(bgaﬁsoﬂi(lﬁlbst&ﬁ&d@tglad{}&,l ly
quat erni zed. The heterocycl oal kyl may be a nnnocycllc a bic C|IC or a

pol ycyl§ics alkoxy Oéﬁtséhhpalﬂqeﬁy gﬁOﬁP%.Oﬁgﬂ%&b&%ﬁé@rﬁmeﬂa #Es o JY M R 'idups
i ncl UdER PYE LRAAHAH RS thesHind ARRIEAl 'aﬂ)gré th caaﬁq?)l gD ed%{hytﬁg hﬁf&g@ﬂhtom to

val erolactam 1 m dazol 1 di non i oxol ane al'’m de
pi peri cﬁorma 31,4 ﬁl-l, 6% ané; mermlnqné‘d)hngle]?ortdxamjphr pNRtIR”rne ,meant to include 1-

t hi onor I.ne i de, hoI l.he S-0 era2| ran,
byt + GorBOSABST T4 Dby e koot et PriylF oG of shofl &dup

tetr hY%RE%%QﬁM radiehl Wlh‘éiérgi\ﬂ?sub@“ﬂtehﬁeod thK@arbbn EH%Jt BRI Q& 19 %e‘&)dmtgffou p
can be attached to the renai nder of the nolecule through a ring carbon or a

het er oattephm¢rd d@ghe Tadecal @rl’ﬁpla@ﬁdloyiﬂeﬂ@"subyltmt@stﬁ@ (og., <4PaHs, of another
E;b_s&t@é&rgﬁn&{aa%%ahgn}t r aglncg: kyler |( \C/)red froman al kane, as exenplified
[0037] Similarly, substituents for the aryl and heteroaryl groups are varied and are
generally selected from: -halogen, -OR’, -OC(O)R’, -NR’R”, -SR’, -R’, -CN, -NO,, -CO;R’,
-CONR’R”, -C(O)R’, -OC(O)NR’R”, -NR”’C(O)R’, -NR”C(O):R’, ,-NR’-C(O)NR’R’”’,
-NH-C(NH;,)=NH, -NR’C(NH;)=NH, -NH-C(NH,)=NR’, -S(O)R’, -S(O);R’, -S(O),NR’R”,
-NR’S(0),R”, -N3, perfluoro(C;-Cs)alkoxy, and perfluoro(C;-Cy)alkyl, in a number ranging
from zero to the total number of open valences on the aromatic ring system; and where R’, R”
and R are independently selected from hydrogen, C;_salkyl, Cs_¢ cycloalkyl, C,.g alkenyl,
C, s alkynyl, unsubstituted aryl and heteroaryl, (unsubstituted aryl)-C,-4 alkyl, and
unsubstituted aryloxy-Ci-4 alkyl. Other suitable substituents include each of the above aryl

substituents attached to a ring atom by an alkylene tether of from 1-4 carbon atoms.

[0038] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -T-C(O)-(CH;)¢-U-, wherein T and U
are independently -NH-, -O-, -CH;- or a single bond, and q 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-, -S(O)-, -S(0),-, -S(0);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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al kyl ene) group will have from1 to 24 carbon atons, with those groups
havi ng 10 or fewer carbon atons being preferred in the present invention. A
"l ower alwgl20100075257ower al kyl ene” is a shorter chain al legir/useocloksphene
group, gener ally having four or fewer carbon atons. Sim I arly, "al kenyl ene"

and "al lene"” refer to the aturated .for ! g doubl e
or tri ;ﬂ%l %&ﬁti’éoaf}llég‘@éet‘ﬁf Q/Iétt%a’[ffog?éﬂplaﬁﬁ ity %ﬁéttl@ttaé Pﬂnulﬁy@ﬁzgaeu or

in CO”@W@HE)an%FeQ ﬁﬁ%l%%déﬁ%ﬁ&ént@qﬁﬁgers WRkEB&So fbtjt%tt\/b@ﬁ -6t akgd. _q stable
strai ght branched chain, or cyclic drocar bon radi cal, or conbi nations

t her eofS(OOGH%(@ttwgSé@)zNﬂ?é sTlaiedtstntucmé% intNBardndnSE)oNB dndelectahirome t o
three Heteroatom; mthe group consisting of O N, Si and S, and

ect
wher ei MYERER f}l%s&‘ Ft“&t‘?fﬁgtﬂ " atoms may optionally be oxidized and the

ni trogen heteroatom may opti orvlval |y be quaternized. The heteroat orr(@%
and S B)3%Ye Pb vecdderainghy tormt detematqse sis magnt tofinglhde graen (A). kitroggh 6N p. The

het ero ced at any position of the heteroal kyl group,
i ncl udﬁhgﬂ%??éag%h??%ﬁé gt whi ch the al kyl group is attached to the

remai nder of the nol ecul e. .Exanpl es include -CH2-CH

- CH2- CHO04@h. Cles termeyones paug s toy llmthstﬁ@ntalmosﬂyeﬂzs Ergferablyoin o,

- CH2- Chige HdRtion, Ctdz fothé SA1R) iR

- CH=CH- N é&%ﬁ}%.m%p tnﬁ(ﬁ)&u#ee?ee? ooat(%ms rr\%los e cor%?_&(_:utl ve, We as, for
exanpl €g.g-, @bmmmﬁ Eaadlple@ldf 1@ﬂlqmm31ud8bm dranbtylimitérbtot lebuttyl 3-

"het er oaI nd "he ero s conbj nat.i

anot hermtrdadtien B bt el Simitm gzl ed R s MEr -al kyny!
groyp, JeBaRembinyahydazbh@dh (GRMuBtdbrdd1a -frdi- @qnawﬁ}ﬁtda%hu%r bons and havi ng
fromone to thrée heteroatons selected fromthe group consisting of O N,

Si and tSraftuedobeinate.eli- dects'hé-mtzthyltrgeiamdnm tetriaflueroboretes 11ha§tylefpt ionally be

oxi di zed d t he n|t n he tom a | uat er nj zed The

ot or oanae Eldafol ik hAAElaiEhE AR ST e FER bR ld%%ohﬁgitrp% 894 P

het er oglidgyl group. [0030] The term" het er oal kyI ene" by itself or as part of
anot her substituent neans a

[0041] The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent. Examples of salts derived from
pharmaceutically-acceptable inorganic bases include aluminum, ammonium, calcium, copper,
ferric, ferrous, lithium, magnesium, manganic, manganous, potassium, sodium, zinc and the
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,
ethanolamine, ethylenediamine, N-ethylmorpholine, N-cthylpiperidine, 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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di val ent radical, saturated or unsaturated or polyunsaturated, derived from
het eroal kyl, as exenplified by -CH2-CH2-S-CH2CH2- and

- CH2- S- CRROCBRYIWFESCH2- , - 0- CH 2- CH=CH-, - CH2- CH=C( H) CH2 POTiS2009A68941

- S- CH2- C—C- For heteroal kyl ene groups, heteroatons can al so occupy either

or both. the chain.termni l e | enedi Qxy, .

al kyl erfd ﬁ’iIFF&t OralFll?ﬁuétﬁ‘élaﬂ% Sr‘?iVengn%X%"‘Fég% ‘?flljig‘)m%{ftcﬁé%ﬁ% Yﬁﬁ‘éepﬁagﬁl%%“d al koxy, "
"al kyl apiuiRn s@l@éjl ﬁh&’ﬂo‘s@ b&ivedddforh lﬁi&gdnlf&was lﬂﬁlﬁ?&ﬂldrfé Eﬁﬁbﬁroﬁﬁ’éwent i onal
sense, and refer to those al kyl group3 attached to the remnai nder of the

ol eculmnatrigi earmnlgm@mhyé@gmcamnmpmﬁpgom pnomhy@mg@ﬂpﬂmpmnom

P b dilterasr DS phbR Jutrlie, e o s D G o B satolis s b o g 2"

ring withdlikd)@s Kellla@ @ ksat QddiFed %ih@élat%ghndrﬁoﬁ& b?@hﬁ%ldﬁ%@%d&t{&g' y, a group
represented as -NRaRb is neant to inclu pi peri di nyl rrolidinyl

mor phollirpgipnicgizelutyfiiGynalemiel heheois.iskeciNigog8PpriHemege, rmandn ,hthgfic, hal ogen "
by t her?eﬁ%q%?ulpomca% tgﬁ{lstulfghcaﬂg@ch ‘t:‘\artaﬁg brﬁgthaﬁégﬂltfc)mgeaﬁa ’theul &158 H&fl[

stated ne atom I ona ter s
such asré hafsodhkyilo dcidy sachreaniidae anIdCth@HEe rﬁﬁdil@d’laldf@kg@yﬁc aﬁ:litd; lixel yhal oal kyl .
For exanple, the term"Cl-4 hal oal kyl" is rreanto|ncludetr|fluororrethyl

2, 2, 2- tHTUreRIF Beedgqtunaric %Mséfléﬁ%ﬁl}l‘{e (s, rswapplpPrrgcandl 1 ¢éll i ke. [0033]
The t erdp, Ahatbuti B INR dg%' ﬁﬁ%f%@ﬁ%weﬁﬁ%ﬂkﬁ%ﬁ 1%710%3/11” gftd?%rﬁah?gpemﬁc

typically aromatic, hy car bon group a singlerin
mul ti pleenrpongds c(fuh)e presdnimentiomgsiainbodibasicend usidd fuogemhbticsahatlalloked

coval en The term "heter |." fers t oups (or rings) that
contai rhs FmRoRe® s ssered @ %%th&ﬁgasg&réelgégdﬁagm O and S, wherein the
nitrogen and sulfur atons are optionally oxidized, and the nitrogen aton(s)
are opt[08#Al | ?hmram@} forme df tha chepenmemydy @ﬁrl@gglewﬂd b:e Cmtacamgéhie $agt

e,t hrough a heter exar‘rrtl)l es of

eyl oriotss o 6L BLRg It T PO SR B A Ehal mihac"InEHAT

form of the compound differs from the various salt forms in certain physical properties, such
as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the

compound for the purposes of the present invention.

[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 changes under physiological conditions to provide the compounds of the
present 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 compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

[0044] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present
invention. Certain compounds of the present invention may exist in multiple crystalline or
amorphous forms. In general, all physical forms are equivalent for the uses contemplated by

the present invention and are intended to be within the scope of the present invention.

[0045] Certain compounds of the present invention possess asymmetric carbon atoms

(optical centers) or double bonds; the racemates, diastercomers, geometric isomers,
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while non-limting exanples of heteroaryl groups include pyridyl,
pyridazinyl, pyrazinyl, pyrimndinyl, triazinyl, quinolinyl, quinoxalinyl,
qui nazol iwgl2p100i7m301 | nyl , pht hal azi niyl, benzotri azi nyl PCpars2evgioss941
benzi m dazol yl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl,

i sobenzofuryl, isqi.ndol i ndol i zi n |, benzotrla i nyl.,. thienopyridinyl,
t hi enog§¥EIPHPECRmANd | %ﬁm}éa YT b B %ﬁratq ?ﬂaaa%ﬁvf HgHantendid o i axol yl,
benzof yhagihassQRERARIE 566&36 of {Hé(ﬂré’slent ﬁ%tﬂfBBY he c8RPHIMRIY the dre@hhi azol yl,

pyrazol yl, 1ndazolyl, pteridinyl, imdazolyl, triazolyl, tetrazolyl,
oxazol yhyentlsonaaz/cﬂlgd contam viiagzrel Brbporpynwﬂ eyd)mlctlmta}zaslay bne énumgte,ofithd enyl and

the lik tituent h t ed | and het | ri
byt ensiapRtaniastEl fieh S rRaSfons’ Srrited: Sinetodh ey PGS GEE! b
bel ow. | @08d]loab@¥e 1l§6teyést )fuchta@?ort@(raﬁip'f@tﬁ’ﬁﬁh (\;‘\H?fiodiﬁ@-(ﬂzi (> epsidarsinipn Wit h

other terns . ryloxy, arylthioxy, arylalkyl) includes both aryl and

het Fr ga(r k7)) Aﬂlng@,toalg vageptioie of disospaporadisof thyypresent maveation, ayheghier rquoalﬁkl,aTu to
(o sl R R ST T 2,

terns "aIkyI " "aryI" and "heteroaryl"), in sone enbodi nents, wll
|ncludélbotHC@®B§¥q¢%ted and unsubstituted forns of the indicated radical
Preferred substituents for each type of radical are provided bel ow. For
brevi tygodd]e TSN, th& ﬁgséh?itﬁfe%tyl%roWdleé c&ﬁﬁ(ﬁfndg RaiHD eI hHh QL 107
unsubstltuted versions as provid l'e the term"al kyl" and
related aliphatic radicals is neant tq refer to unsubstituted version,

unl ess indicated to be substituted. PO§36] .Substituents for the alkyl

radi cal s (including those groups n mé?erred to as al kyl ene, al kenyl,

al kynyl and cycl oal kyl ) can be alvarl ety of groups selected from -hal ogen,
-OR, -NRR', -SR, -SRR'R", - FR, -(OR, -CO2R, -CONR R',
-OC(O)NR‘ R', -NR"C(O)R‘ -NR - C( %& S gR"C(O) 2R, -NH C(NH 2) =NH,
“NR C(NH 2) =NH, - NHG({ NH 2) =NR ¢ sOR, 8o 2R, -S(O 2NRR', -NR S(O
2R, - QNG mdduZeall) a@ce@%ﬁ@thegalts, hydrates and rotomers thereof; wherein

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

W

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 selected from N, O and S; and wherein said
aryl and heteroaryl groups are optionally substituted with from 1 to 3 R” substituents;

C’ is selected from the group consisting of Csalkyl, Cascycloalkyl, Css cycloalkyl-Cj4

10 alkyl, aryl, aryl-C,4 alkyl, heteroaryl, heteroaryl-C,;4 alkyl, heterocycloalkyl or

heterocycloalkyl-C, .4 alkyl, wherein the heterocycloalkyl group or portion has from 1-3
heteroatoms selected from N, O and S, and wherein the heteroaryl 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?,

-CONRR", -C(O)R?, -OC(O)NR'R®, -NR°C(O)R?, -NR"C(0),R¢, -NR*-C(O)NR'R”,

-NR*C(O)NR'R®, -NR*R", -OR?*, and -S(0),NR*R"; wherein each R* and R” is

independently selected from hydrogen, C, g 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-

20 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
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ranging fromzero to (2 m+l), where m is the total nunber of carbon atons
in such radical. R, R' and R" each independently refer to hydrogen,
unsubst i twoedio@rs2sal kyl , unsubstituted heteroal kyl, unseboStistemsesar yl ,

aryl substituted with 1-3 haI ogens, unsubstituted C-g alkyl, G -8 al koxy

or C-gt al oups stituted, ar 4 al kyl . grqups, Wien R
S S R T g Ry TR O%téﬁﬁ%/%ﬁé?n%%tﬁlg Salh&rvi t h
the nit r Oﬁﬁaalﬁ 00§ deledflﬁ}lahe’%erocﬁ'loaléyl’ ar@f anﬂet&oéf?mﬁ& Wﬁefchpﬁhe aFﬁﬁatlc

exanpl e, - IS neant t0|nc - pyrrolidin 4- or phol 1 nyl . The
term" acyhﬂd ebs:hwemoby of RS fandrR aee cpmmald)y fuathot h@stlfgtaduwth &bmrcalett@ an

al kyl radg[cal ere tvvos |tute% (Pkﬁnthat is closest to
the” poi nt U5Fe baloian b arctiftpitar ke Piho 5 GHKIR R 2T afb et  t ut en
=0 (e. 9., optiddd)IFh3n two R skt eH268on adjdcdnb gtohisk): cobB@Bdlo &ri d fkéd/ .

substltuents for the aryl and heteroaryl groups are varied and are
gener al | yfisepesixaeeniesed carbpgyeldenng,- OR , -OC(O R, -NRR', -SR, -R, -CN

) [\jﬁRz_ Mdep%%ﬂgsmc%% thegS Q@?‘%ﬂﬁﬁﬁ{;‘#\ﬁﬂﬁﬁ% C%[%J‘ 5 l\ﬁ&q@) 3(2 8) .
S(O 2R ;CORRER’, 20R)RY, -ONB)SRER’, ZRRC(OYRY, PR C{@BROITRITU)RRERYY, and

perfl uoro(C ; I, Lp @ nupber rangin fromzerotgthetotal nunber of
open val e%%sc(@éNBh% ANBRE | @R jaRg - %(@&é?ﬁ% anBcTRmeiagh B anR" nd R are

%pendegfzd%e@@ ﬁq’&t&f &)Bfm? e 1891 gq 8ha19§n<§1y ﬁy%gﬁgﬁ%&edg _9g

aI kenyl uns ar y eteroa stituted
aryl)-Gi-thes sainleylhtrogndtammsublsst ¢onbtiect witly Hmnytrdgeﬂéhtahkqfomﬂ fires orswix-t abl e

N TGN SN ER T R SN N R
substi t uert ® A%, aAHPRERInR &{H%nﬁ’% sd18&c Pfrdin tﬁ?é b %Bﬁsﬂtﬂ& JFICNYall®Y, C
optionally be réeplaced wth a substituent of %he formul a - %(%E?(d%
2) g- U-, whdpdkpl, T:a nﬁclwlh?lehétmemmleﬂt dryl ariHhetero@yl, and:Hhenelmnhe alighatigl e
boq%i’ andargd éychc po{rtpotnggF {{d CH nd RTare opt120nally further substituted with from one to
three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;
cach R* is independently selected from the group consisting of halogen, -CN, -R’, -CO;RE,
-CONRZR", -C(O)RE, -OC(O)NRER", -NR"C(O)RE, -NR"C(O);R’, -NREC(O)NRER",
-NRER", -ORS, -S(0),NR®R", -X*-R/, -X*"-NR®R", -X*-CONR®R", -X*-NR"C(O)R®, -NHR!
20 and -NHCH,R’, wherein X" is a C1_4 alkylene; each R® and R" is independently selected
from hydrogen, C, 5 alkyl, C; 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
25 selected from the group consisting of C; g alkyl, C;_¢ haloalkyl, C;¢ cycloalkyl,
heterocycloalkyl, aryl and heteroaryl; and each R is selected from the group consisting of
Cs.6 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,

30 amino, alkylamino and dialkylamino groups; and

X 18 hydrogen or CH3.

[0047] In formula I, the substituent C' is, in one embodiment, selected from the group

consisting of phenyl, pyridyl, indolyl and thiazolyl, each of which is optionally substituted
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Alternatively, two of the substituents on adjacent atons of the aryl or
heteroaryl ring may optionally be replaced with a substituent of the
formul a -woQ2CH/@5257B-, wherein A and B are independent | PCTT2@9/06899t , - NH-,
-S-, -5(0-, -S(O 2-, -S(O 2NR - or a single bond, and r is an integer of
frontl to the s|n s of  the w ri.ng, so forned y

opt | onaW’iﬂ%/%B’él lrt@pt% S URERS stfg?}g'? % BORR %t%&tfﬁvaetﬁct%%?ﬁq he

substi L6h8 é“on@ﬁtlﬁ‘gbﬁﬁaﬁ en2L@QB.ROf_NRMRaLY] -, Qﬁ‘&@zh&%ﬁb’éacﬁ iRAGnRY jopt i onal |y
be replaced with a substifuent of the fornula -(CH2)S- X-(CH2)r, where s

and t anéependialyndiented yromninetyege, 01.s dlkplhmdl €os 1Bioadind, orwlsen-a@as:hedNR'the -S-,

- S(O-, -S(O)2-, 0or -S(O2NR -, The supstit ent - and -S C»ZNR -
s sel PR TIPSR Ot e iR S o o oyt

her gi n,Rtibehdepédfenthet@Etat @oth th@gx@agetmsmmgmm@l@lkgmm@ﬁal()@)(yl ddta.qgen (N,
sul fur (S) and silicon (Si [0040] The term" |on|ﬁ uid" refers to any
i qui d DR lkyband whsroibic|a phétmsandlnry@licem:bm}s ofiky @nqueayféﬁptl@wléfnu on,
"ionic i tively | ow
(e g b R6E T e B RSARRS, HEML QMRS Db AL 10 T e

to |- bLtIu}dkmeMﬁ':‘grbmbs ﬁh(!ﬂaﬁtiﬂﬂaufﬂwtheh b RU @ﬂlﬁshﬁieﬁtsel;re on adjacent atoms, are

| - hexyl - 3-nmet hyl i m dazol i.um tetrafl uoroborate - octyl - 3- nethyllnldazollum

t et r af |C@81béttfértatf@m a fysedh five ot sistpgmbascdieprbrayghis tl@g r B qett‘@teét?&b&@lgnents

qﬁcyhﬂﬁﬁ@?&QML dnMrdaz eb%ﬁg%’ rafluoroborate, |-hexyl-3- methylimdazolium

hexafluorop osphat e an - 3- nethylinidazoliuntbronide and the |iKke.

