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WO 2005/101838 PCT/US2005/012265 PIPERAZINYLPIPERIDINE
DERIVATIVES AS CHEMOKINE RECEPTOR ANTAGONISTS, 5 FIELD -
B FE NENTION The present invention relates to compou}?l%lgég{oz’/ﬁméb
modulate the activity of or bind to 10 chemokine receptors such as CCR5.

In some embodiments, the compounds are selective for CCR5. The

compounds can be used, for example, to treat diseases associated with

chemokine rece j ! (Rfl ry diseases,
immune disease@ggﬁaﬁ%ﬁﬁ%%@%gng THE
INVENTION Tha$figidd R EAY R ZEGHF SO RN Bfood vessels
into diseased tissues is involved in the initiation of normal disease-fighting
inflammatory responses. The process, also known as leukocyte
recruitment, is also related to the onset and progression of life-
threatening inflammatory, as well as debilitating autoimmune diseases.
he r ' of these diseases derives from the attack of
FI%@&%?%M% defenses on normal tissues. Accordingly,
prevEmtipeesand bleoking telakacide segruitmisnhito tasdehtissuesciivity of or bind to
endpliammaionand puloimmyge disease WauldBe A NIGDYSIISEINE ave seicoive for
approach. to therapeutic intervention. The different classes of f(leukocyte
CCEells tHarareivaied hrcdliulasammnioherespdnses PBindisecs associated with

chdMORPLYIBS: IPRRACKIES BRUNARNIIS,EPSInARNS ANd:DAgERRLS. IRMAR! diseases

cases, lymphocytes are the leukocyte class that initiates, coordinates,
anRigrhiaiRES chronic inflammatory responses, and blockage of these

cells from entering inflammatory sites is desirable. Lymphocytes attract

Q the i i ich, collectively with lymphocytes, are

Bﬁ%ﬁ%ﬁiﬁéﬁﬁ%ﬁ%ﬂsue damage that occurs in 30

inflaimatiuy diseasktrinfifsation oftbetymfrhochiesiandfels oo diydesdstissues is
. K toJead.to.a wide ran f chropic, autoimmune, diseases andﬁlso i
G e 48 Process
alsghlsyrmarciel rtkpitide cheoninednticeldernbtitd, tanthamnsatorydopwetession of life-

thrgi&@ﬁ'ég ’ fﬁﬁéﬁnﬁéﬁmﬁ lypuis %ymﬁﬂﬂﬁﬁsa{ﬁ&ﬁmﬁz@l@f@%sz The resulting

atherosclerosis, psoriasis, sarcoidosis, idiopathic pulmonary fibrosis,
pathelorxhihesisiscaris o Domsiratmn poira begrp s EEsystem defenses on

normal tissues. Accordingly, preventing and blocking leukocyte recruitment to tarpet tissues

in inflammatory and autoimmune disease would be a highly effective approach to therapeutic
intervention,

The different classes of leukocyte cells that are involved in cellular immune responses
include monocytes, lymphocytes, neutrophils, eosinophils and basophils. In most cases,
lymphocytes are the leukocyte class that initiates, coordinates, and maintains chronic
inflammatory responses, and blockage of these cells from entering inflammatory sites is
desirable. Lymphocytes atiract monocytes to the tissue sites, which, collectively with
lymphocytes, are responsible for most of the actual tissue damage that occurs in
inflammatory disease. Infiltration of the lymphocytes and/or monocytes is known to lead to a
wide range of chronic, autoimmune diseases, and also organ transplant rejection. These
diseases include, but are not limited to, rheumatoid arthritis, chronic contact dermatitis,
inflammatory bowel disease, Iupus, systemic lupus erythematosus, multiple sclerosis,

atherosclerosis, psoriasis, sarcoidosis, idiopathic pulmonary fibrosis, dermatomyositis, skin
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pemphigoid and related diseases, (e.g., Pemphigus vulgaris, P. foliacious,

P. eiythematosis), glomerulonephritides, vasculitides, hepatitis, diabetes,

ABgrAN Wi&ion, and graft-versus- host disease. The process by HifF/ 012265

Ilgliaﬁoc%/ eséer% ettg%ébloods ea acc%,lmulate at inflammatory 5 sites, )
PR AT TS a Sk s BaAsERd 8 nATR BRI IEASY HddSsteg it &y & Bigmatosis),
glodeolivegttagiddy, redingfd)adtepativin/fidinbathe sitipafidiéRction, and grafi-versus-
nodfansendothelial migration [Springer, T. A., Nature 346:425-433 (1990);

Lawrence and Springer, Cell 65:859-873 (1991); Butcher, E. C., Cell

67:1683 orosE Pyorhicir frnkewterlstep thahbelidsodamt thecrnotéaular feflehmatory
sieddy sRheMmAAliRstant IReentars, FRempatiaGiant E%%%%%ﬁﬂa% S cribed as

of Ie_ukocggtes then bind 10 chemoattractant cytokines h are secrete
(Dl G Rer e sy Bamadstrimetticn rrseadrdichm amgrabandfasinger, T. A,
Naletkaeyiersiacrasen ihEsdhes vanass abtheadhesion Roiequies), Bakher, k. C.

ediat n lial migration and promotes directed migration of the
el TR e €OTeb of the CHEM oS EHInG: CHEmBRlEH Tvel by
chaytokinesfletdopyts chkmoatiractantiaciiatingfasi s X AIs @ KWHc & s kBen bind
ines, also.known.as intercrines.and SIS cytakines ar roup of, . .
Cheﬁrﬁ %%%ﬁt%?ﬁ)#}%ﬁ%%vmg u?g?osr?/cﬁ(gﬁldpag[gti%ﬁ? a%ﬁo%lg’ gf%ﬁf%@ﬁ%?’%e%ﬁ?fecuon'
Regi®kDadingt satév atde dodurdyyea inidesraribtyadhesissuchfithe adhesion molecules

oM RCEARDABRSBRRAKICH: SRR Br AEILORRISR. MRIQDIARIS VASCHIAL 1owarg
endotherial cells, smooth muscle cells, and mast cells, atinflammatory

theSpuscy RS TP LTSNS t0!ERRy. J Med., 338, 436-445 (1998) and
R0||i(DﬁmBJﬁ’Qﬂi&@yt@ﬁ%e??@%@a@%g@)aﬁé%a%’f‘eﬁ@&@@%@%@t@ﬁ%%léo known as

hde cribed in Oppenheim, J. J. et al., Anna. Rev. Immunol.; 9:617-64
ORGSR omiEgire R Inmhsses e zayeanyl inflammatory/
imBaggiolinil dibryes@lpantlidtedmaiinolccabif ¢4 8 (994D hemakingsased by a

. have the ability to stimulate directed cell migration, a process known as
B S T e R PR o e s ipgoblass,

vaﬁm@mat_lc_jighwidé behlssi@hwnakinels carilhe grbuped inti2SatwWinflammatory  sites
resibfamilieshased,o @:X&h?}bﬁc&%% §’V23%UA'£‘§ (tfds!i@ ”gan'dcié%‘i‘ﬁ@se ERSIAUES 00.928

are immediately adjacent (C y) or separated by oné amino acrd

(19 RCcAdshilPherricaegiferenkes corraihed wittOpreoirganizhtibnedfahe Amgu. Rev.
m&%ﬁ@mﬁi@%ﬂ@@@"ﬁﬁe&ﬁﬂ? SStelSoVithin &36H, Q&%ﬁl&i?t%sg&%&? (1994);
. e

chemokines typically show sequence similarities between 25 t3 60% N
Baggie e difessuc adiitenabkmig (il 28) (1o dommakinesibeye the ability to
stirpaRiei mﬁ&é&%ﬁeﬂ) xﬁlgi&ﬂp@@@?s@fam{@%haﬁum@@'h | dﬂs?%ﬂ%’cﬁé%%e contains

MGSA) are.chematactic primarily for, neutrophils and T lymphocytes, ]
o R O R VB STER ALRAN TR LB £68 tdouped i
twanohGoytéeshematactiviprbteite (ME RnindieiridaMER:BeMsiinds artdimmediately
adeg%)Ft)'@C family) or separated by one amino acid (CXC family). These differences
correlate with the organization of the two subfamilies into separate gene clusters. Within each
gene cluster, the chemokines typically show sequence similarities between 25 to 60%. The
CXC chemokines, such as interleukin-8 (JL-8), neutrophil-activating protein-2 (NAP-2} and
melanoma growth stimulatory activity protein (MGSA) are chemotactic primarily for
neutrophils and T lymphocytes, whereas the CC chemokines, such as RANTES, MIP-la,
MIP-1p, the monocyte chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4, and MCP-5)

and the eotaxins (-1 and -2) are chemotactic for, among other cell types, macrophages, T
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and the eotaxins (-1 and -2) are chemotactic for, among other cell types,
macrophages, T 2 WO 2005/101838 PCT/US2005/012265 lymphocytes,
SHIHBPRHE B endritic cells, and basophils. There also exist thd CT/US2005/012265

h t 1,1 hotactin-2 (ba chemokines), and
RIS me%%‘%&%o a§ﬁ i s Sth%?ddgarﬁ?i’?égf n?%“'é“r‘tﬁé?"oﬁ‘ﬁ% ihgjGhemokines

lymipbetasiing sorbfﬁlmﬂaesnmcgmm (atsmmnbmsam%am@m%mmm@
thdl 8% Bﬁn% gl,t%g%%go;%%cnvqyng f%g, grJE)isacc

chemokine pro uced by monocytés/macrop ages Enooth muscle cells,
fibrobfasts, dﬁbﬁ/d@tﬂ}%@r enddifhélfal (@ébseamﬂl@auﬁesmeﬂrnp@w@lochamdtacﬁc and

acGehiadhRsien of /M 88? ROGYERS éﬁ@ﬁéﬂn@%@e}f% éesﬁ%gééoph%%eg‘: smooth

Blochemlst 19 27, 4162; Matsushima, K. e
myssl 9ol £ %&mﬁ%@n@r vaschlar erdathelvdl. ceﬂ@agdlwaﬂ%eelhmmt@ and cell

adHes@h&lﬁxEcEﬁ@c}N@tksé@?& enplSA 383,85 3438; BalinsmB«10 bsgla7, 4162,
&%lood 991, 78 riﬁ‘hz Jiang, Y., et al. Immunol 1992, 148, 2423;

v 2ty § Bn‘éfl[edlgb%%slﬁdﬁ? M ERRERYER Iym st Gy tésimmunol.,
19&%@&@55%@@% WV, Mval.ePrad., NRrocAdlatl SAcack SC oS A5 1997, 8bilins, B

s, (see or ex IeL cher, [, FA oo B

%T %’n a%d rﬁe%t(ll?rm fier cens (se’gl?ct%?n &%r}ﬂge'l%gzt%%eﬁ%ﬁs;,&?é& K., et

alaJ Immnmnhnbfp%g@e 158] BagnidtavEtanpPhoeyta. (fearfod. dxangpﬁladtarr M. W, et
1 3 el i ' ine rel as

o i%ﬁﬁ%éﬁﬁﬁﬁ% k3575 SIS AR PRI e

=§t€é BASER): Ek?ﬁ‘M&dlOiéb@l@@uq@nﬂfmqas PceefoalcxdnBirg. odecher, P., et

al 19921 489hdn1agdision Allgbe%%‘,pisescﬁ!%@ %qufﬂnlﬂﬁﬁ&ee@@p@ﬁeg%a) as

n diseases where accumulation of monocyte macropha?e and/or T cells

Vol BRI EB D BISTBER ARIH tHY iRTaRBHS JP Bt dBF ssmhlp B agesestien- Clin.
Inmtatrmwemgas@acfﬁr exampialZQ HayeaibdVi®hak 7ANerfos@eha, P., et al.,

hromb, V 8 18 97 Tak M.. et al., Hum. Pathol.,

Sl S s 0 i AR G A Sl BB bt i
dl@&eﬁm;‘ft\leﬂcemmmm \thhnnmy&ém,adﬁ@)bagﬁ ahiizit) ’]Thwlmawlﬂlought to be
im Mﬁ??n(ﬁ%enﬁﬂﬁa%fﬁ%r%p ﬁxg%ggb dis%‘ééa S.I. ﬁ&éﬁlm I%%%ﬁlolf?ms aneegor c;[xample

2; Akahoshi, T., et al thritis Rheum., ins
Haéips GliLERD Ameviropsclel Bognhapttidisbe B9R58xaRTol8 Moy, M.. et al.,

Hul}ﬂ 16k, Labs Invessa 19951 103y 304 Wada Tpat al,Kidney lots, %}%%6 1991, 88,
761; Gesualdo, L., et al., Kidney Inf., 1997, 51, 155), nephropathy

52%§e§?8@@x¥a\nﬁte %S%{B?h Inxesey 19913 881 12Ak rl@ﬁﬁ@nawg@‘t@za{see for example
Ko¥iekay@mas L., ot @ltin)- hestQat B0l 90, 988, 681AS3), AUInReRRNAIEOSISR heum .,

MR SSeess oo o o Suana, ¥ L E e
exdmpéstioris, M., et al., Lab. Invest., 1995, 73, 804; Wada, T., at al., Kidney Int., 1996, 49,
761; Gesualdo, L., et al., Kidney Int., 1997, 51, 155), nephropathy (see for example Saitoh,
A, etal, ] Clin. Lab. Anal., 1998, 12, 1; Yokoyama, H., et al., J. Leukoc. Biol., 1998, 63,
493), pulmonary fibrosis, pulmonary sarcoidosis (see for example Sugiyama, Y., et al.,
Internal Medicine, 1997, 36, 856}, asthma (see for example Karina, M., et al., J. Invest.
Allergol. Clin. Immunol., 1997, 7, 254; Stephene, T. H., Am. J. Respir. Crit. Care Med.,
1997, 156, 1377; Sousa, A. R., etal,, Am. J. Respir. Cell Mol. Biol,, 1994, 10, 142), multiple
sclerosis (see for example McManus, C., et al., J. Neuroimmunol., 1998, 86, 20}, psoriasis
(see for example Gillitzer, R., et al., J. Invest. Dermatol., 1993, 101, 127), inflammatory
bowel disease (see for example Grimm, M. C., et al, J. Leukoc. Biol., 1996, 59, 804;
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30 Allergol. Clin. Immunol., 1997, 7, 254; Stephene, T. H., Am. J. Respir.

Crit. Care Med., 1997, 156, 1377; Sousa, A. R., et al., Am. J. Respir. Cell
IWHSE. 2BeS11088894, 10, 142), multiple sclerosis (see for example MEMERYES/012265
C., et al., J. Neuroimmunol., 1998, 86, 20), psoriasis (see for example

Regitiisar, R, (et at. 28, IFesseemiernhegnl., 19993,1001 4R yatkidifimioey for example

sehpwel diseaseses,fon examplg) %,riéﬁﬂfbnl\étrﬁsi%s% £dr LEUKRE RB@loeur, C., et al,
1996, 59, 804: 3 WO 2005/101838 PCT/U52005/012265 Reinecker, H.

Arg I diapols At dmerbogyisasinnss ashsrigacarail ReelF Lemsigie. H. B,

et QRINHuareRaprddytaigne | 499517, 3049), endomeitosisatseRifor-cam e example
Jolicoeur, C., et al,, Am. J. Pathol,, 1998, 152, 125), intraperitoneal
Ao e I BRI Tl ) Ko e o e M,
F.,ReploductibPal9dg, 19381 LM M2tngastiveshiaitifailacei¢serdaprxbsple ¥, et al.,
u e i N 1998, 97,.1136), chronic liver disease (see
B . 1 S Sl ! R TR ¥ e,

Rhgieniiteitis (88e 26riéXahmple etz (Be dvmkxamupie IS Mknvwakol. C1997 ¢22]., Infect.
TmadBA4) 1 W@§?§5g%?§§RK%0@[ EXaIRSWong My £idbedh reported to show an

. Rheumatol., 1997, 24,1179) and sepsis (see for example Salkowski, C.
inhibitgripefitett. 21ihviape o odiest zetnat ureisimete banmNRiP arthritis (see for
exaffiRogyambesn teperted, to showian 1Q dobibjtary effectRhadhampeutia cukoc.
_effecé?lrgf%glm?éngdels of rhe%matmd arthritis é ee for exan&g!e ,
Biderfiriitret R S, @, 5> fhifiurlof 24998 1760, 166 "L Sclegosis (see for
exdrapkoKarBie). W.908¢63]. 309, cgataphibl. et 897, J6 R kD), kY011 82eelB)example
multiple sclerosis, (see fqr. ex pus, W J..etal, J. Le iol.
Llﬁ%%;?'gg’él%f’r?ér?%rﬁis S rgr&g§<aﬁ;r§;5r|b|e ]Io%]?%f Iﬁl ee’“]t%hz,%(%g& 1996, 10,
14 Medas he0 7488 r ¥3AmpW Adtayzalo ol ah., BASEBR Bx119064.1093% 1&;81\57; Lukacs,
N A MBERRJET RXAMAYE SOEAAn i Fl Al (o ?Pe%%‘le@%éﬁ%. A etal,

.157; Lulcacs, N.'W.; J. Inmunol., 1997, 158, 4398), atherosclerosis (see
Cirgjilasiamn pho G d2rhapl).A- 38t al deleircutsrio iy poogn8ivisn bisie) far 37ayple Rand,

Mdelayeditypehyneraansitiviydseados example Band h MekenShdl-(sAMiod- example
.Pathq,, 1996, 148, 855), pulmonaré,]hl%gpertension see for example

KiRgitttara; 16 2t 582 BBSS e stS 19087 P8 289 1y raRTiRfeiéffisiion (see for example

ZeaokiegionHsee farexample Zﬁie&gﬁlﬁﬂddl.ﬂl B3, et7al. 488). A FbstRtantagonist of
e 79, 438). A.peptide antagonist.of MCP-1, MCP-1(9-76),

M agbégr:}i)élg?)"rg%jo%esdg F()grfnﬁl Gltrgﬁ%rrtﬁﬁs ?ﬁgf&é%?ﬁ%ﬁrsmex%soé%l e 8 ?dez (see

GahgHI-HL. Bxpxplethd. 19977,188, 131), aswedllaaststiidids MCP-1-deficient mice have
Pr1-deficieni mige b S h R-1] ntigl for manocyt

e (el M el 8 I T L . 7 e

Mgd,, P8, MoIkGefiudog 2] 2B)] BeitheMrasdid indicates that
chempkingssueh a%MGE 1R MERARAAG as MCP-1 and MIP-Io attract

monocytes and lymphocytes to disease sites and mediate their activation and thus are thought
to be intimately involved in the initiation, progression and maintenance of diseases deeply
mvolving monocytes and lymphocytes, such as atherosclerosis, restenosis, rheumatoid
arthritis, psoriasis, asthma, ulcerative colitis, nephritis (nephropathy), multiple sclerosis,
pulmonary fibrosis, myocarditis, hepatitis, pancreatitis, sarcoidosis, Crohn’s disecase,
endometriosis, congestive heart failure, viral meningitis, cerebral infarction, neuropathy,
Kawasaki disease, and sepsis (see for example Rovin, B. H., et al,, Am. J. Kidney. Dis., 1998,
31, 1065; Lloyd, C., et al., Cuzr. Opin. Nephrol. Hypertens., 1998, 7, 281; Conti, P., et al.,
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monocytes and lymphocytes to disease sites and mediate their activation

and thus are thought to be intimately involved in the initiation, progression
arie Widintédnce of diseases deeply involving monocytes andCT/US2005/012265
lymphocytes, such as atherosclerosis, restenosis, rheumatoid arthritis,

Alsegyiant Astimnd resoel 82belloltd ; ReprriirtinBpifosacy), FrndpRieurosci., 1998,
21 stherosiscI3EHpUtmMRNAY:fibroBisamynearditsvweepaliisenanowalita).

sarcoidosis, Crohn's disease, dometriosis, congestive heart failure,
viral S SRR RS i Ry Gt PGB Sy SO Sl Se e il of G-

prfepsisdskd fovexdmpie RovimeBldhaet alotdm. detignely iDigorlQ98e @, Pharm.
; : [ Ir, in. Nephrol. Hypertens., 19 81: .
St B oo I DR P TIOEI e A commae
liggmin e medenc roo®iag, epsdransdhtfcdluMr, segrall ,ﬁmﬁiﬁ%@ssosﬁaﬁad trimeric
G PR8N Ledafn MACORITARTRerPre Qb Ak Eﬂ%}(egs%\’\{gl RIFGA8ERr caloium

998, 4, 54). The chemokines bind to specific cell-surface receptors

COIH@@F@H& tohEHE ATy St EheprotBricastibreepression of cellular adhesion molecules,

deg@¥enRtmNsAIeMARSHnainneians (reviewed in Horuk, Trends
Pharm. 5 Sci., 15, 159-165 (1994)) which are termed "chemokine

receiBFS S5 ddﬂ?dfﬁﬁeﬂin%rﬁ ROSRRHE i GRS kRSB knReFac pRSHS and it is known
thatrérse voeporiniiade hitacisigoap i eughh thensssociaiad HERaHs fesent on various
roteins, resulting in, among other r nses, a rapid increase.l ,
AT ERADE 0 AP BTLISSRTSE SRPOIP i s
eighkre ssiomofiveliskapadh ¢S10R IMOERE) ds,v el égeanidiatidiedafdpramaiiont.-§ is a
, iclrati s,enecqding, recept specifi emokines . .
T e
COfkdteime delphetBs e nefratsrernb fanexeopitokoprese it of. yariolisScience 1991,

eykegyiedpo ions. $p far, At five GXC, ghemoki ceptors
2 S R h Gl 1998
2 pébrridentfedordr dkaripr-1LE8 ANEgantcrsr SRCRIShd BRERY, 2752-2756;

YaMiPalaiisthat for SieiRbANBGAHRS, rand MGRakdS 188k fond 51C5eRA8ARY, 1 bagier,
c CCRZ%ggr refe en%?é see for example, Holmes, W. E., et al., Science
PS8, 59O A0 0 RGP BIRITY ol 2 S erl i H 5 D AgBT oG A et al,
1. Blebt€hitn etlah Tellp1 9985125805546 K0 ol o, Bibdhe:R1a6:, Nadls, 35, 3362-
cad. Sgi. AéMlQ 4.9 ,%752-27%?6{ Yam ami%g .etal., Biochem,
SR oL N 16600303 TSR I857 Chbader SO Rl bas been
repTried Jbat hehoiEletog il ClhrénaistryrH00 Sor2v0ioh640 kubhdSde PRWETRS - deficient
midh (k22 3 Bl Cliepa 1695, 200 1009549500, Samson, ., L3,
Bi(()chemistr , 1996, 35, 33%2- 3 67;6 l’JI’% 9;/51 ) QQ%%@S;? 'Regvla}{léwfo@m' lnvest.,
199%arhihokity)190d that 5OMEBEH! 0 ardseahagspomdditmaliog of atherosclerotic
lesibHlarIRANAN Ane OraNWAMA forRatiQbaER SHRPIessedin REREJeHsE Yo, 504,
Kuziel, W. A, et al., Proc. Natl. Acad. Sci., USA, 1997, 94, 12053; Kurihara, T., et al., 1.
Exp. Med., 1997, 186, 1757; Boring, L., et al,, J. Clin. Invest., 1997, 100, 2552).

Chemokine receptors are also known as coreceptors for viral entry leading to viral
infection such as, for example, HIV infection. Reverse transcription and protein processing
are the classic steps of the viral life cycle which antiretroviral therapeutic agents are designed
to block. Although many new drugs that are believed to block viral entry hold promise, there
is currently no agent to which HIV-1 has not been able 1o acquire resistance. Multiple rounds

of viral replication are required to generate the genetic diversity that forms the basis of
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mice (see Gao, J,-L., et al., J. Exp. Med., 1997, 185, 1959; Gerard, C., et

al., J. Clin. Invest., 1997, 100, 2022), and that recruitment of

WA IpHEEs and formation of atherosclerotic 25 lesion decreBSEF F3005/012265

CCR2-deficient mice (see Boring, L., et al., Nature, 1998, 394, 894, )
resigignfg, (PrRPIngtign, et N RISk redicaten is §yKimally Fyggressed remains a
corketsoacse{Tre @hdlnt vith Ry Bhib &R £80ith /&R Boiat, LThetakednCliNmultiple

Invest., 1997, 100, 2552). Chemokine receptors are alsq known as .
SR RO 5P VAR e (0T T BUE ek Fo A o Spizs
et dH|\infelation/ReVEI6, taBchiPtion and protein processing 30 are the

clas?ﬁ' sien f the viralljfe. ycélﬁ which anti etrgvir | ther 1@9;]& QNS e viral

are esigne%t?g tﬁbgke}hﬁ@ﬁgh r%afr? new rfjgse at ggle?)%eﬁeyeg to °
enyshopR glssopriyioldiBrdrméantharectecenive SHgines dheshempieheaspiprs CCRS

an'@Sqt begn ﬁ@lﬁiﬁa@%%wa%&ﬁséétaam%ulﬁﬁéeg%&s 97 %rake small molecule

replication are required t0 generate the genetic diversity that forms the

antpgAs§1O5 SRIEF I005 A0 18a8 PeeTtdSo 005/ ekl Kodnganeh antagonist of CCRS
tha@%%@ﬂ%ﬁh%@py}iﬁhﬁlfi@%hrﬁpﬂKaﬁ?ﬂ iﬁkﬁmiﬁﬁwﬁt@m@%ﬁ% the membrane
remains n ,rstoneo treatment with entry | DIt IS, as W,It (0] r .,

o g RO PE AT HelE e e B oML qvith CCRS.
ThbdlieVied tdathalve thapotehtial fOCRYNErdyctStarnGpites ettadegTliar lsatface of the
Med., 2002, 22(3 1. V-1 entry into €D4 ells requires t I
roc el CE SR hudcR EUNC PN sl LGS [0 ERIP Dt al,

Prepriéedplondust. d8Stheloherioldite F688ptors CCR5 and CXCRA4. A

plausiple appreach 1o-IBeking Hhis RIACEER 5 R 438 SMRIIMRIGEUES co-receptors

antagonists of coreceptor function. The TAK-779 molecule is one such

by dfitadori-6PEic RE Ath a0d crasfs gveesrit 199 - iR Ale gHon ! THRIPZ O fRMsHEely, for

enteliMplirenligatiopat the-sembrans S usiamstageipy Dlagkio® @y mphocytes and
interaction of the viral surface glycoprotein gp120 with CCR5, Th bindir&g .
ma%?@]f‘égeﬁﬁﬁ‘%?“féso?f‘éféﬁ@‘?sqg ?e@%ﬁr“ﬂ?é@ﬁf?éc%rﬂd}&r %“iﬂfé&gf’c‘if’tﬂﬂ tviduals

lackege PIOR WithitRscavty.famadnelean wansmembranghketiogsci|l?, Srmal and

and 7 (Dragic.et al., . P . Acad. Sci. USA, 20 10), 5639), The ]
s BT CRH s SHA G 3 BN BY o inds for
CXERe(bp oKL thepyothineTSEBIHFopit (XA dtit fiGcrophelgecy GpidN(RE). MIP-1alpha

an&'Md’ﬁtE@EEﬁ'fﬁé%%‘ci‘éﬂxiﬁa{ﬁ&@t‘é%%&}&&r ﬁ%&&%ﬁc&%ﬁ%@ﬁ@,%ﬁ%m with

strains of HIV-1 on CD4 lymphocytes and macrophages requires
CR&dpte 5o AUHHEIT CREEBREBBIOY 51 theadist utface Intiigiualeo has potent but

varBeking{CGR5(EERIDeltf 34 MPEMQWSWtW@%:QfﬁeP.WEM%ﬂébi. I, 19.
normal and resistant to infection with HIV-1. Viral entry can be inhibited |
by tﬁg%%@ﬁféa}ﬂsl?@ 18 another small molecude inhibitor of HIV-1 entry via the
CCRS5 coreceptor. SCH-C, an oxime-piperidine compound, is a specific CCRS antagonist as
determined in multiple receptor binding and signal transduction assays. This compound
specifically inhibits HIV-1 infection mediated by CCRS in U-87 astroglioma cells but has no
effect on infection of CXCR4-expressing cells. (Strizki et al, Proc. Natl. Acad Sci. US4,
2001, 98(22), 12718 or Tremblay et al., Antimicrobial Agents and Chemotherapy, 2002,
46(5), 1336).
ADI101, chemically related to SCH-C, also inhibits the entry of human
tmmunodeficiency virus type 1 (HIV-1)} via human CCRS. It has been found that AD101
inhibits HIV-1 entry via rhesus macague CCRS while SCH-C does not. Among the eight

residues that differ between the human and macaque versions of the coreceptor, only one,
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20 CXCR4 (the CXC chemokine SDF-1) and CCR5 (the CC chemokines

RANTES, MIP-l alpha and MIP-| beta). The first non-peptidic compound

4t HErEE88with CCR5, and not with CXCR4, is a quaternary CT/US20065/012265

ammonium derivative, called TAK-779, which also has potent but variable
methienne H&ivieg YRSl dieetiarniiiti cE mEsraen &rhdthde dtiphitipn by SCH-C.
PoSitppli 48 ib9n BCRIGrisiatd3bhi2 3r g anroth srashalharaleckie iniiteeqfrevicusly

IV:1 entry via the R5.C tor..SCH-C, an oxime-piperjdine..
el e S B AR e R i R st LA b ctices 1, 2,3,
andetdsvbindingiand Signiabteais dustioniassaysC TR, ¢ohapdisan suggested that the
Qci' }gnhibitsH -1 infection .mediated.by CCR5 in.U-87 ?tro ioma
St TR S i b

@ﬂl@@@@l-wﬂ%éaﬁif%.7@@A,4123t§0-1, 98(22), 12718 or Tremblay et al.,
AntiicrahialAgenis andrfRemeierary »alid. 3P é}l{@é@eﬂiﬁg’@mp‘agimrespecﬁve

chemically related to SCH-C, also inhibits the entry of human ‘
reGRRFATIGHIERCISEY WU e cE AR Ao AR ARDbR3het 4056 eE ghemokines on

tarfRuBelithaloAR $Qdk MRIbESHHIVid eNlieyiRshlas s MacatpezChR Whilefication of
SCHI%ﬁ dﬁaes not. Among the eight, residues that differ between the
CORBRISalaL ey

B VErfoH D thd BOTERBH S B el ey binding of viral

prafpsS k838 P06 TSRO0 TUOE 22651 methiacine 198 caetouidaifor thermacological

insensitiyity of macaque CCRS to. inhibition by SCH-C.. Position 198 is in ..
R B (TR S Bt O OCALEA JHA et O discases
asyeraviolivlith definelibindirg sitadtraibiOlharnd:SErRE; whith prasivasvention help
ful‘i‘ﬁ?ﬁ%?esamigﬁ%?%@@@é '1, 2, 3, and 7. Based on studies of gmino acid

substitutions in CCR5, it has been suggested that the 5 region of CCR5

near residue 198 can influence the conformational state of this receptor.

syBiNcket @y 2904 ISeirgT10/8(8), 4134). Accordingly, drugs which inhibit

the hinding of chemokines tq their respective,_receptors can be useful as
pharh S ReEHTRA BGEHR R HIFSHDRRA S #Oh YPeHehokines on target
cells and/or block viral entry into cglls@(pressiﬁg thege receptors. The
identification of 10 compoudﬁwﬁéa}él@ﬂi\i@ Vity of chemokine
receptors or block the bindiggaf viral.pfotei pregents an excellent
drug design approach tot elopment of pharmacological agents for
the treatment of inflammatory conditions, viral infection and other diseases
associated with chemokine receptor activation. The compounds of the

or RigsentinveniendeiR. ffilpese And- PNeeReedSlin constituent members are

defined herein.

The present invention further provides compositions comprising the compounds of
Formula T and a pharmaceutically acceptable carrier.

The present invention further provides methods of modulating activity of a chemokine
receptor comprising contacting the chemokine receptor with a compound of Formula 1.

The present invention further provides methods of treating a disease associated with
expression or activity of a chemokine receptor in a patient comprising administering to said
patient a therapeutically effective amount of a compound of Formula 1.

The present invention further provides methods of treating a disease or condition

selected from an inflammatory disease, immune disorder, and viral infection in a patient
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SUMMARY OF THE INVENTION The present invention provides
compounds of Formula I: Ra RS IRZ 1-\O NN~N R3~,1 20 or
pradviaceltidally acceptable salt or prodrug thereof, wherein cRFBHiRRAT/ 012265
members are defined herein. The present invention further provides
CORPTHPBE IR BB dPthRAtS R SolisE B irdhrRiigqtisaraount of a compound of
Fophatigaceutically acceptable carrier. The present invention further
proviges methods of modulating actjvity of a chemokine 25 receptor . i
compriSiRE EBHEEREM SEHEMIIAHE T BB Wth S ¥R g Stn PGiction in 2 patient
cobgmisitig ddmhdspresent naubpliteniurtherapravictls rigtbods ohtieatifg dompound of
Pogligggsle associated. with expression or activity of a chemokine receptor in
a patient comprising administering to said patient a therapeutically
effeclie miourinvédicofpdendrofResmdal 2 Therpresd mifiRventied in therapy.
furthahpradides Meteds AMisatpe adlsepeer £AUdIoN 3% P9RHR, 1 for the
from an inflammatory disease, immune disorder, and viral infection in a
Prepraten PO gheBrEol 38R AT S 2005/012265 comprising
administering to the patient a therapeutically effective amount of a
compound of Formula I. The present invention further provides methods
D%Tt‘?‘g mrectionth a patient comprising administering to said
patieNkaghecapauticadly gidecise amounk ofcpeipewnd @mbirormula .
The present invention further providesFé,Ase of %é:ompound of Formula |l in

therapy. The present invente' mgg;mo;/@s_ggﬁsf a Cﬁmpound of
ic nt e in therapy. 10

AL
Formula | for the preparatio of ;
DETAILED DESCRIPTION¢The\present inverition pr&}ides, inter alia,
compounds of Formula IRRSRS / NN R1

1
or pharmaceutically acceptable salt or prodrug thereof, wherein:

R’ is heteroaryl optionally substituted by one or more R®;

R? is H, halo, cyano, nitro, Ci-Cs alkyl, C1-Cs haloalkyl, Ca-Cy alkenyl, C2-Cs
alkynyl, aryl, heteroaryl, C;-Cy cycloalkyl, heterocycloalkyl, SOR”, SO,R, CORS, ORr’ , SR,
COOR’, NR'R" or NR!COR?;

RYis F, Cl, Br, I, C;-Cq haloalkyl, C;-C; haloalkoxy or heteroaryl;

R is H, C;-Cy alkyl, Cy-Cy alkenyl, C2-Cg alkynyl or C)-Cg haloalkyl;

R’ is H, C;-Cq alkyl, C»-Cs alkenyl, C,-Cs alkynyl or Ci-Cg haloalkyl;

R®is H, Cy-Cy alkyl, C3-Cs alkenyl, C;-Cs alkynyl, C;~Cg haloalkyl, C;-Cs alkoxy, Ci-
Cs haloalkoxy, amino, (C;-Cg alkylyamino or di{C;-Cs alkyl)amino;

R7is H, C-Ce alkyl, Cy-C; alkenyl, C,-Cs alkynyl, Cy-Cg haloalkyl, aryl, heteroaryl,
C3-Cy cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl, (C3-Cy cycloalkyl)alkyl, |
heterocycloalkylalkylor NRZR !,

REis H, C;-Ce alkyl, C;-Cy alkenyl, C;-Cs alkynyl, C;-Cq haloalkyl, aryl, heteroaryl,
C3-Cy cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl, (C3-Cy cycloalkyl)alkyl,
heterocycloalkylalkyl, or NR'RE;

R’ is H, C;-Cy alkyl, C,-Cs alkenyl, C,-C; alkynyl, C;-Cs haloalkyl, alkoxyalkyl,
haloalkoxyalkyl, aryloxyalkyl, heteroaryloxyalkyl, cycloatkyloxyatkyl,
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R3 or pharmaceutically acceptable salt or prodrug thereof, wherein: 15 RI
is heteroaryl optionally substituted by one or more R6; R2 is H, halo,
SVARBIHIE3EI-C6 alkyl, CI-C6 haloalkyl, C2-C6 alkenyl, C2-O8-THlk3A193012265

aryl, heteroaryl, C3-C7 cycloalkyl, heterocycloalkyl, SOR 7, SO2R7,
hetooRglaaiy oSy CEBRINP IR CofirTbeRe; mer@wc@aw prylalkyl,

LSt S sl 1
oa nyl qr aloa IS ,
| 55 RO R e R e @ik% alkynyl, Cy-
Ce @ﬁfﬁ&ﬂlkﬁﬂyl nE2rG6y BIRY Y cGirEAkyalballeytyDld06 Riepkik ) hE&oarylalkyl,
Ioalk 6 alk of di(CI-C6 alkyl)amino; R7 is H,
(Ct¢?'c:°é’ &ﬁf‘% éfgcf% ‘i""'& ‘)ég] a?ky?%yl CI-C6 haloalkyl, aryl,
hetepo &/ ar@ﬂ?éfaz@w@yommm Neterodycidatkylharalkithched form a 3-, 4-, 5-,

6-, %?t?ﬂﬁgﬁﬁ%%ﬁlhg%?’og&%l@(ﬁ@ﬁé% Dﬁ.lkyl heterocycloalkylalkyl,or NR'ZR13;
Cl C%akyl 2-C6 alkenyl, C2-C6 aIIcyntl CI-C6 haloallcyl, a

LT B e ot atous A rovamin vt e K SEE

(faRs alkes e slaalkylal R13713Q R %is a
CéCI C%lzgf?l%ﬁﬁ(ﬁ C%%g(lr)lgland;}l %;29%46 alkggy I %F?g@lgjéll%ﬁlalkﬁyalsﬁmyl vl

(Chgfb%ﬁ’ﬁwmgﬂlﬁﬁbgéﬁﬂ%w%%ﬁ%@ xyallcyl cycloalkyloxyalkyl, 8 WO
2005!11}‘01838 E?@Eﬂgéﬁamﬁ%%t&ﬁwmsﬂﬁ@%ymxw&ﬂe@@hm a 3-, 4-, 5-,

roary], C I?nl heteroc (i!kalkyl aryl.alkyl, heteroarylalkyl;
? rg)g)co IEy% a%/ $ rc())é%loa ylalkyl; R16 and R" are each,

mdepenbl@mxng Cl- C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, CI- C6

haloalkyl, aryl, heteroaryl, C3-C7 cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl; 5 (C3-C7 cycloalkyl)alkyl or heterocycloalkylalkyl; or R10

and RisqmgemnbpdvithtkeRN gt torvhieh theyearbeatbltistbiorhew® canfaining

at éast%m@ﬁﬁo%ﬁih%’@ﬂaﬂﬂ%&% qalkd araupy R anctR13-a18 &880y group is
mdegendentl 1-C6 alkyl ¢2-C6 alkenyl CZ-C6 alkynyl, C1- C6

oPHag W?P%Fwt%@réa%yﬁ @f§ 87%98!6%\Ikyl heterocycloalkyl, arylalkyl,
heterpandal bt ads P aysmadiyidalkyiorhatarasyelopiaiaiodn@iRida: feast

ong g 6T N atom, Whereln shid B-membered heleroars! sroup is optoaaly *
subst,imted by 1,2, 3 0rd R¢ groups.

In some embodiments, R’ is a 6- or 3-membered heteroaryl group containing at least
one ring-forming N atom, wherein said 5S-membered heteroaryl group is optionally
substituted by 1, 2, 3 or 4 R® groups.

In some embodiments, R is a 6-membered heteroaryl group containing at least one
ring-forming N atom, wherein said 6-membered heteroaryl group is optionally substituted by
1,2,30r4 RS groups.

