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Pl PERAZI NYLPI PERI DI NE DERI VATI VES AS CHEMOKI NE

RECEPTOR ANTAGONI STS FI ELD OF THE | NVENTI ON The
wEe@sams3s nventi on rel ates to conmpounds that nPAINUS1085/012265

the activity of or bind to chenoki ne receptors such as

CCR5. I n sonme enbodi ments, the conmpounds are sel ective

for CCR5. The conmpounds can be used, for exanple, to

treat di seases associated w th chenoki ne receptor

expr ession %@ﬁ§k§N3*#§ ' I seases,

I mmune disegi [ ?ﬁﬂﬂiégﬁﬁéh . ND OF
THE | NVENTASNCHEM OKINEIRECEPTOR ENFAGONISTS ,

| eukocytes from bl ood vessels into diseased tissues is

involved in the initiation of normal disease-fighting
i nfl ammat ory responses. The process, al so known as

| eukocyte recruitnment, is also related to the onset
and progression of lifethreatening inflammatory, as

FIELﬁé&fﬁﬁgT{&ﬁ%ﬁégggo?u: ﬁgwgfsggiggsga [ \'/I'gg fromthe
atrhaGfesht fnREntRAGK aRes! Mﬁg)oﬁﬁést A gﬁ{gi]ﬁﬁ%ﬁle%ﬁ(}% W@lor bind to

ti ssues. Accordingly, preventing an ockl ng
chemglaugk recyptersr wich a5 CORS moomaraehodinessabe compounds are selective for

cors, ! LRIMBLApNAT e oLTTE, Aiseane woule BERel N iy
chemdkifd edceplor ekpesesh 6f adtRitk ek as GRlldrEmbidAl dREQCS, MBhMRWdiseases

in cellular imune responses include nonocytes,

and virglapieldgnses, neutrophils, eosinophils and basophils.
I n nost cases, |ynphocytes are the | eukocyte class
that initiates, coordinates, and maintains chronic

BACKGROUND OFYTHEIDWVENTIONNd bl ockage of these cells
fromenteri ng i nflammatory sites is desirable.
L ﬁﬁ ¢

HHEW]@E aid transpo ; ﬂg@sﬂc@@s itom Rloodvessgls igta @ige::ased tissues is
involv}é’ﬂi ifilhe (iﬁﬁlti%ﬁ(tﬁt by Gbdnatd &i&_agélg'gﬁg%g%mtnﬁe&&yrr% S, Eflh% process,

or nost o e actual tiss at “occurs |
also knaWnaasnetboeoyta reeaziteent,| 13f albd relbtedrio dhe toheet | andpdrogrgssien of life-
threateanqgé Ot AR mator t,esas | vsvelll( ne?svmgielt)iﬂtalti%gdaltltgin?mune diseases. The resulting
pathology of these diseases derives from the attack of the body's immune system defenses on
normal tissues. Accordingly, preventing and blocking leukocyte recruitment to target 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 attract 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, lupus, systemic lupus erythematosus, multiple sclerosis,

atherosclerosis, psoriasis, sarcoidosis, idiopathic pulmonary fibrosis, dermatomyositis, skin
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wi de range of chronic, autoimune di seases, and al so

organ transplant rejection. These di seases incl ude,
wheiosaew3sot limted to, rheumatoid arthritis, PCHUSV0®012265

contact dermatitis, inflanmmatory bowel disease, | upus,

pemphigsicbdﬁdcrrelawe;w&ls@fsé@ heprPemphigusvlilchith,ep. S6ligs o, ¥, erythemaz‘oszs)
at sclerosis, psorjasis, sarcoidosis, idiopathi

gl Omf‘gmr Hﬁﬂ%ﬁfl%:. Yﬁseleslitedes despatitis rjestes) §llomﬁrrspn’pm,g@ddgraﬁ-versus-

host dfddse €l ated di seases, (e.g., Penphigus vulgaris, P.

foliacious, P. eryt herrat osi s), gl onerul onephri ti des,
vdbe uvlrwaessjbﬁ whidpltkddytes lelivahbd bloodsttdafghadimulate at inflammatory

s, S B DO B B e crved s
(1) roﬂtngiﬁ () ABRBEOH Hrrt | HRSsiorPRl & Qfahséﬂd%ﬁéﬁﬁbﬁlggn%gi ?@?@5‘3 T. A.,

ave at |east three stepsS which have
Naturg 34¢:435-+3B K1989); L a@yrenest indaifringer, iGeth m&ssszm(laau) B3icher, E. C.,

cor NSRRI AR T g B vt o
chem &t &fdht 83&}3(0&9 Qjﬁemcﬁﬁkdéthﬁf recBptofs on GR! durfade &P %{39}3@3 then bind

(1991)] e second step is nediated at the nol ecdl ar
chemgagtaqtarky cyttkingsavhichcarasecreied dpt eslls. atche ritat afr @ammt or infection.

t he
Ress SRR SsPTuA el QISR g o nocces
that neliatd B‘amsiehdzothéhai anigggionrant pi@nbdies diredled ﬁﬁgﬁhob iofidheneells toward
act i \é I eukOCéges i ncreases the adhesi veness of the

the sodrgs catiactat efekingredi at e t r ansendot hel i al
MCHERAblaAc @PDKRES '(Eh?&cﬁ% ]ﬁe‘fﬁ&%&@te&ﬁ@&ﬁ&'ﬁ gffaﬁgﬁ%%f?st)ll&lown as

toward. t he Source nmoattractant c
chemaifiegsp aksot knovay tae kinteersing$ @ud APt eytokines are a group of inflammatory/

R 2SS LA R 51 ol 05 R e s by

wide itiegkoN@Sisaueh as ﬂfa@ﬂé@hﬁes 'Iﬁéﬁ&'ﬁ@t &sHo ]phllS neutrophlles fibroblasts,
I mmunonodul at ory pol ypeptide factors of nol ecul

vasculgeegeetherials celisa snreath em@SCleeIGelé‘s ethdbynagt welds avtamfbmmaiéry sites

e LD NG5 FREARRA0SS, TRIRSLS R R BRI Gy g, o0

(1997)3nﬁd$dj cthemblkﬁleeelidvs beaﬂcﬂeﬁﬁ'iﬁedcﬁ’ﬂ Opperdeith N ﬁmBiablor)Annu Rev.
vi ewed n ster, New Eng. J Med.
Immua%le 94@(57 % 83@139)9%@0 MridnBacOBL @élér Qon. bmgugcﬂs 5865 873 (1994);

; 9 I S e
Bagglé%g,e %?‘Re eI:t r%'f.‘, j@ﬁ% ?ﬁb 1{11{1)? 5‘@V%7§?§§‘94§3 éﬁéﬂl?lgqeé Thve the ability to
stimuthe&ﬁl%c’@d&e(l]rﬁ@ia)ﬂonSa lpabdessalmbvﬁﬁasmhenﬁwxls Exhrchemokine contains
four c)lfsqulg (r)elesidues6 '(8 dg two 1 terna dlsulﬁde bonds. Chemokines can be grouped into

two subfamilies, based on whether the two amino terminal cysteine residues are immediately
adjacent (CC 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 (IL-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-1q,
MIP-1B, 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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Baggiolini, M, et al., and Adv. Immunol., 55:97-179

(1994). Chenoki nes have the ability to stinulate
walreosaoxsas cel | m gration, a process known as PCT/US2005/012265

chenot axi s. Each chenoki ne contains four cysteine

lymph(&s’te(ﬂu essiféphilgnderddtitici delle) Mal behophild. i Therdandsexist the chemokines
es can be %rouped into two subfamlies, based

lymp%ﬂa%’ei Hupkpiacing frochegokinga) a@&@féﬂk@er(@ £PG%XE chemokine)
thatd%rrﬁtfamﬂiﬁw&ﬁl@}aff%%ﬁ?% ‘;3‘)%“‘% ot . Qr separated by

one anino acid ferences
cAviCBt lat(dsw ltrimvtm @s oMl z(ab‘tbrewmdin tibe rhawopshipt achdnmdsctic and

o S ETE SR SES i cack aehe chuseer”
muscbeédﬂgeﬂbx%ﬁla%@ ﬁl%/ovayﬁﬁar%@oﬁgl@ﬂ%ﬂg‘ Gid cAaH&R @f m e%ra‘uoil and cell

interl eukin-8 (I'L-8), neutrophil-activating prot
adheseqwirzyn@ms@eafnomrgmwahm iAnl, &t ot.yBimchénvistry, 1988, 27, 4162;

Ms S (A, S NTETRSENS, RSTYAOTE . 2. Tmano,

1989 cmanmssnaslllrsysm 2& aRAPESNatM Aad! Sei. Uswgp@@s |\§t[5:i3§738 Rollins, B.

y&e chenot acti ¢ protel ns ( MCP-1,
J., et %120 Al M8 133 2:kiangs Ne eééha&lmmupoh, 1998, 148, 2493 Vaddi, K., et

al., J._CIIBS‘(HBEPCIQ% 195 . 43P gﬁeq%lji}ef lgfﬁtho%#tgfﬁs%F F‘&a&%{raﬁxgatfea 85 M. W, et

ocyt'es, 80Si NG
al., PioasghiAsd. S'heUtSAaIl994 eXli, 365DHNE lphphaustergsee for example Loetscher,

I hot act b t C ch Ki nes
R S T A
al., J.iTRnfur@l.! Pey6 a6t 4. 'mla%ndl'?ﬁr@‘al nﬁﬁqbfﬁﬁhhbleswé@%' 3233), as

(al so known as MCAF (abbrévi’ati on macropha
well ashraediating histagmine eededse i hagoﬁfmlst(me)fooexalﬁplelﬁlam &, et al., J. Clin.

T e A
J. Exf. GMde 99D, QHSS%Q)CE{ hddﬁl@ﬂ' i lpékp"i'éh%o%%ﬂ 1\4@‘1"'313359 Beddf reported in

m)nocyt es (see for exanpl e Valente, A
dlseaSBF oulEniaseymulatign sl mpnouyigmacivrbages hlild#ar "lkcellms alhought to be

imporo 0 0 323855 £ O 10 B
HayesPrlodl., dasll.,. AdherdekcleBCThrokibA,VatO88iol. 33998 7133;39R0 maké'y%; M et al.,

Fum. fotiol 193, 3 527 Viag teptiuatass.. ciapaProgadiat. ARid. Sei. G54, 1991, 88,
5252; ~1\Ielke!nmi‘1pr)@I I Cﬁﬁ9 glﬂves%5§99l4§§ 1 1219%{1@151}{&}-51(1 X%&Céééeefor example

‘(see for exanpl e
Koch,A8aB., ebal., JUSHn. Iisod,, 1997, 3B52); AkahystphDs \ct eb, Asteitis Rheum.,

f anpl.e Loetscher,, ., F 994, 8,
1993, 1:8% S@a:ﬁ"bﬁ%ﬂ’ﬁ’r EI’ % Eh’&*e%%ai(r%‘@lénql Equslx %enep‘hmls (see for
examOBIoSig eN et Bl , L&Y, 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, J. 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., et al., 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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al., J. Inmmunol., 1996, 156, 322; Allavena, P., et

al., Eur. J . Imunol. , 1994, 24, 3233), as well as
wore@sAa0iseg hi st ami ne rel ease by basophil s (seeP€DUS2005/012265

exanple Alam R, et al., J . din. Invest, 1992, 89,

Reineéid?; HBIG SRR, G%str&nter@lto §§7‘| 1995] 10§X RO), '\‘Bﬁooardhﬁ? %seelﬁ rexample
1271, Kuna P. , 1992, 175, 489).

Seinoj ¥ #8ak tGpking wse%pao&mndnmgmomresqe fnwmwohcoeur C. etal,

Am. Jrngﬁ%éf ,[e @ﬁ%%ﬁdéggg zr%raﬁaxﬁ{orneac gé?ﬁlon {seé) F(h alﬁlple Zeyneloglu H.B.,

et al.j Hmﬁfahanéprbmdtlbﬁ i1098,i 83, D1I949,rccﬂfg@gfve31$daﬁmfaﬂﬁ1re (see for example
di seas such as atheroscler03|s (see_ for exa

AurusiiRegt aly Clqulatlgp, 1998, I k13p), shrqnig liverwlissase S%g%‘ example Marra,

F., et EI ?zlr\]ml J 1@&?1%}9 3:@%%1?31%23?;555(?%8 met t%ﬁ% gs% gor éi'léfﬁplﬁ Lahrtz, F., et al.,

Eur. JPhomunblt 1997027024830 Kawasaki di3edse (88, foﬁzﬁanplNeWIoag\,, MNM. et al., J.
A. ' ., .1991, .88, 1121 d
Rheurg?fphf il??7c‘ %nle]gb?ve ¢ E%Ez%@el@é ﬁxalﬂpl%Egdlk sﬁ%\r&t OIJ, et al., Infect.

Immuf, '1'998 | 66, 8369). F%?tﬂ@rmo%@ anﬁzg’ICP%( ahgBdty: hak- beeﬁtrel%rted to show an
Afthritis Rheum, 199 36 2: Robi nson, al .

inhibiggjry reffegi pr a|thmgp@l,tlc efi@:;[ in agg'ylal me@ds jof |rhetggzég1df @nthntls (see for

G . 3 .1 o 035 900w 51 1. Lo,

Biol.,3998263d359,LO at@tHéﬂet al K. (Pﬁfhblj 997, 189911),6) Gﬂultl?s@clerosw (see for
nephr opat hy see for exanpl e Sal t oh

exampl iKarppsa V- Angl al. hdggko Biok, %ké?aﬁ%l), pephrigis (s¢e for pxample
Lloyd, C-Q4KQE a1 B, Ig%egl 9318:?19@71 W‘ﬁd Ay of | PA@E@S&, 1996, 10,

pul nohary ’sarc see or e’xarrp Bugly
1418)easthha (sek rfbmxmiplewékd»nzala,el -A19617a,1 363)(;8%&)(1 Mhﬂr&tz (Is8eLukacs,

N. W T g 158598, athepes er@tlﬁe%ﬁf‘efpgveg%p gl A et
Cireu 0P, {5931 8 CupPe) q%&%ﬁ%ﬁﬁ%@%ﬁ&@@? 3y epple Rand
M. Li4py]., dub.t]. flathadcl19965i148,(8%9, pumossmanirertnditm (sse for,example
Klmw('ea; el Jle?;paﬁ}g\feré{)gq&?%g7l}%%§ ’ir&?a%ﬁ{i%%g%l RBSHORLES for example

ZeynépﬁglﬂHHOB et 4098m. ¥0bbstdi2 Gynewlf I1998mlt7<9r 43$)owebepﬂd§ Qaf&@onist of
rexan‘pIeGrlrrm C, et al J . Leukoc.

MCP MCP 1{%36), hgo begga,lng'pm;tqdeﬁo mh;bﬂ@rthrgts in| the mouse model (see

Gongcjﬁl TTTJ]? %@: r4%1109¥?971 ??65 aﬁﬁ?%&y{ )as s[ﬂ’d?e%gbgk/[&?sl é%ﬁc?enft Uice have

shOWIf:‘ﬂﬁltO WECP-10i8 ieSsehtiglefor @mommbmﬁmlehmzewo (dee,.LigtB.pbt. al., J. Exp.
i ntraperitoneal

Am_ J. Pathol., 1998, 152, 12 é

Med.,dgh8s189n0Qs &t fLoret alaMplleCetbyld $c?g|275) H B., et al.,
nlit%?a?&rgdH@Eda%g’ ite? FhenmbRined 18.1@1 af OM%?’E‘I ' Al Ii\?ﬁ’r~ia attract
ure (see tor exanple

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

involving 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 disease,

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., Curr. Opin. Nephrol. Hypertens., 1998, 7, 281; Conti, P., et al.,
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Aurust, P., et al., Grculation, 1998, 97, 1136),

chronic liver disease (see for exanple Marra, F., et
w@beos/14w888 J . Pat hol ., 1998, 152, 423), viral PCT/US2005/012265

meningitis (see for exanple Lahrtz, F., et al., Eur.