[0041] The term' pharnaceutlca accept abl e ialts i's neant to include
s]0

salts of the conp nS re preu W th ati vel y nont oxic
aci ds or basg cuI - tit gund on the

conpounds de3cr i bed h conpoﬁ%ds of thé& sent i[nvention contain
relatively acidic functlonalltles base addition salts can be obtai ned by
contacting the neutral form of such conmpounds with a sufficient anmount of

t he desired

EQNQ %“/@Nb% ?QW %@[z::

/@ g@[ D g@ 2;3’3@
Fhopy Ry Fhyy B
L T2, L S

H3C CHs

%@[?3 “a e %@OH

CHj HsC
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base, either neat or in a suitable inert solvent. Exanples of salts derived
from pharmaceutical |l y-acceptabl e i norgani ¢ bases i nclude al um num

ammoni umwoabw/uaams7copper, ferric, ferrous, |ithium nagogdiSeeno/ossagani c,
manganous, potassium sodium zinc and the like. Salts derived from

phar mac 'c | y-accept abl e o bases, .i ncl ude ts of primry,
Seconddptidl, aRed TGy o AR ds ey BT RG. SaDsont Eﬁngﬁélgﬁflhé@“%@glo%éh%m nes,
nat ural gra%@dﬁrasag%a%ma ag&tﬁyhep}ﬁdg@ andsﬁlgbly@seaa{ 6F Ohitkis QoRbe. caf fei ne,

chol i ne enz ethy enediam'ne, di et
2-di et hybattumdvatlﬂhaimn Y t@ 3di rsmbstithicnts. ri?:refehfdxhynleacleRnanmleamndtmﬂy selected

et hyl e nlne N- et h hol i erld Q, uca

ol UnosaTh A frtn Pafisate b B8 Rant 5 sBSRE b e iy BepEATAR

et Byl %Lé@@mﬂf&a hﬁﬁb%ﬁp 0, REkyR bﬂ@cagw@alknl phadi@deRAUYRI REclRTHINE
procai ne, purines, eobromne, trieth Y am ne, trinethylam ne,

triproght aiouneonsistinge Kamibel &nd helealkyl, Ke.s cvwerkelohgoioardodkyltand present

i nventi t C | ictoid a lts can
b obt At eitDh TubEiet b RaLE Lot 1R RO EsuRERU Y e

suf fi cnwbintaﬂev)mm fedm bhe toidsdertatbgas) ithdedxtyh eicthyd aiming, alll{ylz&nﬁlbllahabl e inert

sol vent nmpl es of pharmaceutically acceptable acid addition salts

i ncl udedisl hzslg@%gm\;% Iflrsélﬁ?tieﬁilémﬁaﬁiiﬁ@n‘é&ﬂfﬂl%e lmlvwélony@r Beglesied donkihgr obr oni ¢,

ni tyi c, @hﬁ gpnohydr ogencar boni ¢, phosphori c, nnnohydrogenphosphorlc
dlhydraﬁe pho o% sul furic, nonohydrogensul furic, hydriodic, or
phosphor ous aC|o§ and the like, as well as the salts derived from
relatively nont@X?¢ organic gcids Ilke acetlc oplonlc sobutyrlc

nmal oni ¢, benzagi WUCCI ber| «- allc
benzenesulfonl -tonI oni c, 2 esulfonlc and
the like. Al so Pnclarded a sahts o m no ac dsCBuch a%¥ arfiznat e and t he

D
i ke, and salts of organic aC|ds Ilke glucuronlc or gal actunoric acids and

the like (see, ﬁr exanpl e, Berge et al, "Pharmageutical t , Journa
of Pharnaceutlc ci ence 77, 66 1 -rt in spe¢i fic conpounds of
the present i n c bot an ic f alities that
al | ow
/‘\j E
0

F CH,
Cf“ ﬁi* Q‘ o
Cl F F HiC CH3 H3sC OCH3
CH3 CHj, CHj, CHj
O Lo
©/and
Cl OCH3
F )

[0049] The substituents C° is, in some embodiments, selected from the group consisting of
Cs.6 alkyl, Cs¢ cycloalkyl, Cs.s cycloalkylC, alkyl, phenyl, pyridinyl, pyrazolyl, piperidinyl,
pyrrolidinyl, piperidinylmethyl 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, -CONRR", -NR"C(O)RE, -NR"C(O),R’,
-NRER", -ORS, -X’-R/, -X*-NR®R", -X*-CONRER", -X*-NR"C(O)R®, -NHR' and -NHCH,R’,
wherein X* is a Cy.; alkylene; each R® and R" is independently selected from hydrogen, C) s
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t he conpounds to be converted into either base or acid addition salts.
[ 0042] The neutral fornms of the conpounds nay be regenerated by contacting
t he salt wot2hio207823e or acid and isolating the parent cecpasaeiossdhe
convent i onal manner. The parent form of the conpound differs fromthe

vari ous s for in certain phy properti such as sol ubi |

pol ar ¥ mcycg%%k%f"wﬁ i talofTRl %ra‘%ﬂ ﬁa@h@&a.t%%a&mnltr%g%%oragﬁ%h? form
of the Gampndif ﬁ’ﬂ’e nEtP&geHlé{dQQ&ﬁﬁmﬂfa ﬁ%r@(ﬁ&%ﬂlﬁoeﬂeﬁ\fﬁ@tﬂa%ﬁg f{c%)é??& 1in
addition to salt forns, the present invention provides conpounds which are

ina praddmspgalflwrcematmmsdss ugs n@mbterse&etaotvpdmnm%\l e dy arsleid Ohmnﬂllm sabstituthdse

compoun t hat readi | der es under oI 9 cal

condi t |‘?51|SI|1§°]? Oorpt?v&})xaegatcﬁi{ g%nﬂg'fse eﬁggg 0% 52 r?lfP\fgo Addi tionally,
progr ugskyd a0, JRI1GARN, Eﬁfstﬁg'cfo@lktyh efpriyeloans, afyltahe hpkRment aﬂdreaelm gn by
chem cal or biochem cal nethods in an ex vivo environnent. For exanple,

pr odr ugsleetgd froen diearpyp ewonverg edCrocychallybmysghasl, nlﬂoetldﬂ@yb mesphalinyhvent i on

wh |
chom cartfgldhilt BREARERILRALGTE HOSHNh tyliflad: SEARRL RoRURYOPRTT
exi st iRP, Rhaal Rairedptiaaits fashenelbstiagedswitl &loatorfead nree hﬂeganj infeghyhydF at ed

forms. In general, the solvated forns are equival ent to unsol vated forns
and ar dvdrensemo; olkpamanaidialkslamin #ioups. He sslkestsd cgrodimensy b

i nygnt i; ﬁ%ntlgﬁré*’aﬂ @elgﬁg@%wngfouﬁﬂgnmw invention may exist i n mul tiple
crystalline or anorphous forns. In general, all physical forns are

equi val ent for the uses contenplated by the present invention and are
intended to be within the scope of the present invention. [0045] Certain
conpounds of the present invention possess asymetric carbon atons (optical
centers) or double bonds; the racemates, diastereoners, geonetric

i soners, regi oi soners and individual isonmers (e.g., separate enantioners)
are all intended to be enconpassed within the scope of the present

i nvention. The conpounds of the present invention nmay al so contain
unnatural proportions of atomc isotopes at one or nore of the
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atons that constitute such conpounds. For exanple, the conpounds may be

radi ol abel ed with radi oactive isotopes, such as for exanple tritium (3H),
i odi ne- M6 201012535y or carbon- 14 ( 14C). All isotopic wamitskeonssssf the
conpounds of the present invention, whether radioactive or not, are

i ntended to be enconpassed within the Zecope of the present invention. I1.

Conpounds [004r ) one aspe the pr i nvent isog-Provi des conpounds
havi ng the for I . and o@ ceCuti ca accept abl Its, hydrates and
rotoners thereof*wherein Cl1 &t ed om t he group” consisting of aryl

and heteroaryl, V\,herer n the het er({qaryl gr p has fromp-3 heteroatons as
ri ng menbers seI ected fromN, Oand S wher ei n {%r:—? aryl and

het eroaryl groups are optronally substrtu with fro to 3 Rl

substi t uent s\;NﬁpZ i s select fromthe o). oup consi sty}:ng of aryI and

het er oaryl , t he hetspGasyl gro xs from as ring
menbers sel ecte omN, O S; and gin said an h eroaryl
groups are optionally substitgted with fro 1@3 R2 SubdyitlUents; C3is

selected fr thengreyp consisting of G _8 al 7 C3_8 cycloal kyl, C3_8
cycl oal kyl - %@b4 al kyl, g)ar ylCar§isc 4 al kyI heteroaryl, heteroaryl-C _ 4
al kyl , heterocycloalkyl or heterocycloal kyl - 4 al kyl, wherein the

het er ocycl oal kyl
, Oand S, ang

group or portr on has f om 1- 3 heteroatom; selected fromN
ppreL ei n the oar has froms het er oat ons as
ring nenbers seed from each C3 is ionally
substituted w t N Hi s I ndependently
sel ected fromtheg gr consr stin hal ogen HcCNeHs Re, -CO R 1, - CONR
aRb, -C(OR a, GI(O)NR aRb, -NR bC(OR a, -NR bC(O) 2Rc, -NR a-C(O NR aRb,
-NR aC(O NR aRb, -NR aRb, -OR a, and -S(O 2NRaRb; V\her ein each Ra and Rb
i's i ndependently sel ect e from hydropgen, G 8 alk and C _8 hal oal kyl, or

when att ache
*\O \[ ] \O\/\W OH
CO,Et

HsC CHj

£ o . £ )
[oVe Bk oUs I oW

L0 o LT0

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

21



t he sanme nitrogen atom can be conmbined with the nitrogen atomto forma
five or sixnenbered ring having fromO to 2 additional heteroatons as ring
menber s swbeotwdsfsronN, O or S; each Rc is independent!| yCsaiSeawmesofir om t he
group consisting of G _g alkyl, G _g haloal kyl, C cycloal kyl,

het er ocycl oal kyl, aryl and h teroaryl, and erein the aliphatic and cyclic
portions of Ra.fv“ d Rc arevopyjonal Iy f tituted with from one
to three hal ogen, rOﬁ_1 rret ani no, ’\@\ /@nd di al kyl am no
groups; and option wheh uent e on adj acent atons, are

conbined to forma fUSGE'3fIV€ or 5| mered car ocycllc ring; each R is
i ndependently selected fromthe group consisting of halogen, -CN, -Rf, -CO

RL, -CONR dRe, -C(OR d, -0£(0)NR dRe, -NRe ORd, -NR eC(0) 2Rf, -NR
dC(0) NR dRe, °*- C(O) NR dRe, dRe (O¢2NRdRe; wherein
each Rd and Re @q;kentl Ie te rom h en @ 8 al kyl, and

C 8 hal oal kyl, or whe ttache sarre nitr ge om can be conbi ned

with the nitrogen atofh Yforma flve or sixnmenbered |ng having fromO to
2 additional het eroatoms as ring nenbers selected fromN, Oor S; each Rf
is independently selected fromthe group consisting of G _8 alkyl, G _8

hal oal kyl , C ¢ycl oal kyl, het efpcycl oal kyl , zJanyI and het eroaryl, and wherein

the aliphati \@:;I qf E@Re a aEte OpH4 onaIIy further
substituted w onef to th al : :hyl am no,
al kyl am no and no groups; ach’'R3 is |ndepen erdly selected from
the group consisting of hal ogen, -CN, -Rl, -CO 2Rg, - gRh, -C(OR g,

-OC(ONR gRh, -NR hC(OR g, -NR11C(O 2R1, -NR gC(O)NR gRh, -NR gRh, -OR g,

-S(O 2NRgRh, ;- X4-RJ, -X4- NR g - X4- (I)NR gRh, X4 NRhC(O)R g, -NHRJ and
- NHCH 2R1, '\- X4 a |l e each Ry " i ndependent |y
sel ected from s al @\ cocl oal k hal oal kyl, or
when attached to ~ 353 ni t rogen“at Umc n be conb ne hoiqhe ni trogen

atomto forma flve or SFxnmenbered CHs CHs

To o "”QHQOH

CF3

VO T STO

HaC HsC CHs

[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:

e
N ‘r

/C3

A

c2 o (1a).
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ring having fromO to 2 additional heteroatons as ring nenbers sel ected
fromN, Oor S and is optionally substituted with one or two oxo; each Rlis
i ndependemolzylmsmt ed fromthe group consisting of G _g@Calusgéo9/ a4y

hal oal kyl , _ cycl oal kyl, heterocycloal kyl, aryl and heteroaryl; and each

R is s ted fromihe group consjsting of C3 | oa] ky ol i nyl,

pi peri dﬁh«% ﬁ’&sﬁﬁ?ﬂﬂf ﬁprocﬂeeﬁ%%{ﬁ%%rﬁwglnwmpewgs Pﬁforeﬁirﬁrfew Sl g
wher ei npt he al i phatic and cyclic portions of Rg, Rh, Rl and RJ are
optionally further substituted with fromone to three hal ogen, nethyl, CF3,
hydr oxy, am no, al kylam no and di al kyl am no groups; and X is hydrogen or
CH3. [0047] In formula | , the subskifuent Cl is, in one enbodi nent,
selected fromthe group consisti gnyl pyridyl, indolyl and

t hi azolyl, each of which is opti nytubstrtutedmnth froml to 3 R1
substituents. Preferably, each RINis ¢ndependent|y sel ected fromthe group
consi sting of halogen, -CN, -Rc iN Hg OR a, and wherein each Ra and
Rb is independently sel ected frgnrh drogen t) _8 alkyl, and G _8 hal oal kyl
or when attached to the same nitrogen atom can be conbined with the

ni t r ogd 03] o nint apthfrd embadimyant of ihdiimesntipmgompasindsRd forniladlbperdbfirmplasel ect ed
frogrt group consisting of G _8 alkyl, G _8 haloalkyl and C cycloal kyl,
and whefei n t he aliphatic and cyclic portions of Ra, Rb and Rc are
optionally further substituted with fromone to three hydroxy, nethyl,

am no, al kyl am no and di al kyl am no roupsf/a d o?tronally when two R1

substituents are on adjacent atons, €nto forma fused five or

si x-menbered carbocyclic ring. I se ecﬁed>%nbod|nents of the invention, Cl
is selected from[0048] Returningste~ermula | , the substituents C2is, in
one enbodi nent, selected fronrtge roup consi sting of phenyl, naphthyl,
pyridyl and |ndonI eac?Rﬁ @ optionally substituted with from1l to
3 R2 substituents. Prefe Pyl each R2 is indepen?ﬁgtly selected fromthe
group consi sting of hal ogen, - and -OR d; wherei‘it/each Rd is

i ndepengigntih ' is sclected 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.

10 [0054] In a fourth embodiment of the invention, compounds of formula I have subformula

Id:

Z |
“ FTTRWn

o
\\“\
W N
(N
N~ c8
S
R | ©
(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 is an integer of from 0 to 2.

[0055] In a fifth embodiment of the invention, compounds of formula I have subformula

Ie:
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sel ected from hydrogen, G _8 alkyl, and G _8 hal oal kyl; each Rf is

i ndependently sel ected fromthe group consisting of C-s alkyl, Cl1-8

hal oal kylwoCGomwywb2sal kyl , het erocycl oal kyl and het er oar ylPCTArsdoogioesvei n t he
aliphatic and cyclic portions of Rd and Rf are optionally further

substituted wwth fromone to three hal ogen, _hydroxy, nethyl, am no,

al kyl am no and di al kyl am no groups. | S?E;\W nbodi nents of the
invention, C2 is selected fromthe gr; m§| hg of : [0049] The
substituents C3 is, in sone enbo hts efected fromthe group consi sting
of C3_6 alkyl, C cycIoaIkyI yIO _2al kyl, phenyl, pyridinyl,
pyrazol yl, piperidinyl, yrroI|d| |nylnethyl and

pyrrolidinyl met hyl, each Ty substituted with from1 to
3 R3 substituents. PrefeF%bd ch R3is |ndependently selected fromthe
group consisting of hal ogen, -CO 2R, -CONR dR), -NR hC(OR g, -NR

11C(O 2R1, -NR gRh, -OR g, -X4RJ - X4- NRth - X4- CONR gRh, -X4-NR hC(OR
g, - NHRvkkréindhe MoSHtiR Ris amtnesgei af%é}miostoeg Q' i8scdddkyd feme thegotip RensastidgRh i s
|ndependent sel e¢ted from hydrogen, al kyl , C,cycloal kyl and G _8

hal oal KfIN- awh@ﬁ aatheaﬁeh@alpf%lw]emgegﬁ@ qm@g%f% at dhvdesiedBomdhheioul wit h
the ni tJoﬁgﬁﬁnegtaéfqméﬁambﬂzanm}{@s scid t>&n TG g&&fﬁ)&ﬂ@%ng from0 to 1

additio eroat ons as ring nenber ected fromN, Oor S and is
opt iSongdD036]s ulnsithd¢rustledtedictibo dimeenosy; tlte\mnmmondseﬁctllne Rientoni ancl egpesschetnd by

selected fromthe group consisting of G _8 alkyl, G _8 hanaIkyI

cycl oal kyl, heterocycloagkyl, aryl and heterearyl; and each §1selected
fromthe group nsi g of C3_6 cyelo , pyrrollnyl(fq~ i nyl
nmor phol i nyl , tet uqanyl and|L\ rqpyranyl d serei n the
al i phatic Ejaﬂbycl ¢ por & ons i, Bh, &nd “opfy |onaII§ further
substltutg t,h n1one to thre Wh ogen, neth I 3, dr oxy, am no,
al kyl am fo dhd m no §flo as.|ln__gk cted & i mnt 3 %the
i nventi até% éct%d f t hsi sti | t her®
enbodi 5, i's selecteo pm the group con ng of: [0050] Ret ur ni ng
to formi R X is preferal k2 Subf or mul ae ofForpmul a |

(Ie') (Te?) (Ie)

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

with reference to formula 1.

10 [0057] In still other selected embodiments, the compounds of the invention are represented

by:
0 R’ 0 R’ 0
| | [
\\\\ J\” O\\“\ J\” R’ O\\“\ J\N
CH3 CHy N™ CHy N™
(R3)p
0 RS 0 RS
F F
(Ie) 1) (If

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

15  reference to formula 1.

[0058] In a particularly 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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[ 0051] In one enbodi nent of the invention, conpounds of formula | have
subfornul a la:[0052] In a second enbodi nent of the invention, conpounds of
formul a Iwbavw/gstsiornul a I b: [0053] In a third enbodi meatr/uskoowioes41

i nvention, conmpounds of fornula | have subforrmula Ic: wherein X1 is

"t cgeroto KR br R e NGB d Sy b i v mebnaireigg Wit N, o

and CRZcredidctdhersuscript mis an integer of fromO to 2. [0054] In a
fourth enbodi ment of the invention, conmpounds of fornula | have subformla

| d: whergei i | ect ed f t i Sti f N d CR1; th

subser TP 110 afeRRpEgaeny PRIl Shershisie e Panrghe RS group

consi stihixhtioh al¥ r_egds@fﬁl@h SRR rmand 1 ehstehsr isptm&mbs s@l&cﬂeﬂ&i%ﬂ@fhe%fmlfpr om0 to

2. [0055] In a fifth enbodi ment of the invention, %?ggoupds of fornula I
CR1

havé suphesting of -Ke-MH& ei’n-R tad sYb3R COR paridseagh of Xi.dfeR" and Rilivedha o 3; X1
is sel from: Qg 1St of N, CH and ; the subscript nis
an int g{giéea%ﬂlés pﬁéroégr% ?}E)Peg?regf(% I éfglé%lp%}:'t ed fromthe group consisting of N,
CH and CR2: and the subscript mis an integer of fromO to 2. [0056] In

ot her J8P&Y: eEomperUl REHCINvben barips dormulbk canrrist iy GificTahdgpiercPBIsFES ent ed
by: {1 Gdimd L@2hind L @2hbhe el % SRS INENLAI ReqFe AU & oftfiflof Ne
1l ed wth refer

I
subscript p ave the neanings provi ence to formula | .
[ 0057] ttams $d edch otidne Assis¢tdlodreid, hoibadis menirsrart hee wodpothedsoodentioaalisansent i on

21 Qof SO GREQL e Y, ver S L ubtl L Ugh s, B, Fon RSuPEARHRIS T P P
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 o

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

Preparation of Compounds

[0061] 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', C?, and C°.

[0062] Several methods for the preparation of claimed compounds are illustrated below

(eq. 1-6).
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reference to fornula | . [0058] In a particularly preferred group of

enbodi nents, the conpounds of the invention are represented by formul a

(1 e5) whewein10RB85153 a nmenber selected fromthe group com€iTAtS2e0906894NRgRh,
-NHRJ and - NHCH2R1, and each Rg, Rh and RJ have the neani ngs provided with

reference to formula I . [0059] In agother particularlypreferred group of
embodi ments, thg,conpounds of the ingention are represqued by formul a
(1e5) wherein is ad ﬁ drom the gro NSORt i ng of

- X4- NRgRh, omnd - ] eaqh_ﬁL*X4, Ro, )., Rh.and Ry have the

meani ngs prl@vilded with rgference™o lam . [0068] ﬁb unds of the
i nvention hali nd@%rnula | can exi st SkpAdifferent diast ric forns,
e.g., the substituents Cl and C2 inR$ubfornulae |a andrRfc can be cis to
each other or trans to each other. As used herein, the terns cis or trans

are used in their conventional sense in the chemcal arts, i.e., referring
to the position®f the substituents ©o one anot her relal vegfo a reference
pl ane, e.qg., ubl e bap@n),0r a_xi syst em, such “dgeal in-type ring
syst em or /ﬁw ro&ﬁﬁho#gge—king‘gy ten in—the—eis |i sofrer H t he esudsti tuents
are on the side of Mhe ref % pl ane,Min the Nfdfes i soner the
substituents are on opposite sides. Additionally, different conforners are

contenpl ated by the present invention, as well as distinct rotaners.
Confornmers are conformational isomers that can differ bx)rotations about
one or nmore s bdhds. Rotanmers are cofformers that differjby yotation about
only a singl i mPourttis [ 00 Th£$pcskilled in the
art will recoghiz

at—there afe i et yof ~mret HodsJ avéi | ables- 3o
synt hesi ze Tpfeeyl es repMesent edjn~the clai¥s. In ghefell , useful nethods

N
for synthesizing conpounds represented in the cl ai nsMconsi st of four parts,
whi ch may be done in any order: Formation of the piperidine ring,
installation of two am de bonds, and

O CI s
Hszr/~\n,OH MsCl 1) TBSCI N, 0
3 NH
cd O base 2) N,

3
cs CI/H\Br o TBS
base eq. 4
1) H*
ﬁ\ 2) base
(1.
N~ 3

[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
5  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 3-amino acid to a piperidine ring as described in
eq. 4. Those skilled in the art will recognize that many synthetic methodologies can yield

10 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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installation and/or nodification of functional groups on Cl, C2, and C3.

[ 0062] Several nethods for the preparation of clainmed conpounds are

i1l ustratwo 2om/o9es(eq. 1-6).[0063] Equations 1-4 denonsPcatus2eomesomet hods
of forning the piperidine ring. Coupling at the 2-position of the pyridine
ring can. acco | i shed.via transitionp nmetal nediated cou Ilngs as shown
in eq. Vilﬂ’zf efarsiaroc Qafl&rryz%aa bR A TS RF sigrpoghginbhatt AUe Mepeci es such
as the Z) el Efofhatitry Bﬁﬁfaf;i”%%@lll%d(\gg ep1§’)enz§i€9§(ﬁ%@mczstﬁ?p&%@ dsNBu@fatddhe
2-position, transistion netal nediated hyd rogenation of the pyridine ring
yi el ds itlke@. pi peri dine ring system (eq. 1-3). Another nethod results in

el aboration of a b-amno acid to a piperidine ring as described in eq. 4.
Those skilled in the art will recognize that nmany synthetic nethodol ogi es
can yield substituted p@perldlnes including G ®@or CN cyclization of
acyclic precurso R Ikyﬂatlon or ring-closipg netathesis. Relative
stereochem stry nggMEt by a waesety of odﬁj i ncl udi ng faci al
selectivity durin wdyydrogenattomstep. Ah okéﬁe st er®oehem stry may
al so be set via a v r ety of nmethods, via thg use of chiral |igands or a
chisal auxiliary, c8eparation of chlral di agf?éroi soners, use of chiral
starting materials, or classical resolution. Conpoundswith 2,3-trans

st er eoqbesd|st Ayylaeoh dakie pipbgdine riakiiyéesstiesdeiaeheatlonte. Yinskd caduof ag o e
plperldlne formati on, or may be derived via epinerization of a 2,3-cis
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etc.). n he assi y the us L ani.c or organic
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by t hosge f&ﬁﬁh&%ﬁarﬁﬂ@%ndsﬂ sﬁdhaas@MA‘P’“H@Bﬁ%% HuitaBletBEp Y pRikRN of ami de
bonds, such as DMAP, HOBT, etc. Suitable coupling partners include a

car box yih¢lgdae pzdb@qdlcawpi godra pdperalinaan acylifluorido pindian amucand agriforéh. akfhss o

forth. s-llgﬂf)e% in the art will recognize that there are other possible combinations which will also

15  result in the desired product.

X 0

X o

[
o J\OR
O OR O,I, eq. 6

Ng(ex N" e
H

c2" 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.
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skilled in the art will recognize that there are other possible

conbi nations which will also result in the desired product. [0065] A

vari ety ovoretidnosxss7descri bed above have been used to preparnsS2@oopands of

t he invention, sone of which are described in the exanples. [0066] A famly

of specific conmpounds of particular interest having fornula | consists of

conpouﬁ@é, Hﬁﬁ&ﬁﬁ@@ﬁ??@gmgyxﬁgﬂgﬁtabIe salts, hydrates and rotoners

thereof, as set forth in Figure 1.111. Pharmaceutical Conpositions [0067]

I n addifpo@n t\ ddafichTRRUMIHoRMEVH e RBKR, c&{ln??@ﬁfdnk @ BoduPktingacsy ating
ally

C5a activity in humans and animals will typic contain a pharnmaceuti cal
car ri eractyityin lwerans apdewglalstwigl typicaly eanipio giphpomdccaiscal sarticherr djugnt.

i ntended to enconpass a product conprising the specified ingredients in the
speci f i[006$ MO ©rm ASoriisitions ag0yedHeasdhl & inwhtledtordsotpsss adiré@et | y or
indirectly, fromconbination of the specified ingredients in the specified
anmodnt sconpyisingihe saecEied ilegpdignty sr B saesibed graoynds, gpaigt ap ARy prodpsterhiclyi | uent

ot ; . s S .
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phar maceuduneal Byciposiceuticadly faoceptdbée"adizinniasat thatcawier,afilutiteorecipaunohsastof t hi s

I nvention may .conveniently be presented in unit dosage formand may be

pr epar ¥ Wpaﬂylea\ﬂﬁﬂh@ Ol Fnggrr o1 uil%mﬁegapft &‘gﬁft%%&rt and drug
del i veryeinAh! thBRLRods include the step of bringing the active ingredient
into assogiation wWith the carrier which constitutes one or nore accessory

I ngr.edi . kn general ,. the phar.maceut.i cal .conpositions are prepared by
iz et iy Rt e R B g BT e s Rl
Wi th a jhidiiof ntdfdoh®Eni&itlydbel fra@hded dh Mhid 865250 fdrth HRIMhAEbe flepied By aandrf t hen,
I f necessary, shaping the product into the desired fornulation. In the
phar madbemictheds v,v@ﬁﬂ;@gwn i Hictaeofabaingasy ebf dewg ¢divpourd! msthods include the

step of bringing the active ingredient into association with the carrier which constitutes one or
more accessory ingredients. In general, the pharmaceutical compositions 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 disecases.