In some embodiments, R! is a 5-membered heteroaryl group containing at least one
ring-forming N atom, wherein said S-membered heteroaryl group is optionally substituted by
1,2,30r4 RS Eroups.

In some embodiments, R' is quinolinyl, isoquinolinyl, naphthyridinyl, indolyl,
indazolyl, pyridyl, pyrimidinyl, N-oxopyridyl, N-oxopyrimindinyl, isoxazole, pyrazole,
pyrrolyl, imidazolyl, oxazoly] or thiazolyl, each optionally substituted by 1, 2, 3 or 4 R®
groups.



6-, or 7-membered heterocycloalkyl group; and ris 1,2or 3. 15 In some
embodiments, R'is a 5-, 6-, 9- or 10-membered heteroaryl group
oD RAING1%98 least one ring-forming N atom, wherein said 5-, 8 QUER05/012265
10-membered heteroaryl group is optionally substituted by 1, 2, 3 or 4 R6
groups SHrSoifbedmediniensTrneinyg.- ispaioatinbarebithitisiozkypyridyl,
pyteiIoANIARIG SRS LNRIH BRI HRMING %ba{%g‘mé_ﬁﬁ'aﬁ&eéﬂb%ﬁtqfed by 1,2,3 or4
H-membered heteroaryl group is optionally 20 substituted by 1, 2, 3 or 4
F%OQIPOSUps. In some embodiments, R' is a 6- or 5-membered heteroaryl
grou;ﬁrmnmb Ciiair?goaiﬂ&asd, R HAGS0) igh Mi@@amsrwf@d bﬁﬁgﬁ?gig-oxoia)ggmindiﬂyi,
.. b-me red heteroaryl group is optionally, substituted by 1, 2, 3 or _
e R R R P ereal Vit ecbgapely -ossiated y
1, GoRtairirRy ardwast one 25 ring-forming N atom, wherein said 6-membered
heter, r is: optionall ifuted.by: .1, 2,3 or 4 R6.groups. |
eyt S R R R RN
pyReAstce Achipriratine e teed, e feih @afdRS-mmembered heteroaryl
group is optionally substituted. by 1, 2, 3 or 4 R6 groups. 30 In some
embodiments, R'is quinolinyl, isoquinolinyl, naphthyridinyl, indolyl,
inda%l??%ﬁ%?%%ﬁ‘ﬂ?dﬁyF,S'N-oxopyridyl, N-oxopyrimindinyl, isoxazole,
pyrazole, pyfi8lyl, imidazolyl, zolyl or thiaz®tyl, each optiorally
substit 2,3o0r S
PCT/ 5/012965 In some )
isoquinolinyl, fhaphthyrighyl, pyidyl, pyrinfidinyiN-oxopyridyl, "@geazdle or
pyrazole, each optionally substituted by 1, 2, 3 or 4 R6 groups. In some
embodiments,.R' is pyridyl, pyrimidinyl, N-oxopyridyl, N-oxopyrimindinyl, 5

isoxazol ole, pyrrolyl, imidazolyl, oxazolyl or thiago&yl, éach oH
optionally suibstituted by /A, 2, 3°ar 4 R§gro ps\.wrhgomese odipients, R’
is pyrid N/y 'n"rﬁjinyl,, N-0¥x iyl isoxag pyrazole, eackeoptionally

substituted by 1, 2, 3 or 4'R6 groups. 10 fh some embodiments, ' is:

s ans

HsC CH HBC\J)YCH?: T T
;s ’ B HaCo?™,—CHa H3G~P ™, ~CHg
N NN / /

O’ \.’/\{RB ; O—N , Or N—N
RG RB
In some embodiments, R is:
S NV N S
/jm R? I/ A N | //k/ Nf
N ; RS N™ ' N \Re ' = '\RB s
R ) NN
NN, N s . O’N\’/\RG , Of :
R RS

Tn some embodiments, R! is:
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fIRGN NJR6 NON\Rs R6\\W\WH3C CH3 JR6/R6N=RSNN~~//H,
HNR 6 H3C CH3 H3C\ CH3 H3C CH3 H3C CH3 O N~ Rs NYN O-N or
M« ARsRs380 some embodiments, R'is: / J R IN N R6 N' N RecRG!seads/012265
H3C\ CH3 H3C CH3 H3C\CH3 JR6 11 JT NYN N N &R , O'N~K-R6 or

R6 15 In soméfémbodiments, RS¥: 10 WO 2005/101838 e
PCT/US 65 / N H3C-T< %N N In
some e s, Rlis ;I\‘-l H3C r‘( H3C\ NRs

ON_\Re Re ,nrv

T HyC CHa
oIS 1
I J NN _

N N 26
In some embodiments, R’ is
NS [Ta¥aVy
SN
Hac CH3
Hst/%/CHs HsC S~CHa \i(j\[/
| NN
N // N o
\“\RG , o \?\RG . \rg ,
[SaNaVy
[SaVavy
HaC // CHs
MaC CH
3 7 ) 3 i
0N or RE .

In some embodiments, R is

S [Ta¥aVy
[RaTAT S
. H;C CHj
G NI S \HY
; N| N N\fw
N. ¢ NN
e 0 R® or Re .
In some embodiments, R'is
[Sava Wy
H3c\{)\\\rCH3
N _=N ‘

In some embodiments, R? is H, C;-Cs alkyl, C1-Cg haloalkyl, OR®, SR® or NRUR'L,
In some embodiments, R* is H or OR®.

In some embodiments, R* is F, Br, CF3, or 6- or 5-membered heteroaryl,

In some embodiments, R? is F, Br, CF,, OCF;, thiazolyl, pyrimidinyl, pyridyl.

In some embodiments, R® is F, Br, or CFa.
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H3C CH3 H3C CH3 N-N 5 O-N or Re In some embodiments, R' is wv wv
H3C\ CH3 H3C CH3 H3C CH3 ~/N/NNRNsO~~R6orRe 10In
sptheemibeeiments, Rl is H3C\ /CH3 \IY NON In some emboeimeistssfRA 2265
is H, CI-C6 alkyl, C1-C6 haloalkyl, OR9, SR' or NRtOR11 In some
embodimnents) iRaiisertoRORY 116 [dlsdme embodiments, R3 is F, Br,

CF3IrP§oﬁie°Jn§55?1 ?J,eﬂ‘*iﬂﬁéﬁ%riyl-_ In some embodimeqts, R3is F,_Br,
CF3, OCF3, thiazolyl, pyrlr;mdlnyl, pyridyl. In some embodiments, R3 is F,

Br, oF &% 9nbpdyoosA0Ps3steeiiliS20051012265 In some

embpdisaents iR dils bk R6 @lkdith) some embodiments, R4 is methyl. In
some embodiments, R5 is,C1-C6 alkyl. In some embodiments, R5 is

methyFShSthndefibdithénts, ris 1. In some embodiments, r is 2. In
sompn esabogirheditac g compounds of the invention have Formula lla or
lIb: R2CH3RZH3CHC ,-\H3C//[Clr~\sO N N,N4 N NN- </

In some embodiments, the compounds of the invention have Formula Ha or ITh:

R2 Ha R HyC 5
Bl WOl T XA
. 9 Y \__/ "
R® e R¥ e
ila Iih.

In some embodiments of compounds having Formula IIa or ITb, R' is:

R
/) e =N < N N
N 1 RS/ N , N \R6 ! N, _~ \RG :

s

T e T HsC CH
m H3C\KJ\TCH3 HSCWCH3 3 \(J‘\/ :
_...RG | ~ N. =N
o // N -, , N NE R or Y

N N ] \’/\Ra O/ -y RG 5

A

In some embodiments of compounds having Formula ITa or ITh, R!is:

vV

N/ 3 N”N'l N/ 'N
RSN
LA

LY

“BCWC'“’S

NN » O N\i&N

RB

In some embodiments of compounds having Formula Ila or 1tb, R is;
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R3 e R3..- 10 lla lIb. In some embodiments of compounds having
Formula llaor llb, R"is: sNs NdRINN N Rs RH3C CH3 H3C CH3
MICHSHESR6 N ~N N N NJ R6 p ~~Rs or R 15 In some embou@itise¢ts012265
of compounds having Formula lla or lIb, R1is: N N NN H3C CH3\\i
“TT or NYN N N-Re In some embodiiftents of compound§ having
Formula lla or Ilb, R"is: 12 WQ,2005/101838.RCT/BE
H3C CH3 VCN3 N RGORE or R6 In's
of compounds vim\ Formula lla ornlb, R24is H3CCH3 \gln some
embodiments of C\Gﬁmound,s haviRg Forfrefa lla afrllb, R2 i®H, CI-C6
alkyl, CI-C6 haloalkyl, OR9, SR9 or NR'R" In some embodiments of
compounds having Formula lla or IIb, R2 is H or OR9.

In some embodiments of compounds having Formula Ifa or IIb, R is

me émbodiments

[ avaVy

HBC\H\YCHS
|
N

\//"N

In some embodiments of compounds having Formula ITa or IIb, R¥is H, C1-Ce alkyl,
C,-Cg haloalkyl, OR”, SR® or NRIR .

In some embodiments of compounds having Formula Ila or IIb, R* is H or OR’.

In some embodiments of compounds having Formula [a or b, R*isF, Br, CFs, 5- or
6-membered heteroaryl.

In some embodiments of compounds having Formula Ila or IIb, RYis E, Br, or CF;.

It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, can also be provided in combination in a single
embodiment. Conversely, various features of the invention which are, for brevity, described
in the context of a single embodiment, may also be provided separately or in any suitable
subcombination.

As used herein, the term “alkyl” is meant to refer to a saturated hydrocarbon group
which is straight-chained or branched. Example alky! groups include methyl (Me), ethyl (Et),
propyl (e.g., n-propyl and isopropyl), butyl (e.g.. n-butyl, isobutyl, s-butyl, t-butyl), pentyl
{e.g., n-pentyl, isopentyl, neopentyl) and the like. An alkyl group can contain from 1 to about
20, from 2 to about 20, from 1 to about 10, from 1 to about 8, from 1 to about 6, from 1 to
about 4, or from 1 to about 3 carbon atoms,

As used herein, “alkenyl” refers to an alkyl group having one or more double carbon-
carbon bonds. Example alkeny! groups include ethenyl, propenyl, butenyl, pentenyl, hexenyl,

butadienyl, pentadienyl, hexadienyl, and the like.

13
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In some embodiments of compounds having Formula lla or Ilb, R3 is F,
Br, CF3, 5- or 1.0 6-membered heteroaryl. In some embodiments of

coopsnssirving Formula lla or IIb, R3 is F, Br, or CF3. It is pppreciaiet 2265
that certain features of the invention, which are, for clarity, described in

the goniexd atreparats eyrbadimnentan m&@@hﬁ?}mﬁmﬁeﬂd for more triple carbon-
bination in a sm le 15 embodime onversel us features of
o R NPT NSO D e UF L and the
likembodiment, may also be provided separately or in any suitable

subgg S e e.fer I r
satur%’rtg% %r%éﬁrbgfg\%%%% vl{/éﬁ fé s;,%]aiagl %}%@?ﬁgi"?aﬁ{cﬁ]gg flore halogen
subsianpte BlieppirobpsdtolldeonetngliNrel et Grls0 0 pfsPy g, CoCls, and

tizeriii?éoﬁﬁl ARG ISRREO W@k@éﬂﬂlﬂ%ﬂh@h@ﬁﬁ%éﬁ%@%ﬁ}@ laEe gﬂbotlel?‘#}’cﬁ halogen atoms
and the like. An a y roup,

pentyl n-pentyl, isopentyl, neopentyl
carlchh Ef?ﬁ‘i%gﬁ%ﬁnpf et 5 eRERPARHE D G e inedidb b pod Cof's.
fromad t@eamué;% ﬁ&m”lré&ﬁh@liﬁﬁlcf@ﬁh& & palg@yt:kﬂc @foﬁiﬁiﬁbllj}@1@b&@bns such

o5, P R BB e e B S R OB e the ke

In snale dmh@ﬁmyxh,tpmpbgaydujmmengh‘;rqnarﬁemyﬁbmmrbbmadmmyl

pentadienyl,
1‘% §£%ﬁogr%§%§§ bsg% £ g%g rg% I kynl%] %{ ss;co C %thr(ycfaé”fragns including
°Yq§i@9ﬁ1§’©ﬁeﬂﬂf¢ﬂdrénﬁﬁlléiwb@nwrmb@ﬂd§ EEoxeirn ok aflejaudd broepoly-cyclic

rlng%%?ngt@[c@@arpwm I)bldgfﬂéli %@Mﬁh&ﬁd ﬁl%n%l% &%IHﬁigih&&{Bs include

haloalkyl" refers to an alkyl group avm}a one or more halégen

cydoipysiile ATSI EXRATh JRECHRISRIKY | Yook cméomlc@ﬁéoz@ﬁmc@@ohemﬂ
cyﬁdﬂ%ale@;acay%z@s@tmeeﬂw ALY aReHRd e A DTeBEN0asn the like.
atom ith halggen atoms can be referred to as .
A O LT R S NG B b oo sromati
rmgsséd;d@’etﬁm haryig rzef&nsdtmm@memmmjj mmy@mmamaﬁcg, for example, benzo
o ey e B S R A b ang e e
Cyeinallgrbapsipavenfione érmram B8 catvon 2oms ﬁ@uséél, leiein, about 7 carbon
storgycloalkyl" refers to non-aromatic cyclic hydrocarbons, including cyclized

alkyl, alkenyl, and alkynyl grougs Cycloalkyl groups can include bi- or
poly sy e m§TSiste TSI BHIAEAN SR ayECOPRARFYHiSatangtiprycyelic aromatic

hydeX@ies Ciraloaliky arauRs iInedUB eroatom ring member such as sulfur, oxygen, or
nitrogen. Heterocaryl groups include, without limitation, pyridyl, N-oxopyridyl, pyrimidiny},
N-oxopyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, naphthyridinyl, furyl, quinolyl,
isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrrolyl, oxazolyl, benzofuryl,
benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl, 1,24-
thiadiazolyl,  isothiazolyl,  benzothienyl, purinyl, carbazolyl, benzimidazolyl,
2,3-dihydrobenzofuranyl, 2,3-dihydrobenzothienyl, 2,3-dihydrobenzothienyl-S-oxide,
2,3-dihydrobenzothienyl-S-dioxide, and the like. In some embodiments, heteroaryl groups
can have from 1 to about 20 carbon atoms, and in further embodiments from about 3 o about
20 carbon atoms. In some embodiments, heteroaryl groups have 1 to about 4, 1 to about 3, or
1 to 2 heteroatoms. In some embodiments, the heteroaryl group has 5 to 50, 5 10 20, 510 14

or 5 to 7 ring members. In some embodiments, the heteroaryl group is a 5-, 6-, 9-, or 10-
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cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

cyclopentenyl, cyclohexenyl, 15 cyclohexadienyl, cycloheptatrienyl,

wockmnayky ssgpinyl, norcarnyl, adamantyl, and the like. Also inetudeskins/o12265

the definition of cycloalkyl are moieties that have one or more aromatic
mdiitgsdiigecufi. e Inhaing @dbotthienco rira drteithyto gheip elotdiogl singagoone ring-
R e’%%"]ﬁlg Ot}gﬁanzo derivatives of cyclopentane (indanyl), cyclohexane
Gr&leh% y(}ron‘aphthyl), and the like. Cycloalkyl groups can have from about

3 to AboutdMiestn, dbetaradchyadad atriens 7tearsoielizedafms maatiseltydrocarbon

i Py L ) | i | ring-formin
lnéggggigcgﬁ%&r@]g%{gg1 dFRURR %&?@@@zwgygmwﬂmwg G:ARMAiCGhe ring-forming

: have at least one heferoatom ring member such as
cathigiiuRteRy g e asRFo §&h AHBEEFSAITYBRRbs MclfRleCwiloGF lifitdieh, Example
hetYSIhob kX QRYHICY Ined e aiNAO YO RIS oppti BRIy | epFidiaziRytbny], and
triazinyl, naphthyridinyl, furyl, quinolyl, 25 isoqLiinonI thienyl, imid zol¥ll,
the(H%Eolﬂ??ﬁa‘ﬁW ey iPathF 6&%&1&% BERSBRASC Rkyh e Ristes that hdve one or
md&?@?ﬁl&&lﬁlyﬂ_iﬂ@@m@iylﬁpy,r&mﬁﬂg tﬁiaﬁmlx‘,«_d, i&tm@iybﬂn@ﬁﬁ@ly@ 1_1;12,4t0n-aromatic
o oM S P, St DA e
phhB«diyly dnddenzotiiemytiB:orideiuBditvyehoyehsothibag i8ddloxidedaisdindolene
thelike. In so iment ¢ YOI 4P3 16 7 ring
B e L e bOu R Hrom et 3 o abou” T 8
meghesrbon atoms. In some embodiments, heteroaryl groups have 1 to

aboug &k 49 abRutRARr ditendibetarogiamss sAMeembedimentsdtieo.
heteroaryl group has 5 to 50, 5 to 20, 5to 14 or 5 to 7 ring members. In

somé RO Ehts R RetEBar HrolhAsd §108D; Sxagiip ig i goups include
m&B65/1QUB3T PErHAdS2005/Q01226bpsme mberedgroupxyi Sobioxy, and the like.
« bodiments, the heterqaryl grqup contains at least one ring- forming N

@%ﬁ@% Jgﬁ%@@%@&%ﬁ&%%3H%’yr- refers to a cyclized, non-aromatic
hydradcankah hime dthirydpbydlizedeatkiy, mlkadhyl, andmliyiryitgiolps wheret one aryl
e [ f ing-formi bon atoms is replaced by a

& ﬁg%égc%la%%r{ﬁ%ﬁc%%ﬁ%% B%IR\I'BFQ%?%E gtfbm. Example heterocycloalky!

groups isetibergipeidamoniogrdidings feroip oIy keuey svbstitaiegl bartd least one
cyiigalikg-oAlge, included in the definition of heterocycloalkyl are moieties that

have one or more aromatic rings fused (i.e., hgvin? a bond in common

with)5 $e HisrRBporeiieo teteiaty chiring, 1Brdsensplem fithelfivfif £y ot loast one
hettaphihalipuiglyl pyromellitic diimidyl, 10 phthalanyl, and benzo derivatives
O S e Oy S S SN ne AN ISONPOIeNe 1o substituted by at Ioast

one heterocycloalkyl group.

As used herein, “aryloxy” refers to -O-aryl.

As used herein, “heteroaryloxy” refers to —O-heteroaryl.

As used herein, “cycloalkyloxy” refers to —O-cycloalkyl.

As used herein, “heterocycloalkyloxy” refers to ~O-heterocycioalkyl.

As used herein, “alkoxyalkyl” refers to an alkyl group substituted by at least one
alkoxy group. Example alkoxyalkyl groups include methoxymethyl, methoxyethyl,
methoxypropyl and the like.

As used herein, “haloalkoxyalkyl” refers to an alkyl group substituted by at least one
haloalkoxy group.
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groups. In some embodiments, the heterocycloalkyl group has 3 to 20, 3
to 14 or 3to 7 ring members. As used herein, "halo" or "halogen" includes

Ruormpghilages bromo, and iodo. As used herein, "alkoxy" refersterarzons/ 12265
-0-alkyl group. Example alkoxy groups include 15 methoxy, ethoxy,

Propaxy:¢€ithed i ORGIANGAHORTORENY )id-BUNY, Andihebikiuted by at least one
"Haloallcoxy" refers to an -0O-haloalkyl group. As used here, "arylalkyl"

ary}g}(é/rgrpoug.n alkyl group substituted by at least one aryl group. An example
arylalkyhgrbbprésmbéopybafisisad hgreinfdicyticallallalkgioreferdsttated by at least

alk JIRNp,SY stituted by at least one 20 cycloalkyl group. As used

On%céﬁglm,%?e?e r%H%fllcyl" refers to an alkyl group substituted by at least

one Areterddryierotimiasarsia kel refae o cycrokikyeampl SPbRigiEs! &y at least

on@ﬂ@fbﬂfs&?ﬁ)%@ﬁ}ﬂb{ted by at least one heterocycloalkyl group. 25 As used
herein, "aryloxy" refers to -0-aryl. As used herein, "heteroaryloxy" refers to

-0-hérerssfyheigig. Seterrsiip el rsalkyl oy ioartr Lol g bsEuted by at
leakiSesk hetaivsyhistarpexsioaliploxy” refers to -O-heterocycloalkyl. As used

herein, "alkoxyalkyl" refers tp an alkyl group stityted by at least one .30 .
e R s Sl R e
refmethaxyathiyl smoathoxypitopd ndiihiikerAp usedtirersin, “dialkylamino” refers to
"haloalkoxyalkyl”. refers to an alkyl group substituted by at least one
LAY gsr%uﬁ%@%%\ﬁ?g‘ﬁ%@‘ﬁyo‘ﬁg&‘%EPCT/u82005/012265 As used
hereiks, tarylhtkeixy dikyitriateds iodentikyheroulsstlosttbrsdcyratisastionehemical

grcg:{uéﬂg)% [QUPHOS USRANEIRI EXQ%'W@%@&E@E@&Q Ak OFUR irutea”

stituted by at least one cycloalkyloxy group. 5 As used herein,

it maztRBRMRORYANEAL fefersa@ herhikir dpBupratistitthe e dracastrap! is a stable
coRSIRIRRRQMpIBraHRHAS; Used:hersin, aheterpryciop kaxywlikdhdetars t9an 2, or 3
su‘z?sti lc%czg,ug gl%?%%é%%egrggpa}nay be substituted by 1 or 2 substituents, a phenyl group
may be substituted by 1, 2, 3, 4, or 5 substituents, and the like.

.The compounds described herein can be asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastercomers, are intended unless
otherwise indicated. Compounds of the present invention that contain asymmetrically
substituted carbon atoms can be isolated in optically active or racemic forms. Methods on
how to prepare optically active forms from optically active starting materials are known in
the art, such as by resolution of racemic mixtures or by stereoselective synthesis. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the
compounds described herein, and all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the compounds of the present invention are
described and may be isolated as a mixture of isomers or as separated isomeric forms.

Resolution of racemic mixtures of compounds can be carried out by any of numerous
methods known in the art. An example method includes fractional recrystallizaion using a
“chiral resolving acid” which is an optically active, sali-forming organic acid. Suitable
resolving agents for fractional recrystallization methods are, for example, optically active
acids, such as the D and L forms of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid,

mandelic acid, malic acid, lactic acid or the various optically active camphorsuifonic acids
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least one heterocycloalkyloxy group. As used herein, the term "amino"

refers to NH2. Similarly, the term "alkylamino” 10 refers to an amino

groupeubstitated by an alkyl group, and the term "dialkylamin@oeiermisroi 2263

an amino group substituted by two alkyl groups. As used herein,
suCBubStitatedhidithaias that attteastorieihydrogensatairicofa thetisal crystallization

s e laced by a non- dro nm0| ach mlcal
g e e ALY R b T VAT LB o A forms,
or prdmu:tad:dhemeaimjrtmgmo mfzoonsy] islapdtedtéskziaom poum;ﬂmdsmdole ephedrme, N-
I re; for exa t r a bes |tut r3
L RS R R R RO el
a phBﬁyb@mupoﬁmwmec subStisteantnish, 1% Gurred st diybEutinems, i packed

M{K%T@%QW'&W%%§ %b%ﬁe(@ 0 Ctﬁﬂ!ﬂ@‘:%ﬁ)f@%ﬂﬁ%?l@}@m@f“ﬁﬁgable elution
S

one or more stereocenter stere0|somers such'as enantiomers and

solpterannE RO nnbealsHET AIERE 0P Piisdisakated. Compounds

of the: prgasmtinventiomthatisaniain asy mmeticaleHbstitiegscahans keto-enol

atoms can be isolated in optically active or, racemic for ethods on
R ol EBSPRES AR A BT R R BB AL Jeipm s e form by

apmalﬁeira&l&ﬁmxknmmn in the art, such as by resolution of racemic mixtures
or by, tereos \(f nt esis Man geolmdetnc iSO %[s of olefins, C=N
ﬁe I

gauon alg
double %Bnﬁ‘é an K& Can afso be pre compounds

desctibegdranim dhe ialsuich @mbtésmoméxéeamé contepsplatedars thesurring in the
mt@%&%ﬁ%e'é“é‘?”ﬁ'% SRR deans Q%%a Meflif,IROMBLS %&Hﬁ? %%O?BQL{HQ%%e atomic

e present invention are descn nd may be isolated as a mixture of
nmﬁbeﬁérst CRET @@r}éﬁéﬁté&*%@?ﬁeﬁ@#@%ﬁ@%sm of radeparinfictudedrgfum and
deGRERQUNS can be carried out by any of numerous methods known |n the

art. An example method includes fractional recrystallizaion using

"chiraPfedORiFRy R4aRERENN %ﬁSﬁE’éﬁR}eacﬁ%éa%ﬁll‘f’ﬁffj‘?nﬁﬁﬁ"]&rgtan}éﬁr to those
coft@ichufid] t@kﬁ&ﬁa&olmgaagaots fohfr@etmgeeﬁwﬁbammno Brenethgds aeescope of
for exa tlcal CIdS such a the D.a forms ftartar
o A AT e T et i FoABIC AE A, Mg Sengs and
angaidy Iazomhoatlcbmesmwanwmopmaﬂyimtl\féi@gmph@mmﬂ#@n|oza¢1ﬂ$r 1froblem or

co B2 HSRE EG1 Ung %Ie %or,%%% Lelch mphorsulfomc acid.

Other resolving agents suita ctional ¢ ysta atlon methods

mclu@besté?@‘@@onﬁ’é’ﬁ%w pive forphiader aphrsthyibavicaliamiaecrialc Ssalid of the

colR fonms, ces&i@%eﬁ@%e%aﬂyew@ré% ?ha?rrz@ﬂ%ﬂﬁ@ﬂ?”&%eiﬁable salts" refers to
norephedrine, ephednne - meth Iephe rine, cyclohexylethylamine,

deﬁ‘?tﬁ‘fg?nﬁfoé%lgﬁéﬁﬁ CORAPIEL %ew erein. the parent compound is modified by

converting an existing acid or base moiety to its salt form. Examples of pharmaceutically
acceptable salts include, but are not limited to, mineral or organic acid salts of basic residues
such as amines; alkali or organic salts of acidic residues such as carboxylic acids; and the
like. The pharmaceutically acceptable salts of the present invention include the conventional
non-toxic salts or the quaternary ammonium salts of the parent compound formed, for
example, {from non-toxic inorganic or organic acids. The pharmaceutically acceptable salts of
the present invention can be synthesized from the parent compound which contains a basic or
acidic moiety by conventional chemical methods. Generally, such salts can be prepared by
reacting the free acid or base forms of these compounds with a stoichiometric amount of the

appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
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5 Resolution of racemic mixtures can also be carried out by elution on a

column packed with an optically active resolving agent (e.g.,

diriteobenzaytphenylglycine). Suitable elution solvent compositioncand® 12265

determined by one skilled in the art. Compounds of the invention can also
ceircligeriauigmeticieiigiistichasceid atltctiathanedr opaupambie foemsitrile are
pre eyge%‘? Ineqyiibium of Ee”C?HXJ&’%%};E‘}S?%&%%@YE%&(}Z?%BP&%%Q%E 17th ed.,

substitution. Compounds ot the invention also include hydrates an
MasdivRuessBom pourmsof Tretimverttion 28h atsd #éludd albigswwpes Bfarmaceutical

scRIRNSECEERg indhe Mistmediates o finaleomparnds Jsaiepes inglude

those atoms having the same atomic™ number but different mass numbers.

For eXsrafiessitspritosiasaiadel metada gsnfihasamasadudssembed herein. As
usRhiRsenphariiaceptically aceaptablaldsemplaned herein R keferte-thes@e active

compounds, materials, compositions, and/or dosage forms which are,
PaTRAthitY tie CEEh & OP BEUHE S dfc R G ER:, Bhitthie ORI iffContagiepared by
maodlithitheftisstuesbbRiimanbeinds drdanpoalssiinouhexcassive tbxiekyifications
irriltatiog, al{gr ic response, or omerproblem.or g0t$omd}}lic tion, Prod
oIS it henstirate Wilh & FeaBoRABIa bEnanlLk fatls. The BraseReiRgahtion rodres
indise includesphalmace btidally aeoeptabie] Saltsof the:adompbemdps are bonded to
nfSSEEbaRlheraln Anuaadbeieiny aRmARekial AGRRRIAPI P ce hydroxy,

efers'to derivatives of the disclosed compounds wherein the paren
amdgin peliindlis e iy cowmyartingarebxistagrieidcs PhaBesnbletydo gt are not

inSalh frmcxamples:ef Ahermacautically.gvacentahle salsinekidegdduhal groups
are not limited to, mineral or organic acid salts of basic residues such as

in e, FRISEHRAR O BrdarTE & d BraHR B e LS BEH RS T sy ited A, Higuchi
an@nd theilikePiherpfaanarsuticallivascaptables saltsofithe present.S. Symposium

inventign.include the conyentional nan-toxjc salts or t uatern .
S mHh i D57 S D RO et o A fote, American
Phaon:texitc i orysmid vivorganic BaigsndinehbaymaeEuticalty acCeptable are hereby
ing %ﬁ%%é%}ﬂgfgﬁ%%%ﬂhﬁ‘é‘?&%?& n be synthesized from the parent

compound which contains a basic or acidic moiety by conventional

chemical methods. Generally, such salts can be prepared by reacting the
SyfH@esacid or base forms of these compounds with a stoichiometric amount

of the appropriate base or acid in water or in an organic solvent, or in a

mixtGrRPFTRIERS; the7igyeniasodreliing s AUsraes /e sely e rbramt, can be
préfRRAeaE Sbeaialiictherheifyaseiqies etaanel bsopiaRanel & cording to any

acetonitrile ars .
of numerous passg)ie synthetic routes.

The reactions for preparing compounds of the invention can be carried out in suitable
solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable
solvents can be substantially nonreactive with the starting materials (reactants), the
intermediates, or products at the temperatures at which the reactions are carried out, e.g.,
temperatures which can range from the solvent's freezing temperature 1o the solvent's boiling
temperature, A given reaction can be carried out in one solvent or a mixture of more than one
solvent. Depending on the particular reaction step, suitable solvents for a particular reaction
step can be selected.

Preparation of compounds of the invention can involve the protection and
deprotection of various chemical groups. The need for protection and deprotection, and the

selection of appropriate protecting groups can be readily determined by one skilled in the art.
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preferred. Lists of suitable salts are found in Remington's Pharmaceutical

Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985, p.

W gandiiderirnal of Pharmaceutical Science, 66, 2 (1977), erciyo$2005/012265

which is incorporated herein by reference in its entirety. 5 The present
Thingbemaitr 186 Mreledtos modnigsoitth&sompousdentdscitbddWefaireniand P.GM.

WHECPhSeiR "BIRAIN0S; GieiR anvnmovalently handgacaraes WhIEh  New vork

release the active “parent drug when administered to a mammalian
(1 Qedididrsgwesnd pep s sy srplingtiiretional groups

presggidAdhe GRMRAYRESHIR SUEkhawatdhatithaimedificationknaken in the art. For
cleaved, ((a&!élthcer [n routine manipulation or.in vivo, to the parent

o~ TR0 RSP ASEGEA FHcRT CBIPG LIS RETERCRS SRS aifiFy, 25 muclear
magiély deyhroncarpexyberoppsears hbpgettipirdny-gronptatophencctrophotometry

admipistered.to a mammalian subject, ¢leayes to form.a free, hydraxyl,
inino, SOy, B CarBS01 9r0up respeciuely. EXcRbIEa Bt Bromtug o enes

ligipidl et sreimo (FIhta dtdhiaderatehfommdtetapiybenzoate derivatives

of algohol-and amine (UNCIANALAIONRR:R ARG GRMROYNGS QLING IVENIQR Y o 1-5
Preparation and use of prodEr)lée%s Is discussed in T. Higuchi'15 and V.

belgwhepy goapiigiens eV Dalilergepistdniamyier 28 dithed g
Symposium Series, and in Bioreversible Carriers in Drug Desiwi, ed.
Edward B. Roche, American Pharr%% %l#zicaf Association and Pergamon
Press, 1987, both of which are here j‘mc%rporated by reference in their
entirety. 20 Synthegis empounds of the invention, including salts,
hydrates, and solvat@r@f, can be/prepared using known organic
synthesis techniques and can b1e s;tri}itl esiged according to any of
numerous possible sy'r‘ifhetl routes. eactions for preparing

compounds of the invention can be Carxied out in suitable 25 solvents
which can be readily selected by~gné.a@#ékKill in the art of organic

synthesis. Suitable solvents can be substantially ngnreactive with th
staﬂi@éﬁ;rial&&e&&aﬁs), th@g@{ediates,_gﬁgué?duas at tﬁe@\ OH
tempe at wHith%lae reaction apried out, E1§., temperat Br

which_gan range from the solvent's fre@ezing temperature to the solvernits
boiling temperature. A given reaction can be carried out in one solvent or
a mixture of more than one 30 solvent. Depending on the particular
reaction step, suitable solvents for a E&g’g ular reaction step can be

selé¥i6d. Preparationof cosipounds? %ventions invOtve e

protection and de té?n of variq{}é?_,;gmgnibal grBu““é. e neggkfor
protection and depjm ection, and the selection of appro riat@rprotecting
[

groups can be readily determined by one skilled in the k.

1. 5 N NaOH/EtOH/water
> pall N COOH n-Bul.i R3-- =
2.180°C, 1 h L= ar THE e
17 1-8 ©

Indanone intermediates of Formula 1-8 can be synthesized using procedures outlined
in Scheme 1. For example, the benzaldehyde 1-3 can be generated by deprotonation of the
bromobenzene (1-1) with a strong base such as 2,2.6,6-tetramethylpiperidine/n-
butyllithium followed by quenching, such as with DMF.  Aliernatiavely, the
benzaldehyde 1-3 can be generated by reduction of the benzonmitrile (1-2) using an
appropriate reducing agent such as diisobutylaluminum hydride (DIBAL). Following
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18 WO 2005/101838 PCT/US2005/012265 The chemistry of protecting
groups can be found, for example, in T.W. Green and. P.G.M. Writs,

RratastiMg@koups in Organic Synthesis, 3rd. Ed., Wiley & Sonsg4nGsoNeW 2365
York (1999), which is incorporated herein by reference in its entirety.

Reastians @ﬂﬁ@e&m@wwl ' ecgd am@f iriﬁi&{ga@m%b '@b}@dﬁtﬁﬂgoggléap\éﬁﬁbiﬂ as sodium
the art. For 5 example, product formation can be monitor, )
5%8@3%5{%5[&&%%&%&}%?%b-éﬁecafl %ﬁfa@%ﬁﬁt?%%ﬁa%%%f SR BELGRPE With 2
(ewdtaill HeblotiB@)ripfigead spratr dicaplcidpeick ophplacastey: (€ G chloride 1-5 with
LV-visible), or mass spectr try, or by chromatogr such.as high ..
R S e e R B
ExanvplecaintheficthoutBsstor cosigoandissef tielinsemtidivarehprovidéd fiallowed by
SEREMES Litort (01O WRRLEFONSHINERIMeMbersatie depicied i
formulgére oy e s_c‘:flhe(?naeI " R3Br 1-1 L. LiN 2, DMF R3 GN TP oPrere
DIBAEEEERD NigBas st BBz de RyBedprdRe Bap-3-gng 1-8.
1-4 SOCIZ "C CH2(CO2Et)2 COZE$dR3meR3 ~ / gr NaH/DMF / Br COZEt
1-51-6 1.5 N NaOH/EtOH/water R3 COOH n-BuLi R3 2.180 C, I h/Br
THE O 1-7 1-8 Indanone intermediates of Formula 1-8 can be
stzed-ysing pigsadkes outlined eme dgsFor example; )r

3 : 1-3ran‘bg{-w§mat‘%WWaﬁmeﬁfh@lﬁv
bromobenzehe (1-1) with a strong basé such as
2,2,6,6-tetrafethylpiperidine/n butyllithivm followed by quenching, such

as vﬂﬁ;hlgh\gg.cgg[ematiavely, the

4
r?x 2 ( R /‘T\
am ( .
HN  N—-Boc N = N-Boc ' N NH
N/ _ o wHCi/DloxarE N
TEAINGIDMF 3% s Rz
2-5 2:6

Intermediates of Formula 2-6 can be synthesized using the methods depicted in

Scheme 2. A ketone derivative of Formula 2-1 can be subjected to a reduction using a
suitable reducing agent such as sodium borohydride to give the alcohol 2-2. After conversion
of the alcohol to chloride using an appropriate chlorinating reagent such as SOCL, the
chloride 2-3 is reacted with a piperazine derivative of Formula 2-4 to afford 2-5. Removal of

Boc protecting group using an acid such as 4 N HCl in dioxane results in intermediates of

Formula 2-6.
Scheme 3
T80H (cat. FBUCOHITICI
RSH}\ g .F.)____L_..,).. cafl TN ! - gl TN
& Toluene, refiux (= CHCiy N VAN
OH
2 31 3.2
R* 24
SN OH R4
HN N—Boc /_E*\
— N NeBoe 1 RUNeH/THF

= rrrer———————— A Y
AN
Ethanol, 8¢ °C 2. 4 N HCl/Dioxane s
R

ey
o
seafed flask 3.3

e

RS
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benzaldehyde 1-3 can be generated by reduction of the benzonitrile (1-2)

using an appropriate reducing agent such as diisobutylaluminum hydride
®iBALYy1FHEsHpwWing 19 WO 2005/101838 PCT/US2005/01226% Credsmkion12265
of the aldehyde to alcohol using a further reducing agent such as sodium
borokyelritislittes cédidtinglaRdhoinibd mandpedomive rsditseeehitideddy Scheme 3.