Auergly aﬂdTHHﬂhﬁia proa,99§98 29, 1214%501@‘1\@861% e@lalse@feﬁdé N%ﬁroscl 1998,
exanpl e et al . Rheunat o 19

21, 152‘41\4%%)1“ %@Rs%p@ag @@é@maé@rymmseg@ﬁwb%%ﬂ; 54& A
[
etrh_@'cw@@anprlngo ot %éeif’ﬁnfa%@ ’rect%ggfr’% belgﬁ%&g ¢ R t%mﬂy of G-

anti - eh repor
proteinvwioupliet meyemfrimntenﬂjrar&-ddmlﬂ@mtéin@ (adviesndd innHaﬁikLTernds Pharm.

Sei, (868 (1§95 vRlcBratesermed chefialiiarospiorsg 1 bipging their cognate
hgancﬂa"r%no‘ﬁ(ﬁﬁr fe@ﬁ;toxrs) ’craﬁsduce'l an nﬁtf‘éékﬂﬂaﬁ §g&{£ &&?glf a@%b éa)ted trimeric
G PrQﬁ‘UN,l @B@tlsglm,r yBInRg ()’élee r¢sppn®3awphpldiﬁacqw® iMimttheelludar calcium
concegdrérttioglx g%x?%es qugc)e;g slhepe I\l/pcrggs(zd qx%fesgon%%{ﬁ;eﬁﬁgg IaEi efg%vmolecules
degradfi&tion] 3d profdslidn of cell Bligridtion. FASEB J., 1996, 10,

1418) asthrra (see for exanpl e Gonzal o J.-A, et al.
J eng(ﬁlcopi@(g receptygg of Wlﬁqglwmcﬂqym@dgave keenyglongd, and it is known

that tﬂem to agrg %}7pro ?1?- mﬁﬁg gev & [0S g ise %p Seeeg on various
PR BEShprofeitegodbted Sy Ao piED e Kcerth Bl

leukoc(}sau pp;bulat;lonlv 8(7 fe)r, atdeaisajﬁ@d axom ehém@ﬂflé ma%tbts\/hQle)nglli@%CRS) and
at ho

eight ;fgach%@@%% I e&??&aﬁa&ﬂ%ﬁ&&f‘é eV rbe?rs identified. diosrAxeeple IL-8 is a
hgand@om)?CRﬁand @5%(‘:‘1@ MIP2P, id Hl\éfﬁ# CCIég §§d Fz%fég%%%/l%]?q 1s that for

I ntraperitone adhesi on (see
CCR2A aldl CGR2Balfor réfetende, sébﬁlectxan@m&%ﬂnes 199&., di74,, Science 1991,

253, i3 2ap R o o RN AN S TE SN RN,
72, 4Imd§£ b%ﬁl% cmg et -a1.Hprod. Iﬁf%éclaﬂ’eg% ' UdR9 994881 2752.2756:

. as well ‘as stud|e5| cl eht "m cé have
Yamagélmwﬁ tehat., B’b@h&m i Biopbge Res.aCorhmunnd 884202, t B56-Ul 62y€vinbadier,

C.,et i%lgl | é%uf’qf of glo’l%glcal C%ﬁppstry@éf}?S %59%3 16&%%)91%\2\1&%27 C. A, etal.,

J. Biol. ldl%hﬁt W, ngli BAYES 95 HRLS LABHDKI. n&%lSB?&h@ﬁu%{?wa% 3362-

MP- |a attract nmonocytes and 1 ynphocytes to
3367; dYlpephyaRd Medianel Rewiew af finvanblogyando4,hids H2e633). It has been

reportéchﬁllégmn LRARG 3%1!1 n}?ci g% | nvo#ongaggclélggrtggse algrgge;c}al}l CCR1-deficient

gression and main
mice (sm/ﬁh@/l]n-@ Jophcy tBxp. Mrd., [190PhIEsy 1 959; Geisd, @S et al., J. Clin. Invest.,

1997, %t her2822c)l eaiu(i) Stlhgt rercﬁusttmeerr]lsc) Solf Smacrlrcr)]pehbailrgrgst ghctij formation of atherosclerotic
lesion decreased in CCR2-deficient mice (see Boring, L., et al., Nature, 1998, 394, 894;
Kuziel, W. A., et al., Proc. Natl. Acad. Sci., USA, 1997, 94, 12053; Kurihara, T., et al., J.
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 to acquire resistance. Multiple rounds

of viral replication are required to generate the genetic diversity that forms the basis of
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arthritis, psoriasis, asthma, ulcerative colitis,
nephritis (nephropathy), nultiple sclerosis, pulnonary

wo 2dws06i838 myocarditis, hepatitis, pancreatitiBCT/US2005/012265
sarcoi dosis, Crohn's di sease, endonet ri osi S,

remst:ﬁ@@g@&frﬂb‘i’r&u@ﬁ%&raﬁ?'lh Wiidlch téplRbtibE A Mekxihally 68pBs8d remains a
infarction, neuropathy, Kawasaki di sease, and sepsis

corneystang of @ea@@ml@ aroyiiRhibigrs.;as wigh other agep\ﬁ;} The tangplagegf multiple

steps &%’hr g%gf?rg&/erg[m s ggsé 1&5@%‘(]9(1”0%@@‘3&%@%]?{1’(1%{){ Sy&%ﬂStarr-Splres

etal., ﬂlm Akzb eviey., 2002, Mnmlmoc 1998, 19, 121; Ransohoff,
Nﬁgﬁe} ,ﬁ%t{rtyaln]ﬁ) @D4(+ét cei? urregﬁlg‘]elm g}ﬁ:},gggc&e?tzléowé}gacﬁons of the viral

envel pi%??&%otei‘xﬁ%ﬁh Db Hd a-EBFec%d"ts na%sﬂl@'cﬂgmBﬁne receptors CCR5

I'C ce -sur ace recept bel onging to
and GXERAY Aofplmltde aipproacloupl Bldcling ehist pmcsssersbtcamee damvdall molecule

antag(lirggts %Ig ggr(e Vi &m@ﬁ?% El’hgb][exl? 7%8&(%8’”5 E%r%% él%fl an‘tagonist of CCR5

that at@G6 Hﬁ@&reﬁt HIWl bk festiong TIARET79 extabies HI‘VllgféFbﬁ@atlon at the membrane
chenpki ne receptors transduce an intracel lul ar si

fusiont sipgaibh bldekingstbe dntenaetdpn of fﬂa@er@l @rfﬂcetgéyqe?@rotelégml 8@ mgth CCRS.
The ﬂn@c%lnggﬁg gfgr t’l?& F7RSHPRS i g% one'ap cf%a%%?aéeﬂular stace of the

¢al'éi um COI’]CGI’] nges

recep@ﬂmlnlmB?f@%Mt\e&ﬁl tfunsmémbfdnb Llllleﬁdiesald Resj afdl 7 (Dragic et al.,
nol ecul es a ranul ati on, and pronotion of cell

Proc. iNodfr 4eqdhci. 2000, 986N Bk ept or s of specific
CHRERKLABRInD & pRES @%@I@ﬂ%‘fh ceRd dr% bgﬁe\}éﬁqmetlﬂéﬁ as co-receptors

these receptors Pare pr ot el n-coupl e
by ths eV ecellttrapis nGHD r ane nraerophb ger- tssopnc e@@)t HBW-1v atraiogjsrespectively, for

enterileg] gﬁgk%ﬁgt pglgs: Lﬁtgﬁai%gs@;(@%ﬁ? f:ﬁﬁ\s ér Ia%tCIgécl:ymphocytes and
macrd’yﬂﬁ kﬂeﬁ@lrése&gﬂ%é%[oi &%@@B&br% or b)%eﬂ‘le' &ﬁ@drfab@ dindividuals

examnp -8 1s a ligand for CR and
lackingl BOR5 (C@Rﬁhb)telta o2 BoRbzygeds GERBLYPah drdvmhenotymcallyanonnal and

il Ty A, (Bl HELTSE 58 O B s

CXCIMJ (RO cM¥mol&he S8DF-1) 26d SRS, (tRHSC chaﬁeklhasBRAm @(IP-1alpha
et al, Cell, 1993, 72, 415-425; Charo, |.

and l\é]P lbqtq;)oa‘ he NSt nom@qﬂldlosgcpmpqm thg@g&eraqg Wlﬁly §§R§7 zgd not with
cxc%gg%acg]&?rr?aﬂ sagﬁr&%ﬂm %%Px‘?dé“ ﬁ’é&é@!&ﬁfé gﬁ%md?%féﬂlﬂés potent but

variableatith-8TValetiBitp (D¢ Chatq éﬂm&melﬁﬁ\rw CHesR B hedfther. 2001, 12 Suppl. 1, 19.

13@% %&5 4@5325@%@11@%@ olgfule éf’h‘g!tor of ﬂ}%"l entry via the
CCRPLQENDH:S 5CY-CLAP Bxin2pipdRBAe 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 CCRS5 in U-87 astroglioma cells but has no
effect on infection of CXCR4-expressing cells. (Strizki et al, Proc. Natl. Acad. Sci. USA,
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
immunodeficiency virus type 1 (HIV-1) via human CCRS. It has been found that AD101
inhibits HIV-1 entry via rhesus macaque CCR5 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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3367; Murphy, P. M, Annual Review of | munol ogy,
1994, 12, 592-633). It has been reported that |ung
w0 njosamsat i on and granuroma formati on are suppPEEESIOH/012265
CCR -deficient mce (see Gao, J.-L., et al., J. Exp.
methibkidle-198 98&€oudd For HXOMserfsRvA bf fracaq ab @RS td mhlf;itﬂoﬁ by SCH-C.
I nvest, 1997, 100, 2022), and that recr ui t ment of
Positigm 4P pstia &R atranshmnrhsanco(T MY hebitieangsie nef loedted péthirothe previously

PSS 1 SR BISE, B8, SR by 8 12

and 7PBased dadthdie A6 gmindCicid S&H;St‘itutlibﬂﬁih CORS, 1tHaSBeen suggested that the
. Kurl hara, T., et al., J . 1997 86, 1757;
regiorpgf iG{RS pear repidye 198 Fran 1@ﬂpeﬁlce |thq, @gqlformgtgglp s@@e@ of this receptor.
BillidoRal ; 20dAS IOk 5 7%?32%3%?5 are al so known as .
coreceptofs for viral entry leading to viral infection
s%@hoﬂmgly odrugx awhick, inhib thef Bodingnof Reurolsiees to their respective

transcrl I.qn and protein processing. are.the.classic
roceplorEe bt SRefl A5, HEAMETEHACH, PBFES LYY (PEPLOR phphemokines on
targetidaR§ mmlscl@gl@ate‘ﬁt@mo%@ﬁg SpRckstn d@ése %cepﬁdrs hméqaenuﬁcamn of
many new drugs that are believed viral entry

comppiaridy thatanoddatetthe petivity efichemking m@em@remr tleckyithie dtinding of viral
Hi lo ac e

protefy 15presp S ol BheelBF o Brikf afPb B she A BARRGH ot ghyracological

agentQ FOE KR ErehtitengTeinflamehatey Sédnditidns) viralr ifeéthtd Ba®iocther diseases
of resj st ance. Conbi nation therapy in which replication

associaid ik ARAMSKIRGf5GPRIGE RiivRRom; e camporpds fithperasent invention help
fulﬁll#%&@taﬁefhe%ééasem ry inhibitors, as with other agents.
e targeting of multiple steps within the viral entry
process is believed to have the potential for synergy

SUM&%@ Qﬁ&*ﬁfiﬁwmg CD4( i?bcellvlbg r 63895632%2)

S%H %Ehtséx?c|1n‘!ré&h"tl%ﬁ?%xh&>é§%oﬁl ol ofiFbithufanvel ope
gl ycoproteins w and a coreceptor such as the

chenoki ne receptors CCR3, a | ausi bl e

approach to bl ockin /—l S_\I‘ 0 use snall

nol ecul e ant agoni st arecep uhgtion. The

TAK- 779 nol ecul e j,§ on such ant agoni st of CCR5 t hat

acts to prevent =infection. TAK-779 inhibits

H V-1 replication at the nefgbrane fusion stage by

bl ocking the interaction of the viral surface
or phginyecopticatlyi avcepibiae salttdr @ORAGIg fHareofii wherein sornstitfent members are

779 on CCR5 is |ocated near the extracellul ar

deﬁneéﬁiﬁfed’&e of the receptor, within a cavity forned

b%@ﬁﬁ&ehf BREARSD BaRRr BROVidRScolpdiitiods cBRPrifingRh8Fofpounds of
Formula I 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 I.

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 I.

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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Proc. Natl. Acad. Sci. USA, 2000, 97(10), 5639). The
chenoki ne receptors CXCR4 and CCR5 are believed to be
was@d/1es380-receptors by the T cell-tropic (X4pCEHOH2005/012265

macr ophage-tropic (R5) H V-1 strains, respectively,
comﬂr@fng_ﬁi&ihﬁﬁi'sﬁﬁn%ﬁ‘@ tHe pRRht & BlekapeufitaPp agREHIRNARbUDT a compound of

strains of HHV-1 on CD4 |ynphocytes and macr ophages
Formpladui r es expression of the CCR5 coreceptor on the cell

s ivi- dual i . . . .

ok Behoh Al SR8 pidie X MERIELLS iffeton i a paten
comprBRigsidatihisteting & &4d paenta tiheripevtitally\éffertive ainbyntcara da@pound of

i phi bited by the natural |igands for CXCR4 (the CXC
Formy kine SDF-1) and CCR5 (the CC chenoki nes RANTES,

N . : ;i o

o e R R Bl v g R LuRE B R 6 ferapy

i sThee puesdnd ringentioanfupthen praléddsvasei ofta caigosdd TAKF@T@la 1 for the

%chfal so,.has P tent.but variable anti-H V activity
Prepa#yen g grpglicqment J9rUs 1} Me@REm Chenot her. 2001, 12

Suppl. 1, 19. SCH C (SCH 351 125) is another snall

nol ecul e inhibitor of HHV-1 entry via the CCR5
DETASLEDBESCRIBEION an oxi me- pi peri di ne conmpound, is a

S i.f] t st _.as determn 8 multiple

i O G A S AT L G

conpound specifically inhibRts HRAI infection

medi at ed by CCR5 in (pFBR sh\@gll ‘h@ Il's but has no

effect on infection CXGR4/expy essi ng, cel | s.