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 granules, emulsions and self emulsifications 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
clegant 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 diluents, such as cellulose, silicon

dioxide, aluminum oxide, calcium carbonate, sodium carbonate, glucose, mannitol, sorbitol,

28



i ncluded in an anount sufficient to produce the desired effect upon the
process or condition of diseases. [0070] The pharnaceutical conpositions
cont ai ni nyotzhw/Es157ve i ngredi ent may be in a form suitapCe/usesvossll use,
for exanple, as tablets, troches, |ozenges, aqueous or oily suspensions

di sper ibIe wder r anul es, sions and sel f emnul sifications
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[0072] Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, 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
alcohols, for example heptadecaethylencoxycetanol, 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
aqueous 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 ingredient in 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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[0071] Formul ations for oral use may al so be presented as hard gelatin
capsul es wherein the active ingredient is mxed with an inert solid

di l uent, wonosxamsize, cal ci um carbonate, cal ci um phosphaCa/useooeacsdtn, or as
soft gelatin capsules wherein the active ingredient is mxed wth water or

an oil .medium for anpl e peanu il, liquid paraffin, or olive oil.
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for exdRPl & KFUEHYSCGIT NS BFd O M rlE S UHACH T Ol e Bl Mol ™8y~ i n a
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t hi ckeni ng agent, for exanpl ebeeswax, hard paraffin or cetyl alcohol.
Sweét erfrar fayerstds aad bl aphydradesdor exsmme stibijan mapgpleate, and condensation

products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan

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

[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 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
or 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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flavoring agents may be added to provide a pal atabl e oral preparation.
These conpositions may be preserved by the addition of an anti-oxi dant such
as ascor bwo 2200045257 0074] Di spersi bl e powders and granul @esTAIs2a0lobsy4f or
preparation of an aqueous suspension by the addition of water provide the
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sorbitol or sucrose or mul at’i S0 contaln a cent, a
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15  phenol, or polyethylencoxide-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 C5a 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 C5a receptor ligand (e.g., C5a) to C5a receptor in vitro or in

30  vivo. 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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menti oned above. The sterile injectable preparation may al so be a sterile
i njectable solution or suspension in a non-toxic parenterally-acceptable
di l uent owo=olwestsy for exanple as a solution in 1, 3-buramasdénlosssdnong t he
accept abl e vehicles and solvents that nmay be enployed are water, Ringer's
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i nvent i qefecty ab effé@bplcer’didn®ioh dilirh @fobilatioh r By 6¢ta&eih defcedapCsdabl e
pol ymers useful in achieving controlled release of a drug, for exanple
polly| adeseptaaneiliated 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 to inhibit C5a receptor-mediated
20  cellular chemotaxis, preferably leukocyte (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 in 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.

[0084] 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
onset 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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[0086] Inflammatory disorders and related conditions-- e.g., Neutropenia, sepsis, septic

15  shock, Alzheimer's disease, multiple sclerosis, stroke, inflammatory bowel disease (IBD),
inflammation associated with severe burns, 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 insulin-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 diseases 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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by contacting one or nore conpound(s) of the invention with a C5a receptor
(either in vitro or in vivo) under conditions suitable for binding of the
nodul at orwe)20ton7s1se¢ receptor. The receptor may be preseRCTiUS280/06894DN OF
suspension, in a cultured or isolated cell preparation or within a patient.
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to C5a receptor
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).

[0089] 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.

[0090] Neurodegenerative disorders and related diseases-- Within further aspects, C5a
25  antagonists provided herein 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 selected from the group consisting of sepsis (and associated

30  disorders), COPD, rheumatoid arthritis, lupus nephritis and multiple sclerosis.
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nodul ation” if nodul ation of C5a receptor activity results in the reduction
of inappropriate activity of a Coa receptor. As used herein, the term
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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 suitable 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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{e.g. , during henodialysis or via a heart-lung machine, for exanple, in
associ ation with vascul ar surgery such as coronary artery bypass grafting
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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.

[0096] In another aspect of the invention, the compounds of the invention can be used in a

20  variety 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 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 receptors in 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 radionuclide such as tritium), and incubated
with a sample for a suitable incubation time (e.g., determined 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 luminescent groups and fluorescent groups). As a control, a matched
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purpura, polyateritis nodosa, Rapidly Progressive d onerul onephritis

(RPGN), cryogl obulinaem a, giant cell arteritis (GCA), Behcet's disease and
Takayasu'woanton7s1srs ( TAK). [0089] HIV infection and Al PETAS2@90e89ept or
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suffering fromor susceptible to (i.e., prophylactic treatnent) a disorder
or disease identified herein. Typi cal patients for treatnent as descri bed
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orally or topically. The effective anpbunt nay be an anount sufficient to

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

15 [0098] In Figure 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 <1IC5¢ <2000 nM; ++, 50 nM < IC5¢ < 500 nM; +++, 5 nM <1C5¢0 <50 nM; and

++++, IC50 < 5 nM.

20 V. Examples

[0099] 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



Coa receptor activity and/or an anount sufficient to reduce or alleviate
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Pat i entg1§RY SRIRIBWING Jb%ré’v”‘?aﬁioh%l%qls%ﬁ@gl %g?ﬁ&?ﬁgl&& hird ﬁﬁ&%ﬁg fRess using
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pr d¥entdederifftiof @4 thehosagen!| evel s of the order of fromabout 0.1 ng to about
140 ng per kilogram of body wei ght per day are useful in the treatnent or
preventponp OfhgRsdi tions invol ving pathogenic C5a activity (about 0.5 ng
to about 7 g per hunman patient per day). The anmpbunt of active ingredient

t hat neEEtOD&: CSﬂfbilm@{thQMCFh the carrier materials to produce a single dosage
fornrmpb# var dq%ﬁgp nﬁ upon the host treated and the particul ar node of
adm ni atlo S nit fornms will generally contain between from about

1ng t o Hhout Sﬁﬁnweeth@ﬂla&fg&aph@ i ngredi ent. For conpounds adm ni stered
orally, transdermally, intravaneous |y, or subcutaneously, it is preferred

t hd® suflePH; eMicthanelunt of the conpound be

[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.

[0103] Certain molecules claimed in this patent can exist in different enantiomeric and

diastereomeric 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.

[0105] 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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adm ni stered to achieve a serum concentration of 5 ng (nanograns)/n-10 ny
(mcrograms)/nL serum nore preferably sufficient conpound to achieve a
serum corwenoren7szsn of 20 ng-1 ng/ M serum shoul d be adrChmitst@9mRI4NDSt
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5 step f

[0106] a) Pd(PPhs)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,COs (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,SOy), filtered through
celite, and concentrated under reduced pressure. The residue was purified by flash
chromatography (S10,, 10-100% EtOAc/hexanes) to get the 2-phenylpyridine derivative in

15 91% yield (27.98 g). LC-MS R (retention time): 2.45 min, MS: (ES) m/z 228 (M+H").

[0107] b) PtO, (800 mg, 3.52 mmol) was added to a solution of 2-phenyl-nicotinic acid
ethyl ester (20 g, 88 mmol, prepared in step a above) in EtOH (60 mL) and concentrated HCI1
(15 mL). The reaction mixture was hydrogenated using a Parr shaker at 40-45 psi, for 1 h.

The reaction mixture was then filtered through celite, washed with EtOH, and the filtrate was
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t onogr aphy (SPECT). Such nmethods can be used to characterize C5a receptors
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| abel enployed (e.g. , autoradi ography or sci ation counting

radi ol ahet 8¢ ctﬁelmgbmndect i fbéétyrlfdéébbﬂ g) neCHa R (ratgntven tmel 1t73 rdiet dEY:

| um nes u d fluorescent groups). As a control, a matchedsanpl e
ER b BE13d

cont alrf nmpound and a greater (e.g., 10-fold greater) anount of
unl abel ed conpound may be processed in the sane manner. A greater anount of

det éct d81@8]| abePxplzhelleridry3iZmina0.¥ émm@)am@ai addedl 4 therpofuien 98 Rtfusro-Pndi cat es
[ ot SRR Ploi iy (ERERIAo ihdi\ AT G0 KBS G ARATRAY B bl 111 1

recept or tora (‘récep a receptor in cultured
cel | s atmpérasive fel&maéde@ iﬂﬁlﬁld@lﬁbfmﬁfafdbﬁf@dn(ﬁﬁlt dEBPdME . bElek rleyctt@nhﬁaats Kept sect i ons
8.1.1 to 8.1.9 of Current Protocols in Pharnmacol ogy (1998) John Wley &
Sons, N&fingfoK 2 by aeerm tepﬁ@r%,telf?p PRt Hrdosrcas PR eﬁlﬁﬂ%y/e%ﬂ rggoped ised

wi thi n @cé[&‘éﬂc{a&% ré%{ldu‘é‘?i/alg ‘tﬁ(ﬂd&%%h SRR Uy O’?R&'&sulﬁﬁ a&ﬁ%FBlrﬁe

nodul at ors may nke e interior sur a tissue cu re plate
or 16t hevassligypbretl | ,1n thoyrCldgd, (320 atj amd ¢opldd tgdrf@sfoflowed hyrtioi ddidiztiong)f dred t her eby
isolatin C5ar ceptors, ( soI ti tar- pres ceIIs

vitro. MRTEIE B Bried Gopl §.20 BRODIHERY G Gl STcdamoh: o b FiskES cent
mar ker, w8Usth Awddue Rx%%% Foorh %en%?étéﬁ’cta%@ sﬂh&éﬂo&é}ﬁq gel Tlﬁa reéMiio‘ﬁbm%ﬁﬁe then
anal yzed (or isolated) by fluorescence activated ceII sorting (FACS).

[ 0098] Was dilugasilrwﬂtllCHe(sz@@dwae% veasdddest. i Thietlyyeas @ems@pard@d ahdtheoragpeessent at i ve

conmpounds_descr ] Acti Vit Vi ed as t he bi ndi ng
caany 167 908 FHEREHERR EARCL s oliist B B5Gs 8 i diend a's 15 0"
500 5nM condentralediMdsr deficcd pfes@&e.n Whe ai3¢Hue was purified by flash chromatography

(S10,, 10-35% EtOAc/hexanes) to give 7.47 g of the desired compound 99% yield). LC-MS

R, (retention time): 2.50 min and 2.58 min (two rotamers), MS: (ES) m/z 370 (M+H").

[0109] 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 ml) 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 uL) 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 1 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 (SiO,, 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] e¢) A solution of the alcohol from step d (1.42 g, 4.33 mmol,) in acetic acid (65 ml)
was added to a slurry of CrOs (2.61 g, 26.1 mmol) in H,O (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 filtrate was concentrated under

reduced pressure. Purification by flash chromatography (Si10,, 3-10% CH,Cl,:MeOH
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++++, 1C50 < 5 nM V. Exanples [0099] The foll ow ng exanples are offered to
illustrate, but not to limt the clained invention. [0100] Reagents and

sol vent s weedidypgbzsw can be obtai ned from comrerci al souPceaIsswoloes®s1 Al dri ch
Chenical Co. (M Iwaukee, Wsconsin, USA). 1H NWR spectra were recorded on a

Vari an rcu spectronmeter. Si fic are proyi ded
rel ati Jﬁ/ﬁ?‘ﬁe%&g%&%@# F‘%?Siga‘fenl g}% ng}% SIr iilgqt?iéq%@y“‘?@ Isqyngl et
d, doublstg, (&eteﬂtfohmn@é)v 1.98 nfiH@hd 842 nith (!%H Ifo'td%&&)) WQES‘}JM@QMM tons.
Mass spectrorretry resuits are reported as the ratio of mass over charge,

eyl a1 B GaRIATRR A8 e JEF bl b R BROTE Rt ol ™y

i on conh@hdll pe: hfw aBBed (3@1%??[?“) ANBIG ah S RlcBYBmink 3OLPAL (Hﬁt‘ilze(flriﬁLpo”eSpond
to the ex ecte formula in | cases. El ectrospray ionization (ESI) mass

speétr ©y-Sanal 851 emedsweaotha sloady advicd apg iiceotutogskasratiowsbtasts @t r ospr ay
Mass SPEGHIS @?&rﬁ SRLAS IB{‘P lact?b% {;nghgvjag i nﬁt%mdﬁlléllﬁ%dl gr%tL NoLgy Iy the

anal yt e was sso ved i'n ‘me e was i nfused
Wi t h t heitldeN atﬁll’eyuﬂéCll&ﬂllbwleﬂTbQ shthﬁaterme&ﬁlesmci}m@etrﬁé orgahicdliyssoasned from

100 to 1500 dal t ons. compounds coul d be anal %%ed in_the p05| tive ESI
mode, USPHBtcAcHIWRvEr @I}I@dro 2YO0Hhians, cangeptiptasl andgsireduged preesugel i very

sol vent I |

ount | ArEaRiaPEP AR AR GYLIRt RIORU-SONEOAL IR ARRL USSR LA DRI

sysibemoffiRdpbliucihe afdlidcowlihg' HabIMR 4G MoTrs CE(H;)LSSEm-lstt(hE, 8Ei<)am9l38's3mnd

t hroughout. t he description of the invention: EtOH Ethanol EtONa:  Sodium
et hoxi d&v 3 H), 6.77-7.82 (m, 12 H), 9 10 (s, 0.38 H), 9.30 (s, 0.62 H). LC-MS: Rt(retentlon time)

= 2.88 min, MS: (ES) m/z 485 (M+H").

Example 2
15
Synthesis of N-(3-fert-butylphenyl)-1-(5-chloro-3-methylpicolinoyl)-2-phenylpiperidine-
3-carboxamide

H2oN
Q | 0
= | cl CHCly, KoCO; (\/lka
= ~ H
N N~ ~cl

Cl step a PhB(OH),
step b | Pd(PPh3),
K,CO3
@]
IJ\ PtO,, H,
_ HCVEtOH Z N
~ H
stepc N
H
N 0

| o o)
Cl HCTU ““”\N
| iPrEtN O N
N
step d ©
N 0
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THF: Tetrahydrofuran TLC. Thin |ayer chromatography MeOH: Met hanol [0102]
Conmpounds within the scope of this invention can be synthesized as

descri bedwbebova75253i ng a vari ety of reactions known to Phe/tskédloesd4arti san.
One skilled in the art wll also recogni ze that alternative nethods may be

enpl oye e the et nds of .thi nvention, and that the
aEBr ogéﬁéfszcideéc1& Qﬁ@ﬂow%ﬁw 6%@&%?&%581%& 'firogﬂﬁ Blt‘:k}&ml@ﬁﬁha%f‘st ive,
but do @rsqw?)%s bigadh ¥ s@ll%ﬁbh 69@#@% %ﬁ@zldﬁﬁlﬁfet('l c‘ea% afPUVES kocoompounds of

i nt er est Certain nolecules claimed in this patent can exi'st in
d|fferemhy@namdmbhann@hadedﬂdimé}%bqﬁﬂwqmﬁgdn§3&ndnamﬁtbummnumnmanns of

t hese co unds  ar.e The, det a t|on of th

exper | HORATEnGE 55 F o e Eiperati s s T RL) SR iR MR Rr et 1 ead
t o nol egdlteSadulals Y& WRSKIrh&edwih didorBhvtagal TERéAnbif&NSehit Mg et ham as
wel | as by the structuralgggflctlons associated wth them [0105] Those

ski | | edvgshed withdrinedricd (MaS§)+). ddsensl and copeantrdigeiter give thmdrairad apide asp
g][ Ofﬁg%%@ @1&&9&9'& eSS rc1>{1 f’ﬁ% Ing}§t Rﬁoﬁ;‘?%@ fﬁﬁﬁﬁé’a‘é%ﬂt s t{ﬁg? Salts

ounds ar e Sonet ossess
necessan&289ﬂ(hﬂsHt)aC|d|ty or baS|C|ty, durlng t he experlnental procedur es
described within this patent. Exanple 1 Synt hesis of

i F1 udgbia: o R A e SRy s R AP e Rt fdde
t 0 18 salqutphomylbéroBiccividoflot &) aﬂéﬂﬂdﬁgﬁzﬁ?ﬂs 09 Aied) meto(uzﬁe 0.7 ¥B4nd theol ) ,
e dssden oty Biriedidioh °C s ey (- D). RS b oDbraeTRE R e a
100 OC th9fcadtidh mbiGreSAsUIlicAN MRRch REMe aAPHRE LR J1ROWLl GIRRHANH B
The filtrate was diluted with water and extracted with EtOAc, dried (MgSQO,), filtered and
concentrated and concentrated under reduced pressure. The residue was purified by
15  automated flash chromatography (SiO,, 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 HCI (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 (SiO2, 1% to 30% gradient of CH,Cl,-MeOH) and dried in vacuo to
give the title compound in ~85% yield 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-tert-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 HCI1 (20 mL), saturated NaHCOs (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-H,O with
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t he di oxane was renoved under reduced pressure. The resulting aqueous | ayer
was extracted with ethyl acetate, and the conbined organic | ayers were
dri ed (Na268Q@ojo/076357t ered t hrough celite, and concentr at edTarsde9/ossdduced
pressure. The residue was purified by flash chromat ography (Si @2, 10-100%

o wa%a@aéﬁﬁg%%@“%@ o R
Pt 1
T e e

and cor(bSeHIz) at¥d(bHal HY, 7$9d) 1 HThe= 0e8adz), D56 itdl Xt Hy £= W@@Hh)(d?fbﬁgemaiﬁd using a

Parr 4 p fo reacti xtuevvasthnfl tered
throug%a@s f?BeH)\%a];hn f:ﬂ 4i IE?%FB %%ﬂﬁ‘f"ﬂéetﬁloifg? é{% Is%@WEéﬁttSP der
redyced g vy of Re ] 1PSi ﬂy@(SM@SH) 2 byt(t% Wd dr et ), and (washese é

sat ur at ed . Purifi’cation by flash chromatography (Si O2, O0- 200/ MeOH CH
20 2) gaik(st He)dss: r(EY) protfdt (NMhHB5% yiel d (17.4 g). LC-MS R (retention
time): 1.73 min, M5 (ES) mz 234 (MtH+) . [0108] c) Oxalyl chloride (3.2
m., 30.75 mmol) was added to the solution of 2-fluoro-6- mnethyl benzoic acid
(3.79 g, 24.6 mol) in CHA 2 (20 E‘xlmip’l’b@ reaction flask at room
tenperature, followed by addition of a catal ytic anount of DWMF. The

oxatyl %‘&g%s P B b AR AR et Bl

vacuumf&® aﬁl‘g resulting acid chloride was di ssolved in dry CH2d 2
(20 nL) and cool ed to O OC followed by the addition of the piperidine mude
in step b (5.56 gg 20 pl ) aftPEHBN (8.6 rrb 64 mol ). The m xture was

then al | owed to oomte 8 ey over ni ght. The
reacti on m xt d| utgdq ad . The | ayers
wer e separ at t"he aqueous | CH2{l 2. The

conmbi ned or ganiNc Ioéyers were dri centrated|under reduced
pressure. The residue was purified by flash ch to]g“licvé)tr(h}ﬁ Step

NT
N
0 Et3N, CH,Cl, H ©

stepc

15 [0116] a) To a mixture of N-(3-tert-butylphenyl)-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 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;S04). 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-
fluorophenyl)nicotinamide (691. 4 mg, 99%). MS: (ES) m/z 394.5 (M+H").

[0117] b) A mixture of N-(3-tert-butylphenyl)-2-(3-fluorophenyl)nicotinamide (501.2 mg,
25 1.4 mmol), platinum oxide (51.9 mg, 0.21 mmol), and concentrated HCI (400 uL, 5.2 mmol)

in 5 mL of ethanol was stirred vigorously under hydrogen balloon overnight. The mixture
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(S @2, 10-35% Et OAc/ hexanes) to give 7.47 g of the desired conpound 99%
yield). LGMS Rt (retention tine): 2.50 mn and 2.58 mn (tw rotaners),
MB: (ES) wD208/055WHH+) . [0109] d) Lithium al um num hyecirds2eoloetoitson (2.0
Min THF, 8 2 nm, 16.4 nmol) was added to a solution of the ester fromstep

c (2.98 ¢ ) nTHF 0 0C. heresu tion was
kept stwsrfilﬁae @Iq%[% Q)%W%Shﬁ &é?%%#m?éhapﬁle Fe@éal?sﬁ[t gf@m% eted. 15%
Aqueous;oNaEhl v&a@ %%e&hhdé’f@éd&@&' Ef%sﬁfr@ PTYRE c{iBuaWENEdIH h@ he8fidn@ehiol | owed
by H20 (625 nL). To the cloudy colloidal mxture was added additional water

(1.85 rslgyhurralmdatfohmtmmd lﬁ(bmm Ek@mc dihe ordangy lpar Washeprrated,. andldeicdiox¢rur e was

th filt d d th trate trated
e PROTEES i JePafBE of el B B0 Cril e sl R & e 59- 679%
Et OAc/ haxaReR! a@amt&r-ﬂ&yq)h@ﬁylsdﬂﬂd@i 8sd bl@dvnpgogduwmcﬁ Y3k bl direbtly M5 R

(retention tine): 1. mn and 2.09 mn (two rotaners), Ms: (ES) mz 328
(MrH+) the pext 36p- MS/(E%WR?rﬁN Of+tHne al cohol fromstep d (1.42 g, 4.33
mol ,) in acetic acid (65 nl) was added to a slurry of &3 (2.61 g, 26.1
mml) i[0118 0 §)16o Alspludibn bﬁQ%3t@1m&pl&hyl)§1peffdhﬁe-f5&$tﬂdxyh©acmi)(3-%!7”3 was kept
stirring at roomtenperature until the reaction was conpleted (90 mn). The

mi xt ur dudBhayDepided Piaprsdghove. AT i weol-o graely it henls of dcl?l&t)r@rrw&sane was

t Yool h
Cor oo B EEINIRE0 T YANERS, UPSRLE SingkHi) hIBRUL B2 Dihel b 86 PAREES" 20T
t hd Ode gemperapro dlict re§uGfg yoletieh) wad (GBMbstifRd atebie ndnn@mattirenmyil cdmﬁl@tlm of and
2.12 m t MS: (ES). mz 34 MHE) . 111] f.).
3 Tri £ 1 RaReRT G PR o (st Ryt wavinet drectly Lo A0 sailietedo a
sol ut | %hﬁlfm tah@ WaS ?Qnﬁé@pgﬁﬁd% M@d%t&wﬁ h&aﬁem%oe @R @linalrlsrs&nx bani ne

(6 eq) in 95.5 .15 mmol ) was then slowy added and
t he sol(ﬁtﬂu@mpbasylédlr(@vmthylbe@owk)p@ﬁrl moﬁrctaequefhawd@ftm-bmy@mnyl 3reide

L ot P RS AV M B b DR B bR Y sy
15  7.85(s, 0.4 H), 7.18-7.46 (m, 9 H), 7.11 (m, 1 H), 6.95 (m, 1 H), 6.67 (d, /= 1.2 Hz, 1 H),
3.36(d, J=1.6 Hz, 0.4 H), 326 (d,J= 1.6 Hz, 1 H), 3.05 (m, 1 H), 2.89 (t,J= 1.2 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 H), 1.32 (s, 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-tert-butylphenyl)amide
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separated, dried over anhydrous MySO4, and concentrated under reduced
pressure Purification by flash chromatography (Si O2, 5-40% Et OAc/ hexanes)
gave 35 myoOQ2#BRG7yisel d) of the product as a white solid. PCHUSRRIOEHP1 MHz,
CDA3) d 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__ LCGMs: R (retention tine) = 2.88 mn, M
(ES) mz 485 (MtH+) . Exanplfie 3 Synt hesi s
of 7V- (3-tert-butyl phenyl)-| chlor o- 3- et hyl pi col i noyl ) - 2- phenyl pi peri din
e- 3-carboxani def 0112] dJ2- Chl ofowi cot i noyl . chlexide (1.05 eq) dissol ved
in anhydroui\jghl or onet g (EqJ M was ad d H solution of 3- r
-butyl ani | ide( 10HQ) o ydrous;<
di chl or onetka (0.5 M at Q.0C over er| odHof 30 mn, and[the reaction
mxture was N | &hed to stir &t roomterrp@ratEinre for ap atg |tMgﬁhaI 1 5 h.
The layers were separated and the aqueous |ayer was ex T te&gj
di chl oronet hane. The conbi ned organic |ayer was washed w tth bri ne dried
(MgSO ), filtered and concentrated to give the desired amd

purification.

solid which was used as s ch he nex tep wthout
MS: (ES) mlz 289.1 ( !!é%—’%!l 3)4 added to a
sol ution of the prl(ﬁne am phe | bpr oRii ¢ aci 1.4 eq)
and 2 Mag K2C33 (2 4Naq9£{n t ol uene (0 fteM and the“ r@acti on m xture was

s a foany

heated at 100 OC|over "hi ~12 h). After cooling to pQomtenperature, the
reaction m xturne|vwas filtéred through celite and the celite plug was washed
with EtOAc. The filtrate was diluted with water and extracted with Et QAc,
dried (MgSO ) | t@ ed and concentrat eg oncentrat ed under reduced

N

pressure. The ) flash chr omat ography (Si O,
10%to 100% gr ad| ent DYAPEt OAc- hexa wang 'n vacuo to give the
2- phenyl - 3-car bo*%‘ﬂ%b‘%ﬁ? dine in 60 75% yi el d (ES) mz 331.2

step d >T
@)

[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-tert-

5  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

10 59% yield (950 mg). Rt: 2.44 min (20-100-5 method). MS: (ES) m/z 333, 335 (M+H").