T SRURSI DB shIabIe, CigEBRing RgeRt e P8 ie W GBOWisions (e, p-

Displacement of the chloride 1-5 with dlethégmalonate using a suitable

Tspabav8uy, Bdalupndy@riesy phedudeis el didepsidag s SHSoHIRtBR e oxidant
suthesliestel S ReIA BAR 8 GH:AS IR by roxide: followahbyf the ep0x1de with a

decarboxylation yields the monocarboxylic acid 1-7. Treatment of 1-
PIRGRES DAY SO G dGent Sk 4 ﬁﬁu&ﬂlﬁwaﬁvﬁ&wfﬁ%b&%&é with an
all@ﬂ@ﬂﬂghﬁglaﬂdtmhelﬂa&sﬂsmmmm&lﬁﬁﬁaﬂﬁﬂaﬂﬁ@@gmg&m@ affords

022 alide, .CF3 24 (r/-1--\/-1-\\ HNC
m"ﬁffé % Rﬁfg %rfé%% K 1 k6]1 nFié‘?ﬁ?(NauDl\/u: R3'/R3 2-5

2-6 Intermedlates of Formula 2-6 can be synthesized using the methods

depicted in 10 Scheme 2. A ketong ggrivative of Formula 2-1 can be

subjected to a reduction using a suitable reducing agent such as sodium

borohydride to glve the alcohol 2-2. After conversion of the alcphol tg;s

chloride uswgg propriate chlorinating reagent such as S 12,

chloridé 23, ,(jéaég%g, with dpigéternsRiEivatve ofF nghfphd’r

2-5.R al of-Bdc protecting grogfp using an aci
ults in intermediates:o@/& Formula 2- /Sc eme 3r pTsOH

(cat.) t-BUOOH£TICly < N-Pr R3 4.3
42

R4 R5 .
2 R
1.4 N HCl/Dioxane (o /R N/‘!"\N _@ v
- N/ 0
a

2. R'CO,H/BOPITEA

e

R3 4-4
Compounds of Formula 4-4 can be prepared using the procedures described in
Scheme 4. Reaction of the piperazine derivative of Formula 4-1 with the protected piperidine
of Formula 4-2 (Pr is an amino protecting group such as Boc) provides derivative 4-3. Upon
removal of the amino protecting group (Pr) using a suitable reagent (e.g., acid such as 4 N
FICl in dioxane), the resulting free amine can be coupled with 2 carboxylic acid using a

suitable coupling agent such as BOP to generate compounds of Formula 4-4.
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NZ: Rsr Toluene, reflux 1'1i/ CH2CI2 0 OH 2-2 3-1 3-2 R4 2-4 R HN

/-1-\\N-Boc OH R4 0 R4 | U {r N/hN-Boc 1. RI/NaHffHF N I,NH Ethanol,

900Cdds204sbd HCI/Dioxane v sealed flask Rs- / R3 3-3 3-4 2QeW@rs2005/012265

2005/101838 PCT/US2005/012265 Intermediates of Formula 3-4 can be

prepared using a sequence outlif&d9@Stheme 3. The alcohol

intermediate 2-2 is subjecte a dehydration under suitable conditions

(e.q., p- TsOH RAeflux ih toleenelie: give the |nd§n§43 1. Epoxidation using

an app Rteraxidant TENERORS Jetidhutyl 10X @ﬁ% thesemoBrTHE

epoxi -ZNngHopenlng of the epoXide R{S_p{ erazihe derivative of

Forpmtila.2-4 provides 3.5 ,&‘lwﬁatlon of the.afeohol in 3-3 with an

alkylating réagent such as alkyl iodide (RTj followe&%y removal of Boc

using an acid affords intermediates of Formula 3-4 (wherein R is an alkyl

group). Scheme 4 R4 R4 R5 2 Rz N 11NH TEAINa(OAc)3BH/THF

8RNINjNPr 4-1 O N-Pr R3 4-3 4-2 R4 R5 1. 4 N HCl/Digxane r/RZN [,N

-C HN-> W’O%PITEA NHOyR3A-4 1.0
In

4-4 ca scri

2. R'COMBOPITEA

/-..
g 53 =

5-4

Compounds of Formula 5-4 can be prepared using the procedures described in
Scheme 5. Reaction of the piperazine derivative of Formula 5-1 with terr-butyl 4-oxo-1-
piperidinecarboxylate followed by treatment with diethylaluminum cyanide gives rise to the
cyano derivative 5-2. Displacement of the cyano residue with methylmagnesium bromide
yields 5-3. Upon removal of the Boc group using an acid such as 4 N HCI in dioxane, the
resulting amine can be coupled with a carboxylic acid using a coupling agent such as BOP to

generate compounds of Formula 5-4,

Scheme 6

IS
o ¢ -
N Formamidine
w4 O NaOEt A ANy acetate jN NaOH ?\j
B Y I [
O

EtO,C HOLC

EtQ7 TOEt 8.3 &4 8-5
8-2

4,6-Dimethylpyrimidine-5-carboxylic acids (6-5) can be prepared using the
procedures outlined in Scheme 6. Reaction of ethyl acetoacetate with ketene diethylacetal in
the presence of a base such as sodium ethoxide gives rise to the intermediate 6-3. Cyclization
of 6-3 with formamidine acetate provides the ethyl ester 6-4 which is saponified to give the

carboxylic acid 6-3,
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Scheme 4. Reaction of the piperazine derivative of Formula 4-1 with the
protected piperidine of Formula 4-2 (Pr is an amino protecting group such
as(Booj/provsries derivative 4-3. Upon removal of the amino prateetings12265
group (Pr) using a suitable reagent (e.g., acid suchas 4 N HCl in

dioxane), the resulting free amirgcbamiee/coupled with a carboxylic acid

using a 15 suitable coupling agent such as BOP to generate compounds

of Formula 4-6/2&\W@@605/101838 PCT/US2005/012265. Scheme 5

5{2 R4 1. O=CNBQG BgBli?zl’NCsh ~(r /\N\ -\ NH TEAffi(OiPr)4ICH2CI2 r

LT iy . Bl RIGNEFHF5? 5—

-~( NBoc i ioxanel/gpl
J~~\CH)/ 2. RLICO2H/BOPRE };J L%J'® R3 5-3 R3 5-4 Compoungls
of Formula 5-4 can be prepared using the procedures described in

Scheme 5. Reagtion of the piperazine derivat’i?\ée of Formula 5-1 with

t{EHHBRTTPY-ox 0D ~piberidine cal BERs Rt E bllowed Birtreatment with
diethylaluminum c ves rise to the 5 cyanq derivalye 5-2.

Displacement of the _%1ano residue with methylmag_rbesi bromide vyields
5-3. Upon removal of the Boc group using an acid such as 4 N HClI in
dioxanienthievalysultimgaminectafrbeudoupkee: With surshebiaxgdlicaeid tsingocedures

deAGOYRIRGIRALATAYCH:AS. BN 0, ganskale cRRYAds. of FormulaRh tithivm in
Scheme 6 00 O O Formamidine N N 6 t O NaOEt x O acetate NaOH Il
thepepency REHUPENN-trimethylethane-1,2-diamine followed by quenching with ally!

5 bromide provides the ally! derivative 7-2, Following conversion of the aldehyde to olefin by
treatment with PhsPCH;Br/n-Buli, 7-3 is cyclized using Grubbs catalyst to give the indene

derivative 7-4. Asymmetric epoxidation using Jacobsen’s catalyst affords the epoxide 7-5.

Scheme 8

Bn. N
N BnBr N HCl Bn NJ\
l\/I\SBC}C
8-2

NBoc k/ NH
8-3

8-1

Op
Bn..
NBoc h NJ\| Pd(Of' )2! f f2 HNJ\'

THOPT)/ELAICN, N\b N\b
MehMgBr 8 NBoc 8-5 NBoc

10 Alkylation of 4-Boc-2-methylpiperazine 8-1 with benzyl bromide followed by

removing the Boc using an acid such HCI provides 8-3. Intermediate 8-3 can be converted to
8-4 using the method described in Scheme 5. Removal of the benzyl group in 8-4 by

hydrogenation using Pd(OH); as catalyst generates the intermediate 8-5.
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EtO OEt 6-3 6-4 6-5 10 6-2 4,6-Dimethylpyrimidine-5-carboxylic acids
(6-5) can be prepared using the procedures outlined in Scheme 6.
Reaioniessthyl acetoacetate with ketene diethylacetal in  th&@ PFESEAEE012265
of a base such as sodium ethoxide gives rise to the intermediate 6-3.
Cyclization of 6-3 with formamitfii@®&tate provides the ethyl ester 6-4
which is saponified. to give the 15 carboxylic acid 6-5. 22 WO
‘ PCT/US2005/012265 Scheme 7 L'N NC R3 n-BulLi, CuBr,

i £HO CHO 7-17-2 7-3 Grubbs

,at%, compounds of formula [
can b > sypthesized LEiAY Lhe @ ‘E picted in SchdfHEWTRT

nofabenzaldehyde env e7-1 - |I|th|um in the
pre en N,N,N'-trimethylethane- I; -diamine dcby guenching
with br mide provides the allyl derlvatlve 7-2, Following conversion
of th%‘iald 6 olefin by treatment with Ph3PCH;Br/n-Buli, 7-3 is

cyclized using Grubbs catalyst to give the indene derivativ OR%L
Asymmetris "' oxidation using Jacobsen's catalyst affo ‘

@ N) BnBr Bn.NJMI KA BR,N- KNBoc P )
”ii@\ KRR TSP HCNMW@
N =3

k/NBOC 9-3 \fg

Intermediates 7-5 and 8-5 can be assembled at an elevated temperature in a solvent

such as ethanol to give intermediate 9-1 as shown in Scheme 9. Alkylation of the resulting

aloohol with R’T can be accomplished using a base such as sodium hydride. After removal of

the Boc group in 9-2, coupling of the resulting amine with R'CO,;H using a coupling agent

such as EDCI provides compounds of formula 9-3,

Scheme 10

L” \'/\N

R3 n-Buli CuBr ' R3 R3
acrolem PthCHaBr /n—BuLs DH
CHQ
a1

7-1 1

10-3 10-4

R9C
B N-Bos 1. NaBH4 N N—-Boc
O 10-6
R?

2. RG Nak

reC O
1. HCl 8;\1 N4
s 10-7

2. R1CO,HEDCIHHOBE
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10 Alkylation of 4-Boc-2-methylpiperazine 8-1 with benzyl bromide

followed by removing the Boc using an acid such HCI provides 8-3.
wenmediatss8-3 can be converted to 8-4 using the method descritisehin/o12263
Scheme 5. Removal of the benzyl group in 8-4 by hydrogenation using
Pd(OMHixestivelnlystgenerates fhannieirediite 845228 WGIRGO5/E03ERe 10. A

beﬁ’z%ﬂéﬁ?gg%%g5 7SCREMe B%z'BeQ%O%a%QW*H%W@%m in the

+-R3 1N HN 9-1 tNeoc 8-5 NBoc OR9 OR9 1. 4M HCl/Dioxane INN
prezanee Rf RN sringgpefimo&hisnipoviol vaigvcwesahipgryith acrolein. The

redAlgipediatastiioand S cancheassambled alian.elgvaledilemPRIAMI® CLH, B/
in a solvent such as ethanol to give intermediate 9-1 as shown in Scheme
bugyl ﬁ%ﬂ%‘n

S DI PeLiitng "HeE AR SRGE Ean e dbsmiplidiag desivgtive 10-3
widdhase: suchbissativramyciddeoNfigh sgemoval i Sibe Bos/ambitd $ddrochromate

ing,of the resulti mine.with RICQZH using a coupli ent_such .
eER Pl e Fing mnsuth BICQE R A SRR AN
10p5 Bidill GuiBg, RORBacfileirk Fh8P ©HBBHALBUky @1 with R’T can be accomplished
using a base such as sodium hydride. Removal of Boc followed by coupling with R'CO,H
using a coupling agent such as EDCI/HOB! affords compounds of formula 10-7.

Methods

In some embediments, compounds of the invention can modulate activity of one or
more chemokine receptors. The term “modulate” is meant to refer to an ability to increase or
decrease activity of a receptor. Accordingly, compounds of the invention can be used in
methods of modulating a chemokine receptor by contacting the receptor with any one or more
of the compounds or compositions described herein. In some embodiments, compounds of
the present invention can act as inhibitors of chemokine receptors. In further embodiments,
the compounds of the invention can be used to modulate activity of a chemokine receptor in
an individual in need of modulation of the receptor by administering a modulating amount of
a compound of Formula I,

In some embodiments, compounds of the invention can bind to a chemokine receptor
in such a way to block or inhibit binding of endogencus and other chemokine receptor
ligands. In some embodiments, the compornds of the invention can block or inhibit binding
of exogenous ligands including viral proteins involved in viral entry into cells expressing the
chemokine receptor. Accordingly, compounds of the invention can block viral entry and
inhibit viral infection. In some embodiments, compounds of the invention can inhibit human
immuno-deficiency virus (HIV) infection by, for example, blocking interaction of a
chemokine receptor (e.g., CCRS5) with HIV glycoproteinl20 (gpi20).

Chemokine receptors to which the present compounds bind and/or modulate include
any chemokine receptor. In some embodiments, the chemokine receptor belongs to the CC
family of chemokine receptors including, for example, CCR1, CCR2, CCR3, CCR4, CCRS5,
CCR6, CCR7, and CCRS8. In some embodiments, the chemokine receptor is CCR2. In some

embodiments, the chemokine receptor is CCRS.

25



10

15

20

25

30

eCHOe-4ee 7-110-1 OH 10-2 Grubbs Cat. R3OHPCCRO0

HN'~N-Boc \ 8-5 10-3 10-4 0 R90 N N-Boc 1. NaBH4 N\"_J' CN-Boc 2.
Ral/kakt 10166 Ra 10-5 Ra R90 1. HCIN N--~ Rt 2. R'COZHEDGEH@B 2265
a8 10-7 R 24 WO 2005/101838 PCT/US2005/012265 Alternatively,
compbindsngfondsutd treambaireparcticasbivtwn il Bckelmeidd. A meant that the

c%@eﬁ}ﬁqg de rB/raE%%beg‘ g%%%o%hyéa{gge%fg?@eg%%%h affinity or potency,

lithium in the presenc N,N,N'-trime thane-1,2-diaminene

refgReE b gUERh Ing WS aEte et Pheampddudtiseesimiacetal 10-1 can
be canvierteehin it alefinhytieating watkdrhIPCHIBUE oI W ming that the

Cyclization using Grubps catalyst gives rise to 3-hydroxyindene derivative
COPRRSRRICH bR BRVEnTRC e %13 Sidetidn T8Ny SeasEdaiiralichag for another
clpyttidibie R epiproshiomate RCG)E Mictel ,aoamnccmﬁs@ma@@a OCR7 and

resulting ketopne. 10-4 affords intermediate 10-5. Following reduction . .
O R ST BT o AP T 1 o B B B e g vt or
CéabasersuCiCBE sbdmbydriceiRempvat cbBpodalowEdiayiaoeiling With binding
' oppli nt such .as,.EDCI/HOBt affords . .
s o g A0 RO SRt L SRR of e dmvention
hagktheine Atleptica fodulde ety oftoneldiRmbredhemeokinke at least about 10-

FOlCRPIONS - bB: RS [Nt wale S maRaltp Leierdo,80, AW dAdNE 83SEabout 200-
or 15 decrease activity of a receptor. Accordallr[q!)%)lé/, compounds of the
I

flfventitatt b o uEhidnietrbds st kst diifg-themibkierecapretipypnts, the
cEopiastingtite reception WHheanyone LHA €r CCRS that is at least about 10-fold, at

least about 20-fold, at least about 50-fold, at least about 100-fold, at least about 200-fold, at
least about 500-fold or at least about 1000-fold greater than binding affinity for CCR1, CCR2
or any other chemokine receptor. Binding affinity can be measured according to routine
methods in the art, such as according fo the assays provided herein.

In some embodiments, the compounds of the invention can be selective inhibitors of
CCRS5, meaning that the compounds of the invention can inhibit activity of CCRS5 more
potently than for at least one other chemokine receptors such as, for example, CCR1, CCR2,
CCR3, CCR4, CCR6, CCR7 and CCRSB. In some embodiments, the compounds of the
invention have inhibition selectivity for CCR5 over CCR2. In some embodiments, the
compounds of the invention have inhibition selectivity for CCRS over CCRI. In some
embodiments, the compounds of the invention have inhibition selectivity for CCRS over any
other CCR. Selectivity can be at least about 10-fold, at least about 20-fold, at least about 50-
fold, at least about 100-fold, at least about 200-fold, at least about 500-fold or at least about
1000-fold. In some embodiments, the compounds of the invention have inhibition affinity for
CCRS5 that is at least abount 10-fold, at least about 20-fold, at least_ about 50-fold, at least about
100-fold, at least about 200-fold, at least about 500-fold or at least about 1000-fold greater
than binding affinity for CCR1, CCR2 or any other chemokine receptor. Inhibitor potency
can be measured according to routine methods in the art, such as according to the assays
provided herein.

Another aspect of the present invention pertains to methods of treating a chemokine

receptor-associated disease or disorder in an individual (e.g., patient) by administering to the
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of the compounds or compositions described herein. In some
embodiments, compounds of the present invention can act as inhibitors of

ehempkinagdeaceptors. In further embodiments, the compounds et sssoi2265
invention can be used to modulate activity of a chemokine receptor in 20

in@iRitndividualesdnee deimediasian-otthe.reoapiar byrRdtiaistengtaor dose of a
COmodu gtl&gtamognt of ac m ound of Formula Ign;}orgl .em ((g}rdf_:n%;en}s chemoki
Egmpounds DS SR BB Kinereceptor ih Stich a cmosine

reqvpiptesokiol mhdan:eknmﬂmglmeemdsogmasss dindrdther cleditkingat is directly or
indG% ‘inﬂgé%j%x'”e%&’%eo? ﬁjé&‘lé e B@% S it gﬁcoc}f then %IISQE%% receptor-

can block or inhibit ng 2 genous uding vira

asmﬁéﬂdsdmawef@équman@lnd@yambd@@w@@ﬁ@mngrtﬁ@n@ﬁ@m&@hean be prevented,
anfBRERISH, AECAFAINGlY GOMBAHACS Qh e INYENEoN GRAVHIPCK VIl 80he receptor-

and inhipit viral infection. In some embodiments, compounds of the

asTRGITOH SIS TR DR R S R ol e Ay WFLI&T(RAV R chishibgharacterized
byf@nrﬂxﬁgrrman bigekinginianaction of a \ﬁﬁg%@yﬁﬁ FSERIoR{R.g. ﬁﬁ%@ﬁﬁﬁlc receptor.
with HIV oprotein120 ( 0 Chemokine receptors to whic
Inpsr%%lgn ‘}’/ oGS B%‘ﬁd’%%%‘}% 2%%68&?8%8‘“’&8?88‘&“ 18?1*’&816?«6%8&5 associated
disecepion kahﬁTﬂmﬁnﬁmﬂlments the chemokine receptor belongs to the
CcC iy of kine receptors incl udin for exam I l, CC
cor R R R U R S BT s o
inthaetériokink rdbepiontsyGORR chn vomene hodiments, thel ch&ﬁ@me Hxample
infERERIANIS HERR: 2R V0 &Q@éé%qgagﬁ% ETM:%&Q&Q&( q;lg@rﬁéerﬂ?ﬁ such as asthma,

compounds of the invention can be se lective. By "selective" is meant that

aliHgieoipBiind BisaEd cilinkteresenaridline relaptsr Withhgrestispase, ulcerative

coBiffinityighpatensiiespagiivelisceqmpargshlaatigast ongRihebnitis, eosinophilic
chemakine.r %?ceptor Compounds, of the invention can pbe electlve binders

PUGPECIS, AN R N A Eoh b an e B thd I iR 3 iierts (D) (8
1dﬁ@R50V\ptfhngmat¢rfmﬁfmmy thanioranother chémﬁkmt@demmmisgzh}a&@ﬁc Iupus

ast one of CCR1.CCR2 f:RB C R6, C
1
sanﬂéaeor% Sb lm ntssm%s oﬂdc %Su n %11 esclne\l;(ésrjiffo r’} rensbsXa;gronle polymyositis

or sl tlity e tis)CRE &mh@cmlsmmelemb@dmmsnﬂh@d@m@uﬁwsi arthritis,
peBhiLRE IUERION PAUG:PINAING . SAIRGIMINK IO L GRMOVELGE, gﬂhv'éhﬁgrﬁﬁset diabetes;

embodiments, the e compounds of the invention 10 have binding selectivity
slegrorstmepByEs any tRENCE hrSdiie\Aipem TRRS R att gt 10cirsingatllograft

rej@astohAUu3A-{elduakieasiaheuiltnisld vatleast AbautoRiold atRaghn.

abou 200 oId at least about 500-fold or at least about 1Q00-fold. In
som term “‘contacting” refers to the bringing together of indicated

e
mo&eues in an in vitro system or an in vivo system. For example, “contacting” the chemokine
receptor with a compound of the invention includes the administration of a compound of the
present invention to an individual or patient, such as a human, having a chemokine receptor,
as well as, for example, infroducing a compound of the invention into a sample containing a
cellular or purified preparation containing the chemokine receptor.

As used herein, the term “individual” or “patient,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans.

As used herein, the phrase “therapeutically effective amount” refers to the amount of

active compound or pharmaceutical agent that elicits the biological or medicinal response in a
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compounds of the invention have binding affinity for CCRS5 that is at least

about 10-fold, at least about 20-fold, at least about 50-fold, at least about

YOO AuiijEsieast about 200-fold, at 15 least about 500-fold or atCieusSt005/612265

about 1000-fold greater than binding affinity for CCRI, CCR2 or any other
tissherfbithie rageptomdindinboaffimityrctinte meassreghtbyordingatohroutieterinarian,
mBARthedR i the,alt: sHERAs %ﬁ%%&l@a%&%@%ﬁé(&@%‘ﬁ&%lmﬁ%é In

some embodiments, the compounds of the invention can be selecti _
inhibftbr8 6T iR theshsnssy MR eripoPtis Hp tiecheptiefittanor disorder in

an RRRIEAGH WY Oh R HIMER 0% ROBRINIBAR fORALERASEPAR AU does not yet
chemokine receptors such as, for example, CCRI, CCR2, CCR3, CCR4,

R IR e RP M BB EL S BRIBBH IoEws O trRebffifSainds of the
inver{ipmhduininttibitiossseléativity:-iple CORGiBYER GEdrb, bbs@mMen or disorder in an

._emhodiments, the .compounds of the jnvention have inhibition selectivit ,
e S oSS N o e i
coppidintionhaliecinkibition . setectiviyy fErCeRSlovdnanyn25aithgreCERology  and/or
ivj I 10-fold, t about 20-fold, at least
S S L R R B
aboutB00RIIaT8HaE |8zt ditsssr: TODORSIDIA. semmienibudimeitsishecondition or

digempavpdsafHirdnventoehavednhibision affigiysfar. | -
;IeBelst about 10-fold, at least >?j?bou,t 20-fold, asﬁegstgabgl%%ﬁ%%%g? I}Sgg%omamogy

of BBt 8- B AR 45t HBS 20 6-forr At e shapsthoson-wid/or armsdgmatology)

suelbelolQoD-dali-gleatan 30:than kindingl affisiycieor CCR1, CCR2 or any

othegchemokine Eecﬁfﬁfgf' k{nhibitor pot p% can he m%?surgad according
{0 roltine Methods in the: ar- SUEi A8 Acerhing 1o the RESEUE P dRisyTal agents,

anﬁb@é_iﬁs,/atn@ﬁnékaagpetomﬁghetp msém_ﬂmmmi@mmﬁamsteamséhﬁda of combination
m‘i&?ﬁ%ﬂ%l@%@ogy’{ﬁe . 8?&@{59&%?&;‘13%59 tlde;!slen?‘glg \%;é g%%%@%l i%%gtor»associated

_individual(e.qg., patient) by administering to the
dipeTuspotBorizes.intiviiiatinreehdfsuph treatmhttbe present compounds in

a $herareuticalyeffestivg amaunt of g@%%ﬁflﬁﬂ%%ﬁ%%ﬁﬂéﬂ%&_@l? rc?rsg%wnﬁaliy as

invention or a pharmaceutical composition thereof. A chemokine
SepA 9 agsdsEted disease can include any disease, disorder or
condiiicaiisaiiswdiseetyrey ctidiastitdinkacie expRIRsSIonon agtyibe ObiSounds of
thechrersno 'Li?lgergcqptor. A chemokinf rtal]%epto 5 ajso_ciated disease canalso
ifclude any disease. HEBPeS B CoR G SRITHC SR PR I5veteragscriptase inhibitors
(NEhlioratedydeauide d dierodulatingt cleeimiokine: s OBPRITAC A inhibitors and
otithemekine receptor- associated disease can further include any disease,
disorder or condition that is characterized by binding of an infectious
ageRtsusHeaswatahtasDaR Vikalnstodsirzidinmud ichetdikine delceptore (ddl); zalcitabine

(ddC); stavudine (d4T); lamivudine (3TC); abacavir (1592U89); adefovir dipivoxil
[bis(POM)-PMEA]; lobucavir (BMS-180194); BCH-10652; emitricitabine [(-)-FTC]; beta-L-
FD4 (also called beta-L-D4C and named beta-1.-2', 3'-dicleoxy-5-fluaro-cytidene); DAPD, ((-
)-beta-D-2,6,-diamino-purine dioxolane); and lodenosine (FddA),

Typical suitable NNRTIs include nevirapine (BI-RG-587); delaviradine (BHAP, U-
90152); efavirenz (DMP-266); PNU-142721; AG-1549; MKC-442 (1-(ethoxy-methyl)-5-(1-
methylethyl)-6-(phenylmethy})-(2,4(1H,3H)-pyrimidi nedione); and (+}-calanolide A (NSC-
675451) and B.
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In some embodiments, the chemokine receptor-associated disease is a
CCR5-associated 10 disease such as HIV infection. Example chemokine
regeplariassaciated diseases, disorders and conditions includect/us200s/612265
inflammation and inflammatory diseases, immune disorders and viral

infectignealsxanple it ammalbiy diseases ingluds tigeasasgoaving@havir (ABT-

R L, BT O T o

234Hersevsitnaty RiviG dideasess, Apersensitvitfspnétmmonitis, eosinophili.c

pne ias, ed-type rsensitivits., asthma, intersiitial | .
e B S B R e ogeice ana
Yl?ﬁé@ﬁ?@l_lé_?é H@tﬂﬂiﬁ@_?systemic_: lupus erythematosus, ankylosing

spongdyitis, é}fﬁ@%ﬁ@%ﬁ%ﬁ%%@W&g&i&%xmyeélﬁtgm%m for use in

dermatomyositis) and the like. Example immune disorders include
CORHEAH RO Bt DD PG A BF tRFRIS Iy SHSHHIO TU piIs erPiaTRafes ggample, an
opiyasenia:gravispiiyesieenselisiabetesh dlnigtuIpBeRHISE 5-lipoxygenase, a

- autoimmune._throiditis, organ transplant rejection including allogr
oy By i i

TR AP RS S A G YRS A E BB G pTATHR e SRS HE e Jelgbitor such
as kil \hinfecfidn] Asilsed, hersivMiestesgolicontactihdbitefersiarithexdtinging inhibitor
tagether, of .indicated moieties in an in vitrq system or an in vivo system. )
o B e e A B ot A S gptokine-
supheipvertidnificiude > thiergamiristratiorrbf awdmpowrsthofithelpreseptin, codiene,

redB¥ENtan o individual.orpatient; such 1&@%@9@&%@9@3&%@, iroxicam, a
h % [ 0 dof

chemokine receptor, as well as, for example, introducing a compoun
stefRElghvEtisihto ddmle coREARHRg BLEBIMIAEr Brifidg- prapalationthe instant
cos@BiaiNgAhe chemekined eEaptopASIsedRereinthndarmcindividiale, an Ho-

or "patient," used interchangeably, refers to any 30 animal, including
A ra ST ORER ABly HTTERD T Ats ChtTtSRsaRRES, bS] Hogs JEsRBE SR, Such as
pheatlighsheep phensgsoptprimdies, ardulasiqiieierablyenansnds usethephrine,
nafirEin, e Rlrase Iheraneulically elfeclve.omount. [elers o he amount, . .o

active ompoun or’ﬁga%aceu |1t:na’ageeh‘{()thafftS epﬁ‘cf?%l%el%%fbng?gaf%?me suc

as peddicinl fespolvse, inrea 2 PMIO Q00540611888 PCEAISREIE/GLARGH divretic; and a

se&&%ﬁ%ecﬁ}@{%%aﬁﬂg@ﬁhﬂ@g%@ﬁ@l or human that is being sought by a

researcher, veterinarian, medical doctor or other clinician, which includes

one Br ¥itre BRIRE Tetisi b armppreich higite oivendatst xample, combination

will BYEOHRG MAlReaSEHCRRALIRNREABArdSE I, Ap IRdiMfnal atmayR&is such as
predisposed to the disease, condition or disorder but does not

S A P kb B T GBIy a5 B Sy DR L SeR096/20216,

W096/229661, W096/31206, W096/4078, W097/030941, W097/022897 WO 98/426567
WO098/53814, W098/53817, W098/538185, W098/54207, and W098/58902; (b) steroids such
as beclomethasone, methylpi-ednisolone, betarnethasone, prednisone, dexamethasone, and
hydrocortisone; (¢) immunosuppressants such as cyclosporin , tacrolimus, rapamycin and
other FK306 type immunosuppressants; (d) antihistamines (HI-histamine antagonists) such as
bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine, clemastine,
diphenhydramine,  diphenylpyralive, tripelennamine, hydroxyzine, methdilazine,
promethazine, frimeprazine, azatadine, cyproheptadine, antazoline, pheniramine pyrilarnine,
asternizole, terfenadine, loratadine, cetirizine, fexofenadine, desearboethoxyloratadine, and
the like; (e) non-steroidal anti-asthmatics such as terbutaline, metaproterenol, fenoterol,

isoethaiine, albuterol, bitolterol, pirbuterol, theophylline, cromolyn scdium, atropine,
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(2) inhibiting the disease; for example, inhibiting a disease, condition or
disorder in. an individual that is experiencing or displaying the pathology

olsysemaplogy of the disease, condition or disorder (i.e., agfest88hos/012265
further development of the pathology and/or symptomatology) such as

ipSifbiieing pisalilRad dmibe: Gase.pla il inlection.ARg AL (‘a&ﬁéﬁm{&“%anmkast

the disease; for example, ameliorafi ngadlsease candition or disorder in

v ORI RS RE SrpRbieRR Il BRI FiRe I ESs HhERPEY (6.2, Zileuton, BAY-
mfft;rr;]mmitamm?aﬂap&ﬂfﬁ?ﬁ@ﬁ?ﬁ@@@%) lﬁms'ﬂ!@%d@r -8, ﬁﬁ;\gﬁéﬁ%ﬁ&mﬁdmva‘zwes
pa and/or symptomarto Suc S lowering Vi aa_In ase
(o @ﬂaﬁ e R ﬁ%l&*@l&&fﬁéﬁ mé? %f% oFCEE g uprofen,
fhicisipxeonp bpanifeir aldgents,, k&@ﬁbﬁﬂﬂlﬁﬁr@ﬂ@f&mﬂamycﬁgﬁfﬁﬁn, pirprofen,
(0] munNosHppressa ts.can b d I.n comhination with
P rgpﬁép{)%?:dé{l gt G%Hbrtga errcl)? fhVention for %reaf}n%m ot bh%cr?”l% in amde derivatives (¢.g.,
mﬁ@@@@f@m&smmmms@lﬁ@nmmﬂé&swr cbeldifions. Tmh@@m cancbezic acid,

refAPANed vtk thepresentcoppaunds.im, 2 ﬁ&ﬂg!ﬁ&i%&gﬁz@ LRk idometacin,

agents can be administered S|multaneously or sequentially as separate
andogayeribtins Porsitsiledahtviisragid eontctisiateer foleusmin acid, mefenamic

ac@@rﬁmﬂ%@ramtaﬂ@@og@ﬁm&w&d@f pipR-Ri@SEBLIFYRNIIN §8R.4a0RMNER misal and
nucleaside and n;ﬁcleotlde reverse transcriptase inhibitors (NRTI5),

SW% clESite T %ngmﬁfﬁ% Iﬁﬁﬁﬁfﬁi‘?ﬁ\l ﬁ@owasghcylates (acetyl
samdybﬂoss;anoklmmaraanﬁ\ylrahdrugs Exampliesuitaple NRTIsciRtHgdaon, feprazone,

vudlne( d| anosine (dd citabin dC tavudlne 4T)
G (a7 SRt (oo 2U0) AAeri cipox Seoesintd Vicox-2
infhig (RO K- PhiEA)s obpanih ¢BikSE80 1:94) B CHA-0852( pniteicitahineists of the
cil(m)mgﬂ-gcl 113 rg‘?té‘rs FJS) e&?ajﬁ9 @x@g{ Qe?éﬁgz&lqu (E'é gsntéﬁ@clﬂg (1) cholesterol

dicleoxy-5-fluoro- ytldene DAPD eta-D-2,6,-diamino-purine

Iowwwaﬁéyﬁ@ndq@ae@foiﬁé(éﬁfaw) rpsTEaP sitbiNNEOTRS iRetudgrivastatin and

preevitarine (BlRG58hrdelaviradine BEARa= B0 Qe'é%)m%g ﬁ%%tyramme and
COﬁﬁMP 266) PNU- 142721 AG- 1549 MKC-442 ( (ethoxy methyl) 5- -

SHRg IR AR I ARy Rt AN 2 i iw.éﬁ?&m%%heﬁ offkgat, fenofibrate and

beﬁt}zﬁaiaﬁijﬂldﬁld\ @d&ﬁccﬁ756<51)aﬁﬂdh@m&& N@bﬂ@oéﬁb@l&38 insulin, sulfonylureas,

CT/US 01226 l. suitabl t hibit
e P T ooy R ALH Aty TERAGA k. Coge s ipeliazons

onavir (
anfA@etBuByraimple maapa(&lt&lﬂV@ﬂ)MﬁmambéﬁMﬁtez&Mw BEtDMP-486;feron beta-1

P)?Mﬁ'@%@?@ﬁp&%ﬁé%ﬁ%h%@daé%&ai@hc acids, antimetabolites such as azathioprine
and 6-mercaptopurine, and cytotoxic cancer chemotherapeutic agents. The weight ratio of the
compound of the compound of the present invention to the second active ingredient may be

varied and will depend upon the effective dose of each ingredient.

Pharmaceutical Formulations and Dosage Forms

‘When employed as pharmaceuticals, the compounds of Formula I can be administered
in the form of pharmaceutical compositions. These compositions can be prepared in a manner
well known in the pharmaceutical art, and can be administered by a variety of routes,
depending upon whether local or systemic treatment is desired and upon the area to be
treated. Administration may be topical (including ophthaimic and to mucous membranes
including intranasal, vaginal and rectal delivery), pulmonary (e.g., by inhalation or

insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
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Other antiviral agents include hydroxyurea, ribavirin, IL-2, IL-12,

pentafuside and 5 Yissum Project Nro.11607. In some embodiments,

i pfrardPRgtory or analgesic agents contemplated for use in PCT/US2005/012265

combination with the compounds of the present invention can comprise,
epiferexhmplerandopialy, agohist, adipoxygeaassinMsifordsubir asalar delivery cen

.__Inhibitor of 5:lipoxygenase, a 0 Alglallel . c
o B R B P 83 i scon
or intesdactin: binbibiton, eathaiNvACahthgorisipsmtintibiet bf BitGedodes sparnctival

sacinhipifor, of the synthesis:of nitfic exide. a.neR-siergidalantinfammaigryutancous,

_agent, or a cytokine- suppressing antiinflaznmatory agent, for example,

integeH acaE TR RREP RS LA sRF T eB e ne udoRa i), TBTRFRM: ©8. intrathecal or

inpeomeinacinakelRiRlas: erphing fapraxeniphenasetnpiriaaa ingle bolus
steroidal analgesic, syfentanyl, sunlindac, tenidap, and the like. Similarly, . .

S e S e e T R

anddtentidiob sy dhrassafie i iais ki2icantagonistusinethictmeadlpathemn @niments,

magnesium hydroxide: a decongestant such as. phenylephri .
IO“BF%eh&FS%%Sa ﬁémﬁ%?%%‘i%ﬁ%%%?ﬁﬁe?%i ?h(i%%%%ne?%) Ji%\?((eif:a‘)Irﬁgrine,fmmnmndl
phavaplazbtirlesstylometazsline, porogsthexedfindz s ciliechiesoxyaphdatitide may be

ne&tgsgp)}f&u&@%gbwch as codeine, hydrocodone, caramiphen,
carbétapentane, or dextramethorphan; a diuretic; and a 20 sedating or

non-Eeidanry dpriristdpmivecd P smaceHiissbrviaRts (iErrEeR Gaai o the active
inRORRLS, Qﬁﬁtgm@@gﬁ Q{e%ﬂﬁcﬁﬁ%ﬁm‘?ﬁnﬂﬁm ﬁl_ﬂg\ﬁ‘pﬁfﬂ %@H@ﬁa@bmﬂfﬂh one or
present mventlon can comprise (a -4 antagonists such as Se .
e BRI RIS S S5 \%@%ﬁé@?‘@?%%%i%‘&&?wwélﬁtgﬁ?ﬁs’,‘mmm the
actWOD R0/2QRE0 , (WRRGR2 663 WOAGHR 12206, W) IBI4RE S INRIAHOBOM by enclosed

i\\%OQ?/ 228915 O 9814265 712015 WO 538143%0%8‘4}%81271 er, or other container
WIiAB985 38185 W /E%Eb >and WO %§9(6j§;l(ejs?er0|dg '

uch as
WinectbenettigBonesimstiyiplibenis olone oetartidtrasoreigredhiguidanaterial, which

aci9examethasops, and. hydrocorisane, (G} MMHROSHPRIESSANS SUEH:ARns can be

cyclosporin , tacrolimus, rapamycin and other FK506 type o ‘
in jthmdpssupbrebiantsile) aatidictaniReadrs-Hisheifin sasheatoplbisy sgefpensions,
cr@%ibReMnhenitanipg, chierphsniraminesdexchilompheniamingedium), ointments
triprolidine, clemastine, 30 diphenhydramine, diphenylpyraline, .
ORI RIB AR TRl R e e Faiine P RSTRER R ZARE M miSor 42 haard gelatin
capAtadingpRyRIaRentanling cantsizcking aie pirbrrie pytlagio o wders.
asternizole, terfena;f;ne {oratadi}rélﬁe, c%lirizine fexofenadine

des Qr%gfﬁ%%lgr gglltrllét,h Tk ke (é)o%grol?sr%erg?&a Sh?ﬂ%‘s?t‘?w%f’a 5%Vide the
appughias terbivikakize pristapeotevénog, fetotercithés oatteaiios;s dlbtherotive compound
is sbul Qslc%enrt(i)f!aﬂ?i{gs%ﬁg%’j Epga(}f)@/ Hlﬂ?edc{é’ Q‘I?M&é)g%rﬂf fo FHQS 2 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniform distribution in the formulation, e.g. about 40 mesh.