(Strizki et al, Prag€. Watl. Acad. Sci. USA, 2001,

98(22), 12718 or Ry ay et al., Antimcrobial Agents

and Chenot her apy, 2002, 46(5[), 1336). AD A,

chemcally related to SCHC,~ also inhibits the entry
or ph@imaEieesally BYaEPRORS daftice Petryg fhefeot Wlerdin( HI V-1) vi a

human CCRS. 1t has been found that AD inhibits

HIR/-if hefgraayy! pptionaily sybstitaied ftionoor@owhR ;e SCH C does

nG{2.. [:ght ~r eS| t [ e h

s PR S TG C L e YER G X GFRBERT, E°8.
alkyngh eryighdtromiyh €;-0A8 cloatighurtesodyoloatktyt, SORE88LRT \GORS, TR’, SR®,

cooft] BB R EE A ane. (T hel ix 5 and 1S not iocat ed
LD, 8 el e e St 200
3,R4 is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cg alkynyl or C;-Cg haloalkyl;
R’ is H, C;-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl or C,-Cg haloalkyl;
RS is H, Ci-Cs alkyl, C,-C alkenyl, C,-Cs alkynyl, C;-C¢ haloalkyl, C;-C¢ alkoxy, C;-
Cs¢ haloalkoxy, amino, (C;-C¢ alkyl)amino or di(C;-Cs alkyl)amino;
R7is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C1-Cg haloalkyl, aryl, heteroaryl,
C3-C7 cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylaikyl, (C;-C7 cycloalkyl)alkyl, |
heterocycloalkylalkyl,or NR?R";
R%is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C1-Cg haloalkyl, aryl, heteroaryl,
Cs3-C7 cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl, (C5-C7 cycloalkyl)alkyl,
heterocycloalkylalkyl, or NR'“RY;
R’ is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C;-Cg haloalkyl, alkoxyalkyl,
haloalkoxyalkyl, aryloxyalkyl, heteroaryloxyalkyl, cycloalkyloxyalkyl,
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and 7. Based on studies of am no acid substitutions in
CCR5, it has been suggested that the region of CCR5

woews/101838 due 198 can i nfluence the confor mat i BEEUS2005/012265
state of this receptor. (Billick et al., 2004, J

hetero\{'ﬁél@ hlkylok§Bkyl, 448 hkterfe 10 Cgi@’/%z&'lpaﬂt&u Gstevdiycloalkiphiabiilkyl,
the bindin f chempkines to their respective

heterauedelby bi(G:-baky Bealka bl orbeismerrlaeulaod  agents whi ch

et b gt - . ; |

5 Bl 118, 86 kg TR 095 L SLOBERI e, .
Cs haloalkeftagylshetdioearyl, dBAC] dyictoatkiyhrhetdroyeiqatiyhdsylhliat, heteroarylalkyl;

nodul ate the activity of chenokine receptors or bl ock
(Cs-Gy ﬁi?lf%ﬁiﬁﬂ?ﬂgﬂd* %G‘ieF%?VC]BFﬁSV]é‘ﬂW%é represents an excel | ent
dippig g s g _t@é%lﬁ{e?m tﬁ@ﬁéﬁ&n%\%ﬁ&&ﬁ@}n&w%ﬁ?ched form a 3-, 4-, 5-,

phar macol ogi cal agents for the treatnent o
6-, or 7rhémberad betgrasyeldalkylogreyp;vi ral i nfecti on and ot her

2o Rome S edpsBiil” bF Chite MinbaGrbs liomsh P stiomyt, O
Cs ha%@ﬁ@lﬁhﬁ_a?&&hﬁ%rgﬁﬁ%i%-@{@c%ﬂ@ﬂ,l Heef6SycloatARY @], Hateroarylalkyl;

present i nvention provides conpounds of
(Cs-Creyaioalisylalkyljor detepteaeloplkalalliydal | y acceptabl e salt or

prodni er.e el s r 4 &l
Qo Fremh 1Sy afiner MR B LBRT0 LB he R Aot .32 . 5
6-, or Jofp@Bdered bekragoipalksi grgup;mdconpounds of Formula | and

a pharmaceutically acceptable carrier. The present

i veht? &P-f urther provi des nethods of nodul ating

activity of a chenokine receptor conprising contacting

t he chenoki ne receF)tor with a conmpound of Fornula I .

The spne smbodimensnRi e J-164, Beor Pi-menthesedrietdroatyl group containing

treatjng. a di Sease associ at. th expression, or .
at least ope \tping- omamgﬁfﬁtg% i i 11 Sal g’t’ gf’ SJ] o 38%??5%%?(1 ﬁ)eteroaryl group is
optiof@RI¥ubstit(3d %? M Dissef RAgrduPs.sai d patient a

thérapeutically efggctlve amount of a conpound of

Fdn sorhe embodifteatspRe isen- ari@enembered hetetparyl gronp epatnining at least

one rirr{g-tfgr%%%g?\f att01rn? xavthier%%l &i | Ircntered he%gr%g}y igr%rl]lp is optionally
substituted by 1, 2, 3 or 4 R® groups.

In some embodiments, R! is a 6- or 5-membered heteroaryl group containing at least
one ring-forming N atom, wherein said 5-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
1,2,3 0r4R® groups.

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

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

groups.



sel ected froman inflammtory di sease, imune

di sorder, and viral infection in a patientconprising
wa@ewsnisseri ng to the patient a therapeuti cal | BCT/US2005/012265

ef fective amount of a conmpound of Forrmula | . The

prhlssante entbogiiva k@, FUE Gi@blipyl oMb Eeso 1A, fiﬁgﬁthf}fldﬁl&ﬁ %&h&ﬁ

H|V|1 ection in a patient conprising adm nistering
pyringidiny 3}5 Kepyridyl »tlﬁ@?aéﬁlé@fpﬁfaﬂﬂ?a cach @pwl!ﬂély&nbﬂmte@byé 2 3 or 4
RS glogpPound of Fornula I. The present invention further

provi des use of a conpound of Formula | in therapy.

Thia Spmmhodummﬁmtll gk pjfmﬂ}tllmmnmﬂmﬂ dedxupRi I‘a-oxopyrimindinyl

cofmpound . of Fo I r the ar ation o
5 isoxeggle] RYIfeRls. Bvao F‘?Fﬂm eflyP Riapplvb coriseRillpbstituted by
1,2, jt@gmﬁ%s&;gs | nvent| on provides, inter alia, conpounds
of Formula | : | phar maceutical ly acceptabl e salt
rlnﬁp@@rﬁl}‘d)()ﬂheﬂé@fR inpwidsilrpyriRiidiny, Aebromaidyl, isoxazole or

pyraf B S0y Btk 0P Ry P RE@S na ol ky!

C2-C6 al kenyl, C2-C6 al kynyl, aryl, heteroaryl, C3- C7

cycl oal kyl_, het er ogycl oal kyl, SOR7, SQ2R7, CO?8, OR9,
10 SAB someeRPodNpaNRRL 16r NRLOCORS; R3 is F, O, Br,

| 5C1- G4 +val oal kyl , Cla&4 hal oal ko or heter oakyl; R4

IS C\CGaIkyI CZCGaIkeI C2-C6 al kynyll or
Cl- al aagkyl ; |R5 | s H. Cl Ryl , alxenyl ,
C2- ynyl or g Mal 0a QRb i s Mgt

al kyl, C2-C6 al enyl, NC2- 6 al'kynyRS Ci- G hal o0&l kyl ,
Cl- C6 al koxy, Cl- C6 hal oal koxy, am no, (Cl-C6
al kyl yamRo or di (C -6 al kyl)ampo; Ris H Cl-C6

al kyl -C6 al kenyl C2- C6 al kynyl, Cl 06 ha’T“"(’)aI
aryll ete E@ryl « cgcl NS
aryl et er og 7 C}c@cl oaI k )a kyI

het er ocycl oal Kyl al

H3C CHj; H3C%/CH3
WI/H/ Y HaC 7, —Chs H3C 2
N. ¢ NN
R

X 6 X X N
/)—R |// =N I NN Nl = ¢
N y RS N ) N \RS ) /\RG ’
l AN . H3C | SN CH4 H3CY%/CH3 HsC | ~ CHs
R NN
SN N¢ Nx¢ 7
N™ °N ) \/\R6 , 0" ~ge  ,o0r ;(6

15

In some embodiments, R! is:
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R8 is H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl,
Cl-C6 hal oal kyl, aryl, heteroaryl, C3-C7 cycloal kyl,

whedsnosyg| oal kyl , aryl al kyl, heteroaryl al kyl , PCTZBS1005/012265

cycl oal kyl')al kyl', heterocycl oal kyl al kyl, O NR12R13 ;
RO is H €ItC6 al kyl, Ce~C6 al kenyl7” C2-C6 al kynyl ,
% al kyl , oxyal

Q
Ky Oty cl 0aNKyNeRyal kyN A,

het er oar yl, C3-C7 cycl oaI kyl , heterocycl oal kyl ,

aryl al kyl, heteroaryl al kyI (C3 C7 cycl oal kyl ) al kyl or

het er ocycl | kyl al kyl_I Rl 1 are each,
i ndepe , H C1t 3C2- C6 al kenyl, C2-Ce
al kynyl, |C1-| C6 hal oal k ryI het eroaryl, C3-C7

N N“het erascycl oal\[(yl aryl al kyl
het er oar yl aI kyl; (C3-C cygPoal kyl)al kyl or
het er ocycl oal kyI al kyl; or R10 and R11 together with
the N atomto which they are attached forma 3-, A,
51n sdine embodimemisbR! &d het er ocycl oal kyl group; R12 and
R13 are each, jindependently, H, Cl-C6 al kyhy, C2-C

al kenyl , C2- al kynyl , Cl+~C6 hal oal kyI ryl ,CH

het er oq.ml - C7cpycl pal kyl[, hegterocy 3

aryl al kyI te oar%l Jﬁg 8'%‘,"7 cycl odal kyl )aI kyl or
heterocycl yJ al kyl ; or | 2Jand R13 to & with

the N at om to#Whki ch thew/ar\é ttached formga 3-, 4-,
5-, 6-, or 7-menberé€d heterocycl oé“gyl group; and r is
1, 2 or 3. In sone epodinents, Rl js a 5-, 6-, 9- or
10- menber ed heteroaryl group g,qpta/ i n At | east one
ring-formng Nyggomwherg;n sai d\{5-J 6-," 9- or

10- menber ed heteroaryl/group is opt—rm)nally substit ut ed
by 1, 2, 3 or 4 R6 @rdups. lon soRe enbodi nents, Rl is
a 9- or 10-nenbered heteroaryl group containing at

| east one ring-formng N atom wherein said 6-nenbered

h@ﬁgg@@gmt,o(gﬁgﬁg R&isoptional Iy substituted by 1, 2, 3

or 4 R6 groups. in some enbodi ments, Rl is.,g 6- or
5- menber ed heleroaryl group ont ai ni ng at Ieast
\ CHs
HaC
/N
\/\/ 6

or

In some embodiments, R is

Hacw/krm3

l
NN

[VaVaVy
A
In some embodiments, R? is H, C;-Cs alkyl, C;-Cs haloalkyl, OR®, SR® or NR''R".
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, CF3, OCF3, thiazolyl, pyrimidinyl, pyridyl.

In some embodiments, R? is F, Br, or CFs.
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one ring-formng N atom wherein said 5-nmenbered
heteroaryl group is optionally substituted by 1, 2, 3

W@Rr004/1683%r oups. I n sone enbodi nents, Rl i s a PCT/US2005/012265

6- menber ed heteroaryl group containing at |east one

wmﬁ&&m%&@tmmzﬁk sai d 6-nmenber ed
heteroaryl group i 5, optlonally substituted by 1, 2, 3
oinwnmelgqumsnts;]ﬁ isemdhdnbodi nents, Rl is a

eter contai ning at | east one

r .I‘{r%’ or mg?fg C\Aheﬁrégll?xwl' sai d 5- nenber ed
haiﬁﬁm@ﬁnbmﬂﬁ@ﬂ@ R%m@mﬁhﬁnally substituted by 1, 2, 3
or 4 R6 groups. I'n sone enbodi ments, Rl is quinolinyl,
i élb%ﬂslil%%mb@%menﬁaarplﬁt hyridinyl, indolyl, indazolyl,

Piﬁé&H%Fmﬂ&ﬁhﬁhQ ¥bh, N—oxopyrldyl N- oxopyri m ndi nyl ,

i soxazol e, pyrazole, pyrrolyl, n1dazo|y| oxazonI or
t hi azol yl, each optionally substi t ut ed by 1, 2, or 4

B e TSRS ER o L by

N-oxopyrldyl i soxazol e or pyrazol g ygach optionally
substi t §&1\3@ 3 or 4 R6 g{o S. Slty 0
enbodi pyri oyl op NLQ&I,
N- OX Oy jATi —g%ole ol e\—pYyrr , R
i mda , oxazonI hlaé’6 yl ., each optionally
sub®t ed by 1, 2, 3 or 4 ups. In sone

enbodi nent s, Rﬁais pyridyl, pyrindinyl N oxopyridyl,
i soxazol e or pyrazole, each optionally substituted by

132, 3 or 4 R6 groups. In sone enbodinents R1 is I n
sone enbodi nents,. RL is: ]n sone enbo R
i 41 sqrRe %h%dl@ﬁ%cﬂ’lf fenpan arigefimy .’Rwéﬁt s, R

is
: NN
™ CHs
— N N
~ = R N_ \z O/N\/’ , Or \f

6

A

[TATav Ve

"‘SCWC“S

NN
or

3, 8
W A/ :
9

In some embodiments of compounds having Formula ITa or IIb, R" is:
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In some enbodinents, Ris In sone enbodi ments, R2 is
H, C1-C6 al kyl, Cl-C6 hal oal kyl, OR9, SRO OrNR10OR11l .

wo poosams3enbodi nents, R2 is Hor OR9. |In sone PCT/US2005/012265
enmbodi nents, R3 is F, Br, CF3, or 6- or 5-nenbered

heteroaryl. In sonme enbodi s, R3is F, , CF3,
OCF3, thi azc‘ﬂ'\f/l , pyrimdinyl pyrl dyl y,d.n _donecy,
enbodi megt s, AR i suF, BilaC 3SONe oXf nent s,
R4 is Cl- In somslenb di nent s, L8 net hyl .

In some enbQdy#ents, RS | NChH al kyl . In{sone

enbodi nents, R& is ,net h)ﬂ . InRSome embodi mehAts, r is
1. In some enbodiments, r is 2. In sone enbodi nents,

t he conpounds of the invention have Fornula Ha or |ib:
Han bdrRe eﬁleo&ﬁféﬁtswia@ﬁpaﬁmsm%g%malmasoﬂw IRigs
Formula Ha or lib, Rl is: |n, some enbodi nents of
conmpounds having Formula Halor Ho, Ris: In sone
enbodi ments of conpouR h o?gr mula Ha or |ib, Rl
Is:1n some enbodi ments ofJconfjounds havi ng Fornul a Ha
or lib, RL is In sone enbgdi pynts of conpounds havi ng
Formula Ha or lib, Ris H, -C6 al kyl, Cl1-C6

hal oal kyl, OR9, SR9 OrNR1OR11l . In sone enbodi nents of
conmpounds having Formula Ha or lib, Ris Hor OR. In
s reorrerbtibdiarhs of tompoimais hesing Formglafty saills Rids 8 C,-Cg alkyl,

34 5- or 6-nenbered heteroaryl. In
Cl'c6§’&§9éﬂlg’gfoda]§‘|>r$3gt°§1\g#%%énpounds havi ng Formul a Ha or
| gD sorffe bfbbdinmBhis o2 EoQEg?undstha{lﬁlg%ﬁhﬁﬁl'I &Aa18, tk‘“ls H or OR’.

certain features of the Invention ar g,
c lmsarng embledioentsed compolrels devingFormfladéparid, &’ 1sF Br, CF3, 5- or

6-mergg%§?bgfgpota§yl can al so be provided in conbination in a

In some embodiments of compounds having Formula Ila or IIb, R3isF, Br, or CFs.