[0120] 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-tert-
butylphenyl)nicotinamide (200 mg, 0.601 mmol) was added all at once as a solid. The

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 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
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(Mr H+) . [0114] c) PtO (10 nol %9 was added to a solution of the

2- phenyl pyridi ne derivative prepares above ( 1 eq) in EtOH and concentrated
HC (excewe,20th/525ati o) and the reaction m xture was hy@Cogsa@oe8Msi ng a
Parr shaker at 40-45 psi, for 1.5 h. It was filtered through celite, washed

with Et and the fiJtrate S ncent.r.at ed. h resi s diluted with
CH2a 2 SRR B EPRF A PIEsstTFy ﬁ@éau%dnﬂa%ovas il yina glich.gel ORaRD purified

by aut QRS ReokhuGfl PURLRAK 8PAUY, ( SoPortnUebircIRHegiradiorntid F-EHRA.2- MeOH)

and dried in vacuo to give the title conpound in - yield as a foany
sol i d. bvBlplidag))-2+ 2z 233memy(mﬂmcotlnpm1®3]l6&I)ng50@ﬂﬂ7 0rr001386%) higf 0SS! i ni ¢

d (3 d V-(3- - but yl ph l) -
g%he%f&ﬂﬁ%ﬁ ?thg']na@ng?cagggxam ((je ([30 n;,yoplg%? prepared in step ¢
above) were di ssolved in anhydrous DVF ( m.). V, V-Diisopropyl et hyI am ne
(0. §5 )2 Masc)alidédertButdphsnybrpéd. éztim@ﬂfyéprpwwucqswamimlé%mgqﬁ 18. 16
mol ) . nrgiltnro wa%t(fl%sg Vﬁ@ ngetnarfotl (()Sa\qlii‘?_ﬁﬁ atllhﬁllﬁpogcrc?et X t ué_% (%q lq’grgtbly'\x% aaﬁl at ed

the co 1 on r eac e reacti on e "\Was Et OAc

(50 m)foBslcdves berdcidtbd APrbEHlod 2&Lid1)50 15t Uhatredtiblahidu w30 i), and
brine (30 nL) and the resulting solution was concentrated under reduced
pr essurlydropgpate@ usigg e P@H@pp%fﬁmﬁ ifetdl - Hhows ey Bl @@am of {lrgecanmngniztirent

Of MeCN- r to afford
the tit 8W(%)¥rﬁﬁéu%cf Ve Sl0%6 %} t}ﬁg ?ﬁﬁegc%ﬁ?@ep en orﬁo{el%ir)rrgg —ﬂ)lﬁé@gn m nut es.
1U IBVR c(x‘ﬂd:wwMﬂlter@Hf aﬁd thd sleéﬂts(v(Zhre teniyved vAd - r8d11'dé&l ,pre%s&@ (Fbé cruﬂ;le H, 7.59

|(_|;j, ! ?gatélaa:l v&j_as meuga)lhzeql u@mgi(fﬁthraéed@pd(q%lcg@pgat@]solg]aon gnq_gxtragtegjzvqht qbylg 2’}[ S 3

of m s of

br cgjt)ate 2l"h% éé{l@%ﬁ%ﬁ:@ﬁ%ﬁ%&f l_ngéhe& éxg"}h(brﬁle%@id(dﬁe V&Dazngdté? ﬁltagge gﬁ;ﬁ M H)
Exar‘rp;lulefati& &entohebdfs%obffent under reduced pressure gave the crude 2,3-cis-2-(2,2-

ol 51~ IR o R (bl e SR RS SRS 635 Bl 8L ¢ (>

15  used 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-butylphenyl)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-cis-2-(2,2-dimethylpropyl)-1-(2-

25  methylbenzoyl)piperidine-3-carboxylic acid-(3-tert-butylphenyl)amide (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 mixtures of several conformers. 20-100-5 method.). 'H NMR (CDCls) § 9.68 (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, 1 H), 5.39 (dd, J =
4,10 Hz, 1 H), 5.33 (dd, /=6, 6 Hz, 1 H), 3.38 (ddd, /=4, 14, 14 Hz, 2 H), 3.25 (dd, /=13,

30 13 Hz, 2H), 2.66 (dd, /=4, 8.4 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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frt-butyl phenyl)am de [0116] a) To a m xture of -(3-fer

- but yl phenyl ) -2-chl oroni coti nam de (570.2 ng, 2 mmol ),

3-fl uor opwerzgiooszsni c acid (401.2 ng, 2.8 mol ), 3 nL ofPCcralSeeasessand 1nl
of 2 N potassium carbonate in water was added

tetraki s(triphenyl phosphi ne)pal | adi um(0) (234.5 ng, 0.2 mmol ). The m xture
was then heated at 90 OC for 3 hour under_nitrogen, before it was cool ed
down to roomtenperature. The react®3MPi§ Xture was then diluted with 30 ni
of water and 150 mL of Et OAc. The organic | ayer was separated, washed with
bri ne, Samdhais ddis-Nay Gapgntyl-H2 nuthydhenzoybpipentdine3-cadmxylid aciddd+teneduced
pr eSsurhaitgiptienyigamiglei due was purified by silica gel colum (40% EtQAc in
hexane) to give 7V-(3-t r t-butyl phenyl)-2-(3- fl uorophenyl ) ni coti nam de
(691. 4 ng, 99% . Ms: (Zﬁge mz 394.5 (M+H [0117] b) A mxture of L-(3-
r -butyl phenyl -2(3f [ i (j501. 2 ng, 1.4 mmol),

pl ati num oxi de}j(51. 9 0 21 ppol)), and,N at eg (4 5.2
nmol ) in BA ofd han was iy ePMs gorousl y lundg ydrN)g a1 oon
overni ght | Tje m xturewas |} and hed N mL of
met hanol eect i nes|, pd@srepnbi ned ut i oBulaSiFdr | e&‘ un reduced

pressure. To the re$jmueowas added nL of8 wat’dr at ed sjodi¥m bi car bonat e
and 150 nL of EtQAc. The organi c | ayer was separated, and dried over sodium
sul fate. Evaporation 6P 3ol vent gave the crit PtO,, Hp

2- (3-fl uorophenyl ) pi peri di ne-3- carboxylic acid (3-te/t|-ltetBPdhenyl )am de
as a brown solid, which was taken on directly to the nextssgpep. MS: (ES)
mz 355.7 (MrH+) . [0118] c) To a solution of 2-(3

-fl uor ophenyl ) pi peri di ne-3 - oxylic agidd3-tertbutyl pheny am de
(prepared above, 177. 3 , Dl ) in)2 of dichlo?one e, was added
Et N (100 nlL, excess 1 Yet hyben chPorid 2.3 TR mmol ) at
room t enper at ure. T@su“—tlng sal uti s then t|rredHat t hi
tenperature until go v of the weactt+or—(310 m N ; reaction
m xture was then (I)y aded onto &t IcHe@,gel M

step d

[0123] a) Cyclopentylzinc 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 (MgSO,), filtered and

15  concentrated under reduced. The residue was purified by flash chromatography (SiO2, 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").

[0124] 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 0
20  °C for 10 minutes. The reaction mixture was re-cooled to -78 °C and 2-cyclopentyl-nicotinic
acid methyl ester (400 mg, 1.94 mmol) dissolved in dry THF (2 mL) was added to it. The
reaction mixture was allowed to attain 0 °C over a period of 2 hours, quenched with saturated
aqueous NH4Cl, and extracted with ethyl acetate. The combined organic layers were dried

(MgSO0,), filtered and concentrated under reduced pressure. The residue was purified by
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colum, and was purified by using | SCO (30% Et QAc i n hexane) to give the
final product 2- (3-fluorophenyl)- 1-(2-nethyl benzoyl)pi peridine-3

- car boxylwo 2a00/0d5353- t er - but yl phenyl ) am de (151. 2ng, 64%Pyiraisa)os/odsd4NVR (400
WMHZ, CDC 3, mixture of rotoners): d 7.91 (s, 0.6 H, 7.85 (s, 0.4 H),

7.18-7. 46 9 , L. 6. .95 1 ., 6.67 (d, J =12 Hz, 1
H, 3. 3ksp gﬁgom@?ﬁ@m%}&%.(@ @%%ﬁ%/gﬁsa@)@ . thepurg Cé—ﬂ’l?o@.ddg 39(1% 1H),
2. 89 (tyjeld (572Lmg). Hze-MIS ) (reéndioh fie): 2 dDmin? MR 1BSAR)/-(388 (1t . 1. 70-1.84 (m
3 H, I.44-1.64(s, 1 H, 1.32 (s, 6 H, 1.25 i(s, 1 H. M 2ES) mz 473.2
M+H+ le 4 t hesj . .
Cort) BRI Bt sSSP Slssrepsbuiyioprsyycar Beritdriseinemuide 8 PEe aci o
(3-trt-but mneinekDaasl dePd)l@intading omcehitrhted et1$Ohitl)ivan adficdplbfi@mni coti nic
acid (I.dg mol ) di ssol ved i n anhydrous di chl oronet hane (8 rnL) were
addéd Epaic (9 naz Ogl7 mmehwny thawelgioneyasthydyaganated neng @ Pry shakes apdfbps felt r oom
: ; ‘ . . . ‘ vt
Pl R R S T A L i o
bi car basiainel. aniek fadkerwavahcentfaeddamhihe aidichadselrlcd yadenidgh thduasch fov 2r
anhydrous magnesium sul fate, filtered and concentrated under reduced

pr essur@urstRECt g iEvVaxiel ek the dedredpinaridir 8 pridrarlgl&php Rdreptianng

2- br o b5 . Yo nam de in 59%yield (950 ny). Ri: 2.44
min (200100, 7 ity PP SRR P55 %358 (v L (01201 By 2.

2- D met ro magnesi um.chl or i de 1 di et hyl et her, 4.8 . 4.8 1)
e dn a4 8 ChRLRE B IR Abpsrbagb st s Sasosy g oass PRV | 6
m) at : ialh ki t: ar,

D br o R R 8 g, O IO B M B BN dded
al | at (d4ZpLak.02nswdl) das Tddedremcthybenmyk thioadeves mgg.ddddminyonvardtbe t o room
tenperature and the reaction was a Igg%d tq, stir .over.ni%;ht. at Hratgd
amoni JHXERF 87 aféﬂgdo%tdt)?laﬁerawaaf@f%{vr BESatTEC erstiqy gU Ty thrp dilute

with ethyl acetate (20 mL), washed with 1 N aqueous HCI, water, and brine. The organic

15 layer was dried (MgSQy), filtered and concentrated under reduced pressure. The residue was
purified by reverse phase preparative HPLC (20-95% gradient of CH3;CN-H,0) and dried
(Lyophilizer) to give the title compound in 65% yield (109 mg). 'H NMR (400 MHz,
CDCls): 6 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
Zorbax SB-C18, 2.1x 50 mm, 5u, 35 °C, 1 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 / 5% watet/ 94.9 acetonitrile.

25
Example 6

Synthesis of (2R,38)-2-(4-Cyclopentylaminophenyl)-1-(2-methylbenzoyl)piperidine-3-
carboxylic acid(3-chloro-4-methylphenyl)amide

48



reaction m xture was filtered through celite and rinsed with ethyl acetate.
The | ayers were separated and the product was extracted once nore with

et hyl acewveat2e10/07has7conbi ned organi ¢ | ayers were washed wCThiskeoonesdand dri ed
over anhydrous sodium sul fate. After renoving thesol vent under reduced
pressure, the crude material was purified using silica gel colum

chromat ography using a gradient of 20% - 50% ethyl acetate in hexanes to
yield N-(3-tertbuf§ylp 1)- 2-(2, 2-dinmethyl propyl)nicotinanide (168 ny,
0.517 mmol , 86% . Rf="CZARdtol uege: ethyl acetate = 231) [0121] c¢)
-(3-tert- Buty phenyl )Pd@Pf(s)Z 2- di mit hyl pr op@)Hai cot jira (168 ng, 0.517
mol ) wasFal soEt\/edKQCﬁs@th@go/ J_g}ﬁ%o id g'%l 6 ng, 0.05 11
nol ) wassgadgd fol | owggl, by ¢ t ed heedb ochl orNe d (250 nL). The
reacti on m xture was hydrogenat ed % Parr ap:prausat Meod. 5 hours at
45 psi. Analysis of the reaction m xt 0F & showed i nconpl ete conversion, and
the sequence was repeated one nore tine. PlatinggseRi éd'wg%’t' T;ngg“e?ﬁ'éd of f
and the solvents were renoved under reduced presglre. 6 mat eri al
was neutralized using saturated sodi um bi cagbonate °so matmnedamdaHe&;ract ed
wi th ethyl ace ate. The organic,layer wag then washed woth brine and dried

over anhyd gnesi yen sul at| Renmovgl ~f ol ventfisj:(ye(gareduced pressure
ﬁL ] iLdi

gave the c 3-gf¥ams. ﬁ*et hyl pe6pyl ) pi per e- 3- carboxylic
aci d- ( 3-tle/ -b phétﬁlgﬁ) rrg) whi ch was usey |®\g§ﬂnext step
wi t hout NH;I catio [ L d% TRe@ sol R ¥h of oc
-2-(2,2 thylpropyl)p 3ri &i ne- 3M&R boxylic aC|d§3-
ter - butyl phenyl\)amde mg, 0.257 mol) in pyridffe®£t5 n, 5.13 mol)
at room t esye @?e was added 2- met hyl benzoyl chloride (81.6 ng, 0.528

mmol) in chlo fh (415 nl). A catalytic anount (not wei ghed) of
di met hyl am nopyri di ne was added to enhance the reaction and the m xture was

stirred for three days. Ethyl ate and vvat@r hen added to the
reaction m s o@nd the prq\l was extra eld ethyl acetate three
tinmes. The é N cl

“, H
COLD e YOO
° ” step g @/Ko N

R, 3S)

[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 ml). 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).

[0129] 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 filtered to obtain 20.5 g (enrichment 64:1) of the salt.
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conbi ned organic |layers were dried over anhydrous magnesi um sul fate.
renoval of the solvent under reduced pressure the crude material was
purified woaosvd7szsa gel chromat ography using 10% - 20% eChguS2@ontste
hexanes to give 2,3-c -2-(2,2-dinethyl propyl)-I-(2-

met hyl benzoyl ) pi peri di ne-3-carboxylic acid-(3-te/t- butylphenyl)anide (47.0
0.

m n.

105 mmol , 41% . Rf= 0.6 (hexanes: ethyl acetate = 2:1). 3.
40P ¢i2) Te s Rpbupdrrekiuspensips ofithe wtéi6 B1e) selEeGl (l:%hmbb ﬁ@ﬁ gdded

After

in

16

20 100 8&1%”[3[%5' Q&iuf%% I}IFHEMQ.?S]%%%OO m@) ?_168(1 tilé r%gtlé‘%mlxgﬁre%e{s a%loggdH% d%tlr a 3 ( S

10 HZ : rJt dv|):r, a Perivdl dfd, rmilu‘e‘es 6Theaaj7ﬂs Wkrd'i)eparStea&n(i ‘tldacb.quéous léyerlfv‘hs 14 Hz,

H),

(dd, J = 13 J =4, 8.4 ,263(ddd
J _52 g:xtrgctg& wgth@izqz ﬁp rnb) g"(l}e egmb@eﬁprgaglcdqurgvasqusﬁled ‘gltlz §at(11§1ted9 H ,

(S 9 ?@Ue(‘drllis 1?3(99@@)0%':9 81‘1%6 gé%g@gg?tﬁgﬂeg%q_@ '(éRi?)Eé%t L 491 ( (Is/lz

Exanplfmt&(ﬁy{ﬂioh l%hﬁnd}ihenyl)pl}l)erldme -3-carboxylic acid ethyl ester in 90% yield and ~ in

cls-2- %%plopenty | - (2- met hy
(3-tert

benzoyl ) pi peri di ne- 3-carboxylic acid

3.26 mol ) was added to a roomtenperature stirred solution of the

2- chl orfordgot dyica acCdohrivh y&ftl&S(BEBS§-4Q@-t@@-,Bu?0x&3a1ﬂﬁﬁ)§l)mlrﬁphetﬁll)9 ny,
nnnl) and Pd(dpp 2%01 2 (42 i n_anhydrous di net hyl acet am de (
icg

1. A0nL)pipgighasne-

8% aqth@thyleﬁ‘étﬁr iPEﬁPalfﬁd avee(ﬁ%énga dat2eamped indripcHpeh

o BB TN BT S S R P,

was rlns

dried (hE$Sd2)mmbli) |ah@ fiRtnxnde 6O @m&d @ttrﬁ&nlﬂétﬁ@éraﬂh%ifdy@ gtkr nffie. TieSicdttd>nnas

purified by flash chromatog

deS| r edNEEHP BEH @mrdll@@%wle&%p& WM ‘washedmitR | N pgueons HSH, waigpypnd 1.
a d de d Nt%érl (eE?n% E%%ar fcqgﬁe{rwf' ed IQM%%%)A% fi lﬂ)ere'aﬁﬁg gbnc(engratéa ulller B fiBd ol )
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20

25

30

pressure to give (2R,35)- 2 (4-tert Butoxycarbonylarnmophenyl) 1-(2-
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester in quantitavie yield 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,3S)-2-(4-tert-Butoxycarbonylaminophenyl)-1-(2-
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester (840 mg, 1.72 mmol) in dry CH,Cl,
(4 mL). After the addition of the HCI, the reaction mixture was allowed to attain r.t and
stirred for 1 h. It was diluted with CH,Cl, (30 mL), cooled to 0 °C and neutralized with
saturated aqueous NaHCOs to get the (2R,35)-2-(4-aminophenyl)-1-(2-
methylbenzoyl)piperidine-3-carboxylic acid ethyl ester (612 mg) in 97% yield over two steps.

[0133] f) Na(OAC)3;BH (495 mg, 2.33 mmol) was added to a solution of the (2R,3.5)-2-(4-
aminophenyl)-1-(2-methylbenzoyl)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
dichloroethane 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
NaHCOj; 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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2.13

(s,
Ht)

0.1

3.5
ake
i ne,

10- 100% Et OAc/ hexanes) to get t he

87
was

9

u@?¢phenyl) am de [0123] a) Cycl opentylzinc bromde (0.5 M 6.5 ni,



mmol) at -78 0Cin dry THF (2 nL) under nitrogen and the solution was
allowed to stir at 0 OC for 10 mnutes. The reaction m xture was re-cool ed
to -78 OGvend10d783s¢! opentyl -nicotinic acid nethyl ester PCHOG2009/0680404 ol )
dissolved in dry THF (2 nL) was added to it. The reaction m xture was

al lowed fo0,3ttaj C over a period. o hours, quenche Lt h saturated
aqueouéfhtﬂ éf%,,?@%?%gwlamwawwhéﬁwﬁ-é-@éeﬁ%}tl@@nwﬁiplem@v%-&a&O@m c
layers JoRf Shdlrds@dl (st . filtered and concentrated under reduced
pressure. The residue was purified byflash chromatography (Si O2, 10-100%

(r ot ent Dol Sy o o ShisidicBl i ua Senaddef € apaiBa Bhiners oo -
sol ut i qiygfo-4- AR thyifRny iU AR hid1)GX AP ALY ALY | RAYEENEEA0 MU,
) d HEJ (1 i)

1.77 mmol ) in ethanol” (10 cont ai ni ng concentrate was added
pl ati nusmpsiatiee. Sidredyor 29, mihutaspthpn 735K (46l dbparywesndphdndpérat ed using a
Parr shaker. at 4 si. for, 1.5 hour.. The,reactjon m.xture s filtered

thr ougHieay PRtzoy Bt Rurae peid Sl GTEH bF e brestirill FRsavyed i s
concentdiafi§deth@Rd( 1t AE) (VaShalea WRSTEY fcaeidMHRIurB AR AU §ORS 2CN@HES t O
get quantitative yield of the desired piperidine as a HJ salt. LCM5 Rt

(r et enth, opoled trent, diduted wathrGHE: (20E6).), Wash@20itlf Mettaled.aqh@rB e al)OiTo a

| ut i f ot - 2-cycl t vl pi peti dines 3- | j id (3-r.
“butyl prhon T uasiugasls el Fib THET GOBERRGS stibibed Sigebie ( 1 m)
conpai Nhyg vk dNed gxh%smr) and-dAcdimtict. YRSrcaidde dag philtikybyPRRERY bhaxb! ori de (53

ng, 0.34 mmol) and the m xture was stirred at roomtenperature for 2 hours.

The r eduenasivieiBRLE €0:8% otgesherdiof GHeENa (G vathy | Yodldet at addit?@).thy prodagthed
With INCAANEON S s WL Bl ARICRE] N col06 Q1 HaTh o BNE L AR, diLAR (MISO ),

filtered an oncen uhder reduced pressure. € residue was purified
by revargap(Basalpvepkddk/itl eatiidtdd dqdfou3 3T @dictitionOTEEHBENCH245)er aad dri ed

(Lyophilizer) to give the title conmpound in 65%yield (109 ng). 1H NWR (400
Mz,  crxied)(MgS@a) antbeoncorgraged to get thy pune GE.35)- 8¢ 4(Gyclepepgylamingphiepybel-(2m 4

H) 152 ]Igétﬁyl%g’nz%m)pﬂ)e%ineﬁ-carboxylic acid (3-chloro-4-methylphenyl)amide in 50 % yield.