Some examples of suitable excipients inciude lactose, dexirose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubricating agents such as fale,
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents;
preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and

flavoring agents. The compositions of the invention can be formulated so as to provide quick.,
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WO 2005/101838 PCT/US2005/012265 ipratropium bromide, leukotriene
antagonists (e.g., zafulukast, montelukast, pranlukast, iralukast,
pobitekasi SKB-106,203), leukotriene biosynthesis inhibitors (eweius2005/012265
zileuton, BAY- 1005); (f) nonsteroidal antiinflammatory agents (NSAIDs)
sugacirdopspiprictakitd efivativet vteiggradiminopitefeninbaisdrsiproferthe patient by
m#lf%&ﬂc?%gd&%@g%% {ephufen, fenoprofen, fluprofen, 5
urbipro

en,ibuprofen,indoprofen, ketoprofen, miroprofen, naproxen, o

oxaprBeiRCBRPFETER: Erahd Hrereisd jibfoRtiaiseteh O et dlosage containing
frdipxaprafenkoagslic agid derivalivesRdly nsamahasineaeernetagnof the active
._alclofenac, clidanac, diclofenac, fenclofenac, fenclozie acid, fe,ntiaza%, ,
g DN R | SRR B PP PRI B st o RISt RU2Ole as unitary
dogigemeiadiomandwsmepiad)fesarnignacit dessatives (Bufehaipia agieetermined

m %Iof namic acid,ﬁef?n?mi th a(é%d, niﬂu ic acid.and tol en%ni acid), (ati
qu%ﬂf Y EASORTE B et Ve & (it 5 SR A RSHIBEI biicaTnd™ 2ssociation
wiisexictirie pihaxicamitsadoxigasntand tenoxican), salicylates (acetyl

salioylc acid Syliasalarine)an the PYAZ0IneS (ARaZANG. BEZRIPNYION yencrally

feprazone, mo azone, oxyphenbutazone, phenylbutazone); (g)
adgyeisessyBha st P GORLE) iriibiors ARPRiDItoR bF phidspihtiekisreges, that the

afYRR 1 (RDEsRYD: (HOlReh AP Aganiaie Qhthe1 1 aehainokina JQERRIOE a physician,
especially CXCR-4, CCRI, CCR2, CCR3 and CCRS ; (j) cholesterol

26y P aEnts STt SEHNESETA RAbcBE SR HBRGR0vaktatiRced, the chosen

rosiérasiatingandi opravastatis, fvasiatinaienvastatinhandothersstating esponse of
seqguestrants (cholestyramine and colestipol), nicotinic.acid,.fenofibric

RO L Br BP0 L RS TR s a8 Uhrate), and
p_robHc_oIp(é@ﬁﬁingi-sbﬁbeim@gaﬁmsmhlgsé_nfsfﬁlms,stﬂéom;imaba&ﬁ)ve ingredient is

mRSRAESIRSTonN Hogluerldess NIRIIR BAAMASE)aRibochion continiog
orlitazone trogahtazone an plog%tazone, 1 preparatlonso | er%eron

a betwgnterferonetaolos ieparoh pethd Pys¢m)ivteicbnmpotmdasatol to these

pr@%ﬂﬂi@@%lwﬁmgﬁsaz@“ﬁ%ﬁ}@?éﬂ@@és?‘fﬁ@ Q@ti@éaﬂm%@ﬁ i@ntgpically dispersed

6-mercaptopurine, and cytotoxic cancer chemotherapeutic agents. The

ViRt PAsE BT the eurmssting of thetcBin Sty Bt tHeprelentifiitiGritaded into
eqthgsecgpdiastivaiinaaientaay bricBS yarigdiand wilkdepene:ypossthehis solid
%fecti e.dose of each iafr_ dient. Pharm celétic%l%{lrfé)rmgl tions ang tbed ab
PrEYTAYETRS i Wile MBI (N BRMrAEE8a IR  1Td SBmpaindesgibed above
coainidateanbe admisistéredo iabthe fFonog patmaceutidagredient of the present

. corpgositions. These compositions can be prepared in a manner 30 well
inyention.

nown in the pharmaceutical art, and can be administered by a variety of
routeBdepateingilipof ivhettrenidoataiiaysterhiccreiathoe nthsrdésiremnpounded to

prGHPEDLINE AreR I hgIreated, AMBINTIARR AY RR AORIEALUAEHARG tablet or

_ophthalmic and to mucous membranes o
pill can comprise an inner dosage and an outer dosage component, the latter being in the form

of an envelope over the former. The two components can be separated by an enteric layer
which serves to resist disintegration in the siomach and permit the inner component to pass
intact into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate,

The liquid forms in which the compounds and compositions of the present invention

can be incorporated for administration orally or by injection include aqueous solutions,
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including intranasal, vaginal and rectal delivery), pulmonary (e.g., by
inhalation or insufflation of powders or aerosols, including by nebulizer;
wiedvainBabsintranasal, 30 WO 2005/101838 PCT/US2005/0222652005/612265
epidermal and transdermal), ocular, oral or parenteral. Methods for ocular
suithbkvéigr o dmolsletppical adriipistrativrne yadifysyed dvvdpmiciivdl edible oils
sudRSHOGHBL N BRVIREAh NS Lo AL IOdU GHAR LY, RAUO AR AADRISHAT and similar
ophthalmic inserts surgically placed in the conjunctival. sac. Parenteral
phamfifiéiratisiifiéiudes intravenous, intraarterial, subcutaneous, 5
intrapekiRRARIAY I ANMHRGIIAT IP)GHEN RN USIRROEINIREEARIAL Qipensions in
intrathecal or intraventricular, administration. Parenteral administration
PRAHRE RN A6TPRIEP % ARYTE BOTUST GG SIS BB TG ERAISTE hy al Powders.
Thegntinbious e dusier: plampmh asmaiceuiical c phpesitinisadndcceptable excipients
as ; grr}%gé;%{llsrfgrléoggﬁl S‘rﬂg‘dﬂéﬁe@% IO%@ggIﬁn%ISl{g g"ngr ae %g{z@r?ilr e?é&%eysth oral or
oitments, Jotions, créams, gels, dgr’ops, su osﬁorles, sprays,sllqwds an
nagabwedgirsic@onventionaick) prannede efittat cEmierssitique ousapbwderdrzed by use
of bk hasee Nieksnets ANADR I BIMRY AR BRE AR A AIESIARISInUSvice or the
Invention also includes pharmaceutical compositions which contain, as the
nelygtiies iderisdicnn bpetrohvtdoftheceoripbaigloPFénatAicabapelifye pressure

breG@RRIRALIGMHWIt), 3RS O G RhaFMacRULC Al peGaBIARIg R HERSintBered orally
making the compositions of the invention, the 15 active ingredient is

or Rt W HEH GRt VA R et bien bR H By A e KR R RIS R s
withiThsugh a.garserdntbedatmofcdaiexanpledaoapsule, sacheiapapevill vary
ther container. . When th%[exc%;gien Serves asadiljfrl] t, it can.b§

or ) .
o S QPR oGS HAT WICH SR 28 5 Vel Ao > Sueh =

prapiedine forthepctive sgeedidnt pEhest, the mmmsjﬁ@dslimst_rpéomn dhd the like. In
the];%rrgu 1];: Elalc%.sé%]é)l%’s b8191‘%’95%&%11@?@%“9@6§dﬁ%@%&%ﬁ%§%§&ﬁe@ 'é(ﬁré:‘;ddy suffering from

suspensi emulsions, solutions, syrups, aerosols (as a solid or in a
a digesisk nie diurm)icoiityidRgcgortainn ol dseinpretiubyter1oisihy welghms of the

disPidhe.actvecompoRds Sefand hard gelaiing 65 (SLIRRRSIOUERdition being
sterile injectable solutions, and sterile packaged powders. In preparing a

et AtiIh 8 ARtV aIEBIROU A C AP B R B SIS Wi SRt such as
thePRktigle, SIzepHREIGCEM BHYNGth dhe eihaningrReiRnts: thiheratyend the like.

compound 25 is.substantially insoluble, it can be milled o g particle size \
of Ieggethcé’ﬁlﬁ%tfﬂ%%ﬁ W@yggf?/%) C%I’%%gﬁ%(]c & s%]ebé atr%][?aaf Fwater Remaceutical

y'W
comphifentheipariielé sizeveanlhesadjustedsbyoms|licaptdepravideal by conventional

L TR (e
as sorbitpbphilized, the lyophilized preparation being combined with a sterile aqueous carrier
prior to administration. The pH of the compound preparations typically will be between 3 and
11, more preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that
use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of
pharmaceutical salts.

The therapeutic dosage of the compounds of the present invention can vary according
to, for example, the particular use for which the treatment is made, the manner of
administration of the compound, the health and condition of the patient, and the judgment of
the prescribing physician. The proportion or concentration of a compound of the invention in

a pharmaceutical composition can vary depending upon a number of factors including

dosage, chemical characteristics (e.g., hydrophobicity), and the route of administration. For
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mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium 30 silicate, microcrystalline cellulose,
petyvinylpyssslidone, cellulose, water, syrup, and methyl celluloser/Thsosniz26s
formulations can additionally include: lubricating agents such as talc,
exarapite iarnstearade odick ininaraboitawéttipg ddehts; mmulsifyingtantblogical buffer
soRUSRENding;Ags téboB{e%eer'{}g Qg&ﬁts ﬁ}%h W{?fhi@learmng)ound f()ﬁeparenteral

propylhydroxy-benzoates; sweetening agents; and flavoring agents. T

ad@@ﬁﬁ%@%n&@@ﬁﬁ@ﬂﬁ@bdﬁw wageatorimeiateibeb e sdprovighoguitig/ke of body
w2005 Q1838 R G R2008(0 46260 ,SUSained %ﬁ?@bﬁ?%ﬁl&aﬁ%bm 100

of thé active ingredient after admiinistration to the patient by employing

E/l‘%ﬁ:@é brd¥ Kt mrtﬁ@faﬁfhfrﬁ@%@mdékﬁé&ﬁ@c%ﬁpﬁélf@?rﬁmaté@rwbm Aft the type

ardQsage T @aaiAasage sRRIaIIng; fraim abrulRia1akauh LOARGF the particular
more usually about 10 to ag)out 30 mg, of the active 5 ingredient, The

g
PSR (At b é@e FHnEeThErE TR BnySi Ry TaBteduiR dflafprmalation of the
exuipteny, degagescioe imanisidedts. aﬁﬁf@ﬁ’lﬁ masineals beashrupillated from dose-
containin m%es rreﬂc/ie mlned guantlt A ﬁctl Cglrpesgenacl calculated to

Tres Oll [s3¥ ITL 17 VIO OF Bn}%
ucet eswed erapeutic effect, |n association with a suitable

pharﬁ‘ikceammbe&m@ﬁéht mmmmpmmwﬁedaﬁanmémmmwith ane or
m&‘f‘adgcﬂﬂﬁﬁﬂ? J&H%eiﬁﬂgd&%&%ﬂ(%ﬁ%a%olﬁﬂﬁﬁg'%ISJSHa Gceutical ag{ﬁn sxhch as anti-

pharmaceutically efféctive amount. It will be understood, however
Vlﬁ%é&ﬁt%f%ﬁ@b@éﬁpdaﬁw@t@awlamwms@r@mﬂﬁma@ny becdEtermines like. In

solle 2 RBYSIRIANs, @Q&%Qﬁﬁ%ﬁ%&hﬁﬁﬁlﬁ@%ﬁ@ﬁ%ﬁ%ﬁ%@@qwQHﬁgomﬁnon with one

condition to_be treated, the chosen route of administration, the actual
OF S GG At Rt G B & GO e HE PP P SPne R Br gva it e anti-HIV
thpatient, the severity of the patient's symptoms, and the like. 15 For

preparing solid compositions such as tablets, the principal active

ingredient is mixed with a pharmaceutical excipient to form a solid
Laprdbot Auletioméoampositignidentaining a homogeneous mixture of a

compounglof | lf{é%&r%ﬁeﬁ}e' &@Eﬁpiﬁ/xyg%{bﬁefr% tﬁg ti%t@éea? G-1ab led compounds of

preformulatio mposmon omogeneous, active mgre ientis

Fq&f}a}&ﬁﬂﬂ&@eﬁé@ae ayelihireughsundie coraivasinbrlso ithatsthis, both in vitro and
znGQQ&P@&'Q@EEE%@%H&ﬁqﬂﬁtr':t%!@ﬁ?/‘ﬁ@@P@Fﬁo%@u@%@éﬁ&ﬁfﬁﬁcﬁé’s%é‘@.‘Jmples including

dosage forms such_ as tablets, pills and capsules. This solid

hegitor A Ao RSB S CHERRCRFIES W déssde Rsrrirbibitise dipging of  radio-
1a©kﬂs@rdaﬁq)@b@vem@m@mgﬁ§g fremranexamnplesidcdorbulebORimoreddher assays

,{h%ctlv r%%i% gfég%é;drgg{ét%&ggentlon The tablets or pills of the

‘Btherwise compounded to
The present invention further includes isotopically-labeled compounds of Formula I,

An “isotopically™ or “radio-labeled” compound is a compound of the invention where one or
more atoms are replaced or substituted by an atom having an atomic mass or mass number
different from the atomic mass or mass number typically found in nature (i.e., naturally
occurring). Suitable radiomclides that may be incorporated in compounds of the present
invention include but are not Hmited to *H (also written as D for deuterium), *H (also written
as T for tritium), C, *’C, ™C, ¥N, PN, P0, 70, 0, **F, s, *c1, ®Br, *Br, "Br, "Br,
2%, P and L The radionuclide that is incorporated in the instant radio-labeled
compounds will depend on the specific application of that radio-labeled compound. For

example, for in vifro chemokine receptor labeling and competition assays, compounds that
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25 provide a dosage form affording the advantage of prolonged action.

For example, the tablet or pill can comprise an inner dosage and an outer

gasagecoonent, the latter being in. the form of an envelopecavesshe/ni2265

former. The two components can be separated by an enteric layer which
insepeesddiedtst, disintEdration Mdhe stathaaheanly penmitthsdfueor radio-imaging

mponenttokass, ipackintethesduodgnumygy to be del in release

PRI oF inekeriall ol b5 Usba 01 30 b Shi AP AL et

sucHnistedatstied| tidihg ‘Gadinvibesied foly (flebidedaidniprthdnittaresigpund that has
indPlymeric acidamith syl materals.as shelat, SaL AC RO RRCLEEHMOR lected

acetate. The liquid forms in whigh the compgunds and compositions of the
fromdbe srasnusitieanibélinderpotated f9f adffinistration orally or by

injectipniiaslidgeamdgons salionsitine WR2Q0R/IA1838 organic compounds are
PCT/US2005/012265 suitably flavored syrups, aquequs or oil

PR AR e B AL O A RSB AR AT BAIDIRDIE BURA A cottonseed

oil, sesaati-Gifhelo¢arnutimilingr pLakut pile@towalhaseliies! dndasivitening assay to

.. pharmaceutical vehicles. Compositions for inhalation.or insufflation .
B T RL S e AR T B DAL SO KAy oL chgtaid compound
(L. agtmsbusoporganiesblvernts aediixtute stiaseof, radet pdwdarg. o e ligdid-labeled

coftf3alid %?%O%.U%Q%H;%’ ﬁm%”éﬁiﬂ!}n%%@?l%%%@aﬁ%gﬁﬁﬂﬁlgf?ﬁ@%ﬁg of a test

excipients as described supra. In some embodiments, the Compaosition

COBROBBI NI StereRF1Sy tHE ofl srditakdrcied pharsiyupsuietorifsbag oo the chemokine

re@riemicafiect-Campesitianadn cambanebulized by use of inert gases.
Nebulized solutions may be breathed directly from the nebulizing device

or the 10 nebulizing device can be attached to a face masks tent, or
Kitermittent positive pressure breathing machine. Solution, suspension, or

powder compositions can be administered orally. or nasall devices, .
A S RUB I THA0R W aN GO SOPEAAARGL TG St 1 0 he
tregonepoonpreycoimpobifiemadministeredtbdés patie nt Wilbudmy, depersdifly infection,

witB? ﬂaﬂﬂ@é ﬁ'x? %m&g %ﬂ&%&é dermﬁzB%Hg t% Qlfxﬁgge@t égf Q:'gxtﬂ H&ﬁbﬁl&;}%prismg a

as 15 prophylaxis or therapy, the state 0 patient, the manner of _ ‘
theyapripiselatioHceliie ereohe ofrt trerapendiebippiealddnSuebiposindng sainciude, if

de?@eé}jﬂﬂ@i%l?ﬁ%ﬁé%@%ﬂ%@t@ﬁ%@l’o%‘dﬁ%ﬂ@ﬂrﬁ@éﬁﬁ@aﬁié%%%%zﬁbﬁ&qtsﬁ such as, for
amount sufficient to cure or at least partially arrest the symptoms of the

CX BRSSP AHERE L oP i CifoRE. BAECIR IR e pertilBRltheadhsERs@dditional
cot@neitiQrebeing vieatecaswelhnsdy theHbdgmanidohtie atieneifgctions, sither as

DL RS R S ) 20 S e e 058RS i o
adminisiration, and/or guidelines for mixing the components, can also be included in the kit
The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to limit the
invention in any manner. Those of skill in the art will readily recognize a variety of

noncritical parameters which can be changed or modified to yield essentially the same results.

EXAMPLES

Example 1
5-({4-1(38)-4-(5-Bromo-2,3-dihydro-1H-inden-1-y1)-3-methylpiperazin-1-yi}-4-
methylpiperidin-1-yl}carbonyl}-4,6-dimethylpyrimidine
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The compositions administered to a patient can be in the form of
pharmaceutical compositions described above. These compositions can
meostarlizaesby conventional sterilization techniques, or may e stesiesss12263
filtered. Aqueous solutions can be packaged for use as is, or lyophilized,

the lyophilized preparation being®ombined-with a sterile aqueous carrier

25 prior to administration. The pH of ound preparations typically

will be between 3 and 11, more preferably " m 5 to 9 and most

preferably from 7 to 8. It will be understood that use of certain of the
“fBr%going excipients, carriers, or stabilizers will result in the formation of

5. phatmacertieal salts. The therapeutic dosage of the compounds of the

present invention can vary according 30, to, for example, the particular

(se ot B lmbﬁﬁé%%m%%ﬁg?ﬂ%%?@tﬁ%e%ﬁn%mo dfhidtatioh o tha added
Nadtiiagosng, 1the headth. arfeicanditipn efshetpatientuandvibeiiggmentiofion was
R RIESFHRIRARNYSIGIAN. Te DIaRRron. o cancentalan 9@ SRR The

of the invention in- a paharmaceuﬁca Tomposition can vary %pen Ing
comperralrtnbensifactorslitdedingiadSSage dohentvaktidarabieristiosi(eogive 2.0
s SOOI A0 A IheciRkia L admIntatiBlN F RIS, PSP 104 o

PCT/US2005/012265 example, the compounds of the invention can be
%ﬁ%ﬁ@éﬁ i’nlgﬂ-%\%éﬁ@#%siological buffer solution containing about 0.1
to about 10% w/v of the compound for parenteral adminstration. Some
typical dose ranges are from about,1 g/kg to about | g/kg of body weight

per day. In some embodiments, the e range is from about 0.01 mg/kg

to about 100 5 mg/kg of body weight pepd&pcThe dosage is likely to

depend on such variables as the type—and extent of progression of the
Stefisease or disorder, the overall health status of the particular patient, the
e EHRVE inlogicaleficacynl the compawnd selected, formulation of the

excipient, and_its route of administration. Effective doses can be

extrapofafol e ddSs) feusErsRaiArEy defve - ibmMirmabidametipiane chloride
(3000de) tast systRMen4Q ThescompoundsDf e inueatigRseRasedietion of di-ters-

ormulated in c inatjon, with ane o e itiopal active ingredients
R CER e 140 Gy el o LUFA A i Sgpam e s
wahtibodidls, immaynésuppredsants, antbdnflaramatofCagends amctthedikeé. Column

badi t ds ' ti di ,
AR AR g IR AU L TUBRT o

colapibReEs ardibther agents used for anti-HN 15 therapy. Labeled
Compounds and Assay Methods

N N—Boc
A4

Br
Step C

tert-Butyl (35)-4-(5-bromo-2,3-dihydro-1 H-inden-1-yl)-3-methylpiperazine-Il-carboxylate
5-Bromo-1-indanol {1.0 g, 4.7 mmol) of Step A was dissolved in thionyl chloride (10
ml). After stirring at room temperature for 2 hrs, the solution was concentrated under
vacwm. The residue was taken up in DMF (10 mL). To the mixture were added feri-butyl
(38)-3-methylpiperazine-1-carboxylate (0.94 g, 4.7 mmol), Nal (2 g 13 mumol) and
triethylamine (1.5 mL, 10 mmo}). The resulting solution was stirred at 70 °C overnight. After
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Another aspect of the present invention relates to radio-labeled

compounds of Formula | that would be useful not only in radio-imaging

but adserimsassays, both in vitro and 20 in vivo, for localizing aRdT/US2005/012265

guantitating the chemokine receptor in tissue samples, including human,
coahidgfor identifymgehemaokine reseptbrdijards lbiidnhibiti onbindingitf O Ac twice.
Tﬂ%@%l&%ﬁ' S9GRE Eé%@gdwéa%c%fa%é%'w!ﬁeb?ﬁ‘?é%ﬂiéﬁlvo%ﬁl ‘%Z%QGJE 968 concentrated.

chemokine receptor-assays that contain such radio-labeled Compounds.

Cotwaprbsentipsientiprofusties MERIJESOetbphepsameméles ioireestst Isomer 1
(hOMIR Y. i2m AN "ttopioalty'c ruladipriabeled). SoRROUNGHSIT 395; found 395.1,

compound of the invention where one or mare atoms are replaced or
3 bstittRER Sy AW RSHPRARF A atd i syt tads er different
from the atomic mass or mass number typically found in nature (i.e.,
naturally occurring). Suitable radionyclides that may be incorporated in
compounds of the present inye tiorr]S‘ﬁeMd re not limited to 2H (also
written as D for deuterium), 3 Olwrit 0 ag!THer tritium), 11C '3C>
14C, 13N 15NJ u0> 170, *‘0 8p 3 6CI 8Z2Br 75Br, "Br 77Br>J > | >,
J>51231, 1241 1251 and 43%¥1, The radionuclide that is incorporated in
the instant radio-labeled ompounds will depend on the specific
Stegpplication of that radio-labeled compound. For example, for in vitro
h : i o
VD DL 0res BT LS iBIeE mentoae S e BB g
R SHESr Wil Gerrdiy be most useful. For radio-imaging applications
11C, 1381254, 1231184 13 L10TBBR1GBAs TZRMWH gensrally e meshe (4

u\seful. It is understood that a "radio-labeled " or "labeled compound”isa
M MpSUT A h AL ThEBHIEFATEE B 2 Al FHB VRS iERFREBIFE The residue
wainkedispantShe kadiatiucideiisvealadid A fromthe greuppiansisiiegbbxylate

, 14¢.1251 2By. etic methods for incorporafing .
O R T e e L R v
stithe! imhientioterapet zresveibtangw anis teevatatites adics lzbeledicomipouniof. The

re{REAWANHON CRA ReysRds %%f%’c?ﬁ{i%i %ﬁﬁf@%&? g@cﬁﬂtﬂ/.%"ﬂ' 8fion of

compounds. In general terms, a newly synthesized or identified compound

dighyipbiriayicerapdand pran becswuligtedoloiing welisfitstaddeebingihg and

coabdhe-adio-labeledsompeynd.ofdhedove g@i.@@ 19 tha chemQling BCaRieteaction
Accordingly, the ability of a test com%g!oun to com]petg with the

h
Wi TR ERG WMot AREIEEi i festo tRENEMdkRD ritsStrdirdddy 305-1.

correlates to its binding affinity.

N NACN—BOC
é}
Br
Step E

tert-Butyl 4-[(385)-4-(5-bromo-2,3-dihydro-1 H-inden-1-yl)-3-methylpiperazin-1-yl]-4-
methylpiperidine-I-carboxylate
To a solution of fert-butyl 4-[(38)-4-(5-bromo-2,3-dihydro-1H-inden-1-y1)-3-

methylpiperazin-1-ylj-4-cyanopiperidine-1-carboxylate (0.32 g, 0.64 mmol) in THF (2 mL)
was added a 3 M solution of methylmagnesium bromide (1.1 mL, 3.3 mmol). After stirring at

room temperature overnight, the solution was concenirated. Purification on silica (2:1
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15 Kits The present invention also includes pharmaceutical kits useful, for

example, in the treatment or prevention of chemokine-associated

diseagesiausglisorders, such as HIV infection, which include onecavusmis/o12265

containers containing.a pharmaceutical composition comprising a
hetthrerepeuticalhffeffiedtivie atieunbebauednpaind)o NS reutal &L ek kits ;BN O,
(Nfﬁaﬁ)#”@l‘?%ﬂ{fq"%’.ﬁf %,8 égg‘sired, one or more of various con\_/entiongl

pharmaceutical kit cdmponents, such as, for example, containers with

one or more pharmaceutically acceptable carriers, additional containers,

etc., as will be readily apparent to thosg skilled in the art. Instructions,

either as inserts or as labels, inél tir?g'ﬁuan il f the components to

be administered, guidelines for. |ﬁi§t_ra,ﬁbn, andYé guidelines for

mixing the components, can &

will be described in great(rafé ait’ by way of specific examples. The
Srfo” wing examples are offered for illustrative purposes, and are not

fitended to limit the invention in any manner. Those of skill in the art will
(ABadify "@Wﬁf’xﬁaﬁiﬁ_y}@fﬁﬁ@ﬂq ?ﬁ@@@ﬁdﬂﬁﬂ%ﬁ&%@@t{b%ﬂigﬁg#wl )p%emzine

ik e SRS R bl S ARG RS
in Gi{A4af{(35} 4:(6} Broino-B:3rdilyidralHrincen- teylpSamethfipipetazinel sylindon was

- iperdin-1-ylicarhonyl)-4,6-dimethylpyrimiding, 35 "
e a8 T )SIDORIAZo0E B O el ML ATz s cteteed
forrGuesoRitionuF3Ibré e foruhadhe. 3263y, 9.5 mmol) in THE (20 mL) was

added 5 NaBH4 (0.5 g, 12.8 mmol). After stirring at room temperature

overnight, the solution was quenched b dition of water. The resulting

solution was extracted. with EtOAc twice.“The combined EtOAc layers

were dried over Na2S0O4 and concentfated under vacuum to give 2.0 g of

the title compound as a solid. MS cakeulated for COHIBrO: (M+H)+ 212.9;

srdgynd 194.9 (M+H-H20)+, 197.0 (M+H-H20)+. 10 HN N-Boc

4,6-Dimethylpyrimidine-5-carboxylic acid

Ethyl 2-Acetyl-3-ethoxybut-2-enoate. A 5 I 4-neck flask equipped with a
mechanical stirrer, condenser, thermowell, addition funnel and N, inlet was charged with
ethyl acetoacetate (493.1 g, 483 mL, 3.7931 mol, 1.0 equiv) and sodium ethoxide (3.1 g,
0.046 mol, 1.2 mol %). Ketene diethylacetal (880.0 g, 1000 mL, 7.5862 mol, 2.0 equiv) was
added over 1 hr maintaining the reaction temperature at <22° C by external cooling. When

addition was complete, the reaction mixfure was heated at 85 °C + 5 °C for 7.5 hr. The

yellow brown reaction mixture was cooled to room temperature and stirred overnight. Much

of the lower boiling components [EtOH, EtOAc, Me(OEf);] were stripped on a roto-
evaporator (bath temperature ~65°C). The residual yellow-orange oil was distilled, collecting
the fraction with bp 100~107 °C (1.8-2.1 Torr) to give 675.2 g (89%) of product as a yellow
liquid.

Ethyl 4, 6-Dimethylpyrimidine-5-carboxylate. Ethyl 2-acetyl-3-ethoxybut-2-enoate
(10.7 g, 0.0537 motl), formamidine acetate (5.6 g, 0.054 mol) and sodium sthoxide (2.7M in
ethanol, 20.0 mL) were mixed in ethanol (30 ml) and the mixture was stirred at 90 °C for 4

h. The reaction mixtwe was cooled, quenched with water and concentrated. The crude
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Step B tert-Butyl (3S)-3-methylpiperazine-I-carboxylate To a solution of
(2S)-2-methylpiperazine (20.0 g, 0.200 mol) in methylene chloride 15
(3aP»mis)randstriethylamine (20.4 g, 0.202 mol) was added drogutsg&oos/o12265
solution of di-tert- butyl dicarbonate (44.0 g, 0.202 mol) in CH2C12 (100
mandr)ad wensSpuridheyniixdbrenwasato@shiy ovitkivaterelbeheignditherothjed s ethyl
i 4 entrate olumn ,chromatggraph silica
B BOR S s a0 oG b 2Pioe b LN B0 1511

(Va1 il RONNIN(BoE MBS @D S My} 8.97 (s, 1H), 4.44 (g, 2H), 2.56 (s, 6H), 142 (t,
3S)-4-(5-bromo-233-dihydro-IH-inden-1
)-3-methylpiperazine-I-carboxylate 5-Bromo-I-indanol (1.0 g, 4.7 mmol)
of Stapsnesissgiiathioasbignde (.25l AUSLBINY Brinidine-5-
al[ﬁ?om temﬁgré\i/ture or 2 hrs, the solution was concentrated under vacuum.
eI YRERA IS WasHARER BRI BMELES IS 2 ok S re e iy deseréds (4.0 g, 0.10
mdrtb Wex(@'&))rﬁ]&merﬂiylmpﬁw neslscarbDxylaten &p@athé B\fﬁ%)g}h' e aqueous
e e S A0, SIS e
drpEIYURBR 0051042265 cetipling (6 nodm tempédeaduBavateiwbis added.chloride was
soluti t i ice C ined EtOAC
B e AT R ed to aryness.

| ‘ | e, drie g ‘
The arstRcchirsatdedaptly SRSiie (5086 BCREnohexedie) providdd G (ED) 153.1

(Mtgfﬁjég r %&M—ﬁ%@g’?%i@%@f%@%}%ség#gf é?ﬁl?vrv moving
isomer): 0.33 g; MS found 395.1, 397.0. ~- NC N NN-Boc Br Step D
tert-Butyl 4-[(3S)-4-(5-bromo-2,3-djhydro-IH-inden-1

yl)-3-methylpiperazin-1 ylJ-4-10 cy iperdine-l-garboxylate Isomer |
from Step C (0.33 g, 0.83 qs diSsolved 4 N HCI in dioxane (4
7 W

N=/

Stepr H
3-({4-[(38)-4-(5-Bromo-2,3-dilydro- ] H-inden-1-yi)-3-methylpiperazin-1-yl]-4-
methylpiperidin-1-yl}carbonyl)-4, 6-dimethylpyrimidine

To a solufion of (25)-1-(5-bromo-2,3-dihydro-1H-inden-1-y1)-2-methyl-4-(4-
methylpiperidin-4-yl)piperazine trihydrochloride (30 mg, 0.06 mmol) and 4,6-dimethyl-
pyrimidine-5-carboxylic acid (9 mg, 0.06 mmol) in DMF (2 mL) was added benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (30 mg, 0.06 mmol) followed
by triethylamine (30 mg, 0.3 mmol). After being stirred at room temperature for 5 b, the
mixture was diluted with EfOAc and a solution of NayCOs in water. The organic Jayer was
separated, washed with water several times, dried over Na;804 and concentrated. Purification
on reverse phase HPLC and lyophilization gave the final product as a TFA salt (20 mg).‘ MS
calculated for CpyHaBiNsO: (M+H)" 526; found 526.1, 528.1.
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mL). After stirring at room temperature for 2 h, the solution was
concentrated. The residue was taken up in CH2C12 (5 mL). To it were
avdeadhtersalbsryl 4-oxo-I-piperidinecarboxylate (0.17 g, 0.85 mmol)yUs2605/012265
Ti(Oi-Pr)4 (0.87 mL) and triethylamine (0.6 mL). The mixture was 15
stirred at room temperature overnight and the volatiles were removed
under vacuum. The residué was g mL). To the mixture
was added a 1.0 M solutior diethydalumi . cyanide (1 mL). The
resulting solution was stirred at 30 C for 5 h an hcentrated to provide
the crude title compound’(0.32 g) that was used forf& next reaction
Exsihgidtpurification. MS calculated for C25H35BrN402: (M+H)+ 503;
found 503.1, 505.1. 20 ~"N N-Boc_Br Step E tert-Butyl
5‘&%@M(@S%%Hagﬁﬁ-&wa#@qﬁim@w1w13mmpmmmamww-
meeiyipiparidineyticarbonyipie 2aike @ spitisnahiert-butyl
4-[(3%&451-(56_br0mo-2,3-di2%rdro-I -inden-1-yl)-3-. ] . .
methylPiperashv -4 aPSipet s e tataitersbed, dleLnimply 1 using
apipr PHE 2tantipowasatitted & BaMsatutitn of yrstRMaae s AMOMided 466.2.
(1.1 mL, 3.3 mmol). After stirring at room temperature overnight, the
solution was concentrated. Purification on silica (2:1 37 WO 2005/101838
PCT/US2005/012265 hexane/EtQAc) afforded th%title compound (0.25
0). MS calculated for C25 @s N3O N(@ﬁ 1; found 491.2, 494.2.
N\--/ N NH Br 5 Step F (25;)-1-(5-Brbino-2,3‘dihydrg-IH-inden-1
yl)-2-nmethyl-4-(4-nzeth \ﬁ ridin-4y)piperazi Thelintermediate
obtained from step E (0.23 g) was dissolved in a Sefition of 4 N HCI in
dioxane (3 mL). After beingstirred at room temperature for 2 h, the
Exgoniles was concentrated to provide the title compound as a
3-{rinyd 1 0032 S Ko ad, A0 for C20H30BrN3:, (M+H)+
ggg@%ﬁcﬂ% gg?ﬁgg%ﬁl%)ﬁ\é%ﬁailﬁﬂafepyﬂ)% He%y?plgerazm-l-M]-h
methyipzperidm~1~yi}carbonyl)—4,6-dimethylpyrimidine

This compound was prepared substantially as described in Example 1 using

appropriate starting materials, MS calculated for CorHseBrN:O: (M+HY" 526; found 526.1,

528.1.
j O
8 NWNAC%_{
74 \N
-
F

5—({4-{(38)4»-(6-1?!11oro-2,3-dihydro-1H-»inden-l-yl)-3-methylpiperazinwl-yl}-ctu
methylpiperidin-1-yljcarbonyl)-4,6-dimethylpyrimidine

Example 4

This compound was prepared substantially as described in Example 1 using
appropriate starting materials. MS calculated for CorHseFNO: (M-+H)™ 466; found 466.2.
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Step G 4,6-Diniethylpyrirnidine-5-carboxylic acid 15 Ethyl
2-Acetyl-3-ethoxybut-2-enoate. A 5 L 4-neck flask equipped with a
wechanigakstirrer, condenser, thermowell, addition funnel andpN2/ingtos/012265
was charged with ethyl acetoacetate (493.1 g, 483 mL, 3.7931 mol, 1.0

equiv) and sodium ethoxide (3.1 g4 _0.046 mol, 1.2 8’]0| %). Ketene
diethylacetal (880.0 g, 10Q0C {5868 mal, 2

1§_eguiv) was added over 1
hr maintaining the reaction\teriperature at Chb ternal cooling.
When 20 addition was co @) the reaction Wkﬁ?ﬁﬂﬁs heated at 85 C
5 C for 7.5 In. The yellow prown reaction mixture WS cooled to room
temperature and stirred 8vernight. Much of the lower boiling components
ExgogHe £tOAc, Me(OEt)3] were stripped on a roto- evaporator (bath
z 1em tdre: - T S|, low- oil was.distilled, collectin
e e e R P B SR 5 Lo
mstBypie e dingd iovearBamlict Ediprethy lpyrimidine
6-Dinmgthylpysisaigine-psca te sacetyl-3refhaxybut-2 .
10.7.9, 0.053%56mo? ﬁ%%gn%%r% a%%%é%ﬂg %}4;0.3354 mot) é%d%ﬁr% b using
PEIRBKIEE {5708 &}I&n}\%.@W&%ﬁ@%ﬁxé@wﬁ@m@h&@ﬁ%ﬁf@n@md 540.2,
54he.mixture was stirred at 90 C for 4 It. The reaction mixture was cooled,
guenched with water and concentrated. The crude 38 WO 2005/101838
PCT/US2005/012265 material was purified by flash chromatography on
silical gel, eluting with 10%, 50% ethyl acetate/hexane to afford the
desired product (7.4 g, 76%) as g yellow oil. MS (El) 181.1 (M+I). IH NMR
(300 MHz, CDC13) S (ppm)8.97 fs;{H), A44 (q,2H), 2.56 (s, 6H), 1.42
(t, 3H).5 4,6-Dimethyl-p ﬁ%{i—ﬁéfb‘éxylig' id. Ethyl
4,6-dimethylpyrimidine-5-/carboxylate (10.9 g, O.( mol) was mixed with
a solution of sodium hydrexige (4.0 g, 0.10 mol) | gg,a'\fer (70 mL). The
mixture was stirred at room tegaperature overnight. The agueous reaction
EWas,acidified rising concentrated hydrochloric acid, and then concentrated
to dryness. To this residue, acetone (100 mL) was added. The insoluble
5~6&oﬁﬁ{ﬂ)rfhGrﬂ@}wasmﬁﬁ&émmmmghwww)ﬁwahmm@eamn;1-yu~4m
mdthpifileifanias. coREAINIRIGY R ARNRGS Syl RRiAFIAUe was washed with
ACN_to give 8.5 g (92%) of product as'a solid. MS (El) 153.1 (M+1). 1H
NMR EOCRIL BH3VH) 8eppi &6y @itinly, 256i¢so8bal go Bxample 1 using
appropriate starting materials. MS calculated for CpgHiBrNsO: (MHH)" 540; found 540.2,

542.1.

Example 7
4,6-Dimethyl-5-[(4-methyl-4-{(38)-3-methyl-4- [6-(trifluoromethyl)-2,3-dihydro-1H-

inden-1-yl]piperazin-1-yI}piperidin-1-yDearbonyl}pyrimidine
Br

FC CO,Et
Step 4

Diethyl [2-bromo-4-(triftuorometiyljbenzylmalonate
Into a suspension of sodium hydride (1.4 g, 58 mmol) in DMF (37 ml) at 10 °C was
dropwise added ethyl malonate (14 g, 88 mmol). After addition the mixture was stirred for 1
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30

N N~N ~\N Br 15 Step H 5-((4-[(3S)-4-(5-Bromo-2,3-dihydro-IH-inden-1
yl)-3-methylpiperazin-1 yl]-4- methylpiperidin-1
yoadoemyi}ad,6-dimethylpyrimidine To a solution of PCT/US2005/012265
(25)-1-(5-bromo-2,3-dihydro-IH-inden-1-yl)-2-methyl-4-(4-
hr mteihwpipammyl)?ﬁtpﬁra\ﬁm elb%iyctr@@ﬂowidﬁx(@@mm Z)h@&zmnmmbmm@merhyl)~4-
-car ox m DM
(t{?cnlgogv(%/%g&g%{gb%%enz trla %g%o%/tr%!s imet yI m|n hosp onl”‘lfjl Sm'regzat room
temmw@r@mgiﬁa@qsmmm wesnyespdolidoveet ateret@@aming (30e resulting
so gD DRk AL beingS TR 8hEoQm ISBRSIAMIE 088 BaliRBd with water and

mixture was diluted with EtOAc and a solution of Na2CO3 in water. The

brigfy i 19y WekOs epd enpesniasred i wiisrssosianiinmessilisr tf sk EtOAc
in NR2&Q4 %Iﬁﬂn@%ﬂc@ﬁl%raiﬁg Ed;mw&@{mmamndﬁvergggh@s%w% alfleulated for
c I%f%%j%z@p %Yg t% oduct as a TFA salt (20 mg). MS calculated
'for 6 1 %% foind-826.1, 528.1. 39 WO 2005/101838
PCT/US2005/012265 O \N F N=/ Example 2
5-({4-[(3S)-4-(5-Fluoro-2,3-dihydro-IH-inden-I-yl)-3-methylpiperazin-I-yll-4-
methylpiperidin-1-yl}carbonyl)-4,6-dimethylpyrimidine 5 This compound
was prepared substantially as described in Example | using appropriate
starting materials. MS calculated f; : (M+H)+ 466; found
466.1 N N-ICN\N N Br Example CO,H
5-({4-[(35)-4-(6-Bromo-2,3-difigdro-Ili-inden-1- yI) -3-methylpiperazin-Il-yl]-4-
Stamethylpip eridin-1-yl}carbonyl)-4,6-dimethylpyrimidine

2-Bromo-4-(trifluoromethyl)benzylfmalonic acid

To a solution of diethy! {2-bromo-4-(trifluoromethyl}benzyl]malonate (13.5 g, 34
mmol}) in ethanol (60 mL) and water (28 mL) was added a 5 M solution of sodium hydroxide
in water (20 mL). Affer being stirred at room temperature overnight, ethanol was removed in
vacuo, The water solution was diluted by addition of more water and extracted with ether
twice. The resulting water layer was acidified to pH=3 with concentrated HCl and extracted
with ether 3 times. The combined ether layers were washed with water and brine, dried over
MgSO4 and concentrated to give the title compound as a white solid (9.8 g, 84%). MS
caleulated for Cy HgBrF104: (M) 341; found 363 (M+Na)",

Br

F3C
Step C

3-[2-Bromo-4-(trifluoromethyl)phenyl]propanocic acid
{2~Bromo~4;~(triﬂuoromethyl}benzyl}maionic acid (9.80 g, 28.7 mmol) in a round-
bottom flask was heated to 180 °C and heating was continued at 180 °C for 1.5 hrs. After
cooling to room temperature, the solid was dissolved in ether. The resulting solution was
dried over MgS80O, and concentrated. The solid was washed with hexane to give the title
compound (7.20 g, 85%). MS calculated for C;oHsBrF;0y: (M+H)" 297; found 297.0, 299.0.
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This compound was prepared substantially as described in Example |

using appropriate starting materials. MS calculated for C27H36BrN50:
(Worbbps bdg3found 526.1, 528.1. 15 N N-ICN O |\N N---/ F Examxgdesto12265
5-({4-[(3S)-4-(6-Fluoro-2,3-dihydro-IH-inden-I-yl)-3-methylpiperazin-1-yl]-4

- 20 methylpiperadin-1-yl}carbonyl)-4,6<di ylpyrimidine This compound
was prepared substantially as descri ample | using appropriate
starting materials. MS calculated &t C27H36ENSO: (M+H)+ 466; found
466.2. 40 WO 2005/101838 PCT/US2005/012265 ~ O NN-C N N=/ Br

S Emple 5

a'-mwft(aa)mwiwamwna 3,4-tetrahydronaphthalen-I-yl)-3-methylpiperazi
n-l-yl}-4- r arbon 46d | m|d|ne5Th
com&oun dwas reef éﬁgiol%sé/ sta{inégr ﬁf‘) ?Ef%gg E) 1%511:1 e 108 %5 40 g, 21.5

mapPropiate ﬁ@ﬁlﬁ@M@ﬂﬂ&i@W@@&iﬂhﬂM%f@?@lﬂl@ﬁM@@ SRk pjetion of m-
bt@ﬁgtﬂﬂéﬁﬁlq h 392 é%ﬁ%NAl\tltéﬁ[)\%m% sty 'Ié &%B{hgﬁﬂ%%@ Qas oured into a

S)-4-(7-Bromo-1,2,3,4-tetraliydronaphthalen-Iyl)-3- methylplp razi
2] H@H‘i@%{lléi%éﬁdrnm?ﬂ‘é’ar%ﬁ&ﬁl)‘fmﬁ ehRfansd ifater layer was extracted

by ether. The combined organic layers were washed with NaHCOj; solution, water, brine,
dried over MgSQ4 and concentrated. Column chromatography on silica (10-20% EtOAC in
hexane) provided the title compound (2.2 g, 51%) as an oil. MS calculated for C,yH;F;0:

(M-+H)" 201; found 201.0.
FBC@Q

OH

Step E
6-(Trifluoromethyl)indan-1-ol

To a solution of 6-(trifluoromethyl)indan-1-one (2.20 g, 11 mmol) in THF (30 mL)
was added sodium borohydride (0.50 g, 13 mmol). After being stirred for 30 min, methanol
(10 mL) was added slowly. Stirring was continued for 2 hrs. The reaction was quenched by
addition of an aqueous ammonium chloride solution. The two layers were separated and the
water layer was extracted by ether. The combined organic layers were washed with water,
brine, dried over MgSO4 and concentrated. Column chromatography on silica (10-15%
EtOAC in hexane) gave the title compound (1.52 g, 68%) as an oil. MS calculated for
C1oHgF30: (M+H)" 203; found 185.0 (M-H,O+1)".