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 alkyl 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 alkenyl groups include ethenyl, propenyl, butenyl, pentenyl, hexenyl,
butadienyl, pentadienyl, hexadienyl, and the like.
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enbodi nent. Conversely, various features of the

i nvention which are, for brevity, described in the
wa@omsaxs3of a single enbodi ment, may al so be prPOWUS®AS/012265

separately or in any suitable subconbination. As used

hRE @kd hdrB, Ak akdfds to lafi a[l@@%?odpohefvﬁ{geéné & 1ore triple carbon-

saturated hydrocar bon group wh i's strai ght-chained
carborpbotisis akfidneple alisyaybgroupd fayludg pthypxl prapyoile beenkl pegtimyl, and the
lik ethyl (Et), propyl (e.g., n-propyl and isopropyl),
1Ke- butyl (e.g., n-butyl, isobutyl, s-butyl, t-butyl),

PABtyskd hrelin,, “HAIRGRA'Y lrefelisst@peﬁﬂblkbfl gftﬁ@pﬁdiﬁlyg bnéod nhdile halogen

like. An al kyI %Sragup can contain from31 to about
substifuepit Bxarapldwinallon greuns inalude Chpobat'sa 6HFer Gl CtPHﬂza CoCls, and

the lik% ?%H%E, & lg(‘éﬁni'njwﬁlgh Qe {heq%dML@H' éﬂ%rfﬁ’ ax%tl‘gf)‘l,tacei‘hkwﬁﬁ Ih{}l%@éﬁ atoms

rbon at ons erein
can berrefeelreﬂ tb as an:rmwglkylg’rE»mmﬁiaperhgloaﬂﬂ(yl goupinelude mlg end C;Fs.

egﬁ aerrgllgg pag?i} |refe59utpé1iz1 ocy g:lr(ﬂer%yc%r ﬁ%gs HIW%% Ihl§781rocau'bons such
as, fo%ﬁﬂﬁh@é ?Bg{el}%llpﬁ%hﬁgﬂl %ﬂlrace'ﬂ?l’( %ﬁérﬁaﬁﬂﬁenﬁ ni‘ﬁd&ﬂ}@ Inb&R1,ARd the like.

used : refefrs to an al kyl group having
In sonenembndiments, aryl grbedeawbﬁ]wa@ t;mbobbh&lgarbaxawmse al ky nyl

s R0 bR “Sx GOl e R NS paqmiiielSRetic RARIUMYpe, dpeluding

cychz@d KixY1, Aikedpl, BAY bR ANEods. @elaaml Ql@ﬂﬁs Sabmthide @tltcﬁ poly-cyclic
Exanpl e ha oal kyl "groups include CF3, C2F5, CHF2

ring syxtei8s agicen optiomlly copigin unsatpfagiens. A@?(amnlgv cygjpdlky greups include

cycloéfl’g]{)ﬁh eﬁél&%ug{(rttcgﬁ nlg]%mgﬁogfcg? gfr%ga ﬁeﬂ,‘[ 5 ° 2(21?@ ﬁ%%.qyclohexenyl,

cyclolﬁxad[ah}& Oﬁﬂdﬂwpfwﬂlétwll girostpgl, nogingdenéiedmah dldﬁﬁE:&yl Aad the like.
used herel n refer}sﬁyto nmonogyclic. or gql?eyc yclic

Also igelyaed i h?y@?fag%?rbeﬁgy0§aaé laare TaQjpiies, diphave Pifefymore aromatic

rings ﬁ@g{]sl}ylh ﬁ'%ti‘ﬁﬁfcfﬁ{éoml 0 sonzm ﬁ?&afcldaﬂ{%?%g fo[r example, benzo

derivagvc:umsf tyalapehtanmn Gndanyhb aytlohScanar Cteﬂnalaztimmphthsl)usaadl the like.

CyelofF i BRp L ARhR I A L pAtoTEA0n] R Abbuh f Ffif to shot 7 carbon

atomsal kynyl groups. Cycloal kyl groups can include bi- or
poly-cyclic ring systenms and can optionally contain
uAs avsedatersins . “IBtenepiyl’ @yeunsakiey Imeposglis iand| pelgcyclic aromatic

hydrocarbons that have at least one heteroatom ring member such as sulfur, oxygen, or

nitrogen. Heteroaryl groups include, without limitation, pyridyl, N-oxopyridyl, pyrimidinyl,
N-oxopyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, naphthyridinyl, furyl, quinolyl,
isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrrolyl, oxazolyl, benzofuryl,
benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl, 1,2,4-
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 to 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 to 20, 5 to 14

or 5 to 7 ring members. In some embodiments, the heteroaryl group is a 5-, 6-, 9-, or 10-
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cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, cycl opentenyl, cycl ohexenyl,
weyasobsiadi enyl, cycl oheptatrienyl, norbornyl PCT/US2005/012265
nor pi nyl, norcarnyl, adamantyl, and the like. Also
memﬁeﬂéal ydad iR Lk Qﬁf)bdlhlteh@nt}féfh&éﬂ'%@ﬂ' Kotlp @lﬁfb‘alﬁp 'aﬁ‘lda@csone ring-
haVe one or nore aromatic rings fused (i
ﬁnnnmaNHWQna bond in common with) to the cycloalkyl rlng,

(PR TR, AR RN IER, o SAEH A RO i fycrocarbon

1nclud1hé<8ych%’& hieg, klengl, @H®S1kgaT draws \fvhﬁmoﬁboutnoae bﬁﬂ&kﬁngt-formmg
3 to about 12, or 3 to about 7 carbon_atons.

Carbo@ s@@lmﬁ e#SeF‘Wlaceﬁ eberapdiejaroatemosipeh aF eAtmbhodly el & é‘FFHn~ Example
e ALl L RO I3,

the likd. tAleg éimcluddgt iar thardelfinfiionugfshdterotyodimnlkyli dré audicties that have one or
limtation, ridyl,  N-.oxopyridyl, rimdi

more p@_r%gg@tﬁ{y ,qng§ oqggeﬁ ?ly %,y Ihg\élpﬁy'f %016(? rﬁwl WJE}?}y‘thZ ﬂl’]ﬁ/ |non-aromatlc

heter pig h%ifl%dlfey | exafnﬁ‘;?lw hﬁidhﬂﬁ’d}bll ndpﬁﬂﬁﬂir”@}thyr&ﬁélﬁﬁU | diimidyl,

daz t hi mog@ pyrrolyl,” oxazolyl,
phthabmyﬂz ohdibgrizo d@ewzbvdmcrfrw‘durathb cﬂmpﬁd@e suich ais dudedens] and, isoindolene

sy SEEOY b S AER) Mo SO RAEINY BRI, Bugidor s 07 g
mem&@g bazol yl, benzi m dazol yl, 2, 3-di hydrobenzof ur anyl
3-dih drobenzothlen
2 A@.ugpqh efeinp Shpdot off ‘g gcg ingludes fluoro, chioro, bromo, and iodo.
S d
SSRGS LSO A o ncuc

meth@y0 Lathca@ CROPOLY dk @B n-paosbxiyn afidi rltsdslﬁbp@@odmmmnys dodothe like.

3 about to about 2 arbon atons. | n sone enbodi nents,
HalogBogy ¢ ’éﬁf‘y‘)ﬁt‘gﬁ%u & 181QW- about 4, 1 to about 3, or

1 heLEr QRIS fefers W BN ATRAE BB tsSbstithhed by at least 1
hé%selrl%gry grg}tgl 1 reflers 0 g RN LrORH sapstithd by at lgast one ary
group?Anmaxgnpbrﬂnﬂa&yl gmuposfeereybodl ments, the heteroaryl

r ou IESF ﬂi‘ﬁ'ﬁeén o (go ﬂ&l@]’kggf V% r@?% %e{@j gg{ Ou%gihqltgigaty at least one

cycloﬁlﬁ?lgrbﬂﬁiform ng N atom As used herein,
heterocycl oal kyl" refers to a cycllzed non-aromati c
hm@cémbm,u“henemﬂglk@y cleferetp et Rl grampenstituad gy at least one
| groups where one or nore of the ring-forning
heter%a§¥ %patoms is replaced by a heteroatom such as an b

N,AsOfse@hateihdtsmopdl6alkylalkyl” refers to an alkyl group substituted by at least

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-heterocycloalkyl.

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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het er ocycl oal kyl groups incl ude piperidinyl,
pyrolidinyl, norpholino, tetrahydrofuranyl, and the

wo 2408/1088%0 i ncl uded in the definition of PCT/US2005/012265
het er ocycl oal kyl are noieties that have one or nore

anQMREA Gerkin95ryid a ?1’%&@%%@3&?1 00 sibktiERBABY at least one
wth) to the ngn-ar mati c heterocyclic ring, for

aryloxe?gmm.e pht hal i m dyl, naphthalimdyl pyronellitic
v birefe v elie un T8, R ARl e Stostinued by at least

one cyclilBdeLeRBugr oUps. | n sone enbodi nents, the
het erocycl oal kyl group has 3 to 20, 3 to 14 or 3 to 7
r Bagisa e “hateragadexyrdnd) refersiig|ag aligyl grpun g&q@ﬁtuted by at least

oneh%@r%kﬂﬁ&&é%) oro, chloro, brono, and iodo. As used

erei’n, )xy" refers to an -O al kyl group. Exanple
alAdsayd deeirpSheterdcyrcealidkixiyalky]” efdroxy an phkyp group( ibgtituted by at
n- pr opoxy. anpd. i sopropoxy), t-butoxy, and the I|iKke.
least C*WQE’F’E%?‘WSL@?&Y}W&T%“FEO an - O hal oal kyl group. As used
B%Isgt%seii ARl thY kernt &irfid” tkoreAMN oY) %ﬂhﬂ:ﬂ?ﬁtﬁ@%ﬂn{ AR lamino”
ry

east ‘one aryl group. An exanple a al kyl group
refersits abanuyd groAp sulsstititbd b am alkyt geoup adnidythe e “'dialéylgmgnq”defers to

an al kyl .oup, supstituted by at |east one cycl oal kyl
an am&?%@ﬁugﬁ@%{}%‘gi We}"@ ﬂf(}%-g{gﬁ;@sr oarylalkyl" refers to an
alpohise@ honem, Substitutddt aadibiteathat SFIB4st @AE h@logEPafol of a chemical
group. As used herein, "heterocycloal kyl al kyl" refers

groupt iy remacet iyl a morohysiregansmpietit Shesya gherisalsgrowp berein is “substituted”
. het er oc ok K e i " ar. " .
5 UGB A B ESE  B fm  se

compb@iesiSstiile sthdibleg fraximpleds misthyl froneintay be substituted by 1, 2, or 3
"cycl oal kyl oxy" refers_to -O,cq)é | oal

substifsnts, 3, methElens GEQPp| BAY by | syRstitu fbé(rlslé%/ lg su%gtitﬂgﬁg, a phenyl group
ey SSUSLELIRAT. 20 s ShbsealBimba Ll 0y

The compounds described herein can be asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastereomers, 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, salt-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 camphorsulfonic acids
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al koxy group. Exanpl e al koxyal kyl groups incl ude
nmet hoxynet hyl , net hoxyet hyl, met hoxypropyl and the

wo 2008/101838 used herei n, "hal oal koxyal kyl " ref er BCT/OSEN5/012265
al kyl group substituted by at |east one hal oal koxy

such %Ir %%ngﬁoﬂé&l%{u 8¢if] Other ?ésmv%é‘&ﬁ%%l dythblerref ﬁﬁ@tld&ﬁl &Ystallization

roup substituted by at” ['east one aryl oxy grodp.
methdB indade $tereoisomericlyl puad Kyhexy al-kythylbeatydamirtedean S and R forms,

al kyl grou substltuted b at | east one c cloalky XY,
or ?Pm%lécaﬁg ePUFfer EITRS), " gf igply aPR%‘?g edridfer %pq}egrm@ N-
I
methﬂgj%%lrd}ég% ¥ %1%99"3?%13%%% Egecgéﬁﬁﬁfoc#ﬁ@ﬁéxaﬁ@ @nd the like.
" Reselutioy of oakdkiconixinky ban alsf be cartied aut ’tzyl eﬂyﬂlorg@mw polumn packed

with Sl s e B R, ARS8 tution
solvert dBnlR%#n chil 8c HEEMMingd by bastiaNed ahehs. to an ami no
group substituted by an al kyl group, and the term

&campqulnémolﬁ dhe frvpaiien p@n aliodnslnde drusemeriubumst gedapieto-enol
tautorlnn | gﬁof?)f%ﬁ% ég be At ¢ ﬁgﬁﬁ% or §fép?§1h£ H}cﬁgd into one form by

approphewsqadtltgt(ﬁup is replaced by a non hydr ogen nvi ety.
Wien a chemjcal group herein is "substituted” it may

h&raRandsok ‘ll?é1KV@P11°IV%1F%H¥9@dehY§¥%°‘§tWGPIiVSWS provi ded
t ft%rﬁclg%%ﬂhé bf the® H%}R dcahsals% ﬁ%ﬁ*&% %11%95&8%&;9%%5m§to%9&%ng in the

stru ex anp group
internsediates outfmdl loymj)ourﬂis djsrotcﬁaes uhdudd; tigrst sgtoras heving| theesame atomic
be subst | tut 1l or, 2 sub I tuents,
numbghgw&l ?%%’85 Hlaﬁﬁgura ers. q)%.mpga 1%01?@5 ygroggn ugﬁlu@ tritium and
deutefitist i tuents, and the like. The conpounds descri bed
herei n can be asymetric (e.g., having one or nore
stldeeplesa épkjrmagguticalie rasodptanielt s esmgweésh@n@nm oeler go those

comp b BTG RHS U BBy BH RS e s o
sound® SRERKN] RISHIRAE tstit4Ad for Sdebigt ddnkdce dwﬁlamé Qfys@ds TBuEadh Béings and
ammalg.; Oxlm%tloeu?: la)g]ce(s)s%tzel Ctg)lnlcl){y,a(l:rtrllta\{ﬁ)no rallre?g(ig nr]egpcfn(s)é mcsn‘ ol\{ﬁet:rh %?osblem or
complication, commensurate with a reasonable benefit/risk ratio.