[0135] 'HNMR (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, 8H),
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-Cyclopentylaminophenyl)-1-(2-fluoro-6-methylbenzoyl)piperidine-3-
carboxylic acid (4-methyl-3-trifluoromethylphenyl)amide
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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, 3.25-3.39 (m 1 H, 511 (bs, 1 H, 7.05-7.30 (m 6
H) 7 47-w0o3B10(arp252 H), 8.32 (bs, 1 H). LCGM5 R, (retenPChskénmmyso4B. 16
mn; Ms: (ES) mlz 447 (MtH)+. LC- M5 net hod: Agilent Zorbax SB-C18, 2.1x 50
mm 5m 35 0C, 1 niL/mn flom1rate 2.5 mn gradient of 20%to 100% B
wth a 1.0 mn wash at 100% B oformc acid/ 5% acetonitrile / 94.9
water, B = 0.1%form c aci ﬁ 4.9 acetonitrile. Exanple 6

Synthesi's of (2/f,3S)-2-(4-0y] cI pent yl Skt nophenyl ) -

| - (2- met hyl benzoyl ) pi perj diRe- ar boxylic

aci d( 3- chl or o- 4- net hyl phenyl ai d [0127] b) c

-2-(4-tert-Butoxycarbo i MophenyINhbi peri di ne- 3-carboxylic acid et hyl

ester was synthesi zed Erly as JANlustrated in exanple 1. [0128] c: 1)

C -2-(4-tert-Butoxycarbonyl am noph ) pi peri di ne-3-carboxylic acid ethyl

ester (61 g, 174.8 mmml) and di-p-tofuoyl-L-tartaric acid (62 g, 174.8
mol ) was d| ssolved in EtOH ear solution was concentrated

e ) BT, SN e Mbar ke S (i S 625 § RO b ol B8 o de50. o
O o YEERER Iy A L5 7 GLORE, PROM AR 001, LS GO UTIRR IS FERAd SOD

days. Aim,t1hi)s3.83-6R5am, dH),0f 44MD 20 €me THS 12204 1 9 (@, #HY, Te’D-. 16D éw, Wy e t hen
filtered and washed with 100 ml of TBME to obtain a white solid (60 g).
[0129] The above salt was re-dissolved in ethanol, concentrated and punped

to dry qb B35y HF by
s CRDALER g o SR AR e
undi st 'ﬁé? y 85¥/ e obtained white crystals were filtered
:8btal n 20.5 g (enrlchrrent 64:1) of the salt.[0130] c:2) To a 0 OC
stl red suspension of the salt (16.7 in CH2A 2 (150 nilL) was added
sat urat ed agueous NaHCO sol uti on %10 ) and the reaction m xture was

allowed to stir at O
Sqe
@Ao NH

[0138] 'H NMR (400 MHz, CDCl3) § 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, 5H), 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-methylbenzoyl)piperidine-3-
carboxylic acid (3-chloro-4-methylphenyl)amide
20



r.t over a period of 30 mnutes. The |l ayers were separated and the aqueous
| ayer was extracted wwth CH2A 2 (50 nL). The conbi ned organic | ayer was
washed wiwb 28800Ismved aqueous NaHCO 3 (2 xI OO nl), dri e@Carus2@oi6satrt at ed
to give (2R 3S)-2-(4-tevt-

But oxycar bony] am nophenyl ) pi peri di ne-3-carboxylic acid ethyl ester in 90%
yield ARt 1 il 5B BaMYQE0r 1052 trol )-8 Gddol Tiliiohlmof— 1 ha Hz, 1), 7.04-

2i ?,3 t . . o ) g -
eyl LS TSR OSSR BO STRORIEAS (o PRE A IB s PP © =
cont ai ri. Wy(rEt3Y, 298 96 (m, A H42 AREL M) @ SHRIHOT 233)nes, B pledrzdPD (ahll Di) de ( 266

ng,| .72 nmml) and the m xture was stirred at roomtenperature for over

night. The reaction m xture was then diluted with CH2C 2 (20 nL), washed

W!t@ 1 ﬁ, Ol 4-6@10roﬂ@ﬁ 1)-2M4C Ef Ent igi'ﬁ"ing ? .l i &%ﬂfw-@%rﬂ&i (MgSO ),

fil tergai(g d %ﬁnq_%g%{lﬁ}o«;zgﬁgﬂﬁbé]h “&g.gﬁ‘? pr esélﬁ'&} jtboé’ give ﬁﬂ

(2i ?,3%- -(T— ert- Bu oxycar y nop%enyl)- 1-(2-

met hyl benzoyl ) pi peri di ne-3-carboxylic acid ethyl ester in quantitavie yield

and the crude product was used as %cﬂ@ﬁe next step. [0132] e) 4N HC

in 1, 4-dioxane ( 5 n, 20 mmol S ded to a 0 OC solution of the

above crude product (2i7?,3S)- -t elt - But oxycar bonyl am nophenyl ) -1-(2-

met hyl benzoyl ) pi peri di ne- 3-car lracid ethyl ester (840 ng, 1.72 mol)

indry CH2C 2 (4 nL). After _the adn of the HO, the reaction m xture

was allowed to attain r.t stiOred f 1 h It was diluted with CH2O 2

(30 n.), cooled to 0 OC utralized i th saturated aqueous NaHCO 3 to

get the (2i7?,35)-2-(4- afl nophenyl ) -1 -(

met hyl benzoyl ) pi peri di ne-3-carboxylic acid ethyl ester (612 ng) in 97%

yiel d over two steps. [0133 ng) Na( QAC) 3BH_(495 , 2,33 mmol ) was_added

t 018 sdPid0lon H)NMIE@QOZM,P@S;? _1;()43_8.79 (bs, 1H), 7.62 (s, lnI%, 7.52-7.48 (m, I'H), 7.37-

a0 SOPNERY oI 21878 UL RAREO ). RLREE SH s, SHLRNY Lh 1 Bhagbihn st er
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-fluoro-6-methylbenzoyl)piperidine-3-
carboxylic acid (3-"butylphenyl)amide

F Q/EH)\
o x

[0141] 'HNMR (400 MHz, CDCL3): & 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)

20

(2R,35)-2-(4-Cyclopentylaminophenyl)-1-(2-fluoro-6-methylbenzoyl)piperidine-3-
25  carboxylic acid (4-methyl-3-pyrrolidin-1-yl-phenyl)amide
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mol ), cycl opentanone (140 ng, 1.67 mml) and acetic acid (100 ng, 1.67
nmml ) in dry dichloroethane at r.t and the reaction m xture was heated to
50 OC forwe 2njo/oeasred to r.t and stirred for 48 h. It waeTiuseewodsdout ed with
CH2d 2 (30 nmL), washed with saturated agueous NaHCO 3 sol ution, dried and
concentrated in vacuo. The residue was purified by |ISCO flash col um usi ng
et hyl acete and hexanes as nobil e mg col umm, 0-40% gr adi ent)

toafford (2i?,35)-2-(4-Cyclop

1- (2- net hyl benzoyl ) pi peri di neﬁ%arb xylic ci ethyl ester (450 np).

[0134] g) Me3Al (290 ni, O.%7 in todene) was added to a sol ution
of the 3- Chl oro-4-nethyl phdnyl @ 5ng, 0.46 mmol) in dry

di chl oroethane ( 1 nlL) at 'enOte pedit ure. Stirred for 20 m nutes, then
ﬁngzlt Eylg)g)engoilldf) g;la?:oglntngl g-car bgigﬂ z:-l - ethyl ester (100 ng, 0.23mmmol)

di ssolved in dry dichloroethane ( 1 nlL) s added to it. The reaction

(20 m 01 i haG M GaMEvat BE o 8 4maRES: ‘gbl7u]t8|(§h3ﬁﬂhgll£&gélg&ém ayer
(vpson R 5 8% e I SHE o REladla oG HNRES A RLVE MDY Frgl & o

pr epar gii, &) HPRE1 2DQAmO 98h) gr adi ent OF CH3CN- H20 with 0 1% TFA as additive),
t he product containing fractions were pool ed together and concentrated. The
resi due was dil uted vvith CH2C 2 (30 m_) washed with saturated agueous

{\lﬁgcr?jr ﬁh)c& ﬁ%' %‘S’g' ~(2-f1 @Fgﬁﬁ&%\[ﬂ}ﬁ@ ézo%l)%lﬁe%lﬁﬁ@%rat ed to get

met hyl B d (3-chl oro-4-net hyl phenyl ) am de

in 50 %yield. [0135] 1H NIVR(400M—|z CDCIS) 8.4(bs, IH), 7.55 (s, IH,

7.37-7.05 (m 9H), 6.55- 6.52 (m 2H)O .70(m IH), 3.30-3.16 (m IH),
3.04-2.91 (m 2H), 243194(m[8k5“4 .gl(m HH). Example 7

Ll
sabhe
O
[0143] '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-methylbenzoyl)piperidine-3-
carboxylic acid (4-chloro-3-methylphenyl)amide

20
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[0136] The followi ng are representative conpounds prepared and eval uat ed
using nmethods simlar to the exanples herein. Characterization data is
provi ded woretdgszsonpounds bel ow. Bi ol ogi cal eval uat i onPCS/tsh@ao689a1 Fi gur e
1 for these conpounds and others prepared as described herein. (2

, 3S) - 2- (4- Cyc] opent yl am nophenyl )-1-(2-fl uoro-6-met hyl benzoyl ) pi peri di ne- 3-
car boxy I HTACHINGA BB pa s b ReRy 0y i o 073720 TR AR ( 400

MHz, T . = 8. , a7 d; = 3 :
7 5. 6, 85t (G pib o sp i Suisyse st g i a9 stk 4 oo 5 4
(m 1 H)(s, 31)43:43-2430 (nmy 1H)H?.30 8s,3BD,2.2% (s, 2H),12D0 (s22B1 22192217 (m, HH), 2.08- 04- 1. 92
m 4H), 82-.1
,(38) - rbk#@%ﬁéi)oggﬂggﬁ %‘-‘I_’Df-%)lztl-'ﬁ/@?’c%@nt yl am nophenyl ) pi peri di ne- 3- car boxyl i
c acid (4-nethyl-3-trifluoronethyl phenyl)am de [0138] 1H NVR (400 MHz,
CDCB3) d 9.41 (bs, 0.5H), 9.03 (bs, 0.5H), 7.55 (s, IH), 7.49- 7.39 (m
3H), 7.(3R;35)244c@yclabltylamih8pHer34)-[4(2-fliblo-6Gn&Byherdoy)pip&idine-33. 76- 3. 64
(m | HcarBoxd%ic 2cR0(3¢utdpheny)ad®ides, 3H), 2.32-2.20 (m |H), 2.16-2.04 (m
IH, 2.0-1.86 (m 2H) 1.80- 1.72 (m 3H), 1.56 (bs, 5H). (2
, 3S) - 2- (4- Cycl opent yl am nophenyl ) - b (2 or o- 6- net hyl benzoyl ) pi peri di ne- 3-
carboxylic acid (3-chloro-4-nethyl H]Den 1de[0139] 1 NWR (DMSO-J 6) d
10.22 (s, IH, 7.67 (dd, J = ¥ 8\MzN Hz, IH), 7.04- 7.33 (m 9H),
6.30 (dd, J = 5.8 Hz, J = 9.4 HzJ IH, 5 52((br, IH, 3.56-3.64 (m IH,
3.00- 3.17 (m 2H), 2.90-2.9 T 2.23(2.24) (s, 3H), 1.97(2.33) (s,

3H), 1.32-2.22 (m 12H) (2R~
per9 yl am;%bhenyl ) pi peri di ne-3-carboxylic

| - (4- Chl or obenzoyl ) - 2- (4-
acid (4-nmethyl-3-trifluoronmefhwW phenyl )anj de [ 0140] 1H NVR (400 MHz, CDC 3)
d 8.79 (bs, IH, 7.62 (s, IH), 7.52-7.48/(m IH), 7.37- 7.30 (m 5H), 7.13
(d,10J = 8.4Hz, IH), 6.52-6.50 (m 3H), 3.75-3.69 (m IH, 3.44 (bs, IH,

g- gg- i [ggag]m 1}%1:1{)2\41{ 2MEE, CBIdL;) %20 (20 3Q1) B1391(D0.4 By, 134426 88 (a0 HYD
' 6.25 (drc?, 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,35)-1-(2-fluoro-6-methylbenzoyl)- 2-[4-(tetrahydropyran-4-ylamino)phenyl
|piperidine-3-carboxylic acid (3-morpholin-4-yl-phenyl)amide

20 [0146] 'HNMR (400 MHz, CDCls) § 7.61 (s, 1 H), 7.34-6.92 (m, 10 H), 6.78-6.65 (m, 1
H), 6.62-6.53 (m, 1H), 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, 8H), 1.81-1.45 (m, 7H)

(2R,35)- 1-(2-fluoro-6-methylbenzoyl)-2-[4-((R)-2-trifluoromethylpyrrolidin-1-
25  ylmethyl)pheny|piperidine-3-carboxylic acid (3-"butylphenyl)amide
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1.80-1.59 (m 7H), 1.48-1.42 (m 2H)

(2/f,3S)-2-(4-Cycl ohexyl am nophenyl ) -1 -(2-fl uoro-6-nethyl benzoyl ) pi peri di ne
-3- carbowgl2ow/asisd (3-' butyl phenyl)am de [0141] 1H NVRCTAGRo0MoE§94CDCl 3)
d 824 (m IH, 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), 1.80-1.5Q (m 5H), 1.40-1.00 (m 13H (2

, 3S) - 2- (4- Cycl opent yl am nophenyl ) -1-92- 0- 6- net hyl benzoyl ) pi peri di ne- 3-
carboxylic acid (4-nethyl-3-pyrrek® “pbenyl ) am de[ 0142] 1HNWVR (400
MHz, CDCI3) : d 7.98 (m IH), 7@ 7H8 (m [BH), 7.10- 6.80 (m 4H), 6.64-
6.40 (m 3H), 3.80-3.50 (m 2H),

2290 (m 6H), 2.50-2.10 (m 7H),
2.10-1.80 (m 8H), 1.80-1.20 (m 9H
, 3S)-2-[4-(Cycl opentyl oxy)p W -0- (2511 oro 6- met hyl benzoyl ) pi peri di ne- 3-
car boxylic acid (3-chloro-4-4ekk Iphenyl de [0143] 1H NMR (400 MHz,
ChCl 3) d 8.68 (bs, 0.6H), 8.58 (bs, . 59-7.40 (m 3H), 729690(m
4H), 6.80 (m 2H), 665(m||—|) 472( ,330292(m3|—|) 2.44 (s,

o ﬁolﬁf‘éﬂom@@i@o Mﬁ)z 2o o bbitand 517%7’9162@% QB R ooty % 12

, 3S) - 2- l-.op e yil<) i di ne- 3-
car boxy#?%%gl(% ?‘:‘115 B mki)rdlhéeéoléﬂém ggﬁggﬁﬁ?%ﬁ%%l 4482)19%,
CDCI53) 1dH)3338- 3(fbftscm(1H©l-{) 308 206(ng,1281), D1B)R0 (, 285).72.280-2(IM(nb HH,), Z0®6:98. 84 (m
2 6. 59- 6. 50 m 3.66 (bs, IH, 3.26-2.92 (m 3H),
2H313 (<m. 2Fy, 1 %éAéoiﬂeﬁHgn%“lfh)%(@H%H) |( 2.;29 (s, 2H), 2.(20 (s,H)zH),
2.19-2.12 (m IH), 2.08- 1.92 (m 2H), 180 58(m 7H 1.45 (m 2H). (2
, 3S) - 2- (4- Cycl obut yl am nophenyl )-1-(2-fl uoro- 6- met hyl benzoyl ) pi peri di ne- 3-
carboxylic acid (3-'~butyl phenyl)am de [0145] 1U NWR (400 WVHz, CDC 3) d
8.20 (s, 0.6 H), 8.39 (s, 0.4 H, Exdfph$8 (m 10 H),

MATERIALS AND METHODS
10 A. Cells
1. C5a receptor expressing cells

a) U937 Cells

[0148] U937 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, 1 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° cells/mL. Prior to assay, cells
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. Briefly, whole blood is incubated with equal parts 3% dextran and allowed to

25  separate for 45 minutes. After separation, the top layer is layered on top of 15 mls of Ficoll
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6.25 (dd, J =12 Hz, J =6 Hz, 1 H), 6.45 (t, J =8.4 Hz, IH), 3.87 (m I|H),
3.26-2.95 (m 3H), 2.46-2.05 (m 8H), 1.86-1.61 (m 5H), 1.34-1.1 1 (m 9H)
(2 ,3S)-Iwp2efdars250- 6- met hyl benzoyl ) - PCT/US2009/068941
2-[4-(tetrahydr opyr an- 4-yl am no) phenyl ] pi peri di ne-3-carboxylic acid

3- hol h 46] 1U NMR (400 d 7.6 1
( 7 43 Blio9l [ lilﬁ?ﬂ ?%een@ow Bbos ng@d(%pefsw ony Gpirtgy fe% utesat 0555
( m 4H)x g 311@%0%&1& (The ﬂel’[&t’ at %ﬂé&'ﬁ%m’g@f t(l@’tubgl'g ther 1s%?a'tgd % r@MspéH'cDed m?to42 1.92
(m 8H), 5 (m (2 -(2-fluoro-6-nethyl benzoyl)-2-[4-((

-tr |HhacmmeéiB|§tlLW|srBﬂffed(BlDlE§wmnhys )Salpﬂu@nyqiﬁb pien whinke th@-semplsaxyl i ¢ acid

3 but 0147 0.5H), 7.96
bs, agﬁbn cel}'{1 é%%e%r?g émlmg%_% a:ltlibWR (é‘?ggé% T ern%mi}g 091? e?llﬁ
03%- 6.:8Qisp&ndell B apRoBat® afficdnfists! dllisoldted Reudro hﬁs (m IH, 3.58- 3 54 (m
H, 3.30-3.20 (m 2H), 3.17-2.80 (m 2H), 2.45-2.17 (m 4H), 2.00-1.94 (m
H, 1.86-1.,60 (%ss%—%, 1.31-1.26 (m 7H) Exanple 8 MATERI ALS AND METHODS
A Cells 1. a receptor expressing cells a) W37 Cells [0148] W937 cells
are a nonocytic cell |line which express CoaR, and are avail able from ATCC
(VA). These cells were cultured as a suspension in RPM- 1640 nedi um

suppl enent ed wit hl.2 nihhibglontcfii5aB lighnd bgWdingsodi um bi carbonate, 4.5 g/ L

gl ucose, 10 nM HEPES, 1nM sodi um pyruvate, and 10% FBS. Cells were grown

d 0 |/ 95% h dity. at C t dt kl t
et caM e AV ta o T il ¢ S B Rl S BB e 2, o1
and hargstiegeat20lm» HEPESYHH #4140 BM RACE, 9 ASSE@IG1,, BV MgCl,, and with

10 0.1% bovine serum albumin) to a concentration of 3 x 10° cells/mL. Binding assays were set

)
(
(bs
7.
|
2

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 screening (or part of
a dose response for compound ICsq determinations). Then 0.1 mL of '*1 labeled C5a
(obtained from Perkin Elmer Life Sciences, Boston, MA) diluted in assay buffer to a final

15  concentration of ~50 pM, yielding ~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 pl; 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 only (for total counts) or excess C5a (1 pg/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 ICsy values. 1Csy 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, et 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., cCAMP
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are treated overnight with 0.5 mM of cyclic AMP (Sigma, OH) and washed once
prior to use. cAWP treated W37 cells can be used in C5aR |igand binding
and functwornalo/gssays. b) |sol ated human neutrophil s [ 0P¢IjUSORIocsYal | v,
human or nurine neutrophils can be used to assay for corrpound activity.

Neut r ophi | i solated fromfresh b usi ity separation
and centifl at%@?@ﬁor @Mtreph@@ %@P@amdo%@h 5?34 ﬁ{%ﬁﬁgP d[YH (&fﬂ%&aﬁar ts 3%
dext rarPréBléi Ehéé?ﬂé’e@R{) th @e@l%&ﬁ& ?orf@rmi‘hﬁte@‘aﬂ%ﬁlsten@%%aﬁlre %ﬁdp%raﬁ{e'd%th the top
| ayer is [ayered on ms of Ficoll (15 m's of Ficoll for every 30

m s of nhloslﬂmtesbmcfmﬂtsabn? (%Br%l) delitar IND@yé 4 M toadB@, tic woll e a@suslmd&dgl with no

br ak t .at, the hot of i.sol at e .ad .
Feauspeltiurimnsp el ST & AR 10 BEPaf cstRBERE &l inisse, oy
af t gr wWhédtiretl RiSing aNNoBoN BechB@bBy ﬁﬁ&hﬁﬁcﬁﬂéﬂ%&cfr@ﬁh&&né&f%@@n@ecﬂ&q dg<y g with
brake. The remaining cell pellet is resuspended as appropriate and consists

of i sollatcaentianalt Nephicrssy) \stth pxataiien at 3507 bid duh sistul@seqs|rpepadia g l@f nd| ng

0150 7, r

FesuspdithaerELBGoR Aol R S HR LR BB SR R I o 2, s
MV My Cl exBres@gdchs whd M(nlm%b@m digissiel wﬁ0a|H3(q@6hm)3nﬁs@r@diﬁ)lﬂ1¢1€dilhﬂ’ﬂ°C0mﬂDf 3 X
106 cells/m.. Binding assays were set up as follows. 0.1 nL of cells was

added tGONPIAR MAIKERIN GRS eéﬁh%%ﬁ%mﬁg 1@ ‘?ﬁ_lsé‘f 2 Heoliwpbift, Toe ¢hergoking i nal
conge ntﬂg@b&isoﬁa?%e B%erc]%)QflepC%%a%%Q oGP RP Mt NIO rTh§%ﬁ&% i %rpl% od%? cdose

respons or co et erm nat 1 ons) hen InL of ed Coa
(obt ai negidatly mPemklites) ECemdidte ﬂlgarﬁtbleckmg coBpaitndr (up\ﬂé) 1 OcuM)J ar(edtddefd asls)ay

vas aodseerieelnad BE SRR an a0 ettt fu CFo: REBb RO ORRoHb S s
on a Sha%anﬂPél%E&BEne?g Célb]@ri%c W@ZI?S?%E §%ﬁﬂe%ﬁ1@ l@gﬁt BRsRofdd ters

pr e- soake 3% pol yethyl enef m ne sol ut'i on a vacuum

3. Chemotaxis assays

15 [0152] Optionally, compounds may be further assayed for their ability to inhibit
chemotaxis in cells. Chemotaxis assays are performed using 5 wm 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., SDF-
la; R&D Systems; Minneapolis, MN) are used as specificity controls. The lower chamber is
loaded with 29 ul 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 pl. The chambers are incubated
1.5 hours at 37°C, and the number of cells in the lower chamber quantified either 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. Identification of inhibitors of C5aR

1. 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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cell harvester (Packard Instrunments; Meriden, CT). Scintillation fluid (40
m; Mcroscint 20, Packard Instrunents) was added to each well, the plates
wer e sealwo 2ard76zdi oactivity nmeasured in a Topcount sciPaTiusk@vioess4count er
(Packard Instrunents). Control wells containing ei ther diluent only (for
total counts [ excess a 1 for eC|f o d|n re used
to cal é‘efpgﬁsa?% belf ShaBneTbRr f%l‘eﬁ %f”p?wm%?f %EW cllyfe! @aﬁﬁuter
progr arﬁu'ﬁ{dn%fré]%msﬁ ﬁ&%%ouﬁ&bqhat(lg%&tg @1981’11 C@hetﬂ@%o‘dﬁﬁﬁt&@o%tcu' ate

| C50 val ues val ues are those concentratlons required to reduce the
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i ntracelibal ar cal ci um I evel s are expressed as the 400 nm 490 nm eni ssijon
ratio Experinments are perforned at 37C with constant mixing in cuvettes
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t| me (typically 2-3 mnutes). Candidate |igand bl ocki ng conmpounds (up to 10
mV) are added at 210  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 overa 1 x 10" 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 C5a
mediated conditions by determining the efficacy of the compound in an animal model. In

20  addition to the models described below, other suitable animal 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.
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seconds, followed by chenokines at 60 seconds (i.e., Cba; R&D Systens;

M nneapolis, MN) and control chenokine (i.e., SDF- |a; R&D Systens;

M nneapolwe, 2075207 150 seconds. 3. Chenotaxi s assays [ @C5AjS2@pss9nnl |y,
conpounds may be further assayed for their ability to inhibit chenptaxis in

cells. Chenotaxis assays .are rformeqd.using 5 nm pore pol ycarbonat e,
pol yvi nyl pyrrol i done- 3%‘393&@&8?& Ge Iﬁﬁi‘ﬂg‘i’qlachem)t axi s chanbers

(Neuroprobe; Gaithersburg, MD) using chenotaxis buffer (Hank's bal anced
salt solution (HBSS) afjd 1%&:BRducéPRBukdpeaiti 4 Hufhan CRR kRS- St ens;

M nneapolis, M\) are use to eval uate conpound nedi ated inhibition of C5aR
medi ated migration. O her dfensskMedel (i.e., SDFlI a; R&D Systens;
M nneapolis, M) are used as specificity controls. The | ower chanber is

| oaded W o [ =N g}gg] - v ' unt s of
corrpourm?yt]hg?? g@bldgﬁhaergggég% 82?%1{‘4%%&]?88?8%311% ortlﬁlgu arnoﬁ%?l?p[gg{{%?’sa{]i n 20
m 5 Thecophisinhe hsoudé €an cirbatt@ dsidg Stahdudd Scchhiqidy) Wheidthe Rendticndgiicnoé cel | s
in the | ower_ chanber Eyantified either by direct cell counts in five high
power edofling| fasths anouge (Pak is tsplacebwit) sprisheeeadding fontheduiman CrRogyate 3
quoreqﬁgg _ . i ! I . 1 copic
observati oin{. ﬁ}éﬁop%ggg ??llg (F:}g)ﬁllsé(’)’rﬁa%l I?[rﬁaﬁl:agﬂf grbga g@%@i‘%ﬁ%"?ﬁ a[ﬂ(l)e%{% To
eval uatmolscEéd oroblgadivessatoldlsuitesh bindtblqpddwdncytehese@iaterieg épnofrofrtben bi ndi ng

| i gand,, .an assay ,was .enpl oyed. t hat. det ect radi oactive ligand (i.e, C5a)

bi nat 88! SErre ARERUS SR e RAEEERE 4 3Ry dethy SreuSRiorts e
stijgul af@sit&BA feBbhGalBlodFH ShMrdHIRNGRRUPARAIhS) of FREe FRARAYNLS t hat

i nhi bited bi nding, whether conpetitive or not, fewer radioactivé counts are
obser velpsesharthe prepent eempoungs icamliaseeprapl etichyobleck the hE4% iklyged lenkortsaras of
cells were added to each well in the plate. The cells were then incubated
wi th radiol abel ed C5a.p)Unbausidindugé&nt eifespenfimvedyhymviaalMalledl he cel l's, and

[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 hC5a leads 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 1 minute later leukocytes are quantified in peripheral

blood.