FsC : ;

Gl
Step F

1-Chloro-6-(trifluoromethyl)indane
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This compound was prepared substantially as described in Example 1

using 15 appropriate starting materials. MS calculated for C25H35BrN50:

- bbps/53183found 540.2, 542.1. Example 7 PCT/US2005/012265

4,6-Dimethyl-5-[(4-methyl-4-{(3S)-3-methyl-4-[6-(trifluoromethyl)-2,3-dihyd

ro- 18«20 finamendid]pipasazirell (VI2iperidih hsyhdashe niifmredidinehBhyl chioride

t = 02Et st i | [2- -(tr . .

Ot e e ottt o s g
vag® wrAsty ite DM {8 Zampraed (3-E8038795 dropwise added ethyl

malonate (1.4 g, 88 mmol). After addition the mixture was stirred for 1 41

WO 2005/101838 PCT/US2005/012265 hr at room temperature. To it was

slowly added a solution of 2-bromg-I-(ckleromethyl)-4-
G-6MNMoR-+8ddMF (20 mL). After being
stirred at room temperature oyermight, the/mixture was poured into ice
jution was extracted twice with ether.

The combined extracts were washed with water and 5 brine, dried over

MgS0O4 and concentrated. Column 3chromatography on silica (5-10%
Stgpt@A.c in hexane) afforded the title compound as an oil (13.5g, 93%). MS

for 304 + g d i

fe:%%%ﬂ'{'ﬂ(tf I.%ﬁé]%?}%’%?ﬁ%‘? é{%%‘}g%\%%??mﬁ %{{,ﬁ% 1324182139 9/&0/%51 azirie-1
catfliggigthiethyl)benzyldrnalonic acid To a solution of diethyl

[2-bramardritiflaoremethylloenzyimnalonptedla3 510534, sveliagthanaliy] (35)-

60 mL) and.water (28 mL) was added a 5 M solutjon of sodium hydroxide
S REGEH {36 W3 RACI ot obil 2 6 THEEr e Fobbrbight, ol aud
trigtydmnolnwd3 gedtovedinivdeviy, (Thenatessolutidnwas diluted loytadditiorvoling to

of mare water and extract ith ether. twice.. The resulting water | .
B e, L SR R B0 e
The combined extracts were washed with water and brine, dried over MgSO; and

concentrated. Column chromatography on silica (10%-30% EtOAc in hexuane) afforded two
isomers. Isomer 1: 6.52 g (brown oil). MS calculated for CogHy7F3NaOy: (M- 383; found
385.2. Isomer 2: 0.41 g (brown oil). MS: (M+H)" 385.2

N NH
CFy
Step H
(2S)-2-Methyl-1-{6-(trifluoromerhyl)-2, 3-dihydro-1 H-inden-1-yl]piperazine
tert-Butyl (38)-3-methyl-4-[6-(trifluoromethyl)-2,3-dihydro- 1 H-inden-1-y1]-

piperazine-1-carboxylate (isomer 1 from step G, 0.52 g, 1.4 mmol) was dissolved in a 4 M
solution of HCI in 1,4-dioxane (10 mL). Afier being stirred at room temperature for 2 hrs, the
solution was concentrated in vacuo to provide the title compound as a dihydrochloride salt

(0.48 g, 100%). MS calculated for C;sH;gF3Ns: (M+H)+ 285: found 285.1.
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with ether 3 times. The combined ether layers were washed with water
and brine, dried over MgSO4 and concentrated to give the title compound

a5 RIE 36dd (9.8 g, 84%). MS 20 calculated for CL1IHSBrFa©4is2605/012265
(M+H)+ 341, found 363 (M+Na)+. Br ~COZN F3C Step C

3-[2-Bromo-4-(trii Iuoromethyi)phen}l)prq\ﬁ)@noic acid 25
[lmal [

[2-Bromo-4-(trifluoromethyl) Lg@ 9.80 g, 28.7 mmol) in a.
ted'to \8_01@61 t(ei\?[i%f:jcwas continued at

round- bottom flask was heg

180 C for 1.5 kits. After co } to room temperature, the solid was

dissolved in ether. The resultifig solution was dried over MgSO4 and

concentrated. The solid was W&shed with hexane to give the title
segmpound (7.20 g, 85%), MS calculated for CiIOH$BrF302: (M+H)+297;

found 297.0, 299,0. 30 42 WO 2005/101838 PCT/US2005/012265 F3C\

tefy-Bih D sl ot oimetrs iidar R T tion-6¥ydro-1 Heinden-1-
yigpigeiamo-d:grifuprometbypheny]propanoic acid (6.40 g, 21.5 5 mmol)

R R R
dilyittorklovals FOBRINtG anthN)HEL sdikstbre (150 dilblofdiectivardayBis solution was
wﬂﬁéﬁb%%%%%%‘ %ﬁ?&ﬁt?&@’gr Wg?esdeé‘gﬁ?r

Cﬁ?g%(?/ aetcs]%gh-g@n% ated. The residue
compinea organic Iayers ere washed wit a SO Uthﬂ, waler,

witinekedried overdtBOmaihdrsoriééntratbd. Coliimnahrowidadgraptpioh 4-oxo-1-
plgg%r@rﬁfg%lﬁg 8‘92'@, 10 hexa %)1@'%9%(}9991 %gﬁy&wg@?é .2%91111101).7 The

©1%) as an oil. MS calculated for CiOH7F30: (M+H)+ 201, foun
M, WY S8EGY 2L S THEIGEIBIE ctsighhAndosoncentrated in vacwo. The residue

was taken up in THF (20 mL). Diethylaluminum cyanide (0.18 g, 1.6 mmeol) was added.

After being stirred at room temperature for 5 hrs, the solution was quenched by addition of
water (3 mL). The resulting solution was filtered through Celite and the Celite was washed
with dichloromethane several times. The filtrate was dried over MgSO4 and concentrated to
give the title compound (0.72 g, 98%) as a brown viscous oil. MS calculated for
CoslsF3NL Oy (M+H)" 493; found 493.2,

b
O W e
»

CF3

Step J
tert-Butyl 4-Methyl-4-{(3S)-3~methyl-4-[6-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1 -
vijpiperazin-1-yl}piperidine-1-carboxylate

To a solution of tert-butyl 4-cyano-4-{(3S)-3-methyl-4-[6-(triffluoromethyl)-2,3-
dihydro-1H-inden-1-yl]piperazin-1-yl} piperidine-1-carboxylate (0.72 g, 1.3 mmo}) in THF
(20 mL) was added a 3 M solution of methylmagnesium bromide in ether (4.0 mL). After
being stirred at room temperature overnight, the reaction was quenched by addition of water.
The resulting solution was extracted with EtOAc twice, The combined EtOAc layers were

dried and concentrated. Column chromatography on silica (20-30% EtOCAc in hexane)
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To a solution of 6-(trifluoromethyl)indan-I-one (2.20 g, 11 mmol) in THE
(30 mL) was added sodium borohydride (0.50 g, 13 mmol). After being
stired dor 39:0in, methanol (10 mL) was added slowly. Stirrin
continued for 2 hrs. The reaction was quenched. by addition o
pz@%ﬁ@%@fﬂ%&%ﬁﬁ@'Rf.'@'?g’i@é‘i‘&?r&sEh@s%ﬁs'%ﬁ?[ﬁ%&l@ﬁ@%@?@gﬁ%&mm:
the 20 water layer was extracted by ether. The combined organic layers
Nidre v%%h@&r\gifﬁ%ter, brine, dried over MgS04 and concentrated.
Column chromatography on silica (10-15% EtOAC in hexane) gave the
titte compound (1.52 g, 68%) as an qjl. MS calculated for CjoH9F30:
(M+H)+203; found 185.0 (M-H2Q+1)#+3CH | Step F 1-Chloro-6-(trii
luoromethylindane 43 WO 2005/) Ng?g@é@mosmzzes
6-(Trifluoromethyl)indan-I-ol 2 g, 7.5 mmol)was dissolved in thionyl
chloride (15 mL). After being-stiffed at room temperature for 2 his, the
solution was concentrated in vaguo to provide the title compound (1.5 g,
90%). N N-Boc 5 CF3 Step G tert-Butyl (3S)-3-Methyl-4-[6-(trii
Sfﬁé’o‘f{oinethyl)-Z,3-dihydro-JI3 inderz-1 yZ)piperazirze-Z- carboxylate A
(2splotige el L-chlateroiiptuarpmethy indang Gk breg:n 8.-8930amolyo- 1 H-inden-1 -
; nt-bu}yl (35)- 10 3-methylpiperazine-'1-carboxylate (2.1 g, 10 mmol),
Yoaiiim 16dide (3 g, 20 mnol) and triethylamine (3 g, 30 mmol) in DMF (20
mL) wes-stimed atbalGlord(Aight-ndteyleddingritnoconeteyips fatilrgdro- 1 H-inden-
vas. ad .. The.resultin; jutio extrac ith EtOAC twice..
T e tor oL W PSP o 2 4

solpgsod difd todicsanatdd Tolumhichromatogrephy vamillempendsados 2 hrs, the

sdRIQAGIRhexane)atfprd Mé&f@%ﬁlﬁﬁ%ﬂﬁ?gﬂ%lg)%% SN de salt. MS
MS calculated for C20HZ7F3N202: (M+%-ql; gg ; found 385.2. Isomer 2:
“CF3

CHERLIE Brofvntony N Qi) 4838 80and

YB8s2005/012265
an

CF,
Step L
4,6-Dimethyl-5-[(4-methyl-4-{{35)-3-methyl-4-[6-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1-
yi[piperazin-1-yl}piperidin-1-yl)carbonyl]pyrimidine

To a solution of (25)-2-methyl-4-(4-methylpiperidin-d-y})-1-[6-(trifluoromethyl)-2,3-
dihydro-1H-inden-1-yl]piperazine trihydrochloride (100 mg, 0.183 mmol), 4,6-dimethyl-
pyrimidine-5-carboxylic acid (67 mg, 0.22 mmol) in DMF (5 mL) was added benzotriazol-i-
vioxytris(dimethylamino)phosphonium hexafluorophosphate (97 mg, 0.22 mmol) followed
by triethylarnine (90 mg, 0.9 mmol). After being stirred at room temperature overnight, a
solution. of NaHCO; in water was added. The resulting solution was extracted with FtOAc
twice. The combined EtOAc layers were washed with brine, dried over MgSOs and
concentrated. Column chromatography on silica (10-20% MeOH in EtOAc) afforded the title
compound (60 mg) as an oil. MS calculated for CagHiF3NsO: (M+H)+ 516; found 516.2.
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Step H 20 (2S)-2-Methyl-1 -[6-(trJuorom ethyl)-2,3-dihydro-IH-in den-1

yl]piperazine tert-Butyl

(8%) 2Besiaitvgh-4-[6-(trifluoromethyl)-2,3-dihydro-IH-inden-1-yl]- pCr/uS2005/012265

piperazine-l-carboxylate (isomer | from step G, 0.52 g, 1.4 mmol) was
Exdimgdbd in a 4 M solution of HCI in 1,4-dioxane (10 mL). After being

Ny temperatur 2 his, t tign w. n ated |
- A S RO By -
indiepoloyliviperardntatet fareCHpidyiNe iyl pydgddioend 285.1. 44 WO

2005/101838 PCT/US2005/012265 ~-+dNC NN~N-Boc CF3 Step |
tert-Butyl 4-Cyano-4-{(3S)-3-methyl-4-[6-(tr(uoromethyl)-2, 3-dihydro-1
Fl-inden-I- ylJpiperazin-1 yl)piperidine rboxylate 5
(28)-2-Methyl-l-[6-(trif|uorometh)’/:BgQ, r%tlH-inden-l—yl]piperazine
Sredih drochl.oride (0.38 g, 1.3 mmol) was dissolved in diclloromethane. The
dofution was washed with saturated NaHCO3 solution, dried over MgSO4
[2-dindreorfegnifatedrdthel iosidvigmaasrtaken up in dichloromethane (20 mL).

To it tent-utyl 4-0x0-1= piperidinecarboxylat 1. .
Mol ot e e S e S e I

difﬁéﬂ@;@ﬁl&ﬁlﬁ@@ rﬁlt@}ﬂpébm% @V@Nﬂi@ﬁ@éﬁ@ic@rﬂe@ nlatetiipvacl dliFthatylaluminum
hydesidus Masaken wp inTHAELD L L RIGUY IRminym QRRIdRHO I8 % ambient

1.6 mmol) was added.” After being stirred at room temperature for 5'hrs,
rRBr BTN W< SYEHBET) ie ForPOR e L)) The fesehigeocting in o
iceSlttiomweasHfiliesed throvghs Caliig pnd dheiCelienwaswashesk Wilhrously stirred at
__dichloromethane fsev%:al times. The fthr?te was dried over MgSO4 and
“mRSHECTPREE H 15 g & the e ESMPOUIRE0Y72 §288% Va8 2 Br6wed (MeSO0)
anvisequs0dd MS:catuiatedifora C26HRIDASNAQH (Hrbinb)tod23Hosm 93 L:/hexane)

R R 5 Ty HB: Vo eiaraaier e tepcs) 6o . o,
8. W Ypipéritite-lidarb8RyBté=8.8 Hz, 1H), 7.70 (dd, /=8.5 Hz, 2 Hz, 1H).

To a mixture of 2-bromo-5-(trifluoromethylybenzaldehyde (5 g, 20 mmo!) in THF (20
mk,) at 0 °C was added sodium borohydride (0.8 g, 20 mmol), The resulting mixture was
stirred at 0 °C to ambient temperature for 1 h. The reaction was quenched by addition of an
aqueous solution of NaHCOs. The resulting sclution was extracted with EtOAc twice. The
combined extracts were washed with brine, dried (MgSQ,), filtered and concentrated to give
the desired alcohol as a white solid (4.4 g). "H NMR (CDCL) & 7.81 (s, 1H), 7.66 (d, /=83

Hz, 1H), 7.42 (dd, /=8.3 Hz, 2,0 Hz, 1H), 4.81 (d, /=6.3 Hz, 2H), 2.03 (m, 1H).
Cl

Fgc Br

Step B
I-Bromo-2-(chloromethyl)-4-(trifluoromethyl) benzene

To [2-bromo-5-(trifluoromethyl)phenyl]methanol (4.4 g, 17 mmol) was added thionyl
chleride (5 mL) and the resulting mixture was stirred at room temperature for 1 h.

Evaporation in vacuo gave the crude product as an oil. "H NMR (CDCly) 8 7.77 (4, J=8.3 Iz,
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To a solution of tert-butyl
4-cyan-4-{(3S)-3-methyl-4-[6-(trifluoromethyl)-2,3-
diltydeas ibkdmglen-1-yl|piperazin-I-yl}piperidine-I-carboxylate (0 72rgysk@isoi2265
mmol) in THE (20 mL) was added a 3 M solution of methylmagnesium
lerG’rﬁwéiinfeﬂﬁ@HA OHL).5Af(éd, 25-Déing Stifre dH), om(tenipEratete, 1H), 5.46 (d,
= ? ht the reaction was quenched by addition of water. The resulting
solution'was extracted with EtOAc twice. The combined EtOAc layers
were dried and concentrated. Column chromatography on silica (20-30%
EtOAc in hexane) 45 WO 2309511048 CBJ82005/07.2265 provided
the title compound (0.32 g, 50%) g iscqus 0il. MS calculated for
C26H38F3N302: (M+H)+ 482; fourd 482-3°85.~"-~CNH CF3 5 Step K
St%?rg’) -2-Methyl-4-(4-methylpiperidin-4 yl)-1 -[6-(trdfluoromethyl)-2,
dihydro-IH-inden-I- yl]piperazine. tert-Butyl 4-methyl-4- { (3 S)- 3
Dtk gt oS- BRI o7 iRt - inden-
1- y|]@'@§%ﬁiﬂdn¥&¥&ﬂ@ﬂ'ﬁ!ﬂ@ﬂa@@(@@('@t@ (AR PO MR MI8Sat 0 °C was added
%ﬁelved 4 M 10 solution of C in dioxane (8.0 mL). After being
so iRl S 16 %&n@e@&f@%%% ?HEIEBRan}‘i‘ 6@5%&#&%%@&%@5 stirred at
anpieaithentifiercoraplu i (035 g)oasha tﬂhyﬁlﬁ@ch}@mdﬂcﬁﬂlt aN§Sudalewatedbromo-2-

(chgfrr(g: 2]tE'ye[?El?’(t’\lr?ﬂu@g&lwtﬁy%%%hgggg %1%83, ?60 1mo ) m'\b\MF,\b% L}sThe reaction

mmi;ﬁﬁmmemyitﬁl [$4muethylrpf(B8) 3andthydat [Bxéudtftdorothethyt)a;8-diteyresulting
soﬁ'iPo:lHdBS'e&t'mﬂH%f%[@F‘Etéxgﬁl&%d"iﬂey%&‘%”m%’ MURRINE 93 rine, dried

solution of

(MEfSYa - midiiRyads - @nin ethpsiperidin- 4100 - 1 e derifinetombthyRs 2, Bluified by  flash

chiiRyeie-Anindensindlpinerazing dinydracioside K198 Mgx hl83 MmR the desired
4,6-dimethyl- 20 p}/r imidine-5-carboxylic acid (67 mg, 0.22 mmo&/{:\ DMF

PSR WAL dAd B ok S AR 307, found

3ohaxsdtuorophosphate (97 mg, 0.22 mmol) followed

FSCO\/\/COQH
B

r

Step D
3-{2-Bromo-5-(trifluoromethyl) phenyl[propanaic acid

To a solution of diethyl {2-bromo-5-(trifluoromethyl)benzyljmalonate (22.9 g, 57.6
mmol) in ethanol (100 mL) and water (50 mL) was added a 5 M solution of sodium
hydroxide in water (30 mL). The mixture was heated to reflux for 2 h. Ethanol was removed
by evaporation. The agueous layer was extracted with ether and then acidified with
concenirated HCI to pH 5 at which time a lot of white solid precipitated out. The solid was
collected by filtration. The filtrate was extracted with ethyl acetate twice, and the extracts
were washed with brine, dried (MgSQO,) and concentrated to give a white solid.

The combined solid was decarboxylated by heating in an oil bath to 180 °C for about
I k. The resulting yellow oil was cooled and pumped i vacuo to afford the desired mono-
acid (11.5 g, 67%). LC/MS calculated for CpHBrF10a: (M+H)™ 297; found 297.1/299.1.
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by triethylamine (90 mg, 0.9 mmol). After being stirred at room

temperature overnight, a solution of NaHCO3 in water was added. The
PeQutiig Y8itftion was extracted with EtOAc twice. The combih&d/ EtEIAY012265
layers were washed with brine, c}_ri d over MgSO4 and 25 concentrated.
Column chromatography on siIica?? OH in EtOAc) afforded the

titte compound (60 mg) as an oil. M ed for C28H36F3NSO:
(M+H)+ 516; found 516.2, 46 WO 2005/101838 PCT/US2005/012265
Stegxﬁample 8

4,6-Dimethyl-5-[(4-methyl-4-{(3S)-3-methyl-4-[5-(trifluoromethyl)-2,3-dihyd
S-(fiuarmiestiisipredagin- 1-yl}piperidin-l-yl)carbonyl] pyrimidine HO F3C
Br orstenéulddrercan-triauaranisihphaplineg ARi@ SRIHeNs ¢ 9.4

of 2-bromo-5-(trifluoromethyl)benzonitrile (10.0 g, 40 mmol) in

mgpthip rotethdh &k dherarsd dt dpwigkaddSa e FMYgsfuaflisdp 2.5 M solution
of Blisepuiylatiminusxhydgdedin exane (4B4adi)iohhie resedting splution WaSeaction

stirred under. nitrogen at ient 10 temperature. for 1 It and was then
oS CRA ) AHOTORE G e O LI SMaTa BUAG AR CECoBith s e acetste
twisolulion eftkiCkweas carefully adthedztardetheNatiddare wasevigardusher MgSO, and

stirred. a bient temperature for.15 min.-The organic layer was washed. y
o T S e R e ing v
10byfadii@hrsheatographiyofSuh e tesiisth exame) affordiit 5cdidf0.7 g, 37%). LC/MS
calgabRmRctfifiueremesylhenzaldehydey iH NMR (CDCI3) 8 10.39 (s, 1H),

15 8.18 (d, J=2 Hz, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.70 (dd, J=8.5 Hz, 2 Hz,

1H). To a mixture of 2-bromo-5-(trifluoromethyl)benzaldehyde (5 g, 20

mmol) in THE (20 mL) at 0 C waga ,odium borohydride (0.8 g, 20

012510
mmol). The resulting mixture was |@a

( C to ambient temperature
for 1 h. The reaction was quenched by-addition of an aqueous solution of
NaHCO3. The resulting solution was extractell with EtOAc twice. The 20
Stepadmbined extracts were washed with brine, dried (MgSO4), filtered and
: iye ;the desired alcohol as a white solid (4.4 g). 'H NMR
> (?g%ﬁéf%% é%n%;&lﬁaglia) 7.66 (d, J=8.3 Hz, 1H), 7.42 (dd, J=8.3 Hz, 2.0
Hz, iF9) 4 BlutipryebIdziimopomate{ndey lone$G e, 3 mmol) in THF (5 mL)

cooled in an ice bath was added sodium borohydride (0.1 g, 3 mmotl) followed by MeOH (1

mL). After being stirred for 30 min, the reaction was quenched with aqueous NaHCO;. The
resulting solution was extracted ;iwlth EtOAc twice. The extracts were washed with brine,
dried (MgSOs), filtered and concentrated. The crude material was purified by flash
chromatography on silica eluting with 20% EtOAc/hexane to afford the desired product (0.65
g, 92%) as an oil. LC/MS caleulated for CoHoF,0: (M+H)" 203; found 185.1 (M+H-H,0)",

O
O
= h——y <
\ Yy / ___/N
FsC N==
Step &

4,6-Dimethyl-5-[(4-methyl-4-{(38)-3-methyl-4-[ 5-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1-
vllpiperazin-1-yl}piperidin-1-yl)carbonyl]pyrimidine
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25 Step B I-Bron?0-2-(chloroniethyl.)-4-(trifluoroinethyl) benzene To
[2-bromo-5-(trifluorom.ethyl)phenyllmethanol (4.4 g, 17 mmol) was added
thieagPs/ehlBitde (5 mL) and the resulting mixture was stirred abP€8eR2005/012265
temperature for 1 h. Evaporation in vacua gave the crude product as an
oil. 'Hriwire (CpCIsfsinarrgitudEnden-p Wi 20e5rONSER! was prepared
foftSalild2200RL 0k f e’ i L (MAHY
i {*é%, o g e o R B 0 0o
S1g; §1§'§tep C Diethyl [2-Brorno-5-(tr f uoronzetliyl)benzylJnalonate
To a solution of ethyl malonate (23 g, 140 mmol) in DMF (70 mL) at 0 C
pvas dgled sodium hydride (3.9 g, 60% in mineral oil, 97 mmol), and the
St |eng mixture was stirred at ambient temperature for 30 min. To the
1-Gasude] ivhd Acillateshgdiyiibnidinl byinadd 291]-4-methylpiperidin-4-y1}-2-
loromethy)-4-(trifluoramethyl)henzene , 60 mmol) in DMF (20
mﬁﬁpﬂﬂg%ﬁt}éﬁs%ﬁ Pﬁgg %3%%%@%“3%%?& emperature for 3 h and
guenched with ice water. The resulting solution was extracted with EtOAc
twice. The extracts were washedmith brine, dried. (_MgS04), filtered and
concentrated. The crude material -@@o flash chromatography
on silica eluting with 3% then 5% EtOAsffiexane to afford the desired. 15
Stgroaduct (15.2 g, 64% ) as an oil. LC/MS calculated for C15H16BrrF304:
6—&%@50%%']: u ﬂg".}\’;)337”.1/399.1. F3C~COZH Br Step D 20
-[2- romo-@far{1 uﬁrongethyl)pheny/]propano/c acid To a solution of
diethyl [RibromofS-{thiffuarometiyijbenzyiinialdbate 122:8ngel A6t mmdl}iesulfonic
(1 er.(50,mk). was adde M solution of sadium
oo e P LAY REAES RS An A BB SRR for o
3 Bthahel swdstramovecdyaiapoiationathe agdebusteydravasextraiied by flash
CM@&I%Q) dihen.acidifiedwith 23 ﬁ@@g%ma%g HGHG PO AW R oduct as an

_time a lot of white solid precipitated out. The solid was
o1l (1.4 g, 96%).

F3C. :
0
Step B

4-(Trifluoromethyl)-6,6a-dihydro-laH-indeno[1, 2-boxirene

To a solution of 6-(trifluoromethyl)-1H-indene (1.1 g, 6 mmol) in anhydrous
dichloromethane (80 mL) at ~78 °C was added a 5.5 M solution of fert-buty!l hydroperoxide
in p-decane (1.3 mL) followed by titanium tetrachloride (0.79 mL, 7.2 mmol). Afier being
stirred at -78 °C for 1 h, the resulting brown solution was quenched with a mixture of
Et;O/saturated NazSOs solution. The mixture was stirred at ambient temperature for 1 h to
give a colorless solution. The organic layer was separated and washed with brine, dried over
MgS0, and concentrated to give the crude product (1.2 g) as a solid. LC/MS calculated for
C1oH7F20: (M+H)" 201, found 201.0.
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collected by filtration. The filtrate was extracted with ethyl acetate twice,
and the extracts were washed with brine, dried. (MgSO4) and
ShAcltit4idétto give a white solid. The combined solid was ~ PCT/US2005/012265
decarboxylated by heating in an oil b&:[p to 180 C for about | h. The
resulting yellow oil was cooled and pumped in vacuo to afford the desired
mono- 30 acid (11.5 g, 67%). LC/ ulatgd.for. CLOH8BrF302:
(M+H)+297; found 297.1/299,1. 48\/0O 2005/101838
PCT/US2005/012265 F3C _ \\ $tep’E 5-(Trifluoromethyl)indan-1-one To
a solution of 3-[2-bromo-5-(#itioromethyl)phenyl]propanoic acid (2.8 g,
Sz’eg'c?“r’ mmol) in THE (100 mL) and hexane (20 mL) at -78 C was dropwise
Added a 2.5 M solution of n-butyllithium in hexane (8.3 mL). After the
teradiaitio (7 Had-bedlydompleted! o redtibr?, hrddmdentHedduith sétutated
- eWtf‘%S'ergﬂﬁ &qw&;iggﬁ%gtion was extracted with ethyl acetate twice. The

extracts were washed with saturated NaHCOS3, brine, dried over MgSO4

and.AcBrtitraled- (rHueromelmbte e Whsdarinel bstash2-bloxirene (1.2 ¢, 6.0

nuGBromategranhy) QB silica aluting with 0 105 RO%IELQAg/hexane te affiflanol (20
the desired product as_a white solid (0.7 g, 37%). LC/MS calculated for ‘

m‘&@ﬁ% UREAH) SBAZFound SOT. 1 SESE \O é1- it 93k 5-methylpiperazine-1-

caboTyifiorametiydindanyixekt avassehmionef SH{kilucrorathy) indar-iene, 95 °C

(0,7 g, 3 mmol) in THE (5 mL) cooled in an ice bath was added sodium
o R a1 T8 ST aD TR BN T A el Beihy iedy esh

chfon80 gniphithel wbagtionwiis/q lich thdtwite afjliecus NaHCOZDHEEIOAC + 0.5%
i i i ice..T tracts were .. )
o Lo 3B G (g SO et S o Al e 045 g s
calgplifedniandiraCnab puhiiee B fasH Hnrbrwadotitaphjsonailcglelting withisomer):
0.720%0\E QA haxane to afford the desired product (0.65 g, 92%) as an oil.
LC/MS calculated for CtoH9F30: (M+H)+ 203; found 185.1 (M+H-H20)+.
NN ~CNO \61_-f\N

OH
\)—\ 0
NN N
SO0L
FaC =/

N=
Step D
1-((25)-4-{1-[ (4, 6-Dimethylpyrimidin-5-yl)carbonyl]-4-methyipiperidin-4-yl}-2-
methylpiperazin-1-yl)-3-(trifluoromethyl)indan-2-ol

Starting from rerr-butyl (35)-4-[2-hydroxy-5-(trifluoromethyl)-2,3-dihydro-1 H-inden-
1-yl]-3-methylpiperazine-1-carboxylate (isomer 1 from step C), the title compound was
prepared using procedures similar to those described in Example 7. MS calculated for
CasHisF s NsO5: (M+H)" 532; found 532.

Example 19

5-[(4-{(35)-4-[2-Methoxy-5-(trifluoromethyD-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidin-i-yl)carbonyl}-4,6-dimethyipyrimidine
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F3C N=/ 25 Step G 4,6-Ditnethyl-5-[(4-methyl-4-[(3S)-3-methyl-4-[5-(trii
luorometh})l)-2,3-dihydro-1 Ff indeai-I- yZ]piperazin-1 -yl}piperidin-|
widarhatgipyrim One 49 WO 2005/101838 PCT/US2005/01Z98852005/612265
Starting from 5-(trifluoromethyl)indan-I-ol, the title compound was
prepared. following the procedures descibed for Example 7. MS
calculated for C28H36F3N50: (M+g B%TfQund 516.2. 5 Example 9
1-((2S)-4-{1-[(4,6- Dlmethylpyr|m| arbdARA-methylpiperidin-4-yl}-
2- methylpiperazin-I-yl)-5-(trifluo thy )indan-2-ol F3C~00 10 Step A
6-(Trifluoromethyl)-]H-indene A-tni%ture of 5-(trifluoromethyl)indan-I-ol
(1.6 g, 7.9 mmol) and p- -toluéAgsulfonic acid (0.02 g, 0.1 mmol) in toluene
S¢2@mL) was refluxed through a Dean-Starlc trap for about 3 h. The

| h
S S R O O R T e
melBuwaisrdeétas by bitd1.4 g, 96%). F3C Step B 20
4-(Triggupremeaty) & @@;P'HB@IO?%L@?&%@@%yb@%ﬁﬁﬂﬁ1gﬁ&}3ﬂu}!9%ﬂ§dro 1H-

6-(trifluoromethyl)-1H-indene (1 6 mmol) in ‘anhydrous

indeplordrans draRBerrieal- cmb@%@ é’éaé}ﬂ’fa%fﬁ)m s6Rifioin GhieRRkud)I (50 mg
0.nysheperoxide (nmrdegsane (ks aid:doitawed laﬁ,gtlm}wm datrachiones. Afier bemg

LTy rniel Mlein sttt b ety

teNp28Q3 Rolutiomd heemkwrwmﬁz&mammmmh bi‘éatrtenmﬁgau[mmrv&ah extracted

olorle solut on The Qraanic layerwas. separ at
Wltfglhrlnectgrled z%ler Ei\}ﬁ @84 and g%aﬁl@e%a;)r(g ted rmeli/egfh C?d@c%eg d\@d F red and
cofeDightas @ solid m@m@ecm@meaws:mmm m%)mMNMndM+H) 415;

foald Q520
“o \
Bﬂu NH
N/
FsC
Step B

(25)-1-[2-Methoxy-3-(trifluoromethyl)-2,3-dikydro- 1 H-inden- 1-yl]-2-methylpiperazine
To fert-butyl (35)-4-[2-methoxy-5-(triffuoromethyl)-2,3-dihydro-1 H-inden-1-yI]-3-
methylpiperazine-1-carboxylate (51.8 mg, 0.125 mmol) was added a 4.0 M solution of

hydrogen chloride in dioxane (2 mL). The mixture was stirred at room temperature for 1 h
and concentrated in vacuo to give the title compound as a dihydrochloride salt. LC/MS
calculated for Ci16Han CIFaN,O: (NI+H)+ 351; found 351.1.

o

N NA<:\N“BOC
S

FsC
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WO 2005/101838 PCT/US2005/012265 OH N N-Boc F3C Step C
tert-Butyl (3S)-4-[2-Hydroxy-5-(trifluoromethyl)-2,3-dihydro-IH-inden-1
wlewmathgdpiperazine-l-carboxylate 5 A mixture of PCT/US2005/012265
4-(trifluoromethyl)-6,6a-dihydro-1aH-indeno[1,2-b]Joxirene (1.2 g, 6.0

Steinfol) and tent-butyl (3S)-3-methylpiperazine-1-carboxylate (1.4 g, 7.2

MBI at?ga? A28,y was refl ﬁm%ﬁw@fs Hnother gam egf 7.3-

tert-butyl 3-methylpiperazine-|- carboxylate was added. The mixture
MR R RS il csbdia ik afrg wéatedte 95 C for 2 days. The

solvembwa(ﬁﬁ@f&@ﬂ@@ﬁeﬂ-@lﬂéﬁﬁa@%d@ﬁﬂﬁéﬁaﬂwﬁ @XWlH~mden— 1-y1]-2-
with 25% EtOACIlhexane, followed

matography. elutin
I.é Wﬁf%&g By R ﬁ‘égntrgjtéd RH40H: o TEBRter H\Wg rﬁé’éﬂ%ﬁéﬁ 4-0x0-1-
pisomert{fastyhovi@sisemen): 10 4goMSncaletigtad fohtbde (2 mL) was added

7F3 +40 d 401.1. Isomer 2 (slow movin
R b T i DK W SR oS AP =L, 0.12
mgtel. 5@-((32@)112@(ﬂﬁ[(ﬂlﬁemmhyi@%/ﬂmmhmﬁempemture overnight and concentrated to

pdsarhenyilidamethylpiperidin-4 yl)-2- metliylpiperazin-1 yl)-5-(trii

luorromethyl)indan-2-oi Starting from tert-butyl

(3S)-A o Wy SRy TR b FosRRtRA)p B pdrtcnigdrividin 1 SOM of diethylaluminum

c@ﬂﬂ@nm@!hyﬂﬁll?@r@zkﬁ@‘)l carbaxmate (samatLfromSIePa: Q}Sﬂﬂ% overmght and
n%%g X a\%15 prepared using procedures similar to those described
7

e YSr §@%%M}P%@tZQ&MI%@aS filtered
tlﬁ@hﬂﬂﬂiﬂ@% filtrate was separated and the oraamc layer was washed with brine, dried

a\?ﬁgé 3? tere[& M((—:ith(())xgen tr fI orometh |h dro-l13-inden-1-y o
j‘plperazm yii plper - 1 )85? 8n@fﬁ2°6°8mﬁz§‘ﬂpjrf%ﬂ§‘ 3232
(Metip1

The crude cyano compound was dissolved in THF and treated with a 3.0 M solution
of methylmagnesium bromide in ether (0.2 mL) at 0 °C. The mixture was stirred at room
temperature for 4 h. Another 0.2 mlL of methylmagnesium bromide solution was added and
the mixture was stirred at room temperature for two days. The reaction was quenched with
aqueous NaHCO; and extracted with EtOAc twice. The extracts were washed with brine,
dried (MgS0Oy), filtered and concentrated. The crude material was purified by flash
chromatography on silica eluting with 25% then 50% EtOAc/hexane to give the title
compound (25 mg}). MS calculated for CarHyoFaN3Os: (M) 512; found 512.2.

Peasasa

5-[(4-{(35)-4-[2-Methoxy-5-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1 -yl]-3-methylpiperazin-
1-yl}-4-methylpiperidin-1-yl) carbonyl]-4,6-dimethylpyrimidine

To tert-butyl 4-{(35)-4~[2-methoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1-yi]-
3-methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate (0.02 g, 0.04 mmol) was added a
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WO 2005/101838 PCT/US2005/012265 \O N N-Boc F3C Step A
tert-Butyl (3S)-4-[2-Methoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1
W 3eeretiidpiperazine-l-carboxylate 5 To a solution of tert-buBgT/US2005/012265
(3S)-4-[2-hydroxy-5-(trifluoromethyl)-2,3-dihydro-IH-
4.0hiye solytios-mddsl pipbradinsarecbHSoxiiatd lis opseliRgrovx srspv@yrsticred at room

telayermRie o (PR, M DMl tﬂ&'ﬁ@dﬁ% ) 340 frywi@s added NaH (8
mg, 60% in oil, 0.2 mmol). After being  stirred for 10 min Melq528 mg, 0.

2
mmol W 806, PR i ratat %%H%m@e atlifefof-¢-fimethyl-

pyaingiduerschadoriticaquegis NH4GE1 The gesultingsolutionvwas extragtesriazol-1-
?twic . The extracts, were washed with tg , dried

S T A B A OB SRS POcEr R ) and
rietipliatod {00C21HIDF ANAAR: MteHpeidd Sridednd dikBa2oBddieF8@might, the
red 351D (o R MPOR R (O BE WA A M BT ERDE e e

wBSashRdnvathdxies-drifd choarétny il@edilbydrechdeirguadl- i crude material was
pulBLVIRINEIRZINGHac AKXV atE (5408, M8 Orte R MR WaE aded k0 ds!\d min, 10

solution of hydrogen chloride in dioxane (2 mL). The mixture was stirre

MRSt B eVeUTET AR Arid ToRBEritateliin Vet it fo ivEMe sikalated for

CAPRPOUNY, a3/8-Hihvdmeblerdesalt. LC/MS calculated for
C16H22CIF3N20: (M+H)+ 351; found 351.1. 0 N N-CN-Boc F3C 52 WO

2005/101838 PCT/US2005/012265 Step C tert-Butyl
Exefipte) 4-[2-Methoxy-5-(trjuoromethyl)-2,3-dihydro-]H-inden-1 ylJ-3-

5-1(4-(35)-4-[(1R,2R)-2-Ethoxy-S-(trifluoremethyl)-2,3-dihydre-1H-inden-1-y1}-3-
methylpiperazin-1-yl-4-methylpiperidin-i-ycarbonyl}-4,6-dimethyipyrimidine
dihydrochloride.