The present invention also includes pharmaceutically acceptable salts of the
compounds described herein. As used herein, "pharmaceutically acceptable salts" refers to
derivatives of the disclosed compounds wherein 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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how to prepare optically active forns fromoptically
active starting materials are known in the art, such

wW@sgoobsorsasol uti on of racem c mxtures or by  PCT/US2005/012265
st ereosel ective synthesis. Many geonetric isoners of

generdllye fnbﬂaﬁ;ue&xsl\in@&u ke B Gehyl a&ath NRhdrok qscﬁﬁ@pa@bls Q>r I@@etommle are

present in the conpounds escri bed herein, and

prefergade histy gﬁﬂl@tabbcaabs: sredpendcisniasipgian éa”hanm@%tzgﬁle‘@ewes 17th ed.,
Mack! PUS by pfu??’é r%a}s 1 é% OPQEELL | Gy ieSQURTS,, O, éegq[g’zrc]lgmaceuncal

conpoun s 0 I NVENnton "ar e descri

Sciendeg 6 152(1930), 8h@rbfashiah [ inéotp@atetl hefodirby Seforenesin its entirety.
se arated jisoneric f orfg‘g. Resol ut | on of racem._.c
¢ @reégntomvww&o%mgw 7 Pedpugs of dbe ermp@ipds dgscgiped herein. As

used Héf ] dgrcbd?@ahqgﬁer ktpoérégcécﬁfafeﬁﬁ?/ q{ohdef‘@aﬁféWhﬁhnﬁqgé’g the active

I'nc ctiona rystaliizaion using a
parent dsiy wiheg aimidistentd ¢b & sammalpini safjéoy. Boddrugs, can be prepared by

o S OB S35 6 o RS IR Sttt
are cl@dﬂ%ﬁpélﬁier QRtrb&de MafiphlakiSn A it Fivos 6 thePBarbMecdmpigddd: Prodrugs
forms of tartaric acid, diacetyltartaric acid,

includgi dpemovpds whergin by@mm, amrinesl sWlifleydali @7 carbipxyl groups, are bonded to

us |
any ety S84 sk 2L h B Blant Shlok 2 151 form g e hvdrons,
amind sty di-@s 6} ¥irb@xyd GemipSrespectivdly. @iaﬁtplésr eRprbongh 1nclude but are not
crystallization nethods ipnclude stereoi sonerical

hmlteé d@eaop@#%owat%a%bﬁwobf@ ey ativies ©f eleofol and apige F@mctlonal groups
in the fonﬁg cfg fqh@ﬁltVFﬁt 0. fe?%ﬁgbﬂ afdhide cﬁg{ﬁm%s is discussed in T. Higuchi

yC|no e rine,
and Wrﬁélﬂ@;l"@pdwddxgsrm Nowt IDrlhm{m Sydnqthsa'l’n\/hné 14 of the A.C.S. Symposium
1, 2- d|a nocycl phexane, l.i ke. oI tion of .
Seriesy 108 MBI LELTEE. LI 46 IDReClrFEbab B TRy oh uRoghe: ghmerican
Pham?ac&?&ddImA%Ei&ﬁgnWhﬁJ‘ By aﬁi%ﬂ Ciels) 8647, Vﬁot'he%?| Vv'hﬂﬂh are hereby
agent (e.qg., dlnltrobenzoy phenyl gi yci'ne). Suit abl
incorpmiraied by refetenenin theimpaigety on can be deternmi ned by one
skilled in the art. Conpounds of the invention can
al so include tautoneric forns, such as keto-enol

Synthta¢t omers. Tautomeric forms can be in equilibrium or
sterically locked into one form by appropriate

s Glesrionpds @f]theogﬁptﬁmdgmbfdmgq salispnhedretesnand sadvatercibgepef, can be

prepate q.{sﬁ{ ng WL %?{‘11\6%&5@631 '&ﬁ?ﬂﬁ‘% adl cah 1R 4 Hﬁl%ﬁtzécpﬁgg?cﬁng to any

SO 1N opes ofns occur ng in
ofnmh&b&ﬁﬁ@ﬁﬂﬂéeﬁnmﬂuﬁbm@b compounds. |sotopes include
t hose at.ons_havi ng the sane atom C

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 to 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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nunber but different mass nunbers. For exanpl e,

i sot opes of hydrogen include tritium and deuterium
wab@spmsase "pharnmaceutically acceptable" is ebP@l/oymds/012265

herein to refer to those conpounds, material s,

The ¢HAIDS &l SOfectiA) G Qips ¢as 3 Eot@, Tor ¥kingile,aineT. Wi GRdefi and P.G.M.
the scope of sound nedical judgnent, suitable for us

e
Wutsj Rrefeqitva ceraups Hn t@rgaticsSimgesiss Stk Balerg& Aemrs, Inc., New York
L 1% M ' i Ci: Lrritation,
(199921%%?%?Sclﬂ%%?g%%egg&egﬁ%g;fﬁfg}reggér %]bl%%er%t%grt&'conpl i cation,
¢ Gaetisis reah bewhdiit@ed easodiap ke ahe seitdbid methodrliatomm inTthe art. For

esent inventjon also ingludes pharmaceutically
examleq ST AOTHIOR G P " SUIBL Y SPALEOEPBE I REPGHeh Ag nuelear
magn¥BE& tbsBRdRE RpectRRPFRC QUL L8 PY) ateead ?élc?ro&%b&,sé;pectrophotometry

refers to derivatives of the disclosed conpounds.
(e.g.,\Whervisible}, ne massepectoamgnured Hyschromatogeghipsuclvay digh performance

- existin j r base noiety to its salt form

hqm%}’é%f‘tggr%gy g‘ﬁ%ﬁﬁg@e@t‘} @X?rl %Ioé%aég%t@l@f'e salts incl ude,
bWExamp S@thetit Fbltedtd OmpBungy éf theinvehBeih@ Revided l $éhemes 1-5
of basic residues such as amnes; alkali_ or organic

belovg avhere esmstiivprfi aenbeys @l s dspictedderneelpperydefinediasraisr:  and
the |ike. The pharmaceutically acceptable salts of the
present invention include the conventional non-toxic
salts or the quaternary afioiemearh salts of the parent
conmpound forned, for exanple, fromnon-toxic inorganic
or organic a&3,s.\ The pharmgceutical ly acceptabl e
salts of the pxes N’ i nvent| can be synthesized from
t he parent congound V\/nj,chl_i ins a basic or acidic
noi ety by conv Hti oral "chemy nmet hods. Generally,
such salts can be pr y reacting the free acid
or base forns of these™gonppmeds Wwith a stoichionetric
anmount of the appropriat® base or acid in water or in

ang Ne sdBBnt, or in-awCHUre dNeBHhe two; o X" 0H
Qeneral 1y, n@rg@gpeo’ us ’f-@ et herp, LTyl darat e,
eth oIBrisoprépénol, or acétwmitrile are preferred. Br
Ligps of suitable salts alé found in Remington's 14

Phar maceuti cal Sciences, 17th ed., Mck Publishing
Conmpany, Easton, Pa., 1985, p . 1418 and Journal of

Phar maceuti cal Science, 66, 2 (1977), each of which is

| s@y, por at ed MY by 1@hLE6@E)e in its aglivelgoEhe
—present i nRERti gn al so —i—nel—ueles—prodrR@ t he
conpounds deSefibed her ei NaH/BYIF gy CO2E

1-5 16

1. 5 N NaOH/EtOH/
aOH/EtO water} iy N COOH n-BuLi R3 : X
2.180°C,1h - Br THF F
1-7 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. Alternatiavely, the
benzaldehyde 1-3 can be generated by reduction of the benzonitrile (1-2) using an
appropriate reducing agent such as diisobutylaluminum hydride (DIBAL). Following
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used herein, "prodrugs" refer to any covalently bonded

carriers which rel ease the active parent drug when
wa@earsnissered to a manmmal i an subj ect. Prodr ugsPCHIOS1965/012265

prepared by nodi fying functional groups present in the

1206 80hd BlRHFdE & WR¥héINAing Refurddi éduidgOnsen@rstch as sodium
cl eaved, either in routine manipulation or in vivo,

bemrbyides the regiiieg plgehol Aré aaru@ts comystied o ééhl;@adﬁ @y treatment with a
BB YRS Kl s P A hioBY IR bise e RREIE eblgrideyt-5 win
dllethyih nmim uang siudiiitable, basé egag eSodlﬁmf bydride) fpr@imices the diester 1-6.
hd sul f hydryl , or carboxyl, grou X
Sg IPQe‘%mt hepdigstst dings ap%arw ?Sné%’/‘ha@ hyfoxidecfollowed by
dQkh ki bR 916:'1(%% th@ﬁl%h@éa?bo%ﬁ% BidE: - ?nﬂeg’tﬁﬁﬁ{?é‘f £7 with an er11ppropr1ate
derivatives of al cohol am ne functional groups
cydhigingagputiusnds aoh-butyé lithive rffouls. thecpiaedpiodnctandand keneﬂ 8.
prodrugs is discussed in ceﬂg hi and V. Stella,
"Pro-drugs as Novel Delivery Systens,” Vol. 14 of the
A.C.S. Synposium Series, and in Bioreversible Carriers
| n Drug Desi gn, ed. Edward B. Roche, Anerican

it i callaBMySTHE at i oy , a er gansockr ess, _l# r
i Ch are here b)R ratEd—by—r‘e?er%n e
thel r e | rety Synt hesi s Corrpo nds of the invention, Y

mcly.dl n salts, hydrates, and &8l vates thereof, Gad)
e.prepared using known organic synthesis technlques

a helige: 683 synt hesi zed according to any of numerous

possi bl e synthetic routes. The reactions for preparing

corrpo%nds of the invention can be carried out in

sw %l e ospl vents whi chrican be readily sel ected by

'\Lén t he ( of /PR anlc synt hesi s. Suiitakl e /M
s<§| ent's Cén be nti 1‘|39° nbNHE¥Biokane wi t N

n_/
S‘t‘ar‘t‘rng—rrﬂ(’e IS\ (reactants), The intem rres\l\f s, oOr
r GAVNRIDME:  t Rat eratures at which the RBac#s ons

are carried out, e.gz' tenperatures which can r ang@

T TR hEfated |o‘f6P‘Hrm%lef DEE Zh el %’Hﬂ%"sﬁ%&‘ NRireC theNfethods cgagicted in

solvent's boiling tenperature.” A given reaction can
SchernarZr iZecketoue demivetree 96/Fpemulao?-lacan ke swbjedttd orae réduation using a

R YR RGN IR TR R I P—

of the alcohol to chloride using an appropriate chlorinating reagent such as SOCI,, 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 HCI in dioxane results in intermediates of

Formula 2-6.
Scheme 3
TsOH (cat. -BuOOH/TICI
T }
Toluene, reflux = CH,Cl, = 5
OH 3.9
2.0 3-1 . -
RY 24 R,
/N OH R4 0 R4
HN, ~ N-Boc Vamy N\
. ( N ' N-Bog _1-RUNsHTHF ( N ' N
Ethanol, 90 °C £ 2. 4NHCIDioxane ¢ —
Rt/ R3T o
sealed flask 33 34
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step can be selected. Preparation of conpounds of the

i nvention can involve the protection and deprotection
wo@Ro03aniseris chem cal groups. The need for protBCI/USW05/012265

and deprotection, and the selection of appropriate

PIgteRddiftes Sf PoRMILIE JaR be Rshated haiced Sdqnettelyutlitd in Scheme 3.
skilled in the art. The chem str%l of protecting groups

The aleghobiatearmadiate 2-3ris BxasAsbL0 4 felyiitiogrnder SHgbIE cangions (e.g., p-

tective j [ G Sy ' . .
TR GBS S U i, i v
such asnertrpnylatydeogeesadayibids nied epeadidze3-2nRidgsopenirigr &fttite epoxide with a
piperqgg%ae?, I %ﬁg&ﬁ? Fgr?@lﬂg Iaéi 8{0%?45:?%23}32&%3&&%&02 gﬁ%gl%ltlo%kﬂl%a with an
alkletS%lg h'i‘@%éeﬁ@s&ﬁ s Qﬁ(fs{amﬁicfec(fi oPYwel B RS BE BoBBSME an acid affords

s nucl ear gnetic resonance spectroscopy (e.g.,

internjddiates AfIOrmiuke 3-d(whersineR i asadlogygrowpect r ophot onet ry

(e.g., UV-visible), or mass spectronetry, or by

chr omat ogr aphy such as hi gh performance |iquid

chromat ogr aphy (HPLC) or Sthemel4yer chromat ography.

Exanpl e synthetic routes to conpounds of the invention

are provided in Schemes 1-5 bel ow, where consiitueps

menbers_of Rhe depicted fornul ae are defhaedRhere

SChQ /E H/m o 1- 5EA/N€@)ACN;®HVW|’F€ i n d%ﬁ_@N-Pr

For Ng cAH b ' ng edyres
ined in Schenme 1. Forjexanple, t{fe Renzal dehyde
IRBT be generated ¥<g;g t onati onvif the
br onoben4dne (1-1) with @%éng bask® such a¢-®
2,2,6,6-tetranmet hyl pi perigyg ne/ nbutyl lithiumfoll owed
by quenching, such as with DVF. Alternatiayely, ghe
benzal dehyde 1-3 can be generated by rﬁd%pkbon ]‘-\theR1
benzoni trile (1-12%NdiGURipxare appr oprpape_y/edugi«g ajger\(t
such as dii sobu‘t’VI‘?I’tTn“—rﬂTrrTﬁ_U’ri de BALN_/ o]
Fol | owi ngr educt i%R Wzﬁ/%"/&ﬁgehyd t ojal cohol using a
further reduci ng agent such as sodEgwi borohydride, the
resul ting al cohol 1-4 can be convefted to a chloride
bYCdniahi® i Pérhdula 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
HCI in dioxane), the resulting free amine can be coupled with a carboxylic acid using a

suitable coupling agent such as BOP to generate compounds of Formula 4-4,
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suitabl e chlorinating agent such as thionyl chloride.
Di spl acenent of the chloride 1-5 with diethyl malonate
waigisgom3sui t abl e base (e.g., sodi um hydri de) peDUSIES012265
the diester 1-6. Saponification of the diester using a
base such as sodi um hydBcremeé f ol | owed by
decar boxyl ati on yi el ds the nonocarboxylic acid 1-7.
Tr eat nment of 1-7 &L{ED .appropriate cycI|Z|ng agent
such a&zf - buty um af f or ds hﬁ;ﬁgwc zed product
KON L- 8 TESBIREECRCY nt é of NB@r mie¥oRyTHE
ca' BE synthe3|;§p‘%@h@g t he od&—ﬂ ep ed in
Sekepke 2. A ket 0né rivativel\y Fornula 2-1 can be
subj ect®®dd to a reduction u5|n§ a sui ¥abl e reduci ng
agent such as sodi um borohydride to give the al coho
2-2. After conversion of the alcohol to chloride using
an appropriate chlorinating reagent such as SCC 2, the

chlorlggfﬁ 3 reacted with a plperazhp eR'der _vat i ye
of( _ A NZ@geocaﬂf@ﬂﬁP'/Qm@e Renoviat™ %{%j\(
tiny u3|2anC@ﬂlB§ suchy

di X e results in i‘htérme aeso.,\ rrrula26.
Scikrene 3b-at er nedi at es of Fornmul a BRﬂ can Bé& prepared
n_Sch

R aRE Y B ok 38 A PE bhg dPE T egeseribed in

Sche1ﬁéll5t FaeticiPBdithd pipRrdzthedderivativel 9OHormalal S0 itht/RHRIKA) 4-0x0-1-
give the indene 3-1. Epoxidation using an

plperléiwwbpm@@ follpwasby é@@tmeaaé withy diethytejuminyay saids dives rise to the
e n
eyand) il 8 "B e a0t Mol oBp FRAR Rl G5 REkEGum bromide
yield35-3. Uﬁoh)tbmbvairbf%etmfe @b\ﬁp)hmhg lan adidBsushtad 4N HCI in dioxane, the
al kyl ati ng realgggci tﬁ akyllodlde( .) followed
resultfg A DB FORRIE] B i als foid HpBEdSCouRling ReRR S#Ges BOP to
ok & & F gin Ris an alkyl group). Schene 4
gener N R‘E’% of Féor?r% a 4-4 can be prepared using the
procedures described in Schenme 4. Reaction of the
pi perazi ne derivative rmula 4-1 with the
prot ected piperidine OSEE%@EU@a 4-2 (Pr is an am no
protecting group such as Boc) provides derivative 4-3.