Mouse model of ANCA induced Vasculitis

20 [0159] On day 0 hC5aR-KI mice are intravencously injected with 50mg/kg purified
antibodiy to myeloperoxidase (Xiao et al, J. Clin. Invest. 110: 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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bound |igand was determ ned by quantifying radioactive counts. Cells that
wer e i ncubated w thout any organic conpound gave total counts; non-specific
bi ndi ng waie 206257 ned by i ncubating the cells wth unl zb@lusdooiogeand and

| abel ed |igand. Percent inhibition was determ ned by the equation: %

inhibition = nons. eC|f|c m total , c -
(nonspefsafsde W@pmhﬁlgﬁ Y%ap%@@“& SRRl e fﬁgPpW%%@gt ain a
candi dghEetiBARAUH t 1 We@kst WRdpalr oFRAR: ﬁﬁué’é%ldlam%? ¢ GRMdIVRdulRiz8d dby tO
inhibit ligand binding, inhibitory activity was Titered over a 1 x 10 10 to
1 x 10 a4sawsaddngestofogyenpengidgrepimcent rati ons. I n the assay, the anmount of
conpound was varied; while cell nunber and |igand concentration were held
constant. D. In Vivo Efficacy Mbdel s [0156] The conpounds of interest can
be evaluated for potential efficacy in treating a Coa medi ated conditions
by determining t ef fRreamataid Arthaitis Madslind in an ani mal nodel . In addition
to the nodel s descri bed bel ow, other suitable animal nodels for studying

t he conpound of interest c Expert Opin.

I nvestig. Drugs (2005)a§ ?%%%é%%éggf t&%%’ﬁ%’é’%’%’%&"ﬁ@?’ét ed herein by
reference inits entirety.1l. Mdels of C5a induced Leukopenia a) Cba
inducedﬂlﬁﬂkdﬂaﬂhdyﬂw<ﬁ&HmmﬁnamBQWbkmnmkmhmomhdmaﬁmpdehnﬂﬁmazknWo study the
efflcac of co unds of the i nstant .inv on | an ani mal node|, a
Cecon eSO BRRR D&t S5e AT BACHEP OF B A 8T daHR RO mASRE] -t he
genet i Qi RBANSRERarfRAILPY), faQhbliNRo AN W eclrR iRy J%lﬁt%ﬂﬂla%ﬁﬁgtu\!ﬂ khs&eangpce coding
for the human C5aR, to create a hCsaR-Kl nouse. In this nouse,

adrni studytdesign sfinficshe Hestistivajoup nefgpammatiarsco imatHagisomntra- articular

injection of LPS causes an acute inflammatory response characterized by the release of

cytokines and chemokines, many of which have been identified in rheumatoid arthritic joints.
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

15  shown efficacy in this model (see Podolin, et 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 uM 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: 1 - minimal, 2 - mild, 3 - moderate, 4 - moderate-marked.

b) Evaluation of a compound in a rat model of collagen induced

25 arthritis

[0163] A 17 day developing type II 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 (see Trentham, et al., J. Exp. Med. 146(3):857-868
30  (1977), Bendele, et al., Toxicologic Pathol. 27:134-142 (1999), Bendele, et al., Arthritis
Rheum. 42:498-506 (1999)). The hallmarks of this model are reliable onset and progression
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nol ecul es on bl ood vessel walls which bind bl ood | eukocytes, sequestering
themfromthe blood stream Aninmals are adm ni stered 20ug/ kg of hCoa and 1
m nut e | awerolwukzscyt es are quantified in peripheral bl @oa/usgomiessdar d
techni ques. Pretreatnent of mce with varying doses of the present

conmpounds can al st conpl et el | ack the hCha uced | ukopenla b) Csa
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bl ood g01&aM FARLIERLSiALS (@sHTbLihRtey 6d Hl@gﬂlln‘@ affanbéthaiRB Wit iRdMuh | at er

| eukocytes are quantified in peri heral bl'ood. Mouse nodel of ANCA i nduced
Vaséul ianddnjpgedojithdicunsys blcmzal@r@ diupgnd sontpming? mevehdovsryyned] eellaggnwi t h

50ny/ k f i t GHn. I nvest.
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conpoundsadidéite tcbmpbiwkistdossl duilyveh Isﬁlb-@ut‘aﬁlﬁfous ednerdfegrs day Deill duycld aane

sacrificed and kidneys collected for histolqgical exam nation. Analysis of
ki dney eé@%i%%%@arﬁ?éwswwmmwmﬁ% apldg i AippBE Cisriakge s iedycing

cresce35ﬁ§8@@>nggggg%% ]ﬁﬁ%gﬁﬁﬁkﬁyé glonerull when conpared to vehicle

treated ani ma Cnor oi dal  Neovascul ari zat i on [0160] To
st %y the efficacy of conpounds of the instant invention in treatnment of

agerel ated macul ar degeneration (AVD) the bruch nenbrane in the eyes of
hC5aR- Kl mice aré*rupﬂgﬂéﬁlﬁkgiggéﬁ phot ocoagul ati on (Nozi ka et al, PNAS
103: 2328-2333 (2006). Mce aretreated with vehicle or a daily oral or
appr opr[0&e¥ i Tio stady ilteretfuct diowenpofinds mfdnmmsndl whittifvez thogemiralomedf or one to
two Weekﬁarn P %II gesponse tsa? Iis allsrslodclfa(l:tecij w1tﬁ gsma de (%gga\ég' Stﬁeu %gclz’all ?‘éa‘tlglq al?' ©
Puncture (CLP) rat model of sepsis is used. A Rat CLP study is conducted essentially as
15  described in Fujimura N, et al. (American 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 experiment.
Then animals are split into four groups; (i) two sham operation groups and (ii) two CLP
20  groups. Each of these two groups (i.e., (1) and (ii)) 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 lipid peroxidation. To test for hepatic function aspartate transaminase (AST)

and alanine transaminase (ALT) are measured. Blood urea nitrogen and creatinine
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assessed by histol ogy and angi ography. 3. Rheumatoid Arthritis Mdels a)
Rabbit nodel of destructivejoint inflamuation [0161] To study the effects
of candi dabeoaTpasands on inhibiting the inflammatory resparss@ootsmabbits
to an intra-articular injection of the bacterial nenbrane conponent

| i popol ysaccharide (LPS), a rabbit nodel of destructive joint inflammtion
i s usedONSFRILIARS G g@é’sefié‘h AP B0 (TR s Prart Wﬁwrﬁﬂlﬁlﬁ% ahehedtsi on seen

i n art hfNEdafha R 120188 a kIS asdsBc@ T FANSAS fol-EPuhatags an acute inflammatory
response characterized by the réelease of cytokines and chenoki nes, many of

whi ch have been icsdentified . rh toid.arthritic joints. Marked increases
in | eukocyt es occur i%ﬁ@&&&}m&%ﬁ%ﬁ% response to

el evation of these chenotactic nmedi ators. Sel ective antagoni sts of

chenokilA6@lecEpsiody fh@aaf@ctscrfmmp@ﬂnqimfdyterqqt eth Syyionisl Lypye Erpberottpsiis et al .,
conduot SytkdRonRiaby R S mb S b SRERPAL AL B3I P St iR} By,

Zeal ands a abhindosily( @pp heuiseraiodtlyofukiah GYEATE) testr @ntpoaadedfitdtiyriatids tiodell ar |y
in one knee with LPS (10 ngQ) ,tggeet her with either vehicle only (phosphate
buf f er 8218 MRL&rtnicR a&@ﬁ%&%oyiw dhictreeadantolamd iR antneaatsts Lowpctind (dose
1 = 50 oy = | . of ; : i en hours
after the Eéfsg#ﬁfre%? iog%'[?tﬂﬁ %sé g?%s}cg%lgg%ﬁéﬂgn 1(:qu)ﬁrllszsLl dlgltl)l{l}%lt%rse §<'316r(]£eh%per f or med.
Benef i cinghaleffassh®tiofputape &t memtainveo eraetaad minedizb ytréss sffoqgabh deagirals.

eval.uatjon of ,synovi al, i nfl ti.an. flanmatii on scores..are used for the
o Fob i ahd B EC st B O i cebk Y d3EThe Y WGRY S dSe pRtand

moder at o fREKGH - InR)mE¥ALUAtHhAR rfite BlorRFRNBNI0diNd& I |CHRIR] 1o Qe Akl s@en
i nduced arthritis [0163] A 17 day devel oping type Il collagen arthritis

st udy ithe emmaltoedend falue.uboldowing 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 disease
15  may also be monitored continuously with blood urea nitrogen (BUN) and albuminuria

measurements. Tissues and organs were also 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 Disease (COPD). Selective
antagonists of chemokines have shown efficacy in this model (see, Stevenson, et al., Am. J.
Physiol Lung Cell Mol Physiol. 288 1.514-1.522, (2005)). An acute rat model of COPD is
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 a decrease inflammatory cell infiltrate,

30  decreases in chemokine and cytokine levels.

[0168] In a chronic model, mice or rats are 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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effects of a candidate conpound on arthritis induced clinical ankle
swelling. Rat collagen arthritis is an experinental nodel of polyarthritis
t hat has weenmoi78sry used for preclinical testi ng of NUMETAI$3009/068941
anti-arthritic agents (see Trent ham et al . . Exp. Med. 146(3) 857- 868
(1977), Bend |colo 4-142 ( Bendel e,
et al. Poﬁﬁnﬁlﬁﬁ}’ chéﬁhﬁ’édﬁbu ﬁ&Q@PB @851911 toﬁﬁ% 1%%1“}%}%150 S?W?%Wétﬁrmdel
are r elth@@éu%e %aat(s?e@eng@ﬁ Qgéle)sédl&ﬁgfméﬂﬁkbgéxhllﬁ@éﬂh&y ARASHESQNRar to that

pol yarticular inflanmmation, nmarked cartilage estructlon in association
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Adj tgvarg48(:53r_1t aining 2 ng/ nL 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
conpound i s dosed, dail 0% 8 fromday O till day 17 at
a efficacious dog7e &MP{&%I]%?:Z[{EOU({I%E%BHLEH%? g??nllégdnkl e joint diameter Were

t aken, and reducing joint swelling is taken as measure of efficacy
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sepsi s e di sease, the Cecal Ligation and Puncture rat no
sepsi s tymcalqnoiocdl R&YBDIéI‘{ChanlmkyRuvsr lcaboduat @i messanisal foy thesE Alle sexdebed i n

FU|rrur N, et al nme nJo irato Criti re di ci ne
00 e iasd Wap PR oLt s d: SiperalenBbeg it of both
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experinents. Animals are kept on normal 12 hour |ight and dark cycles and

fed st avigenbdcteriimdhlomculpsisiffiipma- lﬁgdmh)rsy pn day Ot b ekdviern, pedey 0Thédandi mal s
I to f. .
o o A AR R SER EIPRARRAEY PR PBER by f 12, P

cont r olscgle @A M-3N0, Hoddns of discase; 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 0 (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 IgG2b-PE (Caltag
Laboratories) and quantitated by FACS analysis using 10 ul of Polybeads per sample

25  (Polysciences).

. Mouse Model of Kidney Transplantation

[0170] Transplantation models can be performed in mice, for instance a model 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. After 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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conpound group. Sepsis is induced by the CLP nethod. Under brief anesthesia
a mdline |aparotony is nmade using mninmal dissection and the cecumis
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(AST) an anrne transani na urea nrtrogen and
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the aninals via osnotic punps to maintain coverage and mniimze stress
ef f ect sibdomirnbingisiansl wnalGedighs anublunily dissestndlaad agnisrayesdudss ckanibplagaslek| y

during ¢t i eks. of - di,s¢ onsef, @and progr jon. ln i norjty of
these.rirae BrisBReRi of sEPe alR oha R nBIRALFR P DumpRef 0%
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 is 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 6-16 weeks 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 with 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 efficacy.
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the animal fromrenal failure. Following nortality as an indicator of rena
failure is one of the neasured criteria and successful treatnment wll

usual | y reeubto/i7mesa delay in the onset of sudden death aeoas2admctdest
groups. In addition, the presence and magni tude of renal disease may al so
be nnniégieg ggat!&agfflé wi th blood urea nitrogen (BUN) and al bum nuri a
measur 1 organs were al so harvested at 19 weeks and

subj ected to histopathol ogy and i mmunohi stochem stry and scored based on

ti sgue damage and cel | Albghpbitd HablRtth®fornla Rat nmodel of COPD [0167] Snoke
i nduced airway inflammtion in rodent nodels may be used to assess efficacy

of conpounds in Chronic Cbstructive | monary Di sease (COPD). Sel ective
ant agoni sts of chenoki nes have s fidacy in this nodel (see,
Stevenson, et al., Am J. Physio[ Lyng ell Mol Physiol. 288 L514-L522,
(2005)). An acute rat nodel of g3 conduct ed as described by Stevenson

et al. A conpound of interest is mnistered either systemcally via oral
or RV dosing; or locally with nébBulized cofPound. Mal e Sprague- Daw ey rats

(35Q- 400 are placed in rspe hanbers and exposed .to.cigarette snoke
Gran e vha 7 s Reeb R R b G S BRG] B bet ween

Rat g are iexneaedfibArth@ gfddpabnf&mgQt affl add hBleftabBSwhéteinth@h&eas kfduped up
to 7 days after |n|t|aF exposure.” Any beneficial effects of treatnent are
ass@ssed by fzomde befswaionts| aammgtraeybasebdledtert frommMit@ andidcandaslescingaidhenoki ne
and .cyt oki ne | evel s, 16 I.n oni ¢. nogel. ] r, Jiat re exposed to
ani 1yt opaoLa ElidiReal BRLR! s MeBo Sl SR S RS LR B P et er ca
systremi ak kylestbdfromate gviubomNiglngd@aiyland Qeemiagylf whdrtdn thebabloyryt igoup
nebul i zed conmpound., In addition to the inflanmati on observed with the acute

modél (St ByeiiaBr -bhetaloatomseiripgIBeReys sglecedeiamiy.-tO sy andaysrip giids
simolar Lot BRtn&&Rh DrdiiiaR oggﬁg.g%mtﬁﬁteﬁ WYRER 6 3R DELRALRY PY

i ncreased I nea rcep
10 Cis selected from the group consisting of C;g alkyl, Cagcycloalkyl, Cs.5cycloalkyl-Ci_

11 alkyl, aryl, aryl-C, 4 alkyl, heteroaryl, heteroaryl-C,; 4 alkyl, heterocycloalkyl or

12 heterocycloalkyl-C, .4 alkyl, wherein the heterocycloalkyl group or portion has from 1-3
13 heteroatoms selected from N, O and S, and wherein the heteroaryl group has from 1-3
14 heteroatoms as ring members selected from N, O and S, and each C” is optionally

15 substituted with from 1-3 R? substituents;

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

17 -CONRR", -C(O)R?, -OC(O)NR'R®, -NR°C(O)R?, -NR"C(0),R¢, -NR*-C(O)NR'R”,

18 “NR*C(O)NR'R®, -NR*R", -OR?", and -S(0),NR*R"; wherein each R* and R” is

19 independently selected from hydrogen, C,_g alkyl, and C, g haloalkyl, or when attached to
20 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

21 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
22 N, O or S; each R® is independently selected from the group consisting of Cy g alkyl, C; 5
23 haloalkyl, Cs 6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic
24 and cyclic portions of R*, R” and R¢ are optionally further substituted with from one to
25 three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups; and

26 optionally when two R’ substituents are on adjacent atoms, are combined to form a fused
27 five or six-membered carbocyclic ring;

28  each R?is independently selected from the group consisting of halogen, -CN, -R’, -CO,R",
29 -CONR'R®, -C(O)RY, -OC(O)NR'R®, -NR°C(O)R?, -NR°C(0),R", -NR*C(O)NRR®,
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well as altered lung chem stry (see Martorana et al, Am J. Respir. Crit
Care Med. 172(7): 848-53. 7. Mouse EAE Model of Miultiple Sclerosis [0169]
Exper i nerwal20sutrsisamune encephal onyelitis (EAE) is a no@elr/uskooaussnt

mul tiple sclerosis. Variations of the nodel have been published, and are

20 ot or DSt S k0 Vgt -Gt P AR Rior herpimeachRa abllors ed wi £h
20Qyg nye ﬂd@P&Jdbﬂ@;dw&pﬁf&ﬁ hgoﬁb%@ﬂi’ rcqtg%u&l (al}{@@l i BRroakyl, BERhEASttached to |

I nternation emilsified in | ete Freéund dj uvant (CFA) containing 4
g /3ai Ivycth@asame mntmgen @hen carl larsc'mnk(l&cbwah ﬂhedntr@ga)n agory o mnnlai}wt)or dixr

addi,ti on, on,da nd. d [ iven 200 .ng of ert S t oxin
(GaPbi oohaiter maireHort 0P 2 o il SimS P bR SR FrsTs1 s

of 3di seas®;, Olor §; Iea&pmshﬁiebeno@nﬂﬁsa@htéd M\@ﬁégﬂa@%gonﬁstm@omll b, Rakal ysis;

4, forelinb weakness or Eara ysis; 5, norib sing of the conpounds of

i nt3érest hyowkylaSsesxdenl %lnhqs@roml@qllsxlembwddmergar(ybﬂ@@)mhp@m thg pliphatigay 7
(ther ape”&ﬁd?c ‘ﬁ'@g@ §BP4{ Gl Yk o%@%ﬁa@f %%@&%?mh%d%%s%ﬁl At F ew
ani‘mal s ar pyres {t i'ntcal "sig di er day at

conygentr athremlsal@gmr hmrrma;t enéthrl etrh@bralayzlhmmot andajwkjalbﬂﬁﬂmgmkpmet ic
properties Ef fi cacy of conpounds can_be. asses$ed by

con’»ﬁar icsphk’ b@fméweﬁi@tﬂy S@%ﬁ fiﬁ@m %a@fpltﬂ GORpiSANE %fclt?#%epn (B¥.eBenc®
conggound CORRALRY Lo NENIE @)NROR: DURIEATHE MR 'R ERR!, ERREC %(5) NifiR!purtber - of

macr ophages (F4/ 80 sitive) I SO m spi nal cords. I'nal cord
nodonuc| eaNRER] Jr(SR%;aS\((l)ﬁ\IR%l aX R, VX%NRIgRIE;er{}OMR@{hPéE CNR C@NHREI 2R Cel | s

can be sta }i-muse F4/80- PE or l PE lta
a3y at or PR R hEteiER by oy - elle e s pek il g S RIOCEH iryBBads per
sanpl e ( PRLYSIERLBST s kyIMOUSE NRE)! 284 CIKL BNENKJIT ain@ﬁé@ma@héopt@ the

43 same nitrogen atom can be combined with the nitrogen atom to form a five or six-

44 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
45 N, O or S and is optionally substituted with one or two oxo; each R’ is independently

46 selected from the group consisting of C; g alkyl, C;_g haloalkyl, Cs¢ cycloalkyl,

47 heterocycloalkyl, aryl and heteroaryl; and each R’ is selected from the group consisting of
48 Cs.6 cycloalkyl, pyrrolinyl, piperidinyl, morpholinyl, tetrahydrofuranyl, and

49 tetrahydropyranyl, and wherein the aliphatic and cyclic portions of R, R", R' and R! are
50 optionally further substituted with from one to three halogen, methyl, CF3, hydroxy,

51 amino, alkylamino and dialkylamino groups; and

52 X s hydrogen or CHs.

1 2. The compound of claim 1, wherein X is hydrogen.
1 3. The compound of claim 1, having the formula:
0
>(\\\‘”\ /C1
N

SN
2 c? ~o (1a).
1 4. The compound of claim 1, having the formula:
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[0170] Transplantation nodels can be performed in mce, for instance a
nodel of allogenic kidney transplant from C57BL/6 to BALB/c mce is

descri bedwpreoteai7kmh Guel er et al, JASN Express, Aug 27t RCTAGO@9/0B9ES |y,

m ce are anesthetized and the | eft donor kidney attached to a cuff of the
aorta and the renal vein with a small_caval cuff, and the ureters renoved
en block. After left nephrectony ofxtjhe recipient, the vascular cuffs are
anastonosed to the recipient ab ) Na@rta and vena cava, respectively,
bel ow the | evel of the native r jessels. The ureter is directly
anastonosed into the bl adder. Col'd§ i $Chenia tine is 60 nin, and warm
ischema tine is 30 mn. The rigg native kidney can be renoved at the tine
of gllograft transpl antati on or ~at Bosttraﬂbblantation day 4 for long-term
survival studies. General physical condition of the mce is nonitored for
evi dence of rejeq;ion;ngpggﬁggghgfaghggqhyg{tﬁ@hﬁg&ﬁtcan be started before
surgery or imediately after transplantation, eg by sub cut injection once
daily. Mce are studied for renal functgon survival. Serum creatinine
| evel s are neasured by an automat ed metlhod)( BeckBn Anal yzer, Krefeld,
Germany). 9. Mouse Mdel of |scheria epﬁrfd§ion [0171] A nouse nodel of

i schem a/reperfusion injury can b gfmed as described by Xiufen Zheng
et al, Am J. Pathol, Vol 173:4, Cct, $008. Briefly, CDI mce aged 6-8
weeks are anesthetized and pla @ heating pad to maintain warnth
during surgery. Follow ng BBdofindl incisions, renal pedicles are bluntly
di sdected and a microvascul ar cNEnp placed on the left renal pedicle for
25- 30 mgmupsigs. Fol lowing i schema the clanps are renoved along with the
right kidney, incisions sutured, and the aninals allowed to recover. Bl ood

i s dol 1%ecis eelctted froprthaptaupaonsisting ofid GURnLR ysi s as an indicator of
eytgg%g%gﬁgegéﬁﬁ%ﬁ§%¥%k§°ﬁg5&ﬁi survival 1s nonitored over tine.