FaC

/
\

\

CHO
Step A

2-Allyl-4-(trifluoromethyl) benzaldehyde.

To a oven dried 5 L 4-neck round bottom flask fitted with overhead stirring, nitrogen
needle, 500 mL addition funnel, 250 mL addition furmel and thermometer, tetrahydrofuran
(1400 mL) and N,N,N'-trimethylethane-1,2-diamine (105 mL, 0.788 mol) were added. The
solution was cooled to -40 °C (dry ice/ MeCN bath). »-Butyllithium (1.6 M in hexane, 510
mL) was added to the 500 mL addition funnel and then added to the above solution over 40
minutes ( -40 to -35 °C). The colorless solution became light yellow in color. The cold bath
was then removed and the reaction mixture was stirred for 30 minutes while being warmed to
a temperature of -10 °C. The reaction was cooled to -40 to -45 °C and p-
trifluoromethylbenzaldehyde (77 mL, 0.56 mol) was added via a syringe to the 250 mL
addition funnel. The aldehyde was added dropwise over 15 minutes while reaction
temperature was maintained at -40 to -35 °C. The reaction became brown in color over the

course of the addition. The reaction was stirred at -50 to -40 °C for 30 minutes. The second
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methylpiperazin-1 yZ)-4-methylpiperidine-l-carboxylate To a mixture of
(25)-1-[2-methoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-I-yl]-2- 5
wethyipipessgine hydrochloride (44 mg, 0.12 mmol) and tert-b@TAIRes 012265

piperidinecarboxylate (25 mg, 0.12 mmol) in methylene chloride (2 mL)
additistagbied Miethylbmiteh@oimitexens bl bioweabydicanierar S0 minutes via

adiBHASRRrRROXIEE {Q Q3 Mkt Bel &atUNBNed e FESMIUNIMIEURINAS maintained at

stirred at room temperature overnight and concentrated to P{:)rovide the

-2 taaé%eraline haersrhder e rshehmenids QRS ane 4 i WAtatdedetirectly via
a POtdd:OnM-Qf disth\dalupim MaLyanicem datuare (el vk TR WXt 8varm and

.was stirred.at room temperatyre overnight and guenched by ition of )
S SRRSO AR A B RS SOt WaSEsey (ifbbgpution of
all@letitemIde(fikrate, Wag) sephratedrahyitoduerg dRic layer wasaddshethithe over 40

brine, dried . ( ), filtered.and.congentrated to give th crrlud .cyan
R e e R R B AR a2 n, e
re%tﬁ‘s'sn_lvaa_ incheiEdhy @ea@ﬂtmwﬁr@@&mﬁdﬁ@i@ﬁ Ipl}néfhylmab’nééiw removed
anﬁ f&@!ﬂ&!&:@@&! s@n%ﬁloz) §§19n9te-£%%f8}'8(@5% Wf"éf‘%ﬂr _?&ﬁfﬂ??cp;{gid solution (300.0

temperature for 4 1t. Another 0.2 mL of methylmagnésium bromide

mkp[iordiad aabled And ke Mkiisiwassrrssared dosridilpetatireipes, it was

pabi davsmohhecerction Was Hbeashegd with20iaquepls NaHCQ2@dd ammonium
extracted with EtOAc twice. The extracts were washed with brine, dried

chigge 25O il red GhAtis At e P HHE CRIGS TS rr RS DUNABEP RS Phase was
fuftashe clremptagiaobinan siliga etingntithed>Stthenbal EioAaMexane 400 ml

to give the title compound, (25 mg). . MS calculated, for C27H40F3N303: | ..
SR P RTa N T BN A PG DGR L S L) #hd brine (400
mb}| @d(88)HUcfaMethoojub: ($riffate. After the removal of the drying agent by filiration,

thé“ﬁf&&‘ﬂee%{!)'&n?égﬂ%%’@ '&!—]"ﬂ&%@ 'l'ég‘]a%_gngt%wg qff}?‘f@' Yurther urification was
yl)-4-methylpiperidin-1-yl)carbonytJ-4,6-dimethylpyrimidine To tert-ButyI :

cadif(BES)ds{2 dinatianixy-be (Hifkioomet§spa, 3tihydno: TH-NNEN- M} 180z, CDCI3) 8
3-methylpiperazin-I- I}-4-methylpigeridine-l-carboxylate 20.02 g, 0.04
(Pﬁﬁmdj)\%gésadé@d% B4d, 1H), 7.80 (d, 1H), 7.74 (s, 1H), 6.02 (m, 1H)}, 5.06(m, 1H),

4.96 (m, 1H), 3.89 (d, 2H).

F5C =
|00
Step B

2-Allyl-4-(trifluoromethyl)-1-vinylbenzene.

Triphenylmethylphosphonium bromide (182 g, 0.508 mol) was suspended in diethyl
ether (900 mL, 8 mol) and cooled to 0 °C. n-Butyllithium (1.60 M in hexane, 289 mL) was
added rapidly through a syringe and the resulting mixture warmed to room temperature and
stirred overnight (18 h). The stirring was stopped to allow the solids to settle and the fop clear
solution = was ftransferred via a canmula to a solution of Z-allyl-4-
(triflnoromethyl)benzaldehyde (99.0 g, 0.462 mol) in methylene chloride (900 ml.), which
was being stirred at 0 °C. Following the addition, the ice bath was removed and the mixture
was heated to reflux for approx. 30 h. After cooling to room temperature, the orange solution

was concentrated until a small amount of solvent was present. Silica gel was added to the
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WO 2005/101838 PCT/US2005/012265 4.0 M solution of HC1 in

1,4-dioxane (2.0 mL). The resulting mixture was stirred at room

emperaiuresgor 1 h, concentrated and pumped in vacuo to dryPesaistes/e12265

the above amine hydrochloride was added DMF (2.0 mL), 4,6-dimethyl-
stifpydisoldine: bratrbexylicrRetd ©O3bgi008ranaly, (Gehzokijazal-4dded and more solid

tris(dimethylamino)phosphonium hexafluorophosphate (0.026 g, .
cry B R A TR O (oL ool e BT o L fun
usirgopantensp@ratliye Baepmigits Heduireactionenkissgdénched Withvadledigs: flask. The

NaHCO3 angd extracted with EtOAc twice., The extract ' |
ST S e T SR A o
MBYIHBERY § e@%ﬁ? f’.@éiﬁ,?ﬁk@_.ﬁ%oﬁl?@%,a@@tp pitrilg watey g%ﬁg 5%9811615%’995@, 1H),

TFA, 30 min, 10 10 ml/min) to give the title’compound (25 m

5. BisdTHA saft! LE/ME.caldulatdBio? (O 2IHIBF3MB E: AW+H)+ 546; found

546.2. Example 11 5-[(4-(3

S)-4—[(1R,2R)-2—Ethoxy-5-(triflu0£og1eth )-2,3-dihydro-IH-inden-l-yl)-3- 15

methylpiperazin-l-yl-4-methy|pipe3r| ' rbonyll-4,6-dimethylpyrimidi

ne dihydrochloride. F3C~~~/ CHO 0

o 2-Allyl-4-(trifluoroniethyl)benzaldehyde. To a oven dried 5 L 4-neck round
ottom flask fitted with overhead stirring, nitrogen needle, 500 niL

6- dtgiition fumhe) - 280mitzaddition funnel and thermometer, tetrahydrofuran

(14 nd NNN-trimethylethane-l. 2-diamine (105 0. - R
Wer%lglgrgﬁé% Ql'h%ﬁ%tolﬁiﬁti(@f §v2§ cgg)%e é)&_;go%g‘ (%ry{ ic(:?é/ ?/I%%N ﬁgﬁ%lg Jl& 2-allyl-4
(rilueytietiivion] (VieNbéndserane, 510 @9ML) was added to the $BG'mL mol).

i it 1 ot ti | S st
m%?ﬁ%@%@ﬁh@é}%@%@ﬁﬁﬂi@ herRRaua EoIutiaROVes A0 dRiNYte S htalyst, 1st

. The colorless solution became light yellow in color. The col

SopE WS theh 2RIG Tt el ditteadiscith Pixtare wadeirke fordene solution was

refilitidtessahiaciemeywarmesionanempenaturedob- 8 Ca The: IGACHRRMASSs passed
cooled to -40 to -45 C.and p- triquogtometh lbenzalde eé?? mL Q,§6 82890 of
YRR E V8 W ERRIGETS (e S50 IR 30 RchtisR RIATRR “FHe> " & (82:8%0) 0

puRldehyde was-addad.dropwise,aver 45 rinutemwhile Keastioncls) & (ppm) 7.72 G,

temperature was maintained at -40 to -35 C. The reaction became brown
1Hp Elofbvéhiier EOUrsE o the (addiion STHe(reddlibR - dasstirtéd. at -50 to

-40 C for 30 minutes. The second

O
Step D

4-(Trifluoromethyl}-6, 6a-dihydro-laH-indeno[1,2-b]oxirene.

To a solution of 2 M sodium hypochlorite in water (200 mL) at 0 °C was added
aqueous sodium hydroxide (1 M, 40 mL), 4-(3-phenylpropylpyridine N-oxide (6.0g, 0.03
mol) and a  solution of  (S8,8)-(+)-N,N'-bis(3,5-di-tert-buiylsalicylidene)-1,2-
cyclohexanediamino-manganese(Ill) chloride (4.13 g, 0.00651 mol) in dichloromethane (700
mL}. The resulting brown solution was allowed to be stirred for 15 min at 0 °C. To the cold
solution, a solution of 6-(triflucromethyl}-1H-indene (51 g, 0.24 mol) in dichloromethane
(700 mL) was added with simultaneous addition of aqueous sodium hypochlorite (2 M, 200
mL). The reaction was kept at 0 °C and the brown solution remained the same color upon

addition of the indene, After 4 h, the organic phase was collected and dried over sodium
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54 WO 2005/101838 PCT/US2005/012265 addition of 1.6 M of
n-butyllithium in hexane (400 mL) was carried out over 50 minutes via
adolitios forsagl. The reaction mixture was allowed to warm to -P&1@Ismds/ 612265
was maintained at -20 to -30 C for 3 hours before copper(l) bromide (108

sulghate. 738 mokuwveassaddadadise atlyovigh aificsvaer iishmepdheeoldfkathewasal of the
removed and the reaction was allowed to warm; and 5 stirred for additional

solyginthuteSSthS feastbrfnasxibons ePigmed: ﬁ%éﬂé’% -4l (ppm)
I f L
7'—%@() e(%?}g? 40%%%3%%%3@%81 WL addi |0%1§%/uﬁr? n%??ng %O}I:'[II%)I’]S

After being stirred for 2 h, the reaction was quenched by the addition of
methanol (100.0 mL). The cold bath wag removed and the mixture was
stirred for 5 minutes before 6.00 W@fmj&?chloric acid solution (300.0 10
mL) was added ( pH=-7). After the mi@g&,\)@as stirred for additional 15
minutes, it was passed through a celite pad, and the celite pad was
Stqinged with ether. Saturated ammonium chloride (400 mL) was added and

238 RN Dhas %yyfg, -£9llected. Aqueous phase was further extracted
WI th 300 mL ether. The combined organic phase was washed with 400 m

satusfieth SR onHREHIS e [BBTnL £ A 0rEbtiur Bidatbohatd (Wib@“d benzyl
brmﬂ@mmﬁei@%@ ke @ﬂﬁ@r[ﬁ%w@ﬁmoﬁs}uﬁwmﬁa&mﬂt@rm&@oo 0mL,

removal of thed tb ration, the filtra sconc r
2 D) 0 S B A B P B R W CrHBer e e mixture
wadistikdtiandovgivelObodg (Bpdrafiprodibet. BN MF&S(4EE@M&IZQI@DEH.8)}CS‘LM{8 was

B

Tfm@n@ﬁwé@hgfl):umdyllsehwne‘mumfeh@rﬂm&ﬁylﬁhﬁp%hm quﬁua@(l@zgnesmm
suﬂ‘a‘g 208-mab QH@%%Q@%M&B q}ﬁ:t?é@ld%é %Eteél(rg&@y'{}!ea@dmﬁ&%fﬂ HClat 0 °C,

cooled to 0 C. n-Butyllithium (1.60 M in hexane, 289 mL) was added

anﬁa@.awﬁﬂ@tff@ht%pswﬁ@@la\ﬁa; thieslaad e AL RE i 1 1o Ao hydroxide. The

redGRIREAIE-ARes Stirred: oy ernig M bS18) e The-SIIRgIMAS %5@%@%1‘6 dried over
allow the SO|IdS settle an the top clear solutign nsferred vi

MR & Eoriish 6P St A] ff(r%ﬁm% %ﬁ%&eﬁ%’a HyaectoEd ¥ eined, The

rr0a4B2moNit methylens: chigrids (9P (1bici3) waehengsined & (m, SE).

0 C. Following the addition, the ice bath Was removed and the mixture
4.05 (d, 1H), 3.15 (4, 1H), 2.92 (m, 1H), 2.83 (m, 2H), 2.67 (m, 1H), 2.60 (m, 1FD), 2.38 (m,

1H), 2.36 (bs, 2H), 2.06 (m, 1H), 1.14 (d, 3H). MS (EI) 191.1 (M+1).

Bn. J\,
N CN

LN
NBoc

Step F
t-Butyl 4-[(38)-4-Benzyl-3-methylpiperazin-1-yl]-4-cyanopiperidine-1- carbovylare

In a 5 L flask, (28)-I-benzyl-Z-methylpiperazine (260.0 g, 1.366 mol),
dichloromethane (1000 mL) , fbutyl 4-oxo-1-piperidinecarboxylate (272 g, 1.37 mol) and
titanium tetraisopropoxide (480.0 mL, 1.626 mol) were mixed and the mixture was stured at
room temperature for 20 h. The mixture was cooled down to 0 °C and diethylaluminum

cyanide in toluene (1.0 M, 1600 mL) was added dropwise. The resulting mixture was sfirred
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30

was heated to reflux for approx. 30 h. After cooling to room temperature,
the orange solution was concentrated until a small amount of solvent was
pyesnt/i8ikea gel was added to the 55 WO 2005/101838 PCT/US2003/012265
'PCT/1JS2005/012265 stirred solution until a thick slurry was obtained.
at PRemaseIBaoun Lniladatbetanigmronsess idaciherlibintoTine mixtlesks, To each

ﬂaW@%E'HQ%ﬁglt@c%‘tQQ sh63,95! A asR JHiisANacYED B{”&%Iteuv%@g added before

pentane (1.5 L). The pentane solution was collected into a 3 L round

thegosFh fagkdThevACArty @olbriédasidaid W wen EBrcd ety fge200 mL of

satBEHe A IRRR (T8 BT M MY Rdd Qb5 M HAIEPH AR & (PeB)stBB4d A fter the
iH), 7.45 (d, iH), 741](5 1H), 6.95 (dd, IH), 5.95(m, 1H), .5.72

1A)
gy QPEHTY, Bt Ty BTOR P 1RO TeTRD SRR AR %Péfﬁgcf%“ hours, 1L of
mdihkhtifl waroethy o ehthdene. Mathens cdﬁiﬁﬁdie)@rﬁ;gl)m agideidtmediure was

L fl tai n 2- aII orometh I) I V|n 0 7
fltere%%f@ ri. eny% 0 x hoé%rﬁﬁe)%a[gnzy dltnléeﬁj enllﬂlrﬁ Eildlf(g aﬂg aned with
3 Y Gfubpbaalalyst, llshrg@nénaﬁcim))@s@gi 0:008BemdIpiliabhaddeiaethilitrates were

ceﬁé’é}fﬁ%cﬁ‘i‘&' Hhengsulting ?%“HP%‘Q@?}L%&J%%&B‘&&°x‘(%£”é%!é<§1§n%1@?§ solid was

solvent was evaporated to give a dark oil, which was passed through a

filishrdaoge o §ilisiny pariaae WiftorpemmsRe FaEardf iy Memovetramyed to give

48!1%@%@% Ryie prodict wascrliested s shahtRrewnoilcd k NMRAAAAy pure and
z,CDC13 6(ppm)772 (s, 1H), 7.55 (d, 1H), 748 (d, IH), 6.93 (m,

usekH}ir6: %4 {on piy, S&HG I\‘b@ﬂd)f@@@i}m O Step Drp(TTiffddronéthyd)s,(d, 11D,

6a-dihy ofl,, Xir f Ms
5 HEhblie i 1200 1Lt O B Abe Aquodt Sut (m 2, 225
(t, hydraxide(fd, MY Q.01 Jmd (phedyiproiyl) pyAdite Mipxide (@040 D &H) 399.2
%I) and a solution of (S,S)-(+)-N,N'-bis(3,5-di-tert-butylsalicylidene)-I,2
cyclohexanediamino-manganese(lll) chloride (4.13 g, 0.00651 mol) in
dichloromethane (700 mL). The resulting brown solution was allowed to
be stirred for 15 min at 0 C. To the gold solution, a solution of
6-(trif|uoromethyl)-114-indene%ﬂ}\,gi,\éaim mol) in dichloromethane (700
ad

mL) was added with simultaneou$\/ jtion_of aqueous sodium
\b\%Boc
Step G

hypochlorite (2 M, 200
i-Butyl 4-[(38)-4-Benzyl-3-methylpiperazin-1-yl]-4-methylpiperidine-1 -carboxylate.

A solution of tert-butyl 4-[(38)-4-benzyl-3-methylpiperazin-1-yl]-4-cyanopiperidine-
I-carboxylate (242 g, 0.605 mol) in tetrahydrofuran (1.5 L) in a 5 L flask was cooled down to
-40 °C using dry ice/acetonitrile. Methylmagnesium bromide (3.0 M in tetrahydrofuran, 800
mL) was slowly added. After the addition, the reaction mixture was slowly warmed up to
room temperature and stired overnight. After cooling down to -40 °C using dry
ice/acetonitrile, celite (200g), and then ethyl acetate (500 mL) were carefully added. After the
addition, the mixture was stirred for 4 hours while the temperature slowly rose to room
temperature, The reaction mixture was cooled back down to -40 °C again, and water (200
ml), and then methanol (1.5 L) were added. After being stirred at room temperature
overnight, the mixture was filtered through a thin layer of sand. The cake was taken back into
a 5 L flask and stirred with methanol (2 L) for 5 hours. Insoluble solid was filtered off. The
combined filtrates were concentrated to dryness. Methylene chloride (3.5 L) was added.
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30 mL). The reaction was kept at 0 C and the brown solution remained the

same color upon addition of the indene. After 4 h, the organic phase was

vulleeted@p# dried over sodium 56 WO 2005/101838 PCT/US2065/012265

PCTIUS2005/012265 sulfate, The mixture was plugged through silica gel
Insobiblg pehdanes Aftereé mifvdlief fieasolventldal gn(@8%s281esien) wilfate. After the

sol@&ﬁxérga% ‘f‘é?x?ogp ai ﬁ_:'bﬁlgd? QMJ\AE& FRERLOPRN) (ifite (ﬁl&wmhd The

7.55 (d, 1H), 7.48 (d 6.74 (m, 1H), 3.46 (brs, |N§
cTug NPT Vs @@p’ma@ém@ﬁq@w@@aﬁﬁ&fﬁén%ﬁtmw (ED) 388.3 (M+1)
(3S)-3-methylpiperazine-I-carboxylate (380.0 g, 1.897 mot) and benzyl
bromide (248 mL, 2.09 mol) were gixed in acetonitrile (440 mL).
Triethylamine (300.0 mL, 10 2. 15;?1%00 was carefully added and the
mixture was refluxed overnlghﬂ” fter|the mixture was cooled down to
room temperature, the solid was The filtrate was
concentrated. The residue was combined e solid and dissolved in
methylene chloride. The methylene chloride solution was washed with IN
S1eR&DH and dried over magnesium sulfate. After the solvent was removed,

- BEhDﬁl nﬁ?u@u@mp(ﬁmeszftﬂé}@ﬁ;@m.&th 6. M]ﬁ@bﬂ&ﬁ%{%é}@@?@i@gw? later,
the solutjon was basifie owly a sodium oxide
e R T D e e DR S b P G igeridine1-
carvergadeieds dver Orhag negivimselfate) ASHEr nenovdlot thesdlVehinB305gquiv) in a
oduct as Q tai The roduct.was used direc
22k Vi R i M R e S e S e SR 38 e e
reagiiolHNIR(@R (ras TiHyral8Brimetot) 2@ Sr((ehifcl &) &6@6(%?\/4313?1%9@688”([#111%%&1101

Thg(}'ilﬁlgtezvg’ag %ﬂc%ﬁ)a@@@ﬂﬁ@r '&M&ugnﬂﬁ'l(ge %*s‘ﬁuM%iﬁE\Daégcﬂisl’oﬁ%'ﬂ]ﬂl DCM (500
) cNBOC Step

ml4- %%stﬁén‘z%hsam@mﬁm%ww% rotide GARTBIpeidinEPERSORARREVas back-

xRt anath Hﬁ%yl@é)c%%@{‘ﬁ)@“ﬁx@'mH@r&ﬁiﬂﬁz{&ﬁQz‘éﬁné AP&IOas washed
dlehloromethaneélooo mL) , {-butyl 4-oxo-I-piperi ecarboxylate 27

o ) A OB PABED L 3 6 R e 02 o
1o BApxest and dhe, MR RS SRS Al QORBINGIAHAR TN RQ s TS ed. 'H NMR

mixture’'was cooled down to 0 C and diethylaluminum
(400 MHz, CDCls) 8 (ppm) 3.44 (m, 2H), 3.36 (m, 2H), 2.97 (dt, 1H), 2.84 (dd, 1H), 2.78

(m, 1H), 2.71 (brd, 2H), 2.16 (dt, 1H), 1.81 (t, 2H), 1.76 (m, 1H), 1.45 (5, 9H), 1.34 (m, 3H),
1.03 (d, 3H), 0.90 (s, 3HD); MS (EI) 298.2 (M+1).

H
O ~50;H
. ; /b; 0
FiC 'N‘g
K/Nb
N\

Boc
Step I

i-Butyl 4-(3S)-4-[ (1R, 2R)-2-hydroxy-5-(trifluoromethyl)-2, 3-dihyydro-1 H-inden-1-yl]-3-
methylpiperazin-1-yi-4-methylpiperidine-1-carboxylate [{1R)-7, 7-Dimethyl-2-
oxobicyclof2.2.1 [hept-1-yl]methanesulfonic acid salt.
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cyanide in toluene (1.0 M, 1600 mL) was added dropwise. The resulting
mixture was stirred 57 WO 2005/101838 PCT/US2005/012265 at room
teropesatunasior 20 It. The reaction content was then split into tworak2005/012265
flasks, To each flask, 1L of ethyl acetate, 500 g of sodium bicarbonate,

150 g’%ofmi&ﬁt&zwﬂ?e(Hﬂj@lb@i@fﬁﬂ%mw&[ﬁﬁémdiﬁp&m-mmﬁl&ﬁtﬂmg-b}ox1rene
ce/ tnIe Toe Isk,, 200 ym turate ueous s

lgL?I/]‘Ajat \?\g% en sci%w?n JQD 3 ] ﬁw v%o fo_f}rc; |%bm%\%t§g Re" ?rea&/tl%lpmdme -

camhistiaiavdSSldlvly, Wataed upib moethanmhpjb@ﬁtmb)amsshm@ﬁf(ax 40 °C (oil bath

te, Léi%mh# FEIAAY NIRRT SRS IARlIE PEIIORITE e was passed
erni the reaction mixture was  filtered roug a thin ayer of

ﬂm&ka@w&ﬂwgm@ﬁw@@tm fragiiaing dtirratthitansne offivatiianoimoval of
thiosoRAUTS Agd Insplublg.salicwas ftered offrol Bﬁs%@@'%@&é%‘iﬁﬁ@s(soe mL) was

were concentrated to dryness, and 3 L of methylene chloride was added

adlech isle e AL L Dt FREESHOT RO fitrite Wad 8t ViitR ingReslih [(1R)-7,7-

dlswfaj@a;ztbgowiyemmsm%ﬁtoygwjﬁqaﬂia@esﬂ%ﬁc(%&a%bﬁ %Oaugt.@@@, mol) was
tyellow olid. The crude PE’ uct wa esse%ally ean used

ELd(sﬁll cat NRisigr ?&3918 ‘H KRR RS Si581 1% fiyteggrashing out.
ARDA¢ebnighili-Br85 tarsoRd s s Bdﬁc(ﬂdb@lﬁlﬁaﬂa&(bfﬁ. @isﬁédZV&B {0Rtonitrile and

243 44 (m (t, 1H m 2.05
TR, § 16 L0 T Ay el A et iatne on e
feSlNJu(‘NiBDGlBteﬁleQl‘BllatwmE[(@@)%@p@@@mbt@%ha@eﬁdﬁmmﬁﬂd -dof product. The
cSABHMARETRE AR BMAI9530 fy ppution of tert buty
4-[(3S)-4-benzyl-3-methylpiperazin-l-yl]-4-cyanopiperidine- 1-carboxylate
(242 g, 0.605 mol) in tetrahydrofuran (1.5 L) in a S L flask was cooled
down to -40 C using dry ice/acetonitrile.cethylmagnesium bromide (3.0
M in tetrahydrofuran, 800 mL) w @ dded. After the addition, the
reaction mixture was slowdy 1 um@—goom temperature and stirred
overnight. After cooling down to -40 C using/dry 25 ice/acetonitrile, celite
(2009), and then ethyl acetate (500 mL) efully added. After the
addition, the mixture was stirred for 4 hours while the temperature slowly
rose to room temperature. The reaction mixtu \ﬁ ,gooled back down to
’ -40,C again, and water (200 mL), and then methanol (1.5 L) were added.
ter being stirred at room temperature
t-Butyl 4-(35)-4-[ (1R, 2R)-2-Hydroxy-5-(trifluoromethyl)-2, 3 dihydro-1H-inden-1-yl]-3-

methylpiperazin-1-yi-4-methylpiperidine-1-carboxylate.
tert-Butyl 4-(38)-4-[(1R,2R)-2-hydroxy-5-(irifluoromethyl)-2,3-dihydro- 1H-inden-1-
yl]-3-methylpiperazin-1-yl-4-methylpiperidine-1 -carboxylate [(1R}-7,7-dimethyl-2-

oxobicyclo[2.2.1]hept-1-yl]methanesulfonic acid salt (512 g, 0.701 mol) was dissolved inl M
aqueous sodium hydroxide (1 L), and the solution was extracted with methylene chloride (2 x
2 L). The combined organic layers were dried over magnesium sulfate and concentrated. The
residue was further dried under high vacuum to give off-white foamy solid (346 g. 99.1%).
MS (EI) 498.2 (M+1),
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overnight, the mixture was filtered through a thin layer of sand. The cake

was taken back into 30 a 5 L flask and stirred with methanol (2 L) for 5
hearswinsotable solid was filtered off, The combined filtrates weTes2005/012265
concentrated to dryness. Methylene chloride (3.5 L) was added. 59 WO
2005/101838 PCT/US2005167.2265-Ips8lble solid was filtered off. The
filtrate was dried with magnesi _te. fter the solvent was removed,

436 g (92.6%) of product &8s @ ed ‘asa.white sticky solid. The crude
product was essentially pure and used é@rgc ly for next step. MS (EI)

388.3 (M+1). HNJ) ~N 5tNBoc Step H t-
4-Methyl-4-[(3S)-3-methylpiperazin-1 yI)piper'dineNI-carboxyIate. A
solution of t-butyl 4-[(3S)-4-benzy] "Boc
S@%@ethylpiperazin-l-yl]—4-methylpiperi.dine- I- carboxylate (45.5 g, 0.118
mol) in methanol (320 mL) and acetic acid (35 mL, --5 equiv) ina. 10 2.25
-RBUD AT Botié-(da eriarded Wiaran adogd-par dfediee Hikrdre <hidikeh for 18

mbiyIheraastionmixiure was Alisred througapad of Celite and the pad
was washed with. methanol. The filtrate was concentrated under vacuum.

The reSHRFSHHTES U Rt D ERPEBD wdarihfuERddivids 0 mL) at 0 °C. A
soAGUePUS SOBIN RydroxidexB08-mk) s ThaaaenMspnase wasHRACK: inden-1-y1]-3-

extracted with methylepe chlorige (200 mL). The combined organic
m %ﬁ%&?%&&%@a%@’wﬂeﬂ e 6@%&;’}%5%@58& [ Siffagin DM (100
mahe-iheshiventpraserenovedwndernaCUR: 10.0ivdidbg (L00%hef was stirred for
roduct. as, a pale yellow visco il that slowly crystallized, 1H NMR (400
R @d@ﬁé%aé’ﬁgb?f%%‘%ﬂe(ﬁ%,‘“ﬁs@%%%ﬁ‘f?é‘@%s ({1954 2y omeguprtion. After
befdd, sty d 28! fmittHYa2ish doickeRi)aR. &t ok lidtp 219)), Lll6fmyater. The
11-1),.1.45 (s 1.34 H 03 (d, . 0.90 (s, : MS (EI) 298.2.
mmjﬁf%)w%gﬁ“s%g%ﬁﬁg éée%y% ’c]glgém(gt(e%_!? mql 9 _(%? 31@1% comlgme?dz organic layer

was washed with brine, and dried over magnesium sulfate. After the removal of the solvent,

the residue was dissolved in methylene chloride, and passed through a silica plug with ethyl
acetate/hexane/triethylamine 50:50:1 (the plug was presaturated with the same solvent
system). After removal of the sovent, 48.4 g (91.6%) of product was obtained as a sticky
solid, MS (BD) 526.2 (M+1).

OFLt

F?’C’©:EN/R
““b
N
2HCI -
O

Step L
5-[(4-(35)-4-{(1R,2R)-2-Ethoxy-5-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1-ylj-3-
methvlpiperazin-1-yl-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine
dilyvdrochioride

-Butyl 4-(35)-4-[2-ethoxy-5-(irifluoromethyl)-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yl-4-methylpiperidine-1-carboxylate (48.4 g, 0.0921 mol) was treated with
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t-Butyl 4-(3S)-4-[(IR,2R)-2-hydroxy-5-(trii
luoromethyl)-2,3-dihydrro-IH-inden-1 ylJ-3- methylpiperazin-1
yhG-psthhsiperidine-1 -carboxylate [(IR)-7, 7-Dirnethyl-2 25  PCT/US2003/012265
oxobicyclo[2.2.1]hept-1 ylInrethanesulfonic acid salt. 59 WO 2005/101838

a PCVIUS2005 L 12266enmintuidedh 1,4-dioxane (230 mL) at room temperature for 1 h.

n{éal%a‘éﬁ& MHHQ%?@JM b i B BB AR W AR ter cried under

(118.4 g, 0.5917 and t-butyl
high raskyma Tlesauskanimsdarhioisioerimixer sdthd§idimgtebpoimidine-5-

cafb PR Rimal) drk ethanah @ 99 anbhvasdaeated athfO-&d d{hb@thnm and then 1-

temperature) over two daés The mixture was concentrated, and the

hyRsgiaieRasipEleed 61hiBughta silitd #ldg usityethylacetime tsmminnropy)-N'-

ezzwamyh@wn@dmmudﬂeermmcalgpfo W savanta2b hi@hgahieams.o mL, 0.466
as b‘iL? d. To.this solid, acetonitrile 500m ) was added and the
5t

d
T SRSt e O A TS TR S LT §6|F8‘{{‘1 e Fature overnight
bemmethywdduwdl wﬁluﬁ@mﬁl]impthlayk]mmbammammaqnb@m&cﬁm@ hydroxide (1

M?heng %%Il;n Oli'f% % wgg c-lo_ﬂ%b% Oc{uuoc{l X\rlxaesclsé%\é\élyntl%g?l%%u%le %{1 1fate. After

white soli |ng out “Atter overnight stirrirg, the soli
rem@‘gah@fe&b@d%xﬁﬁttr&tmrﬁaﬁ@m@wéwwiﬂe@eetmth:}d@meﬁﬂdné@l {60give) and the

soldd i Predugtn]hefiliraiewagpeHialized a%@&%%%gﬁ{ﬂ%@%{;%&mmm The

the residue a similar salt formation process was performed to give

solififiorR AT UFBrIdE neskBimBad digieisdas ?@6/&11M3f(§9p4%f12acetate To
théMickle Qb3 TN -3 1B BteRsdiirBityheetate was slowly added. The mixture

IG5 eyt ‘?bg‘}azﬁﬂ‘y SRy EEHie 1 Eal DB By A gollected

wiShett[¢liiR AKRx)&B hymwztmmﬂmmem)@ @aﬂmydinﬁ)ed ’cd wdenr710e2@0.7%) of
pr%f(%i% %I:ﬁglnﬁ I 4-methylpiperidine-I-carboxylate
thyl |cyclo[2 2.1]hept-lI-yllmethanesulfonic acid salt
(512 g, 0.701 mol) was dlssolved inl M aqueous sodium hydroxide (1 L),
and the solution was extracted with methylene chloride (2 x 2 L). The
combined organic layers were dried over magnesium sulfate and
concentrated, The residue \/;13 further dried under high vacuum to give

off-white foamy solid (346 g. %.1%). 25 MS (El) 4982 (M+1). 60 WO
2005/101838 PCT/US2005/0 0265

S‘\ O
N
",
. -y
Example 12

5-[(4-{(38)-4-[(1R,2R)-2-(2-Methoxyethoxy)-5-(trifluoromethyl)-2,3-dihydro-I H-inden-
L-yi}-3-methyipiperazin-1-yl}-4-methylpiperidin-1-ylcarbonyl]-4,6-dimethyipyrimidine

FaC

This compound was prepared substantially as described in Example 11 using

appropriate starting materials. MS (M+H)™ 590.

62



OEt F3C sN Boc Step K t-Butyl
4-(3S)-4-[2-Ethoxy-5-(trifluoromethyl)-2,3-dihydro-]H-inden-1 ylJ-3-
fwethylsiparsszin 1 yl-4-inethylpiperidine-l-carboxylate. 5 Sodiurndryusides/a226s
(5.225 g, 0.1306 mot) was mixed with dry DMF (150 mL) at0 C. A

solution of t-butyl 4@“
4-(3S)-4-[2-hydroxy-5-(trifluorgmethyl)-2,3-dihydro-4H-inden-1-yl]-3-

methylpiperazin-I-yl-4-methylgiperigine-|- xylate (50. O g, 0.1005 mol)
drgpwi 0 Chover 20-min. After the
d for—anoth it iodoethane

in D_MF (100 mL) was ad
addition, the mixture wa
(12.06 mL, 0.1507 mol) wassdded at one portion:\After 10 being stirred

for 1 h, the reaction cofttent was carefully poured n'ﬁo 00 ml, icy water.
Edhaphiksture was extracted with methylene chloride (500 mL x 3). The

o R R e e e e i dea 115
melitmlnpei-azméuywenmdﬂprluﬂpeﬁmdapagseﬂrﬂvwg&hmsﬁ@a plug with

ethyl éat%%hg Peri@%g%;yslﬁa@é?e Bedidt hef’% ff% ?’%cpd’efnaj g%%gle 11 using

with the same solv el remova e soven

NG LB Stasrodustinss obISiNe HY #8%idky solid, MS (El) 526.2 (M+1).
OD F3C %N 2HCItNI O Step L 20
5-[(4-(3S)-4-[(IR,2R)-2-Ethoxy-5-(trifluoromethyl)-2,3-dihydro-IH-inden-1
y)-3.. methylpiperazin-1 yl- -methylpiperidin -1
yl)carbonylj-4,6-dimethylpyrinidi ydro chlorldet Butyl 4-(3
S)-4-[2-ethoxy-5-(trifluoro yI) -faden-I-yl]-3-
methylpiperazin-1-yl-4-mef te 4874 g, 0.0921 mol)
was treated with 61 WO ) ’
solution of hydrogen Ehé
temperature for 1 h.

Example 14

4-[(4-{(35)-4-[(1R,2R)-2-Ethoxy-5-(triffuoromethyl)-2,3-dihy dro-1H-inden-1-yI}-3-
methylpiperazin-1-yi}-4-methylpiperidin-1-ylearbonyl]quinoline

This compound was prepared substantially as described in Example 11 using

appropriate starting materials. MS QV-+H)" 581 4.

Fal
Example 15
5-[(4-{(35)-4-[(1R,2R)-2-Ethoxy-5-(triflaoromethyl)-2,3-dihydro-1 H-inden-1-yi]-3-
methylpiperazin-1-yi}-4-methylpiperidin-1-yl)carbonyllquinoline
This compound was prepared substantially as described in Example 11 using

appropriate starting materials. MS (M+H)" 581.4,
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The reaction mixture was concentrated to dryness and the residue was

further dried Linder high vacuum. The formed amine hydrochloride was

mvigedowitdy sko-dimethyl-pyrimidine-5- carboxylic acid (16.8 g, @&10 @8/6172265

in methylene chloride (100 mL), and then 1 5 hydroxybenzotriazole (16.80

g, 0.1243 mol), N-(3-dimethyfaminopropyl)-N'- ethylcarbodiimide

hydrochloride (25.00 g, 0.13({6 mol) and triethylamine (65.0 mL, 0.466

mol) were added. The resultigg reaction mixture was stirred at room

temperature overnight befpre} [

washed with aqueous sodi he organic

layer was collected and dtieg-over magnesium sul{ate. r 10 removal of

the solvent, the residéigdivas dissolved in methylené chloride (50 mL) and
Eyaglgﬁgl%ion was passed through a silica plug with ethyl acetate

containing 1% triethylatnine. The solution was concentrated and the

eS8 vl HladBivédEith 900 nitrftusspropyAcdSdihy orenhbober-1-y1]-3-
m&ﬁiytiﬁ'ﬂeﬂs&@xml-ﬂyﬁl-ﬁlmﬂs‘%ﬂﬁﬂﬁ%@@iﬁ@zﬁ%@?lWﬁ%él%ﬁ%&%ﬂﬁQeThe

mixt slowly turned cloudy, and was stirred overnight. The formed white

solid WhS ESMERERE 153 2GR St e sapropiriistata. Frempirell using
appasaitdiediig givedd:0g{887%) aispmduct. MS (El) 560.3 (M+1). 0z

O \\N F3C 20 Example 12

5-[(4-{(3S)-4-[(1R,2R)-2-(2-Methoxyethocy)-5-(trifluoromethyl)-2,3-dihydro

-I3-inden-

1-yll-3-methylpiperazin-1-yl}-4ymethylpiperidin-1-yl)carbonyll-4,6-dimethylp

yrimidine This compound was pre d antially as described in

Example 11 using appropriate:'startin Fi%ge?ié 4MS H) ~ 590. 25 62

WO 2005/101838 / PCTHIS2005/012265 3C Example 13

4-[(4-{(35)-4-[(1
S,2R)-2-Ethoxy-5-(tri’fn?oromethyl)-2,3-dihydro-|H-inden-l-yl]-3- methylpip
Eaagin-15y1}-4-methylpiperidin-1-yl)carbonyl] cinnoline

5-[(4u{(35)«4{(1R,ZR}Z-E\?huxy-S*(triﬂuoromethy!)~2,3-dihydro-lH-indend-yl}-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyllisoquinoline
This compound was prepared substantially as described in Example 11 using

appropriate starting materials, MS (M+H)" 581 4.