Pop

o O

N Formamidine
61 © NaOEt A\ o\ acetate ?\l NaOH j
/lL EtO,C7 HO,C
@]

6-2
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 6-5.
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renmoval of the am no protecting group (Pr) using a

sui table reagent (e.g., acid such as 4 NHO in
waelr@samsys the resulting free ami ne can be coupCEBUS2W0$/012265

a carboxylic acid using a suitable coupling agent such

as BOP to generate congeHefe Pf Formul a 4-4.Schenme 5 _

N HCl / Di oxane 2. R1LCO2HZBOPZTEA Conpounds of Fornul a

5-4 can be \ggQgred using the procedures described in

Schene 5Li“React of t he pi perazine derivative of

For mul a Sp-Bulij ¢dBrf €r sbut yl
o | pi peri dBnecar ;«@ | oy /kpast me
di et hy-aluw-Arum cyanide gi ves H-se—te—+he cys =
o-n\QﬁQve 5-2. [)splacg entCl? the cyano residue wigh
thylnagne3|un1bron1de fﬁelds 5-3. Upon renoval of

the Boc group using an acid such as 4 NHC in

GHibexese, tRE resulti ngacasdeReatanRhe sQupled with a
—carboxylic @@) g -a—couphi ng '@a h as BOP to
gener ate CONpAT of Formul a 5-4. b

4, 6- Di met hyl pyrj rni di ne- 5- carboxyl i c7-gcids (6-5) can
be prepared using the procedures outlined in Schene 6.
Rédeetiativelyf cemipyindscef dewwtlatiecan bé syathesized using the procedures

deplctg{l ﬁrtb | Zﬁ:eglt Vésltllrﬂpt tgoen( 5{ 4 Renzd ﬁencﬁf&% bas§v ijghwﬁlﬁ nsbug.yﬂ{ﬁnum in

the pfesehdeZ af IMON,Nf-tifinsthietitiné-QM@iginthe folds R hs qnenchd@s with allyl
the ethyl ester 6-4 which Is saponified to give th

5  bromiggprayidasithe a&ylcﬁe@sfgtl@c”l‘rénﬁolio@a lspRversen of ﬁ@oﬁé@wdeéﬂ olefin by
trea’cms::nf1 W£e3| gﬁr 3B he g’i 8?}% < Lﬁ?g?@ép@@%ﬁy Lﬁa étcﬁgmg the indene
derlvai'rvg 7-4.iAshimaidtan epdxidation izl dedubeen’ sieaftalyataffcﬁdsnm epbtilie 7-5.

n-butyl lithiumin the presence of N5N

N -trinethyl ethane-1,2-diam ne foll owed by quenching
with allyl brom de provi dgshdrhie gal | yl derivative 7-2.
Fol | owi ng conversion of the al dehyde to olefin by

Bn. ~
HN/lﬁ BnBr N HCI Bn N/Iﬁ
K/NBoc K/NBOC K/NH
8-2 8-3

8-1

O
Bn.
NBoc NJ\ Pd(OH)s, Ha HNJﬁ
Ti(OPr)4/ELAICN, N\b NJG
MeMgBr 8.4 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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treatment with Ph3PCH3Br/n-BuLi, 7-3 is cyclized using

G ubbs catalyst to give the indene derivative 7-4.
wa\syaretsss ¢ epoxi dati on usi ng Jacobsen' s cat al pST/US2005/012265

affords the epoxide 7-5. Schene 8 8-1 8-2 8-3 MeMyBr

Al kyl ation of 4-Boc-2-$aheid @i perazine 8-1 with benzyl

brom de followed by renoving the Boc using an acid

sgeh HO provides 8-3. Internmediate 8-3 can be

conyeryed to 8-4 using the maz)nod descri bed in Schene

of the benzyl group in 8-4 by hydrogenation

u3| ng. 5Pd((9—|)2 as cataly es the i nt er medi ate

. Scherme 9_| FtQH nedi a -' Nany 8-5 carNasOMF/R
as enbl ed at an el evaked
e

npeLaLu in a sol vent such
M anol to give internediate 9-1| asishown in Schene
9

tion of the resul #ilng al coh vvlth ROl can be

agGoNn i d using a base such as sodi um hydri de.
After r m)val of the Boc group in 9-2, coupl i 9g of the
resultin m ne with RLCO2H using a coupl i ndRagent
such _agP® provi des conpounds of fornu 9- 3f Schene
10 %j:AI ternativg G,,D%angounds @. M aN can
i spaned as Sh R3DRp /A d

R3 at i can2FACRUHENGVELNDBY t r eat ment wit h

n- butyIJt it h| umih the presence of R

NNN ri met hyt"E%Rane- | 2d|amnenefollovved3by \g/

enchi t I e| The ultin acetal 10-1
YT BRS B RS S AT BB 5 et e
such EHW&BQT@ Bb Mg M'térin%&'l'a’eér@ 1 @4Ghb%Atih Whttas @9 A@QJH% of the resultlng

cat al )@ gives rise to 3-hydroxyi ndene derivative -
alcoholhwith Iaﬁ?ﬁnb@ @quhehﬂ@d usimganbasx et dsondiusi hydrade. After removal of

chl orochr
the K eI, 3313 RRHE Pt st aPBReoER T LEub Yo eppgfng agent
such Aeeﬂmoﬁprb@rd@s aérﬁpdhdﬁis offemed9at e 10-5. Fol | owi ng
reduction of the ketone to al cohol, alkylation with

RIOI can be acconplished using a base such as sodi um
hydri de. Renoval of Bogchkgklipwed by coupling with
R1CO2H

R3 N-BULI CuBr ’ R3 R3
acro)em Ph3PCH3Br /n-BuLl OH
CHO

7-1

OH 0
Grubbs Cat. Rl PCC RB\‘O ‘. HM"'E@“
10-3

10-4

0 Re0
B ~Boc 1. NeBH, BN ~Boc
-6
RS 10-5 2 10

R9|/NaH

ro©
1. HCI 6}
R1
R3

2. R'CO,H/EDCIHOBt
10-7
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usi ng a coupling agent such as EDClI/HOBt affords
conpounds of fornula 10-7. Methods In sone
weniwsdorsent s, conpounds of the invention can nmpdIUS1085/012265
activity of one or nore chenokine receptors. The term
" gshabely, cdniFetids SORRHRMN ¢ Bp ﬁ%blleﬁta)é sthGWh%f%\%ﬁe 10. A

or decr ease acti vi ty of a recep tor. ccord é
benzaddahyde rdesivativa el icanebe iabiylateh ltye trasterent rwuﬂetrh mllxﬂmum in the

presel?%cééflgﬁyrﬁ%u?rﬁgtgxxgﬁx%hg ?gr 5% nté:%(re_\“f w%v%e%'hy L@gn}ggg Wth acrolein. The

resultﬁ@Tmﬁiab¢t@h$OQ98&’f bbednh@tsl  ah Nole@ByeFoaHeMRihSPhPCH;Br/n-
mpounds, of the present invention can act as
buty BRI C¥stigalm wsiesBRIDRS cptalysiptivesstise ta 3rhdrerrindene derivative 10-3

whlclgg%gg% g@dzocz lﬂ {é)?% %g??&%ﬂ%ﬁu&qnaaﬂﬁaﬂt% I@fgéé %écfe‘iﬁ{ﬁnp 9hlorochromate
(PCCarMichdéldditimin dfrintamesdiaié 8rfoidithatdsahingfketdme ll()eﬂseﬁﬁdnds 1ﬂwrmed1ate

| t.. of
05 B A AR B e SIS B st
usmg' dqye%@tshgﬁ‘ a§ 85diRNeY di e AR GRSV W HO I RABRES rbg'udg)ugﬁgé‘ with R'CO,H

bl ock or inhibit binding of endogen
usmg@tqo)@phl@gwm puvd as EEXI{IBOBE affends sompoursis o famda il Odnt s,
t he conpounds of the invention can block or inhibit
bi ndi ng of exogenous |igands including viral proteins
Methédyvol ved in viral entry into cells expressing the
chenoki ne receptor. Accordingly, conpounds of the
i AY éﬁmﬁ@mwﬁnmt@cqenmquaqis ehtheyinggndionmanghedulate getivity of one or
more Cﬂél‘ﬁ 1{1119 fhce t'arss Qﬁ'oﬁﬁgfes 1S &gﬁgq}f{ 9&%1’ %f tﬁ)?h tO increase or
Invention can |n human 1 mruno- icrency
decreéddl adtivitpfofot rsmap(by Afdnbrdm@mdi‘npdmlnd§ it mI@ in%ﬁﬂ‘ic&mtarobe used in
che klne recept or
meth Sf? nmazfélel(flggnpgmcep@ﬁ g}?ﬁR‘iltﬁ%tlfrge‘g% &%P@r Wéth\mb’ ©Re or more
of thd (K PAERE Ok cs&gaaﬂ&&&sdéghmd AURY IR dd A, ANbunds of
Ki ne rece In some e odlnents e
the pnee@e pll‘mrltlbalcam gst asoinhibioSOff émﬂo}(umfrecémmklnnhrther embodiments

NOEE - EER AT T -

an 1nd1{3ﬂu§1flﬁfﬂé5d BEmoBERAGPHS 1he r%g%r bk%dﬁﬁ’ﬁ'ﬁteﬁﬁ? Q%dﬁfﬁtﬁlg amount of
t he chenoki ne receptor is 5. The conpounds of the

a compayehof Bernwdml.be sel ective. By "selective" is meant
thakoht %mbodiments, compounds of the invention can bind to a chemokine receptor

in such a way to block or inhibit binding of endogenous and other chemokine receptor
ligands. In some embodiments, the compounds 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., CCR5) with HIV glycoprotein120 (gp120).

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 CCR8. In some embodiments, the chemokine receptor is CCR2. In some

embodiments, the chemokine receptor is CCR5.
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conpound binds to or inhibits a chenokine receptor

Wth greater affinity or potency, respectively,
w@erpAarsas t o at | east one ot her chenoki ne r eceptDUS2005/012265

Conmpounds of the invention can be sel ective binders of

CORR, cdilBsutingdd of fiad inkvB&ti sHoSaRObNStlecBive ! HYy "é&‘l’&ﬁ%’oﬁ ®84ht that the

bind to CCR5 with greater affinity than for another
componBddindfe t¢ e eivhihits suchemekine reespier drd ercatecRIfinitcRe, potency,

respegﬁ@%gggl? g@ngletaﬁgﬁzr?@{ég ¢l on%i‘nae{/%c ﬁ%‘l ﬁgbodl ment s,

seCanpoundt Yoffthe ikdtbionvean HeCi&ectiva ‘tﬂmi&s @ﬂtﬂmﬂiﬂeméaling that the

the, co unds of the i nventl on have bi ndi n
comngEpds. of e ynygrioposen g oGRS Withs St BEitreies, for another

chembﬁﬁe%eé%%%ﬁh qf Hé%st' SHEEIHCEER1 t*kﬁ@ ng%sn @CR4 GGRG, CCR7 and

selectivity over any O Selectiv
CCR8am Mleatmb@(hsten‘abdu‘t cabfpouhdd df tfatlnivemmn ]ﬁyelhmdlng select1v1ty for
50-f.ol d |.ea hout

CCREGHEF SRREHp it RSO B0 g spEounds Sl e miintign have binding
selecBW®y F@l ACRE @fer |GER1. B LABOiiRhE; tﬂenc&ﬁﬂ@mds of the invention

enbodi ments, the conpounds of the i nvention have
have l’@mdmg@lwlmth ifexCEBS avermnt wacr CSRaSelee@@ty edwologt at least about 10-

fold, hich8} aflouto-f 383 1880 ouf S5kt 18y bERR 108 ot teast about 200-

fold, 200tefis| ahouatSobeakt oa bk Ukash Ubofio11d00fold! |Iﬁas‘o‘)§neaE@1lbbdlments the
1000-fol d greater than blndlngfafflnlty for

compgpngsRf e iarenbiprhavs Mading eeiiaibr for KGR Hhat aF o lﬁawb@ado -fold, at
least Qﬁmﬁ‘%g:&ifde d @ g&‘%{b%{‘go §d.] BYEdsP 6T 1 DB q‘gldhgt h& a@Fﬁt 200-fold, at

suc according t e assays provi ded herel
least gtog 5 é@ﬂﬁddlomahteast abbuat Icf)Oﬁﬁolﬂrgisatmfthmhbmdmgmfﬁnmnfar &CR1, CCR2
ctive inhibjtors of ning that the . i
or ang ooiBBL RRNSIng AePcRTOls SR Mo Msetired @pofing to routine
th&sR tHEDLE sBO &MU dYrdid}a® thes §@akd RAeinOt her
e chenoki ne Srecept orrs Iggﬁtg asss%ts(‘#rr exanpl e1n CCR, CCR2,
coRssongGRabodhaRets, heRpPmpnendseRshe invesiiorecamimostlentive hibitors of

he co un of the inveption have i nhi i on
CorY Petf® ) Vg ForBindi el e B3Nt cammdiib adivitnpt CCRS more
potentlhehGofspatRdst @k due chemelkihé tepRYEsuch ik Plok eRdnple, CCR1, CCR2,
selectivity for CCR5 over CCRI. In sone enbodlnents

CCR3,heCRY sCeR7 tmd |Q%tmowmm@mbpdmw&,utbﬁ compounds of the
N L e G A ——
compatindseafs theaboaghti&®)-have inhibition selectivity for CCRS over CCRI1. In some
embodiments, the compounds of the invention have inhibition selectivity for CCR5 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
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. 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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fold, at |east about 100-fold, at |east about
200-fold, at |east about 500-fold or at |east about
waeeeAbeBsl. | n sonme enbodi nents, the conpoundsPOf/Us105/012265

i nvention have inhibition affinity for CCR5 that is at
indivld@as in aRedtofl Qudhotdatniht € BRbaRBGeHIly20F Ve, abuhtedsidose of a

about 50-fold, at |east about 100-fold, at |east about .
comppond pbihe, prasent énvsntietboue phagndceliipab pompositierns thegasbutA chemokine

00Q-f al reater than,bjndi.ng affinikty for

recenf ot 88k S e B0 diti g g e Tfrectty or
indirdedy Nip&isdl teek pR&sSidh BrAgtitiey 6ot chémalghd adspton Ahghediokine receptor-

such_as according to the_assays provided _h,ere{in.
assockytst fiesase pe also dnclpdroanyy distase, disprdantar songision dhatcap be prevented,
10kt ' ' PABLitRS SO ThehBK -
PAEESE Bied,E T ihde CREBIR 3o LR RRICRYF® SR BB e receptor
assochyedadintase strefirthgr ireludeany diisebgh disotder ne echdifiossthehis characterized

.treat nent t herapeutical ly.effective ano or, dose
by blgémg Oggﬂ‘b‘ggﬂbo%fag Wgsublg a3 égﬁ}m§ o gﬁ%]]y}gﬂteg} 9\%&1 a chemokine receptor.
In soRftAeAmE&iHdntal thé QARASkE MBcdpiGil RV ciatdl IRARKING CCRS-associated

_ receptor-associ ated di sease can include any di sease,
diseasi sigh@eHI¥rinfeoieii.t i on that is directly or indirectly

lignked. t g, expr.ession or activity of the ghenpkine ... .