ki d
Cow%oun ere ani'mal s before and/or after the surgery and
t he gef ik Sclofted GOBNMHE BRADIBhsigingBIN,arH and TRF; and

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

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

0 Z ]
\‘”\ ~ M (R )n
“ONT X
H

(Nj’l,cs
X2
7 R
Ry ] ©

2 =
3 wherein
4 X'is selected from the group consisting of N, CH and CR';
5  the subscript n is an integer of from 0 to 2;
6  X*is selected from the group consisting of N, CH and CR?; and
7  the subscript m is an integer of from 0 to 2.
1 7. The compound of claim 1, having the formula:
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survival used as indicators of conmpound efficacy. 10. Muse Mdel of Tunor
G owmh [0172] C57BL/6 mce 6-16 weeks of age are injected subcutaneously

wi th 1x1080B@00768l s (ATCC, VA) in the right or |eft rear/uskeiesdsBegi nni ng
about 2 weeks after cell injection, tunors are neasured with calipers every
2-4 d until the tunor size required the mce. are killed. At the time of
sacrifice animals are subjected to a fUDImg;E:gpﬁy and spl eens and tunors
renoved. Excised tunors are neasure hb )COWpounds may be

adm ni stered before and/or after 1?53 ions, and a del ay or

i nhibition of tunor growth used t S conpound ef ficacy. WHAT IS CLAI MED
|S: 1. A conpound having the fornul
hydrates and rotoners therepf ,
consi sting of aryl and het@Vwoary yl | wherein the heteroaryl group has from
1-32het eroatoms as ring menbers~Selected fromN, O and S; and wherein said
aryly anghdhsgheroaryl groups are optionally substituted with from1l to 3 Rl
substituents; C2 is selected fromthe group consisting of aryl and

het ér odhg bubseitisipeis an tifeganof &poe? §0 3.gr oup has from 1-3 heteroatons as ring
mener sel romN O and S 1said aryl and heteroaryl
grggps r'8 5% 9B§RQF1 %ﬁ%@f??ﬂ?&ﬁ“ﬁﬁ?h ?gﬁr%‘to 3 R2 substituents; C3 is
sel gct Qﬂeﬁmmﬂthﬂsgﬁ%@gdﬁgﬂﬁbﬁmw of O _g alkyl, C3-8 cycloalkyl, C3-8
cycloal kyl -G _4 al kyl, aryl, yl -G _4 al kyl 2heteroaryl heteroaryl -G _ 4

al kyl , %é@é@lé@%fr@mt@gmp cae&@m&qf@?d%ﬁﬂ C&';and al kyl, wherein the

het @ro as from1-3 heteroatons sel ected from N,
O a?d gﬁ@ gka%ere ﬂH@ﬁg&Hgﬁ%%%g?y? group has from 1-3 heteroatons as ring
menbers selected fromN, Oand S, and each C3 is optionally substituted
with from 1-3 R subst iTheswtpound of claim 1, having the formula:

and paceutical ly acceptable salts,

IS s@lected fromthe group

R1

\\\‘\ N R 1
H
2 0, RN

1 10.  The compound of claim 1, having the formula:
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each R1 is independently selected fromthe group consisting of hal ogen,

-CN, -Rc, -COR 1, -QONR aRb, -C(OR a, -0C(0)NR aRb, -NR bC(OR a, -NR
bC(0) 2Rcwo-2hiR/@E513(0) NR aRb, -NR aC(0) NR aRb, -NR aRb, PORUS200aM068%45( O
2NRaRb; wherein each Ra and Rb is independently sel ected from hydrogen,

C g alkyl, and C _g hal oal kyl, or when attached to the sane nitrogen atom
can be conbined with the nitrogen atogmto a five or sixnmenbered ring
having fromO to 2 additional heteroatl\o i rlng menbers sel ected from N,
O or S; each Rc is independent| y-Selecthkd forit't he group consisting of G _8
al kyl, G _8 hal oal kyl, C3_ cycl dal kyl, heterocycl oal kyl, aryl and
heteroaryl, and wherel n the aIGl'pshth Eli%%Ilc portions of Ra, Rb and Rc
are opti onal | y further substitytes rpone to three hal ogen, hydroxy,
met hyl , am no, al kyl am no an al Kyl am no groups; and optionally when two
Rl §ubstituents are on adj acer¥apons, are conbined to forma fused five or
si x-menbered carbocyclic ring; each R2 is independently selected fromthe
group consisting of hal ogen, -CN, -Rf, -CO 2Rd, -CONR dRe, -C(OR d,

-OC(O NR dRe, - NRIleC( R apmponRl eﬁ(laj)m pRfavingNRe domolaR dRe, - NR dC(O) NR dRe,
-NR dRe, -OR d, and -S(O 2NRdRe; wherein each Rd and Re is independently
sel ected from hydrogen, G _8 alkyl, and C _8 | oal kyl, or when attached to
the sane nitrogen atom can be conbi ngd wi e nitrogen atomto forma
five or sixmenbered ring having fromJ t ftional heteroatons as ring
menbers selected fromN, O or Sy eath i s independently selected fromthe
group consisting of G _8 alkyl, (O _3 I oal kyl', C cycl oal kyl,

het erocycl oal kyl, aryl and hef e ryl nq yYnerei n the aliphatic and cyclic
portions of Rd, Re and Rf ar rPher substituted with from one
to three hal ogen, hydroxy, |, am no, al kylam no and di al kyl am no
grogps; each R3 is independe y el ected fromthe group consisting of

hal ogen, -CN, -Rl, -COR, -CONR gRh, -C(OR g, -OCC(ONR gkRh, -NR hC(OR g,

-NRll O 2Ri1, -NR ONR
<9 gc;l(he compound of claim 1, having the formula:

0
o0
CH3 N ©\

@o R3

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

1 14.  The compound of claim 1, having the formula:
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-NR th -OR g, -S(O 2NRgRh, -X4-RJ, -X4-NR gRh, -X4-CONR gRh, -X4-NR

hC(O R -NHR J and -NHCH 2R1, wherein X4 is a C _ al kyl ene; each Rg and
Rh is |ndﬁpenﬁmnstw sel ected from hydrogen, C _8 al kyl, PCTaysedoombsdoyl and

C _8 hal oal kyl, or when attached to the sane nitrogen atom can be conbi ned
with the nitrogen atomto forma five or sixneapered ring having fromoO to
2 additional heteroatons as ring nenbers ted fromN, Oor S and is
optionally substituted with one or twi_ ;Eitﬁgch Rli s i ndependently

sel ected fromthe group conS|st|Eft$ CH sval kyl, G _g haloalkyl, C3-6
cycl oal kyl, heterocycl oal kyl, ar nd eteroaryl and each RJ is sel ected
fromthe group consisting of GHENy¢foahkyl , pyrrolinyl, pi peri di nyl,

nmor phol i nyl , tetrahydrof urany 2\ t~ .F%gropyranyl, and wherein the

al i phatic and cyclic porti on Rg, and RJ are optionally further
substituted with fromone to t&feg halogen met hyl , CF3, hydroxy, am no,

al kyl am no and di al kyl am no groups; and X is hydrogen or CH3. 2. The
conpound of. cl,aim 1, wherein s, hydr ogen. gamound of claim 1,
having &SR it gicmberyelecy edﬁ?wa%arﬁanﬁan%ﬁm&oglw r?&HRﬂaldt he formul a: 5.
The yconmpeyng pof claim 1, having the formula: wherein X1 is selected from
the group consisting of N, CH and CRl; the subscript n is an integer of
fromO to 2; X2 is selected fromthe group consisting of N, CH and CR2; and
thelsubscript m k5. an Thetcogwound of ¢laim 0, taying. th&forfiuks: conpound of claim 1

havi ng the fornul a:
e
e
CHz™N ©\
@o RS

2 F

3 wherein R” is a member selected from the group consisting of -X*-NR®R", -X*-R! and

4 -X*NR"COR:

1 16.  The compound of claim 1, wherein C' is selected from the group
2 consisting of phenyl, pyridyl, indolyl and thiazolyl, each of which is optionally substituted
3 with from 1 to 3 R' substituents.

1 17.  The compound of claim 1, wherein C? is selected from the group
2 consisting of phenyl, naphthyl, pyridyl and indolyl, each of which is optionally substituted
3 with from 1 to 3 R? substituents.

18.  The compound of claim 1, wherein C’ is selected from the group
consisting of Cs alkyl, Cs¢ cycloalkyl, Cs cycloalkylC,.,alkyl, phenyl, pyridinyl, pyrazolyl,
piperidinyl, pyrrolidinyl, piperidinylmethyl and pyrrolidinylmethyl, each of which is

AW N =

optionally substituted with from 1 to 3 R* substituents.

f—

19.  The compound of claim 16, wherein each R' is independently selected
2 from the group consisting of halogen, -CN, -R, -NR*R” and -OR®, and wherein each R* and
3 R"is independently selected from hydrogen, C,galkyl, and Cy.5 haloalkyl, or when attached
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wherein X1 is selected fromthe group consisting of N, CH and CR1; the
subscript nis an integer of fromO to 2; X2 is selected fromthe group
consi sti nyoah10M753H and CR2; and the subscript mis an PoTAgee090689rom 0 to
2. 7. The conpound of claim1, having the formul a: wherein the subscript p

is gn integer of fromO to 3, Xl .is selected fromthe group consisting of
N, Gr ARECRIC TitiReD i F?fbge foan %Wﬂthtﬂéf‘g@rms?n HPBHp 6o1Tp0 BYTOlsTNSTIRg  ect ed
from t hgcgroun Ry e nf3 sis@Eo e S/ dHaloalRyll §ndn

i nt glgerb%(c)f f%olr%&egﬁt %&25’%%6%’%?%0%%%5@%&& ai m@l]e8 %tai{/li ng the Pormula: 9.
The 6c orfaiaydloatkyt laad mhtreimhtieiatighativentl oyetid portias. of RieR ¢ e Uard opfiomdllyi m 1,

havi,ng fo la,1l1. The co un f clai ,._havi the formula: 12. The
conBourdtBir <BPiR Vi gt RS Toad Bafrogiiy lisite it ai m 1.
havigng diflRylh@idBiBupsl 4nd Iﬂﬂ)tﬁﬁﬂ%@ﬂ tvOR ' GhiRitifchts My Bgaddneatofismaba: wher ei n
R3 is a nmenber selected fromthe group consisting of -NR gRh, -NHR J and
15. IThecoabigrdundorat a ysad fiva or sigvngigbareecarbyaygliatingherein R3 is a nenber
selected fromthe group consisting of -X4-NR gRh, -X4-RJ and - X4-NR hCOR g.
16. ;The compound Rf clgj L [ f.r

coné I sting of pheir?yl , @fﬁokflowfég%lﬁlﬁr@ et§ ﬁ#gg%]le% l,s Hg({ag?h&%%l g&/ﬁ%{gﬁeﬂi S

opt Ronatdny tieuprstp tertsadngiof haldgamR’ and DY wholest ¢dch®itisindependently

3 selected from hydrogen, Csalkyl, and Cy.ghaloalkyl; each R'is independently selected from

4 the group consisting of C;galkyl, Cshaloalkyl, Cs cycloalkyl, heterocycloalkyl and
5 heteroaryl, and wherein the aliphatic and cyclic portions of R® and R are optionally further
6  substituted with from one to three halogen, hydroxy, methyl, amino, alkylamino and
7  dialkylamino groups.
1 21.  The compound of claim 18, wherein each R? is independently selected
2 from the group consisting of halogen, -R, -CO,RE, -CONRER", -NR"C(O)RE, -NR"C(O),R,
3 -NR®R" -OR®, -X*-R/, -X*-NRER", -X*-CONR®R", -X*-NR"C(O)R®, -NHR/ and -NHCH,R’,
4 wherein X" is a Cy.; alkylene; each R® and R" is independently selected from hydrogen, C) s
5 alkyl, Cs¢ cycloalkyl and C,.g haloalkyl, or when attached to the same nitrogen atom can be
6  combined with the nitrogen atom to form a five or six-membered ring having from 0 to 1
7  additional heteroatoms as ring members selected from N, O or S and is optionally substituted
8  with one or two oxo; each R' is independently selected from the group consisting of C.g
9 alkyl, C,shaloalkyl, Cs4 cycloalkyl, heterocycloalkyl, aryl and heteroaryl; and each R is
10 selected from the group consisting of Cs_¢ cycloalkyl, pyrrolinyl, piperidinyl, morpholinyl,
11 tetrahydrofuranyl, and tetrahydropyranyl, and wherein the aliphatic and cyclic portions of RE,
12 R" R'and R’ are optionally further substituted with from one to three halogen, methyl, CFs,
13 hydroxy, amino, alkylamino and dialkylamino groups
1 22.  The compound of claim 20, wherein C? is selected from the group

2 consisting of:
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17. The conmpound of claim1l, wherein C2 is selected fromthe group

consi sting of phenyl, naphthyl, pyridyl and indolyl, each of which is

opti onal Iwo=otm7s2sat ed with from 1l to 3 R2 substit uent sPCIRIS2000m6s99npPound
of claim1, wherein C3 is selected fromthe group consisting of C3-6 al kyl,
G3-6 cycloal kyl ,, C3-6 cycloal kyl G _2al kyl, phenyl, pyridinyl, pyrazolyl,

pi peridi nyl, py Holi dlnyI perldlnyl thyI and pyrroI|d| ylnethyl each

of which is o u o ™ fro ituents. 19.
The conmpound arnrl ereln Rl [ pend selected from
t he group consistimHsof h aaR>b and AR a, and

wherein each Ra and Ro is |ndependently selected from hydrogen, G _g al kyl,
and G _g hal oal , Or when attachedto the same nitrogep atom can be

conbined with t e 2{trogen atomto for a pyr oI|d|ne rjngs each Rc is

i ndependent |y @ ed e g nsi of C| E‘k

hal oal kyl and Q_cycl d I and waer ei\n tthess -nd cycllc
portions of Ra, RbFand Rp aré}l tionaJﬂgizurther’% tltutéd with from one
to three hydroxy, nethyl, amhg/ al kyl am-ho and dbak@ylanlno groups; and

optional Iy when two R 1 substltuents are on adjgcent atons are conbined to

forma fused fi ng. 20. T e conpound of
ek ed fr e group

h Rd ndependent |y
oal kyl > eacktHzf s

consi sting of
sel ected from hy
i ndependent |y sel ected from the group conS|st|ng of G _g alkyl, G _g
hal oal kyl , C3-6 cycl oal kyl, heterocycl oal kyl and heteroaryl, and wher ei n
t he aIiphatic and cyclic portions of Rd and Rf are optionaIIy further

claim 17, wher

substituted w t@Hfrom oneCiip t hree 8Q#} ogen, hydroxy, me€iyl , am no,
al kyl am no and A4l yliiiffrg{oupiiij:, [::j/
Cl OCH3
3 F
1 23.  The compound of claim 19, wherein C' is selected from the group

2 consisting of:
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21. The conpound of claim 18, wherein each Ris independently selected from
the group consisting of halogen, -RlL, -CO 2R, -CONR gRh, -NR hC(OR g, -NR
11C(O) 2Rvp20MR7§1RM, -OR g, -X4-RJ, -X4-NR gRh, - X4- CONRCERI$2009489MR hC( O) R
g, -NHR J and -NHCH 2R1, wherein X4 is a G _3 al kylene; each Rg and Rh is

i ndependent |y sel ected fron1hydkﬁge al kyl, C cycloalkyl and G g
hal oal kyl , or =|' ttac to menltr‘ atom be conbined with
t he n|trogemg Qa u: ch r| g-fromO to 1
addi ti onal teroatons S r|n nber s %el Bct ed ﬁ?@ Ofor Sand is
optionally substituted with one or two oxo; each Rl |s |ndependently

sel ected fromthe group consisting of C _8 alkyl, C _8 haloalkyl, C
cycl oal kyl, heterocycl oal kyl, aryl and heteroaryl; and each R] is selected
fromthe group consisting of C3_6 cycloal kyl, pyrrolinyl, piperidinyl,

nmor phol i nyl , '- hydr of ur ag¥ ang,tetra opyranyl, ¢ erein the
aliphatic ad |c port| 3 Rh RJ onaInyurther
substituted néuto |, hyatsoxy, am no,

al kyl am no and dlal am no groups/22. The conmpdund of cIa|n120 wherein C2
is selected fromthe group consisting of:23. The conpound of claim 19,
wherein Cl is selected fromthe group consisting of:24. The conpound of
claiml, wherein Cis selected fromthe group consisting of:25. The

conmpound of cI Ny CH3wher g 4s selegted fromthe groyp consisting

of : 26. The c nd of cl 1 mheretﬁiigb coppound sel ecked fromthe
eUN cal 3c¢é SI'N gompound a

pharmaceutical ly acceptable catrri/ser and ac 3having f | a and

group in Ta- e ¢r, A R
pharmaceutically acceptable salts, hydrates and rotomers thereof; whereinCl
is selected fromthe group consisting of aryl and heteroaryl wherein the

het er oar yl gro z h.u from LeHpat ring ne selected fromN ,
O and S; and sa| d n/;s©\ /@\
3{[::]\7( /E::]: /J:::L\( OH

ch CH3

QNG VNG @,
and
E‘z, Cl ILLL. g OH
3 CHs HsC
1 24.  The compound of claim 1, wherein C° is selected from the group

2 consisting of:
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aryl and heteroaryl groups are optionally substituted with from1l to 3 Rl
substituents; C2 is selected fromthe group consisting of aryl and

het er oar yWo 204007635m t he het eroaryl group has from 1-3 heCe&rusawwomssdas ri ng
menbers selected fromN, Oand S; and wherein said aryl and heteroaryl
groups are optlonally substltuted with froml to 3 R substituents; C3is

sel ected fro \group CQ ng of & IkyI, cloal kyl, C3_ 8
cycl oal kyl - 4 aryI | - G , heteroaryl _ 4
al kyl, heterocyc -aIkyI Ery croalk -O wherein the
heterocycloalkyl gr oup or portloqnhas from1-3 hetero- ons selected fromN
, Oand S, and wherein the heteroaryl grqupyhas from{ het er oat ons as
ring nmenbers selected fromN, Oand S and each C3 | ptionally
substituted wifh from1-3 subst it uen s; each R %;IS i ndependent |y

-NR aC(0)NR a NR aRb, -ORYa, and - S(O) 2NRaRy; wherei Ml eath Ra and Rb

i's independgnily rseleqt ed fram hydrogen, g yl, and a_g hal oal kyl, or
when attachgg to the s%arre HiSQro éh atom can be combined with the nitrogen

atomto forma five or S|xmenbered ring havi ng fromO to 2 additional
het erocatons as ri ng menbers selected fr O or S each Rc is

i ndependent | y='sg ted frosmihe. group t| ng of G’ aI kyl, G _g
hal oal kyl, C cy kyI het ycl pal ky ryl and he oaryl, and wherein
t he allphatlc and c|q port br e optlonallyfurther

substituted withdro eto thre aI ogen hyiiﬂaboxcng3 met hyl , am no,

al kyl am no and di al kyl am no groups; and optionally when two R 1
substituents are on adjacent atoms, are conbined to forma fused five or
si x- menber ed car bocycl i c ring; each R2 i s indepengdentl y sel ected fromthe

group consi st \q]g:j hal CO 2Rd,
oW o
CO,Et

HsC CHj

£ o . £ )
[oVe Bk oUs I oW

L0 o LT0

1 25.  The compound of claim 1, wherein C is selected from the group

selected fro roup c FS™N ng of n, - d, -CONR
aRb, -C(OR a, O NR aRb, bC(OR AR bC(O) - C(0) NR aRb,
Rb,

2 consisting of:
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-CONR dRe, -C(ORd, -OC(ONR dRe, -NR eC(OR d, -NR eC(O 2R, -NR dC(ONR
dRe, -NR dC(ONR dRe, -NR dRe, -OR d, and -S(O 2NRdRe; wherein each Rd and
Re is i nowpentar1sisy sel ected from hydrogen, C _g al kyl, pamais@oomedval oal kyl ,
or when attached to the sane nitrogen atom can be conbined with the
nitrogen atomto forma five or xmenbered rin haV|ng fromO to 2

g
addi ti onal het er oat offs ring --' sel ect edf’s Oor S; each Rf is
pm t gr g conS| sti ng kyI ad_g
écyclo.

i ndependently sel ect ed

hal oal kyl , C cycl oal kyl an meroaryl and wherein
t he allphatlc and cyclic pqﬁqlons of RdH Re d Rf areHoptlonaIIy further
substituted with fromone to three hal ogen, hydroxy, nethyl, am no,

al kyl am no and di & kyl am no group each R3is i ndep ndently sel ected from

t he group consi st halogen Rl ONR C(OR g,
-OC(ONR gRh, -NR h «l RgC(O) Rth -OR
g, -S(O 2NRgRh, -X4- - X NR g A< -NHR J

and -NHCH 2R1, wherein X4 fts & G G _ al kyI ene; each Rg and Bh is

i ndependently sel ected from hydrogen, C _8 alkyl, C cycloalkyl and G _8
hal oal kyl , or when attached to the sanme ni trogen atom can be conbined with
the nitrogen atomto forma flve or S|xmenbered ng havi ng from0O to 2

addi tional het er ogtg as rj ‘\* @tor gpand is
optionally substlt(u\.\” 0 eFor t h R |n pe dentIy

sel ected fromthe gro@p eoMsisting of aI

cycl oal kyl , heterocycl oal kyl, aryl and heteroaryl and eac |s selected

fromthe group consisting of C3-6 cycloal kyl, pyrrol i nyl, piperidinyl,
nmor phol i nyl, tetrahydrofuranyl, and etrahydr opyr anyI and wherein the

ali phatic and cyc rt|o of Rg 8 n. y further
substituted with fr ne hree ha djyl m/r xy am no,

' roups and ' drogen o-TCRR
CF3

al kyl am no and di al K

CF,
LD Q e O
1 26.  The compound of claim 1, wherein said compound is selected from the
2 group in Tablel.
1 27. A pharmaceutical composition comprising a compound a

2 pharmaceutically acceptable carrier and a compound having formula
O

0 .Cl
N
H

N~ 8
A

3 cz 7o {:;

4 and pharmaceutically acceptable salts, hydrates and rotomers thereof;, wherein
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28. A nethod for treating a mammal suffering fromor susceptible to a

di sease or disorder involving pathologic activation of Cba receptors,
conpri si yoadmatssrering to the manmal an ef fecti ve anoeot/uskow/ocsmpound
havi ng and phar maceutically acceptabl e salts, hydrates and rotoners

t her_eof ; s selected. fr mthe roup | St of a and

het &r odr yi pod; %ﬁf PR th BrONB RS © @Fﬁé&ﬁd ReterRp i Rers i bt 6@@6@0&@ ring
memgers sgleedad iﬁ&@?o%{onfs) K1 #%‘letﬁg@s Y&l flosa, (b ahys; ardyetigsearyl
groups are optionally substituted wth from1l to R1 substltuents C2is
sel éct ed frybamd h@erganydjgrocupmsnesomtlngalb'fsuhsst;tutedrvdthrfecorerldarSyR subkténaits) t he

het zyl has, from 1-3. eteroato S s, selected fromN,
O and & e ranG BR3P 5y e Bt PB4 oS PR BS b g RARRy

subst i t ut gel Mbrhh -5 heBoktohd 23 1R rBeHISdrd &dl&iﬂédifro@i i3 aﬁ@seﬁfdaﬁlhefrélﬁ@hfahe group
consisting of G _g alkyl, C3-8 cycloal kyl, -8 cycl oal k 4 al kyl

ary0, ar yhryCandihedenegryl gmv&ar@appypnallyewbaitﬁaﬁegi IWItbu from lggp I%ﬁ/ suh&ttt@fr%ycl oaI kyl

port o Rase P exclp Saine IR E Bt Co RS  ETEREP o7 ¢ e

hetler oar y hlkgt, atip, diﬁlscfxalmllhe&heh@t Gatcosmylas, Jdllng, mfbeycﬁoasle}lect ed fromN, O
and S, and each Is optionally substituted wwth from1-3 R3 substltuents

eaéﬁ Rl .&etpweéﬁeﬁhﬂn% @ﬂU@éi \éh%r@a the beteiopeclgplbylgrewna portiemhastiram l oyen

i NRbC( 0) E?Qt(%g aldy sele %@R@ ga%cma) R“@Z”(%) %&(g&é@l&&%@%@@ &&Qﬁl?nd -S(0)