Example 18
5-[(4-{(3S)-4-[(1R,2R)-5-Bromo-2-ethoxy-2,3-dithydro-1H-inden-1-yl]-3-
methylpiperazin-1-ylj-4-methylpiperidin-1-yljearbonyl]-4,6-dimethylpyrimidine,

Br

Step A4
6-Bromo-1 H-indene

A solution of S-bromoindan-1-ol (5.00 g, 23.5 mmol) and p-Toluenesulfonic acid
monohydrate (100 mg, 0.5 mmol) in benzene (150.00 mL) was heated to reflux for 2 b and
water was continuously removed from the reaction mixture with a Dean-Stark trap. After

cooling to room temperature, the benzene solution was washed with water, dried over

&4
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5 This compound was prepared substantially as described in Example 11

using appropriate starting materials, MS (M+H)+ 5 82.4. CON N-C N

PAT2NSEXEMEple 14 10 PCT/US2005/012265

4-[(4-{(3S)-4-[(1R,2R)-2-Ethoxy-5-(trifluoromethyl)-2,3-dihydro-IH-inden-1-
angfBoyR SRy Sip s ivprcyilrAigh atkdapiprsidint DipRoarh dhwifiguinolipf élEhissidue by

' a 2] ' e 11 using

o S A A L BT ) SN GIN 15

F3C 8 Example 15

5-[(4-{(3S)-4-[(1R,2R)-2-Ethoxy-5¥

[]-3- methylpiperazin-1-yl}-4-methylp Hin-A-yl)carbonyl] quinoline This

compound was prepared substantially“as desétibed in Example 11 using
Si@Pmppropriate starting materials. MS (M+H)+ 581.4. 63 WO 2005/101838

# %&é?ééﬁg%?&}f%%%%%%éé@iéfgﬁf%%’ggnxei?ﬁ)l?z,lgdihydro-lH-inden-l-yl

] -3- To a soluticn of 4-(3-phenylpropylypyridine N-oxide (68.88 mg, 0.323 mmol) in

o i in- -mesthylpingridancleycarhqnyll-| 8-naphthyridine 5 .. .
Sy L e AR R idene)
LirsiridrapprophiatesianmgarnaeeHR s hileg dn¢39)62582.40.@9.23 mmol) and 2.0 M of

sodium hypochlorite in water (4.00 mL) at 0 °C. The resulting brown suspension was stirred

aromethyl)-2,3-dihydro-IH-inden-I-y

at 0 °C for 15 min. To the cooled suspension was added a solution of 6-bromo-1H-indene
{900 mg, 4.6141 mmol) in methylene chloride (6.00 mL) at ¢ °C with simultaneous addition
of 2.0 M of sodium hypochlorite in water (4.00 mL) at 0 °C. The reaction was kept at 0 °C for
1 h. The reaction was allowed to warm up fo room temperature and then stirred at room
temperature overnight. The reaction mixture was poured into brine and then extracted with
methylen chloride (4 x 40 mL}. The combined extracts were dried over anhydrous NaySOu,
filtered and evaporated under reduced pressure. The crude product was used directly for the

next reaction. The ratio of the two diastereomers was 8/1.

OH 4
N N-\CN—BOC
~/

Br
Step C

tert-Butyl 4-{(38)-4-{(1 R, 2R)-5-Bromo-2-hydroxy-2, 3-dihydro-1 H-inden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate

To a solution of 4-bromo-6,6a-dihydro-lat-indeno[1,2-bloxirene (247.9 mg, 1.1746
mimol) in ethanol (10.00 mL) was added tert-butyl 4-methyl-4-[(3S)-3-methylpiperazin-1-
yi]piperidine-1-carboxylate (349.36 mg, 1.1746 mmol). The reaction mixture was heated to
reflux overnight. After cooling down, the mixture was evaporated under reduced pressure.
Purification on silica gel with 50%ethyl acetate (1%NH,OH) and hexane afforded the fast
moving product as the desired compound (295 mg; 49.4%).
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0 I1,NN-CNF3Ct/ Example 17 10
5-[(4-{(35)-4-[(IR,2R)-2-Ethoxy-5-(trifluoromethyl)-2,3-dihydro-IH-inden-I-yl
[+8e methylpaserazin-1-y1}-4-methylpip eridin-1-yl)carb onyllisogaiwiotings/o12265
This compound was prepared substantially as described in Example 11

using appropriate starting mate(g;alls. MS (M+H)+ 581.4. 15 Example 18
5-[(4-{(3S)-4-[(1R,2R)-5-Bromo-&ethoxy-2,3-dihydro-IH-inden-1-yl]-3-

methylpiperazin-1-yl}-4-methylpiperi -y onyl]-4,6-dimethylpyrimid
ine. Br 20 Step A 6-Bromo-| lere A tion gf-Bebromoindan-I-ol
(5.00 g, 23.5 mmol) and p-T ic ac onohydrate (100 mg,
0.5 mmol) in benzene (150.00 gL) was heated to reflux for 2 It and water
was continuously remove# from the reaction mixture with a Dean-Stark
Stpap. After 25 cooling to room temperature, the benzene solution was
A ejd_ngl’@v_v~ fm ] oyer 64, WO 2005/1 858P T/US2005/012265
o R S e aeer smaeie pradres o0
m@brifizaierirof thé-residie by fidiredhcomatography (hexane) yielded pure
5'bf0f805”9cﬁ{2§o%-gﬂt&%"é@wﬁ@%%%1%9[&11,211)-5-131-0111 2:hydroxy-2,3-dihydro- 1H-

. 4-Bromo-6,6a-dihydro-laH-inden oxirene” To a solutio
indersl pAbRyRsTSRNBHdfel NidduaBBlEgwigine:3 23 britliin (Aidthytene] mmol)

in%’t@ﬂﬁ}ﬁr@@&xm@ﬂ(ﬁ%ﬁgd@% added sodium hydride (448 mg, 17.75 mmol) at room
(S,S)- +)-N,g'-bls(3_,5-d|-teat-butyl,sal|c1}1/1hdene)-

te’i‘?ﬁ’%%ﬂér‘.‘&hé Sh& RS M AT %nE8atHis hidrithe 158,63 Fgnored pgs added. The

remthol)aivdr?.OM afit@saditmmhyposbieniie ipwateh(4.00 Blehaldd Giith saturated

N 'II'JQC? ge,srlrjllrgg h%ov[\"/ Gsrlﬁgenﬂﬁg W@IB stiire t 0 C far 15 min. To the 4
dEsored" JHE P st of B ORBaR R NE S SERFTRGd and the

suspension was a
a4 DI ojain eneteiddnei thiohidea(e 0 i a0 € wilthsimultanebustracts were

w%ﬂ@éfi%h%%n%,“4:18&&%gﬁ%@f&%&%ﬁ@k’yaﬁ%@@%@ Ié)f%oga%a-rigl%er reduced

reaction was kept at O C for
pressure to afford the crude product (488 mg, 82%). LC-MS [M+11=536.3, 538.8.

{
9 3HCI
>
X =NuNA<3NH

Br

Step E
(25)-1-[(1R, 2R)-5-Bromo-2-ethoxy-2, 3-dihydro-1 H-inden-1-yl]-2-methyl-4-(4-
methylpiperidin-4-yl)piperazine Trihydrochloride

To a solution of tert-butyl 4-{(38)-4-[(1R,2R)-5-bromo-2-ethoxy-2,3-dihydro-1H-
inden-1-yl}-3-methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate (50 mg, 0.093 mmol)
in tetrahydrofuran (3 mL) was added a 4.00 M solution of hydrogen chloride in 1.4-dioxane
(3 mL). The reaction mixture was stizred at room temperature for 1 h. Evaporation under

reduced pressure afforded the desired de-Boe product.
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1 h, The reaction was allowed to warm up to room temperature and then
stirred at room 15 temperature overnight. The reaction mixture was

ol RSESIMERBtine and then extracted with methylen chloride (#%ROY0}/012265
The combined extracts were dried over anhydrous Na2S0O4, filtered and
evaporated under reduced pressure. The crude product was used directly

for the next reaction. The ratloc@ft e two dlastereomers was 8/1. OH IN

N-{ N-Boc ~| 20 Br Step C teH-

4-{(3S)-4-[(]R,2R)-S-Bromo4 dwg@ inden-1 yl]-3-

methylpiperazin-1 yl}-4- mlperl ine-I-carboxylate o a solution of
2

4-bromo-6,6a-dihydro-laH-trd&no[1,2-b]oxirene ( Kf g,1.1746 25
mmol) in ethanol (10.06'mL) was added tert-buty!
Sf@rﬁ’ethyl 4-[(3S)-3-methylpi.perazin-I- yl]piperidine-1-earboxylate (349 36

5M9. 304G ma)). sTAR, IRASIon SRS emas-neaied 19, rfag?:ﬁ%%;@z iperazin-]-

After cooling down, the mixture was evagézrated under reduced press

yipi fﬁ%ﬁ?@ﬁ@ﬁ‘éﬂléé’@éﬂ%fﬁ%ﬁ%éﬁm% fHETMIENMHAO0H) and hexane

afforded ethem@t EKIOVGQS)DFQQ}I@QR§ therdesiredisempoyngd{ZH. 'ﬁgqnden—l y1]-2-
élO 838 PCT/US2005/012265 CO N-Boc 1, Br
m§ tePil perl yDpiperazine trihydrochloride (50 mg, 0.0916 mmol) in

mdt%{fBﬁ%@[dIRiQRJ)fﬁlB r@mefﬂﬁcﬁl@W%@Wﬁyﬂﬂtﬂiﬁwoiﬁﬂx@hp a61cif(27 88 mg,
t r a solytian o

¢ ?ggt %% (3@)%%‘&% glge y ?g%gljgéé’u&gydgﬁﬁ-c monge (21.07 mg,

. idgamabyl- Bydremmpemamnla(9[}@metwlmbenmaamanbaxwatemé6@1 0894 mL,

0.529, A SINNQ. |%E$R{§HVH{&%P@%@OSQQ;Q&LZ ?o%gidqg %}ﬁ; dt'fir? ngrmg%t Direct

(448 mg, 17.75 mmol) at room. temperature. After stirrin

ARG ADTHER 57175 o Oh e HOU@ATHES NTLOFD afforded the desied
product (42 mg, 80%). LC-MS [M-+1]=570.10; 572.05.

<O
5’”\ o
1IN NCN
R—
0
N=N
Example 19

4-[(4-{(35)-4-[(1R,2R)-5-bromo-2-ethoxy-2,3-dihydro-1 H-inden-1-yi]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyi] cinnoline

Br

This compound was prepared substantially as described in Example 18 using
appropriate starting materials. MS (M+H)" 592.3, 594.3.

3
N NACN
N
7 N\
Br —N
Example 20
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reaction mixture was stirred at room temperature overnight and quenched

with saturated 10 aqueous ammonium chloride solution (20 mL). The
ovgarieiayessvas seperated and the aqueous phase was extractet st/ e 2265
ethyl acetate (3 x30 mL). The combined extracts were washed with brine,

4-Oitfe t{ Buet-HARGFO 5 Blads e fliterne @ 3rtilexdwpol Bldu demdbiylbGuced

S L TR i

3-di

hdFo GRIsPRIEIL| wA9- 2rameiRy|-JuhstanteaRy| i efrdmibegh) prodrspmmeTd 8 using

appyopaehiertenteaealuioneffanepitybs 3. 5043,
4-{(3S)-4-[(1R,2R)-5-bromo-2-ethoxy-2,3-dihydro-IH- 20
inden-l-yl]-3-methylpiperazin-I-yl}-4-methylpiperidine-l-carboxylate (50 mg,

hydrogen chloride in. 1,4-djoxane (3 mL). The reaction mixture was

0.093 mmol) in tetrahydr@ (3 mL) was added a 4.00 M solution of

stirred at room temperature forcl h, Evaporation under reduced pressure

afforded the desired de-Boc_product: 05/X01838
PCT/US200S/012265 C O oW / Nd F
5-[(4-{(38)-4-[(18,2R)-S--2-et oxy-2,3-dihydpp-TH-inden-1

yl]-3-methylpiperazin-I- yI
yI)carbonyI]-4,6-dimeth§§ py

4sfiethylpiperidin-1

rimidine 5 To a slurry of

Exagpie IR, 2R)-5-bromo-2-ethoxy-2,3-dihydro-IH-inden-I-yl]-2-

5%(1%353%44(&718%@%‘8@{{6:% %@é@%&{ﬁ@ﬁ%@fﬁﬂ&fﬁ@iﬂ&m].-y}}-s-

6 mmol) in methylene chloride (6 mL) were a

mgtayindasyipyritnibrfensctarbdnsrid et D vagBamg - b tdgnpthplpy rimidine
g-l(i-ﬁimefibyi@r?ug@my@réitsa@&asfllﬁyﬁggggm@eg@{gi@&ma;)dﬁl(a?ak%ﬁiég 18 using
.11 mmol), 1- roxypenzotriazole, m,-, 0. mmol) an
TGN TS RG A M (b 0135 B2

Example 22
5-[(4-{(3S)-4-[(IR,2R)-2-Ethoxy-5-(1,3-thiazol-2-yl)-2,3-dihydro-1H-inden-1-y1}-3-

methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine

Step A

RS,

O“/Si\

[(5-Bromo-2,3-dihydro-1H-inden-1-yDoxy] (tert-butyl) dimethylsilane

To a solution of 5-bromoindan-1-ol (4.00 g, 18.8 mmol) in N,N-dimethylformamide

(25.00 mL) were added triethylamine (5.23 mL, 37.5 mmol), tert-butyldimethylsilyl chloride

(4.244

g, 28.16 mmol) and 4-dimethylaminopyridine (115 mg, 0.939 mmol) at room

temperature, The reaction mixture was stirred at room temperature for 3 h. The mixture was

diluted with ether (100 mL) and quenched with water. The aqueous phase was extracted with

ether (4 * 40 mL). The combined extracts were washed with brine, dried over arhydrous

Na80,, filtered and evaporated under reduced pressure. Chromatography on silica gel with
5% EtOAc/hexane afforded the desired product (6.05g, 98%).
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10 0.641 mmol). The reaction mixture was stirred at room temperature
overnight. Direct chromatography on silica gel with 10%
MEOLeREEB2%C (1% NH40H) afforded. the desired product (42B0§18096)/012265
LC-MS [M+1]=570.10; 572.05.c00 N N-C N - Br N=N 15 Example 19
4-[(4-{(3S)-4-[(1R,2R)-5-b romo-2-ethoxy-2,3-dihydro-1H-inden-I-yi]-3-
methylpiperazin-1. yl}-4-methyipiperidin-I-yl)carbonyl] cinnoline This
compound was prepared sub i described in Example 18 using
appropriate starting materials. Z 3 2.3,594.3.20 0 N N~N P~N
Br Example 20 67 WO 2005/10183 {S2095/012265
4-[(4-{(3S)-4-[(1R,2R)-5-Bromo-2-ethoxy-2 8=dityydro-1H-inden-1-yl]-3-
methylpiperazin-l-yl}-4-methylpiperidin-l-yl)éarbonyl]-l,8-naphthyridiine
Stahis compound was prepared substantially as described in Example 18

2-HE 10 ARRIOREAIE ARG fopl 5{%L}cgﬁ%%ﬁaeﬁ%ﬁ}i%%&w 00

_~NcN N 'Br N EXamp : )
R,2R} 5 2Bt8ro-21pyHEA-of 99308y drd I FRme An-{Afgy drofuran (1.60 mL)

was added 1,2-dibromoethane {(0.118 ml, 1.37 mmol). The suspension was heated with a
heat gun until no evolution of ethylene gas. Chlorotrimethylsilane (0.0698 mL, 0.55 mmol)
and a solution of 2-bromothiazole (0.413 mL, 4.58 mmol) in tetrahydrofuran were added.
After 15 min [{5-bromo-2,3-dihydro-1H-inden-1-yDoxy](tert-butyldimethylsilane (1.0 g,
3.055 mmol) and tetrakis(triphenylphosphine)palladiem(0) (70.6 mg, 04.6611 mmol)
dissolved in tetrahydrofuran (8.00 mL) were added. The mixture was stirred for 24 h at reflux
and quenched with 15 mL of brine. The organic layer was seperated and the agueous phase
was extracted with methylene chloride (25 mL x 3). The combined extracts were washed
with brine, dried over anhydrous Na;SO4, and evaporated under reduced pressure.
Chromatography on silica gel with 2.5% EtOAc/hexane afforded the desired coupling
product (800mg, 79%).

7y

S

OH
Step C

3-(1,3-Thiazol-2-yl}indan-1-0!

To a solution of 2-(I-{[tert-butyl{dimethyl)silyljoxy}-2,3-dihydro-1H-inden-5-y1)-
1,3-thiazole (630 mg, 1.9 mmol) in tetrahydrofuran (10.00 mL) was added a 1.00 M solution
of tetrabutylammonium fluoride, trihydrate in tetrahydrofuran (1.90 mL) at 0 °C. The ice bath
was removed and the reaction mixture was stirred at room temperature for 1 h. The mixture
was diluted with ether, washed with saturated NaCl aqueous solution, dried over anhydrous
MgS80y, filtered and evaporated under reduced pressure to afford the desired product (410
mg, 99%).
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methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carb

onyll-4,6-dimethylpyrimidine 10 This compound was prepared

Subsntianssas described in Example 18 using appropriate St&EFRES2005/¢12263

materials, MS: (M+H)+ 619.3, 621.3. Example 22

5-[(4-{(38)-4-[(IR,2R)-2-Ethoxy-%f(\l?{3-thiazo|-2-yl)-2,3-dihydro-1H-inden-I

-yl]-3- 15 S

methylpiperazin-l-yl}-4-methylpiperidin onyl]-4,6-dimethylpyrimidi

ne Br\Y O/ Step A [(5-Brorno-2,3-dihydro-IH-inden-1
Sf%gxy)(tert-butyl)dimethylsilane 20 To a solution of 5-bromoindan-I-ol
2-(AF00ge A& BmbkhinDiN-dimethylformarnide (25.00 mL) were added

triethylami .23 mL, 37. ), tert-bytyldimethylsilyl chlori 4.244 .

0. 2615 MR R -t ARSI (105 b G S8 ol Gt mob) in

teh@bﬂdrmémpe@@@% niﬂhmrm&md mix@dﬂsé whgisﬁr@dlﬁdrug@mcﬂdmh@rm.wmr (20.00

mi9 31k The DR Es, dluied o SRR MR REed Wil 1o room
ed wit 4x4 mf%.Te

water. The agueous phase was extract 25 éther

tepeRiBiREd Birsets oerewastrslalitiiBHAR, whedlovéy am@dresons solution, The

orDieSbrfilgrad Rndvanprried WAL IRAUCRERILESUER: with EtOAe (3 % 30mL).
Chrong%ography on silica gel V\G/ll(%%] 5% EtOAc/hexane afforded the des(lred )

Th5 e BBt 58051 B R S s R3S B TV RS S0bETea bl 5 Bffed, and
evate B2 (ddéiteddnBuyidimethyl) sityilo Xy 2i8sBity grodbbt-itdensss, 46%). LC-MS
[N%(D-iﬁ?b??zole 5 To a stirred suspension of zinc (899 mg, 13.75 mmol) in
’ e'ﬂ' ydrofuran (1.60 rL) was added 1,2-dibromoethane (0.118 mL, 1.37
mmol). The suspension was heated with a heat gun until no evolution of
ethylene gas. Cblorotrimethylsilane (0.0698 mL, 0.55 mmoi) and a
solution of 2-bromothiazole (0. (1:)3 mL, 4.58 mmol) in tetrahydrofuran were

added. After 15 min
-YNOXy gk@d)_' thylsilane (1.0 g,
iphenylphosphi pall/ (0) (70.6 mg,
N

10 3.055 mmoi) and tetrakis,

[(5-bromo-2,3-dihydro-1H-inde e
0.061.1 mmol) N
—/

Step E
3-[(4-{{385)-4-[(1R,2R)-2-Ethoxy-5-(1,3-thiazol-2-y])-2, 3-dihvdro-1 H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yljcarbonyl[-4,6-dimethyipyrimidine

Starting from the intermediate of step D, the title compound was prepared using
procedures analogous to those described for Example 18, MS (M+H) 575.2.

Example 23
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dissolved in tetrahydrofuran (8.00 mL) were added. The mixture was
stirred for 24 h at reflux and quenched with 15 mL of brine. The organic
By $88erated and the aqueous phase was extracted wRRT/US2005/012265
methylene chloride (25 mL x 3). The combined extracts were washed with
S-HAiné3 8hiéd @ Fet Bhbyaiory 1ans@in-drd-avaptiatsa b Rdirdendadit3-
m@fﬁﬁ@iﬁ%@é&ﬁ@p@iﬁ%ﬁﬁ%@ﬁﬁh@ﬁ(@%&%ﬂlﬁxg%,&-@;ﬁe{ﬁ fmidine
afforded the desired coupling product (800mg, 79%). N OH Step C 20
S-(1 %ﬁiHQSRM%W% Srags B digRmper analogous to that for Example 22. MS
(VHD s butyl(dimethyl)silyl]oxy}-2,3-dihydro-IH-inden-5-yl)- 1,3-thiazole
(630 mg, 1.9 mmol) in tetrahydrofuran (10.00 mL) was added a 1.00 M
solution of tetrabutylammonium fluoride, trihydrate in. tetrahydrofuran
Exam@pledd) at 0 C. The ice bath was removed and the reaction mixture was
o, t ratyrefor 1 h. The mixtur was dilyted. with gether,
U U S D R e
myiydpipermerel did aueibolaipariditel-rédacbonyibdsendine: tffdpd theidine
desired product (410 mg, 99%). 69 WO 2005/101838
PCT/US2005/012265 S Step D 2-(IH-Inden-6 yl)-1,3-thiazole To a
solution of 5-(1,3-thiazol-2-yl)indan-I-ol (90030 mg, 0.0041420 mol) in 5
tetrahydrofuran (20.00 mL) was aefteds solution of hydrogen
chloride in water (20,00 mL). The rea Rture was heated to reflux
overnight. After cooling down to room temperature, the reaction was
_quenched with 30 mL of 1 N NaOH aqueous Solution, The organic layer
Steiab seperated and the aqueous phase was extracted with EtOAc (3 x
5-BOmkbmINGILOrbITEd XITeS Wers, WAshHAC Wih brine, dried over

anhydrous M9S04, f'IcLi%red and 10 evaporated under reduced pressure to )
afford $h& d85HEE p‘?é %@8@%@?@6@&%@%@3%)@5@.@’:I(D\W-?\I-mm‘:ﬂ) n

tettdlf dofuran (150,00 mL) was added a 1.6 M solution of n-butyllithium in hexane (25.7

mL;) at -40 °C. The colorless solution became light yellow. The cold bath was removed and
the reaction stirred for 3¢ min while warming to -15 °C. The reaction was rechilled at -40 °C
and 4-trifluoromethylbenzaldehyde (5.00 mL, 37.4 mmol) was added. The reaction was
stirred at -50 °C for 35 min before a second addition of a 1.60 M solution of n-butyllithium in
hexane was carried out. The reaction was allowed to warm to -25 °C and maintained at -25 °C
for 2 k at which time acrolein (2.75 mL, 41.2 mmol) was added. The reaction mixture was
stirred overnight and quenched by addition of 30 mL of 6 N HCI aqueous solution. The
organic layer was seperated and the aqueous phase was extracted with EtOAc twice (2 x30
mL). The combined extracts were washed with brine, dried over NaySQy, evaporated in vacuo
and purified by flash chromatography to give the desired product (2.4g, 28% yield). LC-MS
IMA+11=231.2.

FsC
OH

Step B
1-[5-(Trifluoromethyl)-2-vinylphenylJprop-2-en-1-o0l
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Step E 15 5-[(4-((3S)-4-[(IR,2R)-2-Ethoxy-5-(1,3-thiazol-2
yl)-2,3-dihydro-IH-inden-l-yuJ-3-
methytpiperazin-1-yl)-4-methylpiperidin-l-yl)carbonylj-4, PCT/US2005/012265
6-dimethylpyrimidine Starting from the intermediate of step D, the title
compbiipeEwas groprreusihgn froveidierés. ahalogd8snothp seslelsribed in cther
b samPIe8 MR )./ XARRIE 23,4
S B e 2?2%@51\w sDipiE of bty iEhERf .72 mr)
wiE3 8§dpq (1RO - DyEtriERges 43¢ idhA- 2@9@1@@&@%%@%%@%’%% to room
teptpiRerazinsindl dvaatbMpineriginslmy NearbepyllaS -dimetmdR¥IRIdNettle and

e The t| comp und was prepared in a manner analogous to that for

th%( é}l)ﬁ QNT\ﬂ dr -?Fﬁ%@@ §a%né;gampiae sphution of S-(trifluoromethyl)-3-vinyl-1,3-
dxsyg(m{za&)me[afaﬁetmw -B6e(tgifuorometbyl 2 drdihydrod bhindenileylkdring at 0 °C.

rASHMPIBRI AR 1ﬁ&metp¥'@f SN NGRS gimetyInmidl | et

O‘I@F@!ﬁ@éﬂﬂmmﬂm\&u ﬁimg@zmmahen@hm%dmmm offf and washed with a

nll\éill\l A}hgﬁmeﬁ’f‘y&hgr emaﬁeﬁﬁﬂé'r&%i%r?g 3gv d the crude rociuct was
§30 utlon or% Besibs

tetrahydrofuran (150.00 mL) was adde
Lofdetbyeaie (5 oeb %ﬁﬁ)@é@%@ﬁh&%%ﬁé@égd&ﬂt& eeiinaliy r:hsswed product

(oyelpw2 The coldibathwas removed and the reaction stirred for 30 min
while warming to -15 C. The reaction was rechilled at -40 C and
4-trifluoromethylbenzaldehyde (5.00 mL, 37.4 mmol) was added. The
reaction was stirred at -50 C for 35 min befof&ia second addition of a 1.60
M solution of n-butyllithium in hé%&ne C
allowed to warm to -25 C and mainta d-at 7

Sfealgré)lein (2.75 mL, 41.2 mmol) was added. The reaction mixture was

O~(Trifluoromethyl)-1 H-inden-1-0l

To a solution of the 1-[S-(trifluoromethyl)-2-vinylphenyl}prop-2-en-1-ol (462 mg,
2.02 mmol) in methylene chloride (20 mL) under nitrogen was added benzylidene-
bis(tricyclohexylphosphine)dichlororuthenium (70 mg, 0.08 mmol). The dark mixture was
stirred at 25 °C for 30 min and concenirated. The residue was purified by flash

chromatography to give the desired compound (278.1 mg, 68%). LC-MS [M+1}=279.2.

0
F3C
Step D
6-(Trifluoromethyl)-1 H-inden-1-one
To a solution of pyridinium chlorochromate (1.08 g, 5.0 mmol) in methylene chloride
(15 mL) was added dropwise a solution of 6-{triflunoromethyl)-1H-inden-1-o0l (500 mg, 2.498
mmol) in methylene chloride (10 mL). After being stirred for 14 h, ether (30 mL) was added,
and the reaction mixture was filtered through silica gel. The filirate was concentrated in
vacyo. The crude material was chromatographed ( 10:1 hexane/EtOAc) to afford 200mg
(40%) of the product. LC-MS [M+1]=199.2.
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stirred overnight and quenched by addition of 30 mL of 6 N HCI aqueous
solution. The organic layer was seperated and the aqueous phase was
axtaetedoasss EtOAc twice (2 x30 mL). The combined extract®mrs2605/612265
washed with brine, dried over Na2S04, evaporated in vacuo and purified

by flash chromatography togive the ?_s%ed product (2.4g, 28% yield).

LC-MS 25 [M+[]=231.2. F3C P By N—Boc
1-[5-(TrJuoromethyl)-2-vinyl |Jprep-2-en- 71 WO 2005/101838
PCT/US20051012265 Triph ethylphosphonium bromide (1.71 g,

4.78 mmol) was dissolvegiin ether (20.00 mL). After cooling to 0 C, a 1.60

: -_&% golution of n-butyllithium in hexane (2.72 mL) was added rapidly by

yringe and the resulting orange mixture was warmed to room

texedpat drife i stiredlovetdighroThédiimgrvals Stéph thrdrall b aden- 1-

y@ngﬁa%pg? Rihenheyidwas transferred via cannula to a
solution of 5-(tri Iuoromethyl)-3-vin}ll-l,3- dihydro-2-benzofuran-l-ol (1.00 g,

434 il ivRtREO BB hrile! Siffehat o1, (F¥ligning g mmol) and tort-
hagdditienihedqs hathywasdameved patiemixiewasheates 1.refbbe mmol) in

vernight. The regction was allowed to cool and then the solids filtered off ]
co RGBT -l SHOUREE G a1 Rt OF (e SBFRR erer evaporation
ofevéponathd and! tieeverupleifisdductilves &0 toaded wnidislieagatand/1 ratio). Yield
ut ! ane/EtOAC (10:1) to give the desired product (0.81g,
! %})‘Eﬁgé‘%@%ﬁé@@?&gé F3C Step C 15 6-(Trii

luorornethyl)-IH-inden-1-o01 To a solution of the
1-[5-(trifluoromethyl)-2-vin Ighenyl]p p-2-en-I-ol (462 mg, 2.02 mmol) in
methylene chloride (20 mL Nitrog ded benzylidene-
bis(tricyclohexylphosphine)dighlororlithenttim\(70 Midi%5,08 mmol). The
dark mixture was stirred at 25 Cifor 30 min and concentrated. The
residue was purified by féa chromatography to give the desired

§/§). LC

compound (278.1 mg, 6 -MS [M+1]=279.2. 0
Step F

tert-Butyl 4-{(3S)-4-[3-Hydroxy-5-(trifluoromethyl)-2,3-dikydro-1 H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate

To a solution of tert-butyl 4-methyl-4-{3-methyl-4-{3-0x0-5-(triflucromethyl)-2,3-
dihydro-1H-inden-1-yljpiperazin-1-yl} piperidine~1-carboxylate (100 mg, 0.202 mmol) in
ethanol (7 mL} was added sodium borohydride (57 mg, 1.5 mmol). The reaction mixture was
stirred at room temperature for 2 h. The solvent was evaporated 1 vacuo, and the residue was
quenched with 10 mL of 1 N aqueous NaOH solution and 10 mL of EtOAc. The organic
phase was seperated and the aqueous layer was extracted with EtOAc twice (2 x 15mL). The
combined extracts were washed with brine, dried over NaySOy and evaporated under reduced
pressure to give the desired product which was directly used for the next step (93 mg, 97%).
LC-MS [M+1]=498.4.

-0
reter
NS

FaC
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F3C Step D 6-(TrUuoromethyl)-]H-inden-l-one To a solution of pyridinium
chlorochromate (1.08 g, 5.0 mmol) in methylene chloride 25 (15 mL) was
ddelethdropafise a solution of 6-(trifluoromethyl).1H-inden-I-ol (BODWSgg85/012265
2.498 mm.ol) in methylene chloride (10 mL). After being stirred for 14 h,
Steprér (30 mL) was added, and the reaction mixture was filtered through

i LsiRe. filira Q] D, YRS U0 ;: ruge materialwas
e e e ot ar o

M SERIRE NI R dD e B o e openie0 1838
PCTAS200503 2265 NN-BREIESC 58teR BtetBHE in tetrahydrofuran (15 ml)
4-M %1yl-4-(3-r2.ethyl-4-!§-oxo-i;jg;f uoromethyl)-2, 3-dihydro-1 )
Wi‘—?-ir%% 12y BIBEr Az 1 SpB M dme I ars Oy e SATEsRombe)-2,3-dihydro- 1 H-
inae(t{lﬂ;a@;@mammbiﬁﬂa&wemyl}oneiémmptggﬁeilﬁmL)wm?b)}a&(td tent-mltyl 185 mmol)
LAm -4-(3-methylpip azig-l-. piperidine-|-carboxylate (420 mg, 1.412
S e 5 i o 1
b%ﬂrﬁn@ﬂﬁﬁt@ﬁ@aﬁbﬁ@tmh, Bf%chw_nt) thes rekldbclvascpuiifiedcrsiitagealy stirred
at iR GY&d g‘ﬁ%%@&%&ﬁ %c{@é‘lﬂj&é'%&d a&ggi&go(f??l(%}ﬁﬂ‘gf I\v/\lrascer and 10 mL of

[M+1]=496.4. 10 HO "N'N N-Boc F3C Step F tert-Buty
Etf) fraShba-p3eeniarehgas (iF seroried iy 2ha afngens pyanoen-exired with BtOAe
wRetylpiperazindlry b dometyipiparidingd camaxaie thind uasoltio @EQJSO% and

tert-butyl 4-methyl-4-{3-methyl-4-[3-oxo0-5-(trifluoromethyl)-2,3- _
“&Waﬁ%{wﬂﬁa CS BisE RA A2y TS oo AtiHe 1egHs b4 lateZ1Bd thiyhich was used
di8:202fenmhehdrt athanal-(Ash)-vwassadded sodium borohydride (57 mg,

1.5 mmol). The reaction mixture was

: Y O
tit NA&CN
/
B
N=/
Step H

I-[(4-{(38)-4-[3-Methoxy-5-(trifluoromethyl)-2,3~dihydro-1 H-inden-1-yI]-3-methylpiperazin-
1-yi}-4-methylpiperidin-1-yljcarbonylf-4,6-dimethylpyrimidine

tert-Butyl 4-{4-3-methoxy-5-(trifluoromethyl)-2,3-dihydro- 1H-inden- 1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate (85 mg, 0.166 mmol) was dissolved

_0

FaC

in a 4.00 M solution of hydrogen chloride in 1,4-dioxane (2 mL). The mixture was stirred for
1 h and oncentrated to driness and pumped in vacuo.

To a slury of 4,6-dimethyl-pyrimidine-5-carboxylic acid (50.6 mg, 0.333 mmol) in
acetonitrile (4 mL) at 0 °C, a drop of DMF (used as catalyst) was added followed by oxalyl
chloride (0.028 mL, 0.333 mmol). The resulting shurry was stirred at room temperature for 2
h. To the reaction mixture was added the solution of the above amine hydrochloride in
acetonitrile (4 mL) in the presence of triethylamine (0.139 mL, 0.998 mmol) at 0 °C. The
resuiting slurry was heated at 45-50 °C-for 6 h and at 80 °C for 3 h. Direct chromatography on
silica gel afforded the desired product (71mg, 78%). LC-MS [M+1]=546.3.
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stirred at room temperature for 2 h. The solvent was evaporated in vacuo,

and the residue was quenched with 10 mL of 1 N aqueous NaOH solution

and 2031838 EtOAC. The organic 20 phase was seperated an#thaIS2605/012265

agueous layer was extracted with EtOAc twice (2 x 15mL). The combined
extracts were washedwwitipbrine, dried over Na2S04.and evaporated

under reduced pressure to g heg/desied/pro which was directly

used for the next step (93 4. "IN N N-Boc

25 F3C 73 WO 2005/101838 P£L£T/US2005/0122 G tert-Butyl

4-((3S)-4-[3-Methoxy-F{trifludromethyl)-2,3-dihydro-tH-inden-1 ylJ-3-
FJ}(rgl)ethlyélaiperazin-I ylJ-4-methylpiperidine-I-carboxylate To a suspension of

Soarin hydride (150 mg, 3.75 mmol) in tetrahydrofuran (15 mL) 5 was
5-Hddéin s0hbonuf-@ifthifybromethyl)-2,3-dihydro-1H-inden-1-yi]-3-

/ - Xy-5(tyil D123 AHo 4 o
mﬁﬁﬂ ern?ﬁ%%gmiéa}y%i%%% [ ?%ﬁln?g %%t ;?eri ?rlléliéc%}%ggﬁé?g ?18121.%119,’
Thy. 185 pAFARAYIIMH Me aRsRATT far (BHmsr THéasestis i iurExiagstted!S (M+H)
sgatroom temperature for 1 h before methyl iodide (0.50 mL, 8.05 mmol)

was added. The reaction was continuously stirred at room temperature

overnight and quenched by addition of 10 mL of water and 10 mL of 10
E-tgie.AThe organic phase was seperated and the aqueous layer was

Ef{tgalgted with EtOAc twice (2 x 15 mL). The combined extracts were
¢ washed Wi

wﬂ%%}rine, dried over Na2S04, and evaporated under reduced
pressutedtogives the Brobie vrd diret (8 1y i, 1869 PWhichswiatseldidinesthynal, drug

JOr ext step. L:C- +1]= -~ - s
< PR ARS8 UL AN NN i
grgibent methiipipesazitlonsayiesmsery (pigdpidiolated via centrifugal elutriation. Adfter

beyearhaRYInd, Gxdimet pyEridng JethBdVi40° cells/ ml with RPMI (Invitrogen,
{4(-%[?3%-methoxy-5-(trlfluoromethyl -02,3-d|hydro-1 H-inden-1-yl]-3- 20 5
Colehrd g er TR SRR ety It e (Foki BBy 28435 g, 4 6620 ng/ml. of

refomBhavasaissolyetd (R&D systems, Minneapolis, MN) and incubated in the same
medium at 37 °C with 5% CO, for 24-48 hr. CCRS expression on the IL-10 - treated
monocytes was then verified by staining the cells with a PE-conjugated anti-human CCRS
antibody ((PharMingen, San Diego, CA), followed by FACS analysis using FACSCalibur
(BD Biosciences, Bedford, MA).

Example B
CCRS Binding Assay

In a 96 well MultiScreen™ filter plate (Millipore Systems, Billerica, MA), 3x10° IL-
10-treated monoeytes in 150 pL. RPMI (Invitrogen, Carlsbad, CA) with 20 mM HEPES
(Invitrogen, Carlsbad, CA) and 0.3% BSA (Sigma, St Louis, MO) were incubated at room
teraperature for 1 hr. with 0.2 nM PLMIP-18 (Perkin Elmer, Boston, MA) and a series
concenirations of compound of the invention. Non-specific binding was determined by
incubating the cells with 0.3 M MIP-18 (R&D Systems, Minneapolis, MN), The binding
reaction was ferminated by harvesting the cells onto/the filler in the plate on a vacuum

manifold (Millipore Systems, Billerica, MA). The filter was then washed 5 times with RPMI

75



10

20

25

30

in a 4.00 M solution of hydrogen chloride in 1,4-dioxane (2 mL). The
mixture was stirred. for 1 h and oncentrated to driness and pumped in
VEBUOOT I B urry of 4,6-dimethyl-pyrimidine-5-carboxylic acid {60/BSat¢5/012263
0.333 mmol) in acetonitrile (4 mL) at 0 C, a drop of DMF (used as

(Imiitadwt) v&‘azslﬁladeﬂiz#QIImppwhyme@lyditﬁ&&MMdHEBHESImﬁmgaﬂ,SCaﬂsbad CA),

0.59naRAThs Jesulting sl Egﬁmgna“ %m@%%{f&% R%a%rf%l Qi€ ied. and

reaction xture was a ‘e SO utlon O ove amine OC loride
pﬂﬂeéc%%’thna}(&t%mmfih@rpi@éeﬁ@@zmswmdmmﬁée(@mgwel@ g9& filter plate

wirMahald G TG rﬁé%‘ﬂlﬁwmﬁ@%ﬁ%ﬁ o0 & IRnB eandial, MA). The

80 C for 3 h. Direct chromatogra on silica gel afforded the desired

amuatef PPERy R piS ﬁ@nfél%l BOSTIF R Do BT 199PEERS on a gamma
cogﬁiif.lﬁﬁsaﬂﬁ/gﬁ@ “Nsl\ﬂﬂfmkd'us H%th M;I@iﬁ(ﬂﬁﬁé%ﬁi’iﬂus the n?mspemﬁc binding.
-[(4- oxy orome ro- den-
TR 5T R S YT CAFBBROTEA, e OBty grRifos CA)
Cempobihestitle therpentich m&mﬁpﬂre@i e mamakﬁh@mamg@usﬂaﬁbﬁ fopM or less
xample MS (M+H) 560.2. Example A CCRS5 Expression 10 A
pghgreas iﬁl’ logical Specialty, Colmar, PA) was obtained from
normal, drug free donors and peripheral blood mononuclear cells
EQ@EAQ&) were isolated via density gradient centrifugation. Monocytes

were further isolated via centrifugal elutriation. After being washed, the
HhY.dnbayres\wese re-suspended at 106 cells/ ml with RPMI (Invitrogen,

Carlspadi &insupplemented. with 1064 E/%l(ltl%p@@m&%@%ﬁ-&@é}gfmtmn of a

10-20 ng/mL of 15 recombinant human. IL-10 R&D systems, Minneapolis

Piﬁﬂﬁ)%ﬁ&ﬂ%%ﬁoéﬁ%&%ﬁﬂ%é@%é’f rﬁ%&l}n{\ﬁ%@h e i Bgp e ddomAption of the
enhﬁiﬁﬁ%&ﬁxmesmad@&m B 10 Tutieated roRROeYIasiRD theRy/etified, plasmid

E:Hb ta|n|n %ngrllslgﬁtg ?%e ?)é%n ug\%gsd él hu f? CrgS antlb%d Fonnor ot al,
R oA FACE SO LI

ViFdX@CéﬁEu(rl%S) 935-944. Following transfection of the two plasmids by calcium
phosphate precipitation, the viral supernatants are harvested on day 3 and a functional viral
titer determined. These stocks are then used to infect U87 cells stably expressing CD4 and the
chemokine receptor CCRS which have been preincubated with or without test compound.
Infections are carried out for 2 hours at 37 °C, the cells washed and media replaced with fresh
media containing compound. The cells are incubated for 3 days, lysed and luciferase activity
determined. Results are reported as the concentration of compound required to inhibit 50% of

the luciferase activity in the control cultures.