- TR SRS R e B B SR R Ehigipms inchude
inflarAdn@ton BAd UeinanMofi 8BesRes, ifingdk dBsor8érs Gaddiital ifeétiak. Example
. can be prevented, aneliorated, or_ cured by nodul ating
inflaramatesk ﬂw@as,egjérgéq rd1%§¢svlpatvy;g m ERlapEngtery component such as asthma,

d r Lat i Jaur .in .
e SRR 2580EL3L S0, SER55, SIGDIIBGSLTEIS Bl wcraiv
colitiyy hypeciengjtioity adungf elidcaseas aAgemiensitivtty aspreunionitis, orkosinophilic

viral protein with a chenokine receptor. In so
PRV AR HEAYS, PR VYEREABIIHE the olpfea%g@!:gla%df%agfe&@@) (cg,
idiophtBicPpHBRxgSERBEE! SATD SERRBUSL GithARelthMol N ASEEEO Rystemic Tupus

Exan%l e chénoki ne receptor-associ ated di seases, _
erythethsfosuse akydoring spvaiidylias systerlcustterosid, | Hogran's syndinue, polymyositis

i nfl anmat.or ,sease i ne di sqrders angd yviral . s
or defpoRPPRHE) nd kR oRE Fpirin i nye Bleld, Sk hBlamatoid artics,
psorificS QRERE, AN 18Pud BiylRATHRISAS, Ym G000 81tvisS §i§endlé onset diabetes;

asthma, allergic rhinitis, restenosis, . .
glomesuipaephyifise rayiiimmupg| thrpidisiss organoypasplant grisctoniineludiag allograft
reject#ncﬁ{dﬁﬁﬂ-%efsﬁé-Pgét%i’isegélep E&%ﬁ@%'v‘iﬂaﬁn@@ﬁhﬂ{ﬁhcﬂh@ $AS SR fection.

ypersensitivity pneunonitis, eosl nophi1ic pneunoni as,

deA aysd- hatpim, hiyp esrde fintdciing™y refés tthrthe  bringigstogtthad of indicated

. L.ung di sease (ILD) (e.g., . .
moieties 1% an in vitro sy(stem c)>r a(n invivo system, For example, “contacting” the chemokine

amel

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, introducing 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 phirase “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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i di opathic pul nonary fibrosis, or ILD associated with
rheumatoid arthritis, system c |upus erythematosus,
waplghossg spondylitis, system c sclerosis, SPOUUSW0T012265
syndrone, polynmyositis or dermatonyositis) and the
tissué,| syStemEXARR, &n TR HuS A R4 Sis 'b@i‘ﬁg Wegolt IE? WREAther, veterinarian,
arthritis, psoriatic arthritis, syStem c [upus

medigglydogisnat othesslinigiastvércningludes ene pruversidféheofdlewing:

di .0l gnesul ongphritis, autol.mmune throiditis, .. )

or AR R PR & B o R SRRl rtionor disordr i
an inddjidwd itlen reaydbegpbiispyed 361 Shdiséase] et n dxdasgie Mitfdks not yet

i.nfections include HV infection. As used herein, the
experighanor dirtardhs rholesy e Symmomallami dighadiseasget her of

| g ) . . el - (0] k) . V. ’

%) SEASHRSHSR: . Al Kk B0y Mot s
indivicgm_bmat)is anitptﬂi]emirftgml"pﬁnﬂuyimg the lp];ath'tohmg@rttrisgzmp‘{fdm}itmﬂdg? of tie disease,

m ni stratjon.of a conpo 0 present, i nvention

conditign, Br fiyPise u%\ie"oranﬁ%{{qgeg{“%hQU@ﬁvej%WBemu r?gthehé’@ﬂwgogé( and/or

sympEéteaPloed Psuch @S BlaBlizindSyiME ldad 38 thef @be SFAMPAISnfection: an

i ntroduci ng_a conpound of the invention into a sanple
co@ sdmglivgatingc el disaaseprfoperampled aprebiomtiagi ondisease, condition or

. i ni ng. 1 he, chenoki ne receptor. .As.use erein, the
dlsorgﬁfﬁh}%ni 1%%?{}#1815’(&?&15 gf;perbegﬂnglﬁr %.xspi@r&g '[ihﬁ tpgg@ﬂ)‘gﬂgogé%py:comatology
of thé @ishse, tonditiyn anidiBlder (1&] retRthgMETRHIodY Si@SRBYptomatology)

mce, rats, other rodents, rabbits, dogs, cats, swne,

such gplopyesing yhakload Hoths €ase b Vivwal Hdecdion. and nost
pr , rase .
I GREER. TR e S5 RF, BY G3fp, sivia s
antibedies) ahtidhflanmateey sgearsoandiotimmias s esshnte 3hn BYAKW ih Bainbination
. elicits t he%%)%ol ogi cal or, nedicinal response_ in _
with ﬁ}eg QLrpeunds, & bFprafRtRYntioRdpy terimentet ¢hermekincrygecnter-associated
disealR] MoK coRYitidnd. §HE 9%&@?5\%1 %ﬁéo‘?ﬁﬁiﬁ@d With 'theg&gﬁe%%ompounds in
n, iC or nore

_doctor or other clinici I'ncl udes on
a single dosegef Girinpwi thy: ageb)s ganebe admingstered stthsleasensly oF sequentially as

ex | e, preventing a di sease, condition or disorder
separ?tﬁ%gﬁa erfaﬁﬂ}sr'dual that may be predi sposed to the

disieabRe, an€ionsli agle@tg c@ﬁteﬁ?ﬁd@écﬁﬁﬁ uBdin ERESInARn Wk the compounds of
experience or display the pathol ogy or synptomatol ogyp
the prgfent hiavegtign gaeomprysei nwlenpide agd nheleelideergverse framscriptase inhibitors

RISk LRSS B, OGP B ior nd
other thiévipddngdsogy or synptomatol ogy of the disease,

8 dlp{yhﬁ(.)rgw?a{bgg II\{SH(;])"JEZIg e{g@lg}lgcf (eg@qpvga{yyeazthIZn ;fdlfcqafnggi;e (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-L-2', 3'-dicleoxy-5-fluoro-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-(phenylmethyl)-(2,4(1H,3H)-pyrimidi nedione); and (+)-calanolide A (NSC-
675451) and B.
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synpt omat ol ogy) such as stabilizing viral load in the
case of a viral infection; and (3) aneliorating the

walc@msas3s f or exanpl e, aneliorating a di sease, PCT/US2005/012265
condition or disorder in an individual that is

0ELLENC] . o o L . ]
SUREARAFADE o PO il BRI 8050) rifonavir (ABT
538); (indimavir (BMEK639)) el fnevipdAKBL HPY; amgtamavs (il Bivd);olasipyyir (BMS-
s lowerj Iral | in.t e of avira
2344%%%‘@'%%3325%' B:}O %ﬂ% %éllbe';sﬁggrraceuti cal
ageRrSan$iv &l 8ontd ﬁ{chﬁ%qmak&ayu?é&t bWl IE@e 'ILSIZ pentafuside and
anti bodi es, anti-inflammatory agents, and

'szwmdﬁuﬁﬁtﬂbdﬂégéants can be used in conblnatlon with the

n [ for tr .

AERBRT BoRmsHR. PE R Rk obiE P Raflse for use in

combi@@fich Withnthe ddrEpaR@ENDS tlﬁbaprebﬁltclﬁ{ié&itid)ﬁdcaw édinﬁrfhe for example, an
pr esent conpounds in a _single dosage form or the

opiatea §enRist canliBexyggnasai Mo sychuas afieolpibjtopr of 5- Tipoxygenase, a
cyclo BERE i ib¥ordticR 8PS LD 5 HniBitor S } {@kin inhibitor such
a P £16n

Iviral agents cont use 1h ¢ I na
as an itérteukinel nmii:ptmu,rmlsNNMA Ianetagasmstem mhnhamntotfmtnc a@Ride or an inhibitor
e and nuc i de. reverse

[ Se ucl eosi |
of the SKHBENT O 25B1G AKIGEH £ GG LA L)antlw%mm?@ogg% or a cytokine-

supprés@i‘ﬁ%ra%@ilﬁﬂ&%ﬁﬁgtbf}pﬁge%@ fo rék@rhf)l@r %&W&e‘%ﬁmln%ﬁgne%%m codlene
bitors and otheér ‘antiviral drugs. Exanple slitab

fentanbdmibspmfm intlomeitithoing étmeoléogzmrphmdaatmsxm pheaticytin, plrox1cam a

steroidef FfERIer SubTR). LIRS Brbiip b ) RS Ryl insant

compd @Ay ¢ ibe ABIESLRALIM 2 ﬁfﬂ"reh@@&za ﬁb’f@dhﬁto@lsh@lb b @affeine, an H2-
(-)-FTC]; beta-LFD4 (also called beta-L -DAC and naned

antagqyatia-simgthicoge,. glugiswny 05 -magnssigmc ywyresids) ; @ Dlsppngestant such as

pheny: eéngﬁn Ssi P ﬁen?'@éggﬁfaa!@ré? g; Jéﬁdﬂ%h%éﬁh@n%@&oh pe. eephlnephrme,

naphaﬂﬂme; aﬂbﬁtete(zBllnd?(ﬁrcﬁﬁfmeXedihleaw lfeardidesoxyBpi¥drink} arP&itBRisive such
ef a z DIVP- 266) PNU- 142721; AG,1549; MKC- 442
as cod(e}ne( %meer{ Ic Wp FII‘Fy |05 dextramethorphan; a diuretic; and a

sedat1§g K)Pﬁkﬁpyédﬁﬁﬁ%ﬂt}hlﬁ%nﬂl@l H, 3H) -pyrimdi nedione); and
- cal anol'i 675451) and B. Typi cal suitable

pImscems enibodinhénts rlﬂuarrma:deutﬂeal sigeputs maviempldRed dr- &@59)gombination
with tlhie tcgrrﬁ%\élingds( (')AfB er present invention can comprise (a) VLA-4 antagonists such as
those described in US 5,510,332, W095/15973, W096/01644, W096/06108, W096/20216,
W096/229661, W096/31206, W096/4078, W097/030941, W097/022897 WO 98/426567
W098/53814, W098/53817, W098/538185, W098/54207, and W098/58902; (b) sterolds such
as beclornethasone, methylpi-ednisolone, betarnethasone, prednisone, dexamethasone, and
hydrocortisone; (c) immunosuppressants such as cyclosporin , tacrolimus, raparnycin and
other FK506 type immunosuppressants; (d) antihistamines (HI-histamine antagonists) such as
bromopheniramine, chlorpheniramine, dexchlorpheniramine, {triprolidine, clemastine,
diphenhydramine,  diphenylpyraline, tripelennamine,  hydroxyzine, methdilazine,
promethazine, trimeprazine, 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 sodium, atropine,
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538); indinavir (MK-639); nelfnavir (AG 1343);
anprenavir (141VW04); lasinavir (BMS- 234475); DWVP-450;
wBkBsA8R2623; ABT-378; and AG | 549. O her antP@T/82005/012265
~agents include hydroxyurea, ribavirin, IL-2, IL- 12,
. a u .
ipronJFLE LIRS, MR PRISr o Y i fRey, HhudilBee praniuks,
iralukastnpehihikadt eSK Bor06,208),i leuloatidne ddsyathewis idhibibes Gogpoilsutisn, BAY-

005l S0 BESAS e BLe S50 SOTRH S LoShREE S B

(e.g., alinBhioRin, BEnoXabiPQX HUEIBRR Sicid c&n?%t@ﬁ,?ﬂﬂﬁﬁ_&i%noprofen, fluprofen,
i nhi bitor such as a ciclooxygena e-2 inhibitor, "an

flurbipreden; lileurkpieni mdppriofesm ketoptofens naroprofies hapnecten, pxaprozin, pirprofen,

inh bitor,.an NNMA ant agoni st.. an inhibitor of.nitrig¢
pranop byt {bofe RPRIGAT SRE T4l toRinoBPl "ot fig deifvhfives (e,
indonfeth:déh, &ef®iactd,ehleloiéacarlidldnat] AMIBeNLy RAEBFenad! fehclozic acid,

. Ccytoki nesuppressing antiinflanmatory agent, for . .
fentlagg@a,%qo@qnagu@ﬁfe@gc,a]é@ge@ﬁ;,r@’pﬁ@ﬁ% s@gglpq,,ﬁ;opeWi &lmetin, zidometacin,
and zbfife ,l fenh AP L Ah iy t'?\%?r(ﬁ ARGk a&&t REAbAGamic acid, rnefenamic
tefordar

nmor phi ne, naproxen, phenacetin, pilroxican a sterolda

acid, aifhingje sitid, andubHetaaniy lacidLsiphengiarboxglic deid, deivatitdsgdiflunisal and

l.Like. Simlarly, the instant coppounds can . be )
ﬂufe%’:@p rﬂxgqaétrseﬁs l‘faﬁnapwlﬁwew@w angh JeRsaRy-osalicylates (acetyl

e S041 Sl p 09 Sl S R,

mofelphegopt e phxynhenbheemg) ppbputivitzaenee, (g3 euwycphedenae;2 (COX-2)

inhib&i)% ;m@g{o?i%f ﬁ%?%l%ﬁ?%ﬁek%g I‘Iyp:%:gﬁﬁ@’ﬁ%-ﬂ?)e, '(i) other antagonists of the
cherlokit@-1@ CEapRERIY EX ER4ATORI! CERY €CRIT And@ 8 CRIUE( ) Eholesterol

hydr ocodone, caram phen, carbetapentane, or o i
loweringy tagette t SﬁJ@hph‘a : -Bpdr seduetasq nighibitersd flovagatyy,  sirrivastatin and

prava§s SHABLLRS, ARG T Conbn BATB, SIRAIRN Groestyramine and

armaceut1 cal agents’conte use i'n
colestiyi)) infetinienacid, t fend fitei ccavid derindsives (dehditpoAE eidfibrat, fenofibrate and
i nvention can copmprjse (a) VLA-4 antagoni sts such as
benzalﬁp%@, d&%: mrelsolin (ks ag%ig;gi@,egg 288y gi/%i 92}?33,insu 1%, sulfonylureas,

B8 4 U8B MBI A A ot

and pdlid26667 (R8P &38ds, of/ibEBfect8Bhdta (INDIBAEBHE@S Jo., interferon beta-1

P); (1%60 c?t érséo%g)gdungg (sjuc e?sse/uggl%ga%f.cyﬁg )aciag,ee{n%

i ds . such .

me%aboﬂ%es 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 ophthalmic 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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as becl or net hasone, net hyl pi - edni sol one,
bet anet hasone, predni sone, dexanet hasone, and
whgasaesss | sone; (c) i mrunosuppressants such aBCT/US2005/012265
cycl osporin , tacrolinus, raparnycin and ot her FK506
eride S TARESHRRY SAAR! ol () pABLAL VRGeS ocular defvery can
nclud@hb}ﬁbﬂhtdmmmtm (eyisadmbé)ombbemunetmah eperlwulmco‘lmmiamweal injection

or mtl%h%%%tehly g’é ggﬁ%{g&% }ﬂ?zm Al nﬁ%ﬁé}\{ﬂg Il)lgceed in the conjunctival
sac. ppé;ggﬁ&,{gpz | a‘aﬁuﬁitsfrétf@pr HiNRs AGAINRRG, GYRIPRAR aduBButaneous,

antazol | ne eni rani ne pyrilarnine, asternizole,
mtrapeleuoh%iaqm nﬁ;ani\m\daratmml,oncmt urfummeor ingsectasirddpge, intrathecal or
thox Ior adi ne

rb
it R Qb AP A4, Laeh e g tiEnn SE7pe il gt a single botus

dose, Hﬂn wef Rk exthple | BNOt&itRIuoud S@ Qs hubep. PhblitdcRuBtal compositions
bitolterol, |rbuterol t heophyl I'i ne, cronDIyn sodi um

and fornmdptions, fop rtapm@padxmnbﬁtr@ﬁm dnay é@pk'@ier fransdenpdl appietiess §1ntments

lot1ong C]I%ull?a’sg&ls dﬁc&h@ %@%Bfﬁﬂ@%_, llgggatyﬁ,ogfﬁﬂ}s g%@oi’?‘.”‘é%"% Conventional

phambdcélﬁicﬁl bmlleﬁs iaqhéduist powdée of oilyzbdseytthivkedAy-and Ofi6)like may be
(f) nonster oi dal antiinfl ammat or y agents (NSAIDs) such
NECeSHLY B?%‘?ﬁ“& ¢ acid derivatives (e.g., almnnoprofen,
b h t fempnt tt
gﬁg%?lg«%r&oﬁ% souigg{é&é Aﬁl ?ﬂéc@ El%?ogﬁlggﬁﬁ%lbspr O@an&ﬁam as the active
ingredle’tdppne)f)emorfk ef tpr afemunds obfrohda,l abape ax eembination with one or

more 8{?%8{&8%1'@2:9 i r&b&%%@ﬁ%r%i%%iggjthesg g)éé)({sgpo’élé-oé the invention, the

actlvedﬁgte\d?én't VE&PLQILY - mixie AEIEE hh & EiPienf GRIWRRL BE Al excipient or enclosed
| of enac,” clidanac, diclofenac, fenclofenac,

w1thnf etwbl aocinderduites, formrfi for sxampler oFensule, sachel sapes, or other container.
0 0X a t