2NRaRb; whereatoness mn@ananberknlecSed fradepérdend Byarsledaele Céd dptiomalhyydr ogen,
al kyl, and G .8 haI or when attached to the sanme nitrogen atom

kyl
caﬂ%be coﬁ‘msﬂg’ﬁewmﬁPﬂb i’ PBBEHUS S m to forma five or sixmembered ring
haviyng PR & 1h@ep%na&ﬁuytslefee@h FIU O  Eon¥Sifd DEhaIRMEICN SR @Rl f rom N,

Oor S; each Rc I's I ndépendently sel’ected fromthe group conS|st|ng of G _g

al K§1 . O -GONR(RH RYDIR' COYOVDRIRY FNRHAOBRACHRIGED k. -NRT-FKORNR Rlet er oar yT
anq9Wher el—I{?R;&g)ﬁth@??NRERb, -OR*, and -S(0),NR" R®; wherein each R* and R is

20 independently selected from hydrogen, C,_g alkyl, and C, g haloalkyl, or when attached to
21 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

22 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
23 N, O or S; each R® is independently selected from the group consisting of Cy g alkyl, C; 5
24 haloalkyl, Cs.6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic
25 and cyclic portions of R*, R” and R¢ are optionally further substituted with from one to

26 three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups; and

27 optionally when two R’ substituents are on adjacent atoms, are combined to form a fused
28 five or six-membered carbocyclic ring;

29  each R?is independently selected from the group consisting of halogen, -CN, -R’, -CO,R",

30 -CONR'R®, -C(O)RY, -OC(O)NR'R®, -NR°C(O)R?, -NR°C(0),R", -NR*C(O)NRR®,

31 -NRIC(O)NRR®, -NRR®, -ORY, and -S(0),NR‘R®; wherein each R and R® is

32 independently selected from hydrogen, C,salkyl, and C;_ghaloalkyl, or when attached to
33 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

34 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
35 N, O or S; each R"is independently selected from the group consisting of C g alkyl, Ci.g
36 haloalkyl, Cs.6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic
37 and cyclic portions of RY, R® and R" are optionally further substituted with from one to

38 three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;
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and cyclic portions of Ra, Rb and Rc are optionally further substituted
with fromone to three hal ogen, hydroxy, nethyl, am no, al kylam no and
di al kyl amvoaogreosgss; and optionally when two Rl substit REMUGS2@90689A1

adj acent atons, are conbined to forma fused five or six-nenbered

Cortdh s e o 1 IRGHISGBrIY ek M MoE RO NS UR2<D LR C OB ) NR
dReggp - NR e@é@k mcgﬁﬁge@cgb)&ﬁm -NR'@) @)%NRH@BSO RARNHEC@NRRe, - NR
dRe, -OR d, and % wherei n each an is | nde endent |y

sel4éct ed FNBRhyRR g%(ﬁ))zNZRglb axﬁd;d X aN&ER, - ¥ mm&mwx SR W@Rg,aNHsRShed to

nbi d t { t
g or s MRCReR: FRREMORAFrend 5icb mfeh h AR BeP B i els T g
rremiger S Sﬁ‘oﬁpﬁﬁ‘i@'ogehom g\buq@ g; 6 @cl&@l@}] aftd O §hélﬂﬂﬁﬁ681d@Héd Ma3péPettRgd fromthe

group consisting of kyl, G hal oal kyl , C cycl oal kyl,
het%ér ocycﬁmﬁ m;&logeraattym Caﬁdveﬁembmdwth thanurqgﬁ@ﬁ@inhtqfh@nalﬂvswmsm and cyclic

POt o Al A 18, QBLBRRM L YELORL oOHBSHIRHERL LN o one

hr ee ogen amno

gr a@aps; eak; b &R 9 andiv dpﬁ@mﬂi@rswbsyltaedi adthede bf cwo b;ktg c@EoRIPs Qﬁi&pdalﬁifehﬂ!g of

haI ogen - -R1, -CO 2Rg, - % %j (O NR , -NR hC(OR
NRllcefrbyct%daffom tNRg@@(’ @thl&wf lmﬁékg v sh@RaklfYL Cep 0y - X4-RJ,

|s41§NCR:| gEHeatﬁ(O%?ene g‘?ﬂanl'\g[ﬁ%%e@‘ﬁ%ﬁa?s In %nt fy}‘“élw Eq:?r om o8 Poggn,

G 49 al kyCss ®cl@alk:yyl;:ﬂ>ymdlinyl de@ngnMphdaiylk,ytbtralqerMnylaamchc hed to the

sa nitroge tomcnbe conbi .with the itro tQ, forma five or
N enber APy R PTad nery e R slintialit ned el PhERST oEROL: Bl i L1 ve o
56'5‘?Ct ed Bﬁt’i’dﬁah‘y P sr'fbsﬁﬁﬁ'ed witR Bloh P& thhr%b'Bélbg&Ph?e@hW ¢h,, 9?& 5?4/’ two 0Xxo;

each Rlis I ndependently selected fromthe group consisting o al kyl ,
Ci 58 hal oaikng, alkgizminy endodiblkylamino groups; and

53  Xis hydrogen or CH;.

1 28. A method for treating a mammal suffering from or susceptible to a
2 disease or disorder involving pathologic activation of C5a receptors, comprising
3 administering to the mammal an effective amount of a compound having

0O

X .C!
N
H

N~ ~c3
CZ’J*o D,
and pharmaceutically acceptable salts, hydrates and rotomers thereof;, wherein
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

aryl and heteroaryl groups are optionally substituted with from 1 to 3 R' substituents;

O 0 3 N i b

C? is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group
10 has from 1-3 heteroatoms as ring members selected from N, O and S; and wherein said
11 aryl and heteroaryl groups are optionally substituted with from 1 to 3 R” substituents;

12 C’is selected from the group consisting of C g alkyl, Cs.scycloalkyl, Cs.s cycloalkyl-C)4

13 alkyl, aryl, aryl-C, 4 alkyl, heteroaryl, heteroaryl-C,; 4 alkyl, heterocycloalkyl or
14 heterocycloalkyl-C, .4 alkyl, wherein the heterocycloalkyl group or portion has from 1-3
15 heteroatoms selected from N, O and S, and wherein the heteroaryl group has from 1-3
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het er ocycl oal kyl , aryl and heteroaryl; and each RJ is selected fromthe
group consisting of C3-6 cycl oal kyl, pyrrolinyl, piperidinyl, norpholinyl,
t et r ahydrw0bl2otoa01ydsy and tetrahydropyranyl, and wherei n Phe/tuskéophetour and
cyclic portions of Rg, Rh, RL and RJ are optionally further substituted

fro one to three haI o 3, ydrox am no, kyI am no and
&Bkw anfHErogioags; ring pembits %%?%%éw%%@%g S (ot mosfly A bi 1 ng
CSe”r ecepglg{sﬁ{{géy@;tﬁgoﬁlej |3Lﬁ3%{lb§£ﬁl%ﬁ%t axi s conpri si ng contacting manmal i an
white blood cells with a Coa receptor nodul atory anount of a corrpound

havi8ng daoh Mlsanmnmlryrsabemi ifioat thy gampeqonsiblieg effialagenhyfd¥,aResCaMB",r ot orrer s

hetér oar I ONReR ern e TlrE SR AP RaMR ERTRS NRPCROUTERL. 52°i ng

nemper s seNREYEINRMRIMNR IO, apr’, Shd 3] %}MI@Ré* Wh&ainGadh RI aR" Ret er oar y!

groups are optionally substituted with from1 to 3 RL substituents; C2 is

sel2dct ed fnd@mrtdﬁ@ﬂsg%@pedcmlhs’ﬂmgn $i1sabl, and € hdalealkat pr whamattashad tche
hetygr oary| he%rl\‘,?%%ltpoagnn a’Eo%”ca?n gﬁ?ﬁf\@{%ﬂﬁleﬁﬁ oI % RO R Leec%ﬁ%? fromN,

O and S; erein sard ary er oar roups are o |on

sulast i t ut e@dnmibietdd rfrfgdmvﬂngtﬁ:)orﬁ 0% 2sudbﬁlbnﬁluefﬁr6atoﬁ8 a$ 8ng ﬁieﬁﬁ)bﬁdiefebﬁmﬁfohe group
consisting of G C38cc|oalk%( C38cc|oa|kyI-C| 4 al kyl,
8

aryt, aryM Goif; &PW& 1sme@ﬁ%@pgly sclpeipd Fram the gigup cansawmo %talé%é%w oal kyl

or »etero | kyl - a M\&ﬁk r

porzt3 I on hgésﬁgéﬁgg1 @{ %%%lg}?loﬂéét%ﬂrorgy se tﬁﬁ/f%}% %85%?%%%9@&1%&”%19&@9&&@” t he

het2ér oar y hndgyeyalip phamnf ORT, R &nh& erogitonslyafirthenspbeetuipersitls #bmatnedo f r om N,
nd each s optionall stitute from1-3 R

Subdt i ¢ ue e FlSin Rrdrde Firie bt b saecrda kiR gioup S onsi st ng

of kal Ogeaptlo WhBﬁ two @s&s%tuen@q}@o@%bcen%% e coftblrl MRFRR0: fusdR

bC(O)R -NR b 2Rc, -NR a- (
29 ' five or sm-rnernbered carbocyclic ring;

30  each R*is independently selected from the group consisting of halogen, -CN, -R’, -CO,R",

31 -CONR'R®, -C(O)RY, -OC(O)NR'R®, -NR°C(O)R?, -NR°C(0),R", -NR*C(O)NRR®,

32 “NRIC(O)NR'R?, -NRR?, -ORY, and -S(0);NRR®; wherein each R® and R® is

33 independently selected from hydrogen, C,salkyl, and C;_ghaloalkyl, or when attached to
34 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

35 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
36 N, O or S; each Riis independently selected from the group consisting of C;_galkyl, C;g
37 haloalkyl, Cs.6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic
38 and cyclic portions of RY, R® and R" are optionally further substituted with from one to

39 three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;

40  each R?is independently selected from the group consisting of halogen, -CN, -R’, -CO,RS,

41 -CONRZR", -C(O)RE, -OC(O)NRER", -NR"C(O)RE, -NR"C(O);R’, -NREC(O)NRER",

42 -NRER", -ORE, -S(0),NRER", -X*-R/, -X*-NR®R", -X*-CONRER", -X*-NR"C(O)R¢, -NHR!
43 and -NHCH,R’, wherein X" is a C1_4 alkylene; each R® and R" is independently selected
44 from hydrogen, C, 5 alkyl, Cs6 cycloalkyl and C,_g haloalkyl, or when attached to the

45 same nitrogen atom can be combined with the nitrogen atom to form a five or six-

46 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
47 N, O or S and is optionally substituted with one or two oxo; each R’ is independently

48 selected from the group consisting of C;_g alkyl, C;_ghaloalkyl, C; cycloalkyl,

49 heterocycloalkyl, aryl and heteroaryl; and each R’ is selected from the group consisting of
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-NR aC(O NR aRb, -NR aRb, -OR a, and -S(O 2NRaRb; wherein each Ra and Rb

i s independently selected fromhydrogen, G 8 alkyl, and C _8 hal oal kyl, or
when at t awbediotwos1she same nitrogen atom can be conbi nedPairtus240a®68%it r ogen
atomto forma five or sixnmenbered ring having fromO to 2 additiona

het roato as ri me select d fr S; . each
§pendeﬁ§ b 9@%@}”@& @ﬂ’fn;q% PIEAgP, Edgore y;,ttﬁﬁﬁ%yeﬁof@an@ QIFRCE
halsqal Kyl tet @%ﬁ am/dvheraﬁttﬁé amhghe)aﬁ&wchc %BM onélefﬂRh q{hekoeﬁ{dyfb,ar@nd

wherein the ali icand cyclic portions of Ra, and Rc are optional ly
f u 2her s uﬁmriaﬂu fathowisulistifuteshw th éronpondo dlarch aalog@n metiysdr Gy hydrexnyl , am no,

| am no_and di ] ho oups; and gptionally when two R1 substituents
E%on adft %E]é)nflﬁﬁfgﬁgo T}ra\gr@a]ég[%qlﬁ%%rOPBS’faBEm a fused five or six-menbered
cashocyxhgﬁy&@ or €agh R2 i's independently sel ected fromthe group

consi sting of hal ogen, - - -COR1L , -CONR dRe, -C(OR d, -OC(ONR
dRe, -NR eC(OR d, -NR eC(O 2Rf -NR dC(O) NR dRe, -NR dC( O£NR dRe, -NR
drel -OR d, and -0 @N%F@éi ofipfibising (Saaeccpipranaslised sallulaighprapigsist | y

sel gct hed to
5120 Sl QAR Sl A B T Rt BSOS FHAAENS
fivé orofaicompobed koing fogmhlvi ng from O to 2 additional heteroatons as ring
menbers selected fromN, Oor S; each Rf is independently selected fromthe
group consisting of G _g alkyl, G _« algglkyl, C cycl oal kyl ,

het er ocycl oal kyl, aryl and heter s wherein the aliphatic and cyclic
portions of Rd, Re and Rf are optionallly further substituted with from one
to three hal ogen, hydroxy, met hyl ,Nancho, al kyl ami no and di al kyl ami no
groups; each R is independently eLgcted fromthe group consisting of

hal dgen, -CN, -Rl, -CO 2Rg, - gfh, -c(&PR g, -OC(ONR gRh, -NR hC(O R

N - RgRh, - X4-RJ,
- x43Ng%g&)%€5§%%w{ %f%@oy% EI%E%FE@{\% agm“"i\lﬁ%g tgeli?"ﬁ(@&% Rl, wherein X4
is & G C14ls atlkgtbdefrom thagfmuﬁgomdlr@mf aSyllandl hptervdeyif Wiersml tee ha&droaryl group

7 has from 1-3 heteroatoms as ring members selected from N, O and S; and wherein said

8 aryl and heteroaryl groups are optionally substituted with from 1 to 3 R' substituents;

9  C*is selected from the group consisting of aryl and heteroaryl, wherein the heteroaryl group
10 has from 1-3 heteroatoms as ring members selected from N, O and S; and wherein said
11 aryl and heteroaryl groups are optionally substituted with from 1 to 3 R” substituents;

12 C’is selected from the group consisting of C g alkyl, Cs.scycloalkyl, Cs.s cycloalkyl-C)4

13 alkyl, aryl, aryl-C,4 alkyl, heteroaryl, heteroaryl-C,;4 alkyl, heterocycloalkyl or

14 heterocycloalkyl-C, .4 alkyl, wherein the heterocycloalkyl group or portion has from 1-3
15 heteroatoms selected from N, O and S, and wherein the heteroaryl group has from 1-3
16 heteroatoms as ring members selected from N, O and S, and each C is optionally

17 substituted with from 1-3 R? substituents;

18 cachR'is independently selected from the group consisting of halogen, -CN, -R®, -CO,R?,

19 -CONRR", -C(O)R?, -OC(O)NR'R®, -NR°C(O)R?, -NR"C(0),R¢, -NR*-C(O)NR'R”,

20 “NR*C(O)NR'R®, -NR*R", -OR?", and -S(0),NR*R"; wherein each R* and R” is

21 independently selected from hydrogen, C,salkyl, and C;_ghaloalkyl, or when attached to
22 the same nitrogen atom can be combined with the nitrogen atom to form a five or six-

23 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
24 N, O or S; each R® is independently selected from the group consisting of Cy g alkyl, C; 5
25 haloalkyl, Cs.6 cycloalkyl, heterocycloalkyl, aryl and heteroaryl, and wherein the aliphatic
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from hydrogen, G _g alkyl, C cycloalkyl and G _g hal oal kyl, or when

attached to the sane nitrogen atom can be conbined with the nitrogen atom

to form awbizem/06253i xnenbered ring having fromO to 2 aedirtuseeaio6s41

heteroatons as ring nenbers selected fromN, Oor S and is optionally

substituted w th one or each R1i ependently selected fromthe
%&p condRdeyalg Paftioas Ogﬁﬁﬁ% Roaregomneﬂix bm('i* P bt u&%w%h&% onc to

hetz@r ocyciipal M&genaﬁydro%n%éﬁ%ﬁleaﬁﬁﬁw’dlk lﬁﬁﬁlo%%lfhlﬁﬂ 151%11@2,4 segnci romthe

group consi sting of cycloal kyl, pyrrolinyl, piperidin nmor phol i nyl

t et2|8ahyd r opmmaﬂy whea traio Betsulahmmmw amydjaccnh dtomsearelcnnﬂomda&b fthla@t fusedand

cy iC potlo nd RJ are optionally further substituted

from oh& 9 I?W%&ecﬁ%ﬂ?)ogcé’ﬁﬁﬂ%hyl CF3, hydroxy, anino, alkylanino and
dl aloky | caph Rélgh@esﬁ@ﬁde@l@@e%cﬂea ﬁ%ﬁﬂm@@e&lﬂong}k@ng @ﬂlal&d'gm TN, hRéI -0b,rt,ai m 28,

wherein the d i sease or d| sor der s an i nfl anmat or sease or ql sorder. 31.

Thé lnet hodCONRER A FGIRR, WHEOINR RTaeNBACé(éHBe DR @ )@RdeNRl G(¥ReRt.ed from
th t , A h
i 220couP R BRRIR: KRR LORP AR S HARRIS: wRERH GicBROGa RAZNE! BT S

obsBruct i uﬁlemﬂdemtgaweodads@dsﬁe@drdgeﬁ | @byl Qilﬂdiﬁ%(hﬁlb&llk@ﬂ owiwhbn bttidohsd td ung
i nj ury osteoarthriti S, atOpI c dernmatiti S, chronic urticari a,
i séflen a- Fepare gatrssn ey p3n begqmbingdbwph therirgec alerm éa OraymAyoMesixsy st eni ¢

| nflsammat g RS ﬁ%"f%ﬁ@% > MbidioRhIGhe &ﬁ‘&n%f H%‘ﬁl‘ghl%@rs%m% m LI ssue

graft rejection an Bj/l racute rejectionof transpla organs The
met3bod of N¢Oedrrfi; 28ch eur&iepeﬁd&etlgdsdaa&bfrom thié gupepndiging ocf&h@akk\ybﬂhul ar or

cer brovascul ar. dj sor 3 |l aim 3 rein the di sease
s or absiof BV £ 6 sy SR e ) P RS e BELRlT e REAR ST o
Cor3(8nar Y b &eoftiony 88 RYIRran@ RELHSIRBnally further substituted with from one to

39 three halogen, hydroxy, methyl, amino, alkylamino and dialkylamino groups;

40  each R?is independently selected from the group consisting of halogen, -CN, -R’, -CO,RS,

41 -CONRZR", -C(O)RE, -OC(O)NRER", -NR"C(O)RE, -NR"C(O),R’, -NREC(O)NRER",

42 -NRER", -ORE, -S(0),NRER", -X*-R/, -X*-NR®R", -X*-CONRER", -X*-NR"C(O)R¢, -NHR!
43 and -NHCH,R’, wherein X" is a C1_4 alkylene; each R® and R" is independently selected
44 from hydrogen, C,; s alkyl, Cs cycloalkyl and C;_s haloalkyl, or when attached to the

45 same nitrogen atom can be combined with the nitrogen atom to form a five or six-

46 membered ring having from 0 to 2 additional heteroatoms as ring members selected from
47 N, O or S and is optionally substituted with one or two oxo; each R’ is independently

48 selected from the group consisting of C; g alkyl, C;_g haloalkyl, Cs¢ cycloalkyl,

49 heterocycloalkyl, aryl and heteroaryl; and each R’ is selected from the group consisting of
50 Cs.6 cycloalkyl, pyrrolinyl, piperidinyl, morpholinyl, tetrahydrofuranyl, and

51 tetrahydropyranyl, and wherein the aliphatic and cyclic portions of R, R", R' and R! are
52 optionally further substituted with from one to three halogen, methyl, CF3, hydroxy,

53 amino, alkylamino and dialkylamino groups; and

54 Xis hydrogen or CHj.

1 30. The method of claim 28, wherein the disease or disorder is an

2 inflammatory disease or disorder.
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post - surgi cal vascul ar reocclusion, artherosclerosis, traumatic central
nervous systeminjury and i schem c heart disease. 34. The nethod of claim
28, wher eWvo bt 7isgease or di sorder is an aut oi mmune di POTASR00986894The
met hod of claim 34, wherein the disease or disorder is selected fromthe
group consisting of rheumatoid arthritis, system c |upus erythematosus,

Quil.l ain- Barre ndr , nereatitis, |upus nephritis, | upus

gl orfer ul onephr i t 18 psite aEnad ot s€ ieca s ditraseen ibardet s felpsshi e bowel
syndr onom @RS ¥BLPBMREhE 8f ndlohbith Scp b, QERH shock! QRENIRY's &S¢ARBnulBSRPI gus,
penmphi goi d, scl eroderma, nyasthenia gravi's, autoi nmune henol ytic and

t hr dnboelerasre plirekes trdlaasnataydwpas digease schsgmel posvrictivamprlmonaycliorddrs, ti ssue
grafit r.ejection and .hyperacute rejection of transplanted argans. .36. The
et o peighiafich S0 RIADf FGle3EE SsRout L EPaRp B Fin Bl auE

seqyel agtiasROBtRdngd-r¥pdriusionenjgrQ upute aRpirstoindis@dss isisdtbing - Seteaisent

di abetes, nellitus, |upus nephropathy, Heyman nephritis, nenbranous,.

nepr i tindamprigie Faspeste pHrdrems, melkbintcreansdréinction syndrempditsesseraigejcction

i nf bam%hih9ﬂega&ﬁgtéjédﬁ%ngf@ﬁsﬁﬁ%a%}ga%g. blood with artificial surfaces.

1 32. The method of claim 28, wherein the disease or disorder is a

2 cardiovascular or cerebrovascular disorder.

1 33. The method of claim 32, wherein the disease or disorder is selected

2 from the group consisting of myocardial infarction, coronary thrombosis, vascular occlusion,
3 post-surgical vascular reocclusion, artherosclerosis, traumatic central nervous system injury
4 and ischemic heart disease.

1 34. The method of claim 28, wherein the disease or disorder is an

2 autoimmune disorder.

1 35. The method of claim 34, wherein the disease or disorder is selected
from the group consisting of rheumatoid arthritis, systemic lupus erythematosus, Guillain-
Barre syndrome, pancreatitis, lupus nephritis, lupus glomerulonephritis, psoriasis, Crohn's
disease, vasculitis, irritable bowel syndrome, dermatomyositis, multiple sclerosis, bronchial
asthma, pemphigus, pemphigoid, scleroderma, myasthenia gravis, autoimmune hemolytic and

thrombocytopenic states, Goodpasture's syndrome, immunovasculitis, tissue graft rejection

~l N R W N

and hyperacute rejection of transplanted organs.

36. The method of claim 28, wherein the disease or disorder is a
pathologic sequelae associated with the group consisting of insulin-dependent diabetes,
mellitus, lupus nephropathy, Heyman nephritis, membranous nephritis, glomerulonephritis,

contact sensitivity responses, and inflammation resulting from contact of blood with artificial

[ S S R

surfaces.
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