Example D
HIV-1 Replication Assay in MT-4 Celis

Inhibition of HIV-1 NL4.3 (or Ills) replication assays can be carried out as previously
described (Bridger, et al., J. Med. Chem. 42:3971-3981 (1999); De Clercq, et al., Proc. Natl.
Acad. Sci. §9:5286-5290 (1992); De Clercq, ¢t al., Antimicrob. Agents Chemother. 38:668-
674 (1994); Bridger, et al. J Med Chem. 38:366-378 (1995)). To summarize, anti-HIV
activity and cytotoxicity measurements are carried out in parallel and are based on the

viability of MT-4 cells that are infected with HIV in the presence of various concentrations of

76



16

15

20

25

30

(BD Biosciences, Bedford, MA). 20 Example B CCRS Binding Assay In a
96 well MultiScreen filter plate (Millipore Systems, Billerica, MA), 3x105 IL-
YorPagtaenfidnocytes in 150 L RPMI (Invitrogen, Carlsbad, CARCHtF205/012265
mM HEPES 25 (Invitrogen, Carlsbad, CA) and 0.3% BSA (Sigma, St

the| tefisomm)adsrAifieuthatdlt eobirptemiberadite forlifgintaien D dyavthe number of

viabR5del Red GutRa N Fimes Basian-MAPR finelies onsmaligng Al 2.y

compound of the invention. Non-specific binding was determined by
2SR tnectons Rinme's WMT&I[@C@Q% gy Siel] NRHRSERGisRRANS can be
quaerbinding:1ieRCtipPalias defonRaied &y faresting i selgorihertier $0% of
b in.theﬂﬁrl)l t(% %n gyacuum SOéﬂanifol _g%/lillipore Systems, Billerica, MA).
the PR RS THOHARHENSES SHRPWIHERPMI 75 WO 2005/101838
PCT/US2005/012265 (Invitrogen, Carlsbad, CA) supplemented with 20
ExﬁnnM g%JPES (Invitrogen, Carlsbad, CA), 0.3% BSA (Sigma, St Louis, MO)
and 0.4'M NaCl on the vacuum manifold, air dried, and peeled from the
Chgraddrh & fitenrteishdditmediodiia g isaie sample wells in a filter plate

Wef@i‘HH%%PQ&Q%M@%&%A‘&HHQQJ&RW&%&&JF{B QMQEB{?{& SKEIRMR e receptor

Billerica, MA). The 5 amount of bound radioactivity on each filter dish was
(e-getefriine d By RBUSHRP B 8 Garith t@atﬁwt%@lstﬁékﬁfwmﬁggwéggh through-put
assdgfined agfhetotal hinding:mMirusdha nenrspesiic bindingdiFoeRindiRgy, calcium
data weé;aeva%’ua ed with Prism (GraphPad Software, San Dier%o, CA).
T BiiholitdR o IE TRVERHON W TS A Ralsa B Bty srapst o ab. |
Bid Miomess 3aceptdiry 15tz gsoay, TOExailesCutl WO Bty ASsayich of whick
.Reﬁ,licatgg&defecgve IfIIV-ler%Pthertvigﬁe?s are generated by

r

1> CStranstection o ayﬁFagrr(ﬁ?a encc?dﬂllr%glfr 'NL4-3 strain of HIV-1 (which has

beedmmodifiedh by rratitiorciaftiéitksrerrmtopeliggneaant: irmrbdettionahbabinantly

delHeiferase Jenorier @JQSS%iqéﬁloaﬂe\gimﬂlgﬁsﬁmr&@%dmcagﬁa?fc%%}[zﬁ@ilstic of a
HIV-1 envelope genes as describe b%, for example, Connor et al,

mayirHEgy, 268 ckousye @504k PR CHish B theiadieplaspry (to, for
exNERIGURYRROSPRMBIRECIDIRMiHhe AdraksURSINataMs@Ie Baryestednalian G
pro?girga%gugggnagy r}gg%n%l:u\i/ Ir@elmsient increase in the concentration of cytosolic free
calcim [Ca™ )i, cellular response function (e.g., stimulation of chemotaxis or inflammatory
mediator release by leukocytes), and the Hke.

In one embodiment, a composition containing a chemokine receptor or variant thereof
is maintained under conditions suitable for binding, The receptor is contacted with a
compound to be tested, and binding is detected or measured.

In further embodiments, the assay is a cell-based assay in which cells are used that are
stably or fransiently transfected with a vector or expression cassette having a nucleic acid
sequence which encodes the receptor. The cells are maintained under conditions appropriate
for expression of the receptor and are contacted with an agent under conditions appropriate
for binding to occur. Binding can be detected using standard techniques. For example, the
extent of binding can be determined relative to a suitable control. Also, a cellular fraction,
such as a membrane fraction, containing the receptor can be used in liey of whole cells.

Detection of binding or complex formation between compounds of the invention and
chemokine receptors can be detected directly or indirectly. For example, the compound can

be labeled with a suitable label (e.g., fluorescent label, label, isotope label, enzyme label, and
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titer determined. These stocks are then used to infect U87 cells stably
expressing CD4 and the 20 chemokine receptor CCRS which have been
préReesEEddvith or without test compound. Infections are cat{EHGSA0TP12265
2 hours at 37 C, the cells washed and media replaced with fresh media

the SlsedinmddptstingowndcTivdcraiisedreyideisstitsdofohg idhys Sysetiamtl/or competitive
bitkEie @i%@%’b‘é@yseﬁeﬂif%mgm%%swtéi?ﬁ%&@ﬁ%@ﬂﬁ%@?%ﬁﬂgQﬁﬂ&'&%ﬁiéﬂ"agem ora

~of compound required to inhibit 50% of the luciferase activity in the
leagH e PCRIREEtoss Example D HIV-1 Replication Assay in MT-4 Cells

Inhibr'mwla@iggb‘yﬁat Mﬁﬁ?ﬁ%@fﬂé&) ar%@ﬂgmnbacmh &@;fgﬁlgﬁgﬂé%gt@ﬂgggcentraﬂﬁn
revipus escriped (Bridger, et al.,.J. Med. m. 42:3971-3981 (1 C
PR 028 TIPS ot A STRSEI S AR 655 RGPS S using
foflerenpit, al > NintistidrdiRgENts Cheinbthexd IB:A6B-6TAKLOM lyBridgetear Cells
. Med. Chem. 38:366,378 (1995)), T, summarize, anti-HI\V activity. .
SR b E R e S e S LT
Srorifieebivilindity Wt MEkloétiSnbsate infettoudiith(s-B\titeiivgipresdilicespfuinus the
noY2y] HﬁiS%ﬁ&BE?‘ﬂ%‘ﬁ%ﬁéJfﬁ W20/ AHA38E G e3P 1en0ai NG ected in

test compounds. After the MT-4 cells are allowed to proliferate for 5 days,

theasiehapef Bfcoiabe teilaegeise by i-fthazolium-based
calorimetrigndriArBiIne tsdtiiaroiZsyh - &b sinheayitet azaliun Bramidessay. For

MTT dure jn 96-well microtrays. Results can b itited.t yield
Bl VAL NS BIoCE T CorNTOR Baul e P o SRR MCP

Vviﬁhtherviﬁt:lérhﬂﬁ;eeiﬁdlﬁﬁHS .&gﬁ:ﬂmsﬁ’gdfak@ym\@aﬂﬁﬂl’yl)a@m@ﬁoﬁs concentrations of
CO%hgg?}(alsﬂr%e %Fe C%E){[SOJ‘ Imghpfgl%)eqéglri,kq@gf\sgaxsb'gherga rg&lt¥ Ofst%ea le _methods or
compounds of the invention to antagonize chemokine réceptor 107 (&g’
puBORYY furtionasrhel deteminBedsiddreesuBaktienserébnille gindigh reactions can
thr. -k W) le, an agent can be t ' . a
b S R e B s g2 na 0%
Bt chevistasivmsdbynisee [fosexaimplackinsselgessarcelht Nnding reactions can be

teﬁhﬁé&dﬁﬁﬁéﬁ)%é@ﬁié%%%%%E!Q@ﬁiﬁéé@é AR Lo ters (Porkin

each of which is incorporated herein by reference in its entirety). 15 In an

Elgeahipdcissaly s @ﬁ%ﬁﬁé&&é&@@@ﬁ%ﬁl@%%@%ﬁ@@ ate Buffered Saline
(pregominanily denvedrisusad, Whish-has:al east one PEaReRty basly it fkining 0.5
Mflﬁg%lloaa%%%?r%%enn%ﬁcgfaand the amount of bound radioactivity can be determined by
counting on a Gamma Counter (Perkin Elmer).

The capacity of compounds to antagonize chemokine receptor function can also be
determined in a leukocyte chemotaxis assay wsing suitable cells. Suitable cells include, for
examaple, cell lines, recombinant cells or isolated cells which express a chemokine receptor
{e.g., CCR2) and undergo chemokine receptor ligand~induced {e.g., MCP-1) chemotaxis. The
assay utilizes human peripheral blood mononuclear cells, in a modified Boyden Chamber
(Neuro Probe). 500,000 cells in serum free DMEM media (In Vitrogen) are incubated with
or without the inhibifors and warmed to 37 °C. The chemotaxis chamber (Neurc Probe) is
also prewarmed. 400 pL of warmed 10 nM MCP-1 is added to the bottom chamber in all
wells expect the negative control which has DMEM added. An 8 micron membrane filter
{INeuro Probe) is place on top and the chamber lid is closed. Cells are then added to the holes

in the chamber lid which are associated with the chamber welis below the filter membrane.
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10

15

mammalian chemokine receptor, The specific property can be a binding
property (to, for example, a ligand or inhibitor), a signalling activity (e.qg.,
Fetheatiom of3@ mammalian G protein, induction of rapid and tr&e8i@iseo65/012265
increase in the concentration of cytosolic free 20 calcium [Ca~]i, cellular
Thesporseciundtivn{dgyistindutatish &F chdmbfaxi®odhflaimmatorffhe cells are then
EsiaiarrciEase RuIeuioses). AN NS 400G ETRRHMBN, of the fier s
riant thereof Is

omposition containing a C emokine receptoror v

WA Ainedsuder Esheidohs boiitab|e fefibintivefiethe hedalsepisigir dried and stained
whenagedwitha campaphdomedesiRd, AnARIBdinG-iS delestehOheoative control

measured. 25 In further embodiments, the assay Is a cell-based assay in

WEHiER e e Srsksaunthandreestubiport dnseatly iassfe SBtrgoRIRPOtency can be

devaei-arexpiessigncassaliahaviigainueieis agide seqnemeeMigmber in wells

encodes the receptor. The cells are maintained under conditigns .
WEER AT SV EProdS RoOP R Tb O M SRR AR itk chamber in
Méehvumddrvedinditions appropriate for binding to occur. Binding can be

detected using.s rd. technigues. For example, t .ex of bindi

can e T BB i AU B0 T vates
inghereagea tembrane frabhonh > eontdifimdhhebrocdproiumps by Usechimliuxis assays,
AL WOAIE SElS: HREIGEUONAIRINAING. A £ONRRICK fQr Ao ReasT.

compounds of the invention and chemokine receptors can be detected

directly or indirectly, For example, the compound can be labeled with a

suitaklg lahelk@iticftuniescent labelilabel isotopg dbekenmmalabelein, will be

and 77 WO 20 5%3183% PCT/USZ&%S 012265 the like) an élL:#]din can .
apé’@&‘&é?rﬂ?ﬁé%%}’ (S8R B tHETabE!. 'S568iE &tHOP LS patit ot tications are
albindingdednd &Hssehsedhbyscopapatifienppeisplbceimentaitidiesegsiageited in the

unlabeled agent or a Jligand as,a competitor. The antagonist activity o .
b e R e e AR
reB0encinhibisiontit®B0 values) of specific binding in receptor binding assays

using, for example, '25I-labeled MCP-1, as ligand, and Peripheral Blood

Mononuclear Cells (PBMCs) prepared from normal human whole blood

via density gradient centrifugation. Specific binding is preferably defined

as the total binding (e.g., total cpm on filters) minus the non-specific

binding. Non-specific binding is defined as the amount of cpm still

detected in 10 the presence of excess unlabeled competitor (e.g.,

MCP-1). The human PBMCs described above can be used in a suitable

binding assay. For example, 200,000 to 500,000 cells can be incubated

with 0.1 to 0.2 nM'25I-labeled MCP-1,
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with or without unlabeled competitor (10nM MCP-1) or various
concentrations of compounds to be tested, 125 labeled MCP-1, can be
prepared by suitable methods or 15 purchased from commercial vendors
(Perkin Elmer, Boston MA), The binding reactions can be performegh k50 1>

Clag$50 1 of a binding buffer consisting of 1M HEPES pH 7.2, and 0.1%

1. BSA eainensestimvathiniin), for 30 min at room temperature. The binding
reactions can be terminated by harve&'a’ng theRgnembranes by rapid
filtration through glass fiber filterse®Perkin Elmer) whigh can be presoaked
in 0.3% polyethyleneimine or|P s%ate@ﬁ@r_?ﬁ‘ line 20 (PBS). The
filters can be rinsed with apgroximately 600 L o bind%g buffer containing
0.5 M NaCl or PBS, thef*diied; and the amount of bound radioactivity can
be determined by counting on a Gamma Counter (Perkin Elmer). The
capacity of compounds to antagonize chemokine receptor function can

or sl paCAERIRI AR fek g e Enehstitkis assay using suitable cells.
Suitabierealts dngluggodan y2aexampley ealtlinesorerdmbinant cells or

isolated cells, which express.a ch kine recept .g., CCR2) an

un erégbﬁc’h%}ﬁb%ﬁ‘léore%terﬁtzjrlI"i;c‘g%lgnlgﬁﬁ déeﬁ?t‘jegé Léf(?fj&% %E(é:"n)%t xS alkymyl,
aryIT hetemssey Utilizesy tHoalan, peripierabbiodd SoRioh0ekeat 6alfs (R SR®, COOR’,
NRm@digpﬁI@%@%ﬁ;Chamber (Ne_uro Probe). _500,000_ cells in serum free

DMEM media (In Vitrogen) are incubated with or without the inhibitors

andRwitréd-8r3% €1-FhbaordknbtaxiS chalamisr(NaUrg PrabE) is 30 also
prewarmed: 400 Mepfoyarmee 40 M MGhah i3 sdded o thgipgttom
chamber in all_wells expect the negative control which has DMEM added.
An 8 rifidfof nferitipankmiter ifietiloBroBly Ry brade drt toipalkittne
chartheHlidjscelaggd, Cetls arediien adgernjathe holegaiinihe, chamberoxy, C;-Cs
lid.which are associjated with the c ber wells below the filter
g AR S SOCLABTSES BICTTOSIBOAZ565 The whole
chaRibeHis(incubditel 64-87 G590, COL fati30 vhiduweshahdlcdlsralethenaryl, Cs-
ir er lj e ilte nily.re he
C T e o e g e R ok TR
hetereyciclabict! atind - fitdiBs Bir dried and stained. with Wright Geimsa stain
(Sigmay -pf@9@&@&&9@9@&%@@@5@9%&% AEQAIVECRVIQkR WellSoary!, Cs-

serve as background and are subtracted from all values. An'éaégonlst
e

Cr petarky chrfpec etk Bk o rsanap R iuthnér s detdbiattgrate
hetévtheihotaakehamer ik Wells which contain antagonist, to the number of

ot o BrosEATAUER o Ca BE S hre b b o ey

hald@sOxvalkigsaryloxyalkyl, heteroaryloxvalkyl, cycloalkyloxyalkyl,

heterocycloalkyloxyaikyl, aryl, heteroaryl, Cs;-C; cycloalkyl, heterocycloalkyl, arvlalkyi,
heteroarylalkyl; (Cs-Cq cycloalkyl)alkyl or heterocycloallylalkyl,

R' and R" are each, independently, H, C,-Cg alkyl, C-Cy alkenyl, Co-Cy alkynyl, C,-Cs
haloalkyl, aryl, heteroaryl, C3-C; cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylaliyl; {C;-Cs
cycloalkyhalkyl or heterocycloalkylalkyl;

or R" and R" together with the N atom to which they are attached form a 3-, 4-, 5-, 6-, or

7-memmbered heterocycloalkyl group;
30



10 in the range of about 0.01 to about 500 nM for the above binding

assay. In chemotaxis assays, active compounds have IC50 values in thgr gL
range of about Ito about 3000 nM. Various modifications of the invention,

in addition to.those described herein, will be apparent to those skilled in

the Brt HSR th& torsiolRgBRstATTo R S mbdificationdkarel. B-&selkynyl, C1-Cq

hamaneﬂd@@ltqathﬁlm@ewmmmeeaﬁ@@m%ﬁwama@%M@%wg@ (C3-C;
%12’513@'?1. ent@\gg‘f %;on including all patents, publications and
CYC 5 Th &G ¥y reference in its entirety. 79 Claims
Mc&uu% afld R 'Comgpibeandiof fiomaten R4 1RE Rey bbb € fdrm R3- R3 5-, 6-, or
7orle r% ‘% %rtg}ggelftlc% %/ acceptable salt thereof, wherein: R' is heteroaryl
optionally substitute oné or more R6; R2 is H, halo, cyano, nitro,
Cl-C& alkd/h:C1-C6 haloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, aryl,
heteroaryl, C3-C7 cycloalkyl, heterocycloalkyl, SOR 7, S02R7, CORE,
ORY, SRS, COORS, NR10R'1 orNR10CORS8; R3is F, Cl, Br, I, C1-C4
2 halddkgPrerried RERAIRdxg O PRt assy iR IS PReERO B BikeGoicpherein R is 2

5-, elkeny, 1%@5@%&%&%@%%&%@@%@5& iedh dad &%ﬁyﬁﬂu@%gﬁ)m wherein
da%l;enyl C2- @6 alkyny f?é Ctll -C6 haloalkyl; R6 is H, C1-C6 alkyl, C2 ce6 .
iy 5. R I T E A TS Ay BIeEe 2. or 4
grotraloalkoxy, amino, (CI-C6 alkyl)amino or di(CI-C6 alkyl)amino; R7 is H,
C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 haloalkyl, aryl,

heteroaryl, C3- C7 cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
3. (C3Ta7 coyetvalid/hbifyim heterqdyeioatioplatkilyoreNRAPR tilRB:eisd, CLs€6 R is:

alkyl, C2-C6 alkenyl, C2-C6 alkyayl, C3-C6 halgalkyl, aryl, het@r\oaryl, C3-
C7 cycloalky, heterocyclo lalkyl, lalkyl, e
“cycloalk /kl J;se@érocy Io/a kqu\‘kyl orlNR 2R 3 I

N AN

RB
NS N 2 RN ch CH3
1 SRS ] Lps N hgre s
P e Lz R . L
N N y N N 2
M * H RE
FHsC CHy HsC CH3
3 Wl)\f 3 ﬁ HaC CHs HiyC CHa
O,N\'/\’RG , = , O—N , O1 N—N

4. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R’ is:
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R9 is H, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 haloalkyl,
alkoxyalkyl, haloalkoxyalkyl, aryloxyallcyl, heteroaryloxyalkyl,
cycloalkyloxyalkyl, heterocycloalkyloxyalkyl, aryl, heteroaryl, C3-C7

cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl; (C3-C7 MOSLLP

cycloalkyl)alkyl or heterocycloalkylalkyl; R10 and R'1 are each;|”
independentty, M, C1-C6alkyt; C2-C6 alkenyl,"C2,C6 alk 6
haloalk ketaroaryl A

oyl II\Y,ycloal Ih terocycloaikyl;laryjalkyl,
heteroarylalkyl; (C3-C7 tycloalkyl)alkyl or heterd®ycloalkylalkyl; 8f R10
and Rif together with the N atom to which they are attached form a 3-, 4-,
5-, 6-, or 7-membered hetergcycloalkyl groups80 MCSL PCR'ZmndCBHls
are each, dentlyc -C6ralkyH{C2- keRyl, C2-C6 atkynyl,”
|, heterbaryl, C3-C7 cycloalkyl, heterocyclra)?w,

arylalkyl, terﬁgrylalkyl; (8 232 cycloalkyl)alkykor hetéfocyclo Ikyladkyl;
or R12 and R13 together with the N atom to which they are attached form
a 3-, 4-, 5-, 6-, or 7-membered heterocycloalkyl group; ris1,2or3. 2. The

5. confauwthpbeldint ta0h a pharphaaeutiaalyapeceptphlasalt thereaf wherein R is:
wherein R'is a .5~ 6-, 9- or 10-membered heteroasyl group containing at
least one ring ing N atom, wherein said a-, 64, 9- or | 0-membered
heteroaryl optional bstituted b @@ 4 R6{igro @c The
compound l,orap aﬁé‘utically acceptable-salt therect ,
wherein R"is: iJR6:NN/NR6N'NR6R6R6\6 N\R6 H3C\CH3 N
NJC6 RNX6 HHR H3C CH3 H3C.x CH3 JT H3C/CH3 H3C CH3 O

N~ R6 NVN O-N}'or N-N R6 Rsc CHs
(0 .
Py Cor N\fN _

N° N R

6, The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R is H,

C1-Cg alkyl, C1-Cg haloalkyl, OR?, SR or NRI'R",

7. The compound of claim [, or a pharmaceutically acceptable salt thereof, wherein R is H
or OR’.
8. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R is F,

Br, CFs, or 6- or 5-membered heteroaryl.

9. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R* is
Cy-Cy alleyl,

10.  The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R is

methyvi.
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4. The compound of claim 1, or a pharmaceutically acceptable salt
thereof, wherein R"is: 81 MCSLLP R6 N/NR6 NN R6 R6 H3C CHs
H3C CHs H3C\CH3 R6fN/N-fINNR6OR6o0rY R6 5. The MESLLE
compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R'is: //NN CNNN H3CCH3 NYNNNori R6 6. The
11. Cor’q-[%(é)lé i? fu%lé“(g? c]rm% ? Bpg @M%&%@@élﬁpgg&t@%%% t m&%%@fwherem R’ is
wherein R2 is H, CI-C6 alkyl, Ci-C6 haloalkyl, O SR9 or NR10RIir 7.
Ci-Ghdlsdmpound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R2 is H or OR9. 8. The compound of claim 1, or a
pharmaceutlcall acceptable salt thereof, wherein R3 is F, Br, CF3, or 6-
2. or 5-hreiBRrBR HitEEyt 5. BBl o EERP e gittghereot. wherein R i
metﬁplarmaceutlcally acceptable salt thereof, wherein R4 is C1-C6 alkyl. 10.
The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R4 is methyl. 82 MCSLLP 11. The compound of claim 1, or a
13, phaThmemmaichc@ptdbﬂe‘Sag Ehemrbi Neherein R5 is

O

Ha

A

RB

or pharmaceutically acceptable salt form thereof.

14. The compound of ¢laim 13, or a pharmaceutically acceptable salt thereof, wherein R'is:
Cﬁ\ Ty X 1
= =N = = N. A~ a7
RG/ N 3 N \R6 ¥ \Rﬁ ’
T H4C CH
X S CHs HaCu i -CHs W;/I\’
l ” % . NN
N.o¢ 6 o \’/\RG , oT .
R
15.  The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein R'is:
~ I S E R
- o
NN o NN,

NI
g

z
\
=z



C1-C6 alkyl. 12. The compound of claim 1, or a pharm aceutically

acceptable salt thereof, wherein R5 is methyl. 13. The compound of claim

| having Formula lla; R2 CH3 O H3C N N N-- I:;jR1 R3lla or MCSLLE
pharmaceutically acceptable salt form thereof. 14. The compound of claim

13, 'ﬁﬁlly ‘ alt thereof, wherein R'is: 1--11V
16'R Rgﬁll'\%&li%ﬁ;sg%g?%ﬁN Réag%ﬁﬁg %%%E%H?,CTCHS H3C\CH3 -TITR6 1N

Y\TR-NN RS- M ERe o 6. REIRGIrS Hrvdwompouint ahelpinsddpor-gl]-4-
me@ﬂ%[ﬁ@x%ﬁfﬁ§%ﬁ%6§?’\l?a@,|§-§ﬂ%¥ﬁ9f migsein R1is: N, N'N H3C\
CH3 C X JN~NNorNR6 83 MCSLLP 16. The compound of claim 1
seleciedHidm=4-(5-fluoro-2,3-dihydro- 1H-inden-1-y1)-3-methylpiperazin-1-yl]-4-
meBr{{#npe3dind-(Prheepany2,3-dibydeartingeaiiny)-3-methylpiperazin-l-yl]-4-
et ioper Ll oy e e S, e
methghipkpiperitin-lcarocatbétyl)i Ghdimysthidpyrimidine;
5-(14-[(35)-4-(6-fluoro-2,3-dihydro-1H-inden-1-y1)-3-methylpiperazin-1-yl]-4-
methyipiperidin-1-yl} carbonyl)-4,6-dimethylpyrimidine ;
5-({4-[(38)-4-(6-bromo-1,2,3 4-tetrahydronaphthalen-1-y1)-3-methvlpiperazin-1-yl]-4-
methylpiperidin-1-yl} carbonyl)-4,6-dimethylpyrimidine ;
5-({4-[(38)-4-(7-bromo-1,2,3 4-tetrahydronaphthalen-1-y1)-3-methylpiperazin-1-yi}-4-
methylpiperidin-1-yl}carbonyl}-4,6-dimethylpyrimidine;
4,6-dimethyl-5-[(4-methyl-4- {(3.5)-3-methyl-4-[6-(trifluoromethyl)-2,3-dihydro-1H-
inden-1-yi]piperazin-1-yl}piperidin-1-yl)carbonyl|pyrimidine;
4,6-dimethyl-5-[(4-methyl-4- {(3.5)-3-methyl-4-{ 5-(trifiuoromethy})-2,3-dihydro-1H-
inden-1-yllpiperazin-1-y! }piperidin-1-yl)carbonylJpyrimidine;
1-((25)-4-{1-[(4,6~dimethylpyrimidin-5-yl)carbonyl|-4-meth ylpiperidin-4-y1 }-2-
methylpiperazin-1-yl}-5-(rifluoromethyl)indan-2-ol;
3-[(4-{(35)-4-[2~-methoxy-5-(trifluoromethyl) 42,3-dihydrom 1H-inden-1-v1]-3-
methylpiperazin-1-yi}-4-methylpiperidin-1-yl)carbonyi]-4,6-dimethylpyrimidine;
5-[(4~(35)-4-[(1R,2R)-2-Ethoxy-5-{trifluoromethyl)-2,3-dihydro-1 H-inden-1-y1]-3-
methylpiperazin-1-yl-4-methyipiperidin- 1 -y1)carbonyl}-4,6-dimethyipyrimidine dihydrochloride;
S-[(4-{(35)-4-[(1R,2R)-2-(2-Methoxyethoxy)-5-(trifluoromethyl)-2,3-dihydro- 1H-inden-
1-yl}-3-methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine;
4-[(4-{(38)-4-{(18,2R)-2-Ethoxy-5-(trifluoromethyl}-2,3-dihydro- 1H-inden- 1 -y1}-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]cinnoline;
4-[(4-{(3S)-4-{{1R,2R)-2-Ethoxy-5-(triftuoromethyl)-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yi}-4-methylpiperidin-1-yl)carbony!Jquinoline;
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5-({4-[(S)-4-(6-bromo-2,3-dihydro-1H-inden-I|

-yl)-3-methylpiperazin-l-y1]-4 methylpiperidin- | -yl}
carbonyl)-4,6-dimethylpyrimidine; 5-({4-[(3 S)-4-(6-fluoro-2,3-dihydro-1 MCSLLP
H-inden-1-yl)-3-methylpiperazin-1-yl] -4-

me{4¥?&%ﬁ%§§ﬁ%@f§%éﬁs%{ﬂﬁmm¥%®'29*ldlh dro-1H-inden-1-yl}-3-

3,4-tétrahydronaphthalen-I-yl)- methylplpera2|
methylpiporsrsmyipipeAuthvspeadhony- sabanrdeNsntidine ;

5- ({4 [(35)4s{Zshromerl.2 Bidsigtranydionaphtnaian; ksd])h?aameﬂmm%t@zm 3-
yl]-4- m ethylpiperidin-1-yl} carbonyl)-4,6-dimethylpyrimidine;
me%r’a]?ﬁ{ém 5!%44%{%?&9%@} -5 RhEHPR A6 itABRORRERA)-2,3-dihydr
o-1H-| (ldé{(ﬂ-ﬁyﬂ]E(IFIE,EEQ)HI*—IFYH}}D;IW—I(diﬂl‘uilutyb)ﬁﬁmpﬂyq&y@mtﬂlﬂeﬂnden 1-y1]-3-
et %glmg%l F§4 mm%gp%/ : % I 4-[5- grl]f]]}uo g}rgethyl) -2,3-dihydr
fnden 1 iperazi Llp plper 5‘3 b0 pynr‘mdme
1- ((2$§44{{3S) -4-[(1R,2R)~5-Bromo-2- ethoxy 2,3- dlhvdro 1H-inden-1-v1}-3-

mcﬂq)L ?‘aqﬁeﬁ'}ﬂ?ﬁhﬂpﬂ'&‘éﬁﬁ)ﬁﬁ%&%{tﬁo WlAsmeH ';w%ﬁ%geﬁyﬁ%}m%dme

hylpiperazin-1-yl)-5-(trifluoromet yI)mdan

{(33‘3 ﬁﬁiﬁ@ﬁd@@&?rﬁdﬁ%‘?ﬁ&ﬁiﬁb%E%ﬁh?@@?ﬂﬁﬁaéﬁlﬂyﬂﬁ
memﬁmylpa%ﬁmzm,h M&kdﬁrlmg&hﬁh@tneﬁﬁm&nyucmnoime

yI) %R? iglmethy rimidine; 5
i oot oo
memﬁﬁiyhﬁaiﬁfazm}%ﬂﬂ%m@ﬁwi@ipenﬂ)ﬂarbonyl] 1,8-naphthyridine;

!f)y[l()ETgSﬂ%% ggg;%?g%ggédw?pdlh 191r9 (lgi%js 3-dihydro-1H-inden-1-y1]-3-

m 3&MEM¥1€IHOX¥)‘4BHQWQMM Hy2)Sudhitwyd et dmaghylpyrimidine;

1-yl p ZjR- | o y X 3di
1yl ]g;){’ ﬁ;‘ﬁ%g 44@?5%23% ﬁbﬁylé%ﬁ? %@E%EE dis; gl) 2,[( -dihydro-1H-inden-1-y13-3-

me m@%x%%ﬂﬂ%k@ﬁ?émwW@Wa@lﬁﬁ%@%{lwdmc

metb;{l(ﬂip@ﬁ@;lm-ﬂ(m}m;m%ﬂﬂw@pﬁ idinsil-yDearbomy heinnglinged-{ (¢ 43
%[(1 R,2R)- 2 Ethox -5- (trlfluoromethyl) -2.3-dihydro-1 H-inden-|-yl]-3-

PSR mﬂwﬂbér.&w‘my@é}%ghwﬂm Enine;

MCSUER { G§4+-{E3Methoxy-5-(trifluoromethyl}-2,3-dihydro-1 H-inden-1-y1}-3-

R)-2:Ethox trlflu ro )-2,3- inden-|-
me@yﬁ é(%?ng}a).lz nflryrﬁ Ayrﬁé)t%y plper\{dpcy 9 Iiar’ onyﬁtqﬂl%f‘mlé%l[(ﬁfld
Phaﬁ(@&euﬁﬁ(am%’BFC)iizaEkheﬁiy&&{tmlﬂoromethyl) 2,3-dihydro-IH-inden-I-yl]-3-
methylpiperazin-l-yl } -4-methylpiperidin-1 -yl)carbonyl]-1,8-naphthyridine;
5-[(4-{(3
17.5)-4lf1a RopmRyiputeh shyis L (trifige o rd iy 2 -3-diRdro-MHEhes =Ryl ifueromethyl)-
2. 3ethylpipanazinech-yl hird-methyinipesidind-yearhony isaaHinolinebonyl1-4,6-

dimethyipyrimidine, or a pharmaceutically acceptable salt thereof.
i8.  The compound of claim 17 which is 5-[(4-(3S)-4-[(1 R,2R)-2-Ethoxy-53-(trifluoromethyl)-

2,3-dihydro-1H-inden-1-yl]-3-methylpiperazin-1-yl-4-methylpiperidin-1-yl)carbonyl}-4,6-
dimethylpyrimidine dihydrochloride.
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5-[(4- {(3 S)-4-[(1 R,2R)-5-Bromo-2-ethoxy-2,3-dihydro-1 H-inden-I-yl]-3-
methylpiperazin-I-yl}-4-methylpiperidin-l-yl)carbonyl]-4,6-dimethylpyrimidin

e, 4-[(4- {(3 S)-4-[(1 R,2R)-5-hromo-2-ethoxy-2,3-dihydro-IH-inden-I-yl]-341c g1 |
methylpiperazin-I -yl}-4-methylpiperidin-I -yl)carbonyl]cinnoline; 4-[(4- {(3

19. S)-41l B2 By BremgR e hexy <. 3-dinyereydy Hrirderrbyledsxv-5-(1 3-thiazol-2-y1)-

_ methylpiperazin-I -ylﬁ-4-meth Iplperldln-I-%/I)carbonyl]-.l,8.-r]apht%yr| dine;

2,3-§;Mr?(é}§)n§q?e.ll-yl -3-methylpiperazin-1-yl | -4-methyipiperidin-1-yljcarbonyl]-4,6-

dimBuR Ry B rB R0 A PYHEHACIYION) R&-sthnid rQithindan-1-yI]-3-
m.ethylpiperazin-I-yl}-4-methylpiperidin-I-yl)carbonyl]-4,6-dimethylpyrimidi
ne;

20. 5-[(AHE 3G)rdo (1R 2R ) RaE th@laih 1 1v3xthiaz 01 2s )2, 3einydOrIElrindexniy],
yl]-3 methylpiperazin-1-yl }-4-methylpiperidin-|
-yl)carbonyl]-4,6-dimethylpyrimidine; 5-[(4- {(3 S)-4-[(1

21. R, 2RyezEthoyyeS el 2- gi- 2 Bhalimpdrotiiliydenepigpig salt thereof, wherein R’ is
methylpiperazin- |-yl } -4-methylpiperieip- | -yl)carbonyl]-4,
6-dimethylpyrimidine; 5-[(4-{(3S)-4-[3-Methoxy-5-(trifl uoromethyl)
-2,3-dihydro-IH-inden-l-yl]-3- HsC M
methylpiperazin-1-y1}-4-methylpipefidin-I-yl)carbonyl]-4,6-dimethylpyrimidi
ne, and pharmaceutically acceptab@i\lhereof. 17. The compound of
claim I which is 5-[(4-(3S)-4-[(I R,2R)-2-Ethoxy-5-(trifluoromethyl)-
2,3-dihydro-1
H-inden-1-yl]-3-m Ipiperazin-1-yl-4-methylpiperidin-l-ylcarbonyll-4.6- . .

2 e b e e R o S B Vg

H og&Mpound of claim 17 which is
5-[(4-(3S)-4-[(1R,2R)-2-Ethoxy-5-(trifluoromethyl)-
2,3-dihydro-IH-inden-I-yl]-3-meth Ipiperazin-l-?/l-4-methylpiperidin-l- carb

23. onyfjs BrresTEYR PibSa dih BB RS gamebwﬂi@}er%@%/ wherein R” is

F, mampeund of claim | which is
5-[(4-{(3S)-4-[(1R,2R)-2-Ethoxy-5..(I,3-thiazol-2-yl)-
2,3-dihydro-1H-inden-I-yl]-3-methylpiperazin-I-yl}-4-methylpiperidin-I-yl)car

24. bonye4on ghmethylgyiintidine agharphacmaceiyticaliytadeeptaile altwherein R” is

meépgreof. 20. The compound according to claim 1, wherein R3 is F, Cl, Br, |
or C1-C4 haloalkyl. 21. The compound of claim 20, or a pharmaceutically
acceptable salt thereof, wherein R'is H3C CH3 NN 22. The compound of

zs.g'rag}‘l}%g@o%@uﬂﬁ%%ﬁa%%ﬁ%l‘)é apeepiahle salt heweh Wharein R 18 iein R is

methvl,

26.  The compound of claim 20, or a pharmaceutically acceptable salt thereof, whereinris 1.

27. A composition comprising a compound of any one of claims 1 to 26, or pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier,
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23. The compound of claim 20, or a pharmaceutically acceptable salt
thereof, wherein R3is F, Br or CF3. 24. The compound of claim 20, or a
pharmaceutically acceptable salt thereof, wherein R is methyl. 25. The MOSLLP
compound of claim 20, or a pharmaceutically acceptable salt thereof,
wheyein R5.is-methyl. 26. The compound of clajm 20, or a . .
28 e S R £ IR TRREL R LA il gomacting i
cheguipositeriaomiriasiogrevompenrdof ahyloms dbfekims 1 to 26, or
pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier. 86 MCSLLP 28. A method of inhibiting a chemokine
29.rec it fcomprisin eGHtaattheh smiokerrerpeikiog FeeeBtor with a

compound of any one of claims 1 to 26. 29. The method of claim 28

wherein said chemokine receptor_is CCRS, 30. The method of any one of
0. clainh P88 WiRarn %gf&aiﬁﬁiﬁﬁiﬂbz OPFRR B RN G sponds to
seléntiwbitinghBERSCBR Use of a compound according to any one of claims 1

to 26, or a pharmaceutically acceptable salt thereof, for the preparation of

a medicament for treating a viral infection in a patient, wherein said viral
3L.infebtorefsaHevnimfaatibac32dgdofacompoindaavsording fo any aerofaceutically

accEIBIE LIOREOL, %?ﬁfi{@ﬁﬁégﬂ%ﬂ}ﬁ aeceptable. sl tRgreQbiQl il infection in a
preparation of a medicament for treating HIV infection in a patient. 87
patient, wherein said viral infection is HIV infection.

32. Use of a compound according to any one of claims 1 to 26, or pharmaceutically

accepiable salt thereof, for the preparation of a medicament for treating HIV infection in a

patient,
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