Whenl ARG FEPTER AL U85 o BRI b R i, i

acts af hivwhRRacairier of hiddivie erahe a&meCmgﬁ:diént ek euhansbmpaﬁudns can be
niflumc acid and tol fenam c aci d) yl ear boxylic
in the,dpem oy tablats.veills( @pYHeHi deaengsd S@mﬁﬁ% n¢a§§1>t§ cliprs apusgensions,

emulsidR O fifoRs 0 sSLf % SRR i 8N AL Hediuym), ojntments
S Bhif | FAsy P R ey, o}

icy at es salicylic aci sul'f adal azi ne

containirg gwmmlpmjag t¢ d Pz o eveighe phthpercyivo npmbpeprdasoft @nd hard gelatin
ebut azone |.but X
capsu[?éauaasw SRS Pisehabss S Bl AR R wds o

?35 %ﬁﬁﬁaﬁéﬁpeth'eva&tﬁ@&dn\@ounﬁ' danOb&&hilled to provide the
antagonls the chernokine receptors, especially

appro@X@RparticleGRie, pr@r,m cor@bmmgawdh deraher n)gretihgnfeskf hepictive compound
is subfﬁal\éﬁa&btngﬁqﬁﬁ f%n:‘l% Feg QEP 1'%163r ngeugft 38% hann E@(P fn . 3f 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 include lactose, dextrose, 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 talc,
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,

31



10

15

20

25

30

pravastatin, fluvastatin, atorvastatin, and other
statins), sequestrants (chol estyram ne and
wa@eiosgoispol ), nicotinic acid, fenofibric acid PCT/US2005/012265
derivatives (genfibrozil, clofibrat, fenofibrate and
sustaibeh aaidelayed edleasand the abiireoingrddiont aififet adinatigtdtionagent patient by
such as insulin, sulfonylureas, biguanides

emplQyRg PIoFeAuEgs kngwingp thepdt-dase i nhi bitors (acarbose) and
i . : : . : o
s 4RERL 0L ANAADS Bl 208 by o
from iahter § eloosbdnet1801mp) mofeusosliye abownpduoddosudh mg, of the active

. m.nosalicylic acids, aptinetaboli.t uch as. . .
ingrediont; e fsPRnant d65age Fmia peigpup mRecicalRBEgPig A guitable as unitary
dosagBf 6L huffae "RINLEAREH itfer a88R 1, HaBh WRIitd BénthidlngOa Qredetermined
the compound of the conpound of the present invention
quantity of hetiveanatadalaalaulaged togrediicerihe desjreddherapeusid ehlwet, il association

. depe on the effective dose of each ingredient.
Wﬁhﬁ%ﬁﬁgé’éﬁwaﬁw g?’r‘ﬁwlg?trons and Dosage Fornms Wen

e Mk Qyeitle REMPBRAITBHE bE icCRLGve bl £ QRO dOskEe GhndO bl if generally
I, can be admnistered in_the form of pharnaceuti cal
adminiggied In einbpunacericelly ebiepibes ameyny. 16 3ill fhe updespiapddiqwevar, that the
. : cal o
smouff260 R, MirouS 30flaltf AR BER THCURAT boiclormHd 7R physician,
accordlingtthehe Ireeednt @ircamstinrase ichelagnert comlitibestor bel taatdd, the chosen

upon the area to be treated. Adm nisiration may be
route OB STl RE] 0 HGEbHPRATH ATHRRSh Hifcasts Mrubriesponse of
the indRGduahREnt, i RRBIF! of tlY@;lgdti!Eﬁi‘s Sht6 RS A0 ekt ery) ,
pul monary (‘e.g., by inhalation”or insufflation of o
p&wd erepacing sehd sompositiond sabhngs taplateithe iprieeipal active ingredient is
. intratracheal , intr.anasal. epi dermal .and.transdermal), . .
mixed, Bith SRSl S BRRCP P Reo ISR PR g boSioh containing
a hontieh¥YQisymBdivel dTCd biBpd @Ml SRtheqstBioRt Siveatio® MWheY eferring to these
drops), subconjunctival, periocular or intravitreal

prefoymijlatian gmmsiﬁimr@dh@p@ggnew, plag pejie g)gquléqnéris dypically dispersed
ovrs AT 1k CSRRBRGRF SRR PIAEo) Dot BE iy g o

a atton I
equallynteffeviivioumit idosagaafdraisi shich swbtabled)epills, and capsules. This solid

_ ousit dniagaa sboislenepils, a
prefoRTTL A e PYRdHR DRl Ui dgeceei R Hothe i deseribed above

contaié\gk{rg UGN UG ELAle, @IT _réibéﬁ%gdd% g{ré‘ n?ﬂg ?{eec{&i% gl}lgéecgg?tu%f the present

nistratironcan be int a sin
inventdase, or may be, for exanple, by a continuous
a

g N S NG R R —"
providd 20SHE8E Fn 4TRIr8MEe She LKIvahiaBEbBprolonged action. For example, the tablet or
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 stomach 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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| otions, creans, gels, drops, suppositories, sprays,
i qui ds and powders. Conventional pharnmaceutica
W@ a005i1ex83§ aqueous, powder or oily bases, thi CRENESR05/012265
and the |like may be necessary or desirable. This
smtabwﬂg»\mrécpmabssg Lok be el sBRLTBAS Whi ERY0red ¥BASIibNsOREL edible oils
ch contain, "as the active ingredient, one or nore
such @fcofcmse@drmbameo@ﬂ Foept il on eyt jofl, edmisilast §lixirs and similar
nore pharnaceutically acceptable carriers.
¢ conpositions of the invention, the
aC)‘ompasﬂtmgs e eiHaldtidnt ypimatilayioni xelhdei dolutimns and suspensions in
exci pient, diluted by an excjpient or enclosed w
pharmggeyiicall agGeptable, aqyeous Op PFEaBIC, sofwhtse ok Fbxtares gh %rs?ffs ﬁpowders
The li glgl\r})gtssogcg ecglﬁgos@(énrs%ﬁfe{ongégﬁts %ea‘?)gé %}ba}%g&uglgﬁlfﬁégbﬁhﬁ@texmplents
as dedctihed suprat larsoale, embodilentsy the asmeposmbns:hle aduanllstemd lur the oral or

jum for t active in Thu
nasal ESRET UM oE oFabY FYFPHE oGy oM PORTPEY B capy e Rebulized by use
of ineRAWERI Rebi1268 RERBonSRAGTBE Breahed dabéily Rbin*hé Aecbulizing device or the
suspensi ons, emul sions, solutions, syrups, aerosols
nebulizing devded iceh bﬁ gtiached thmufdcmmsleﬂﬂent oPthintgAtgent positive pressure
cont ainin

breathél&g Wghlg% o&}hodl sgsg?a?m%lh o %8{7\1@61’1&1% b&éﬁy\gl;%g% PQ adllnﬁﬁ‘stered orally

or nasal}p PO deRfides SwhisH @dliveethe Ifd)lﬁﬁﬂﬁidn&n&ﬁbppﬂo@ﬁste rither.
steril e packaged powders. In preparing a formrulation
t He aunpwd eorpoipRand o5 ganpasiticad adipsteie gl appatient 'will vary
ar f I [ n
OB B RIS Ruhfforll, BE futpsCbr The Qhsrakio, such as
prophylabstcﬂ nhérapy, the statalofbheapatleht ¢lanmbenaridf Iadnlumstraatlon and the like. In

ticle size of less tha .. I T the act
theran%}%aam@atl%nss BPPRSHEGRs Ay e atBinggrdet & Pt Egﬁ’d[yl Sgffgring from
a disedbZ $n GAMNRAINRALERIGH t9¥%ufd bt b %akiOphti )Lq‘?reﬂ the symptoms of the
substantially uniformdistribution int formul ati on,
disease. qpd b compli@itions HEf@tive dexesnpilbdepdndsen thebiligease condition being

treateg b»Fe{llemb%f Ha{l de l a% g'?saﬁ‘gg 1%)33: g&délcﬁ?eg)%rrug 10g 1po 1i;nfactors such as

the sep&@tsrmmeeuls@kaltmg%s welghB@arainerhl caflifidh 6 the dhedngand the like.
silicate, mcrocrystalline cellul ose,

palhy\nongnowlpnmadmméteredém apadent oaather in gigr fasm afgharmaceutical
compgﬁ{l{gﬁls d8§ bgéi Oave Tbﬁleg c%HJp%'ugHss c%ﬁn})éadsq U hiR8 ai)}l, yconventlonal
Gaé™ ricating ts suc nagnes

steriligdtRoartadiguques, obrmaebatte@nelﬂltemlt Aigngowsgehitidns exmbespefcyagegl for use

and suspendi ng ah
as is, or lyophilized, the lyop 1hzed preparation being combined with a sterile aqueous carrier

pharmlacél.[%m Ctl%

-

depeng

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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preservi ng agents such as nethyl- and
propyl hydr oxy- benzoat es; sweet eni ng agents; and

wo b@3a0iseg) agents. The conpositions of the i nvROL/USW05/012265
can be fornul ated so as to provide quick, sustai ned or

exam@B), ERipRURESET thE idveBti@Cédnie progided it a@febss physiological buffer
admnistration to the patient by enpl oyi ng procedures

solutippo gpntaiginghabapt 0.Irhe @bagodNYi oWy ©Anihse CpBpavhtiey parenteral

Ny ng a Qr h sa nt a i
om0 SR G35 TR SRR LA BIBbE T of oty
weiglated tay Un RBme @mbbBignehed, itheeddsb gdrpeiiefibm aboat 0.01 mg/k@td about 100
dosage forns" refers to physically discrete units

mg/kg off bagy weight pen day: Fhadlompess libely b apens gy sichevagigbles as the type

and egtegﬁﬁ' %g%@?éig% tof ARMhidakd o a@E&rﬁ{; & tl‘[}:gc%\%ldﬁf ﬁ&%%{c?ﬂsr;ﬁﬁh% particular

ve naterl ca to pro
patiette ghe adlatihe raplepichl cffidaegtof ik asmpourat iselactedt formulation of the

. sui tabl & pharmaceuti.cal . excjpi ent.. The active coppound
excipieply § 8f FOllt o) QIR ddEBLes Hh P artrapelacd tom dose-
respoﬂ?é“&fr?és' c?étrﬁgwd?rlﬂin%%@&of FhiRaP8ddRSe §'§été=}§4.| y effective

anount . be_ und'erst ood, however, t.hat the _ .
anthentongfounde ok thepovendioachn alsoybeatpminnlattdeinexdpmbiindtion with one or

lly be determned.by a physi.cian,, according to th .
more A3l ¥fvs AEPRANE Sunoh QoPiRifG AN en BB eBFhdet 1if as anti-
viral g€t eshtibbllies, ChafeRe bepprésaits, agii-nflahbaitdr9agehdand the like. In

actual compound adm ni stered, the a%;erm\{\g%ght , and

somereaahodisentythe pempermdy iof the inpentioarpre By ganybipgtion with one

e, pa J ! . ik [ o} o
or mbf3e R4 ey SYORSOR o, R b Sy, 58k BGREGIOtor anirry
therapeti ve ingredient is mxed wth a pharnmaceuti cal

excipient to forma solid prefornulation conposition

contai ni ng a honogeneous m xture of a conpound of the

' § QR referring to these
LabeRUTouBGREA By ng)ggrgdtals

prefo atiron c ons as honogeneous, the active
i nAymagioireadpetts of ythe qakdent diveqntios etlatese bd yadibrlabajétb wompounds of

t onposi,tion t hat the.canposition can be readily.
Formy [ i) o b e RERRi Ry rtAdBr e e M35 S8 gRoy AR 1 viro and
in vl G R8allzkY 81 quAtitidtigahe chanskihe $eceptdr Sn $&uedsamples, including

preformul ation i's then subdivided into unit dosage

humane pné for identfying ehereeking measpian digando by dnhibifiprf Podingf of a radio-
labele%? %oq%rdp'&ccto&lﬁﬁ@ggﬁeg&gse@ ianfentrighein%ﬁltd'eél ghénq(%il%l ke%%tor assays

esent
that contain such radio-labeled compounds.

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 radionuclides that may be incorporated in compounds of the present
invention include but are not limited to *H (also written as D for deuterium), *H (also written
as T for tritium), ''C, BC, “C, N, PN, 0, 170, 0, *F, ¥*s, *c1, *Br, "*Br, "Br, "'Br,
10 1247 127 and )1, 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 vitro chemokine receptor labeling and competition assays, compounds that
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The tablets or pills of the present invention can be
coated or otherw se conpounded to provide a dosage
wo ecoosnefsor di ng t he advant age of prol onged actPOIUSH005/012265

exanple, the tablet or pill can conprise an inner
incorp@aRder, aftd omy i el dBsagewaP BRRAAN be B& dsehll €FoPRIdfYimaging

n the f?szgf,Z%glzgny3§l ope gver fhe former. The two
applicasigpdnent &, Cdn De ‘Slepak atted By omnBemilé generallyylee mogtivseful.

Sy rasj st .disin r,al i OR . he s n

oab okl RO b fateled AhAFRED: Qfbound that has
incorperadnit et ohe ridotiRlidy.ednisomeedBbGEmentts A¢ irRlioymrtide is selected

terials can be; used for.such.enteric |ayers or
from g@a&rpwg%qnsgsae&oﬁ%ﬁazfﬁé §=i35$§cqnd<§?3fg a nunber of

glcjﬁ fHetit Cm_@&]bgsc' fgpqﬁdgrﬁarg{i ertgcgiiaﬂgc}téé%%:)fn?o Z(%gagﬁc Widnthounds are

materitals as s
applicabld tolcosmpoandstafithe inVeretidni apdiate fvel fmown imétiealt. t he

coyrpoun nd conpositjans.of the present .invention
a0 el orBpaY o i vRReT SPh OF Bed) Py gFegyine sssey 10
identifyePAAhdt® BomPEhiéde IRGHRPHSRR, WidANP spithd BRWor i@ B8 Compound
. syrups, aqueous or 0oil suspensions, and flavored )
(ie., tesuPehpmmd)icah be ¢viluatedifpsits gbilitnto casluco hnding of the radio-labeled

L. coconut, ol £._peanut oi|l, [l as..
compBERETP (R ly R o iemRing FRRpr- . e ingdl the Wity of a test
compEonP asi dontese frdth thehaddad-1apaledr corigotink! fri BiRdinBCloUE@R chemokine

sol uti ons and suspensions in pharmaceutically
TGCCPHE@éfﬁﬁtb}bP@Telaé%T@dg@%ﬁm%?ﬁ'Wc sol vents, or m xtures
t hereof, and powders. The liquid or solid conpositions
may contain suitable pharmaceutically acceptable
Kits exci pients as descri bed supra. In sone enbodi nents,

t conposi.tions are .adm.nistered by the oral qor nasal .
r gﬁﬁ Erg?eeit yeatieR @ Brif s PRYMagRigH; itsefse for example, in the
treatnf BBV LR dfhEABKIRE 18RRIk 2R 0¥ H B oRerd, REEH as HIV infection,

_ gases. Nebulized solutions may be breathed directly
whiclf inglnde loae ve hwiré edniginers woseining & phammbeltical cuomphsitionecomprising a

can tached tg face masks.ten r inptermttent. .
theras el AhosPEe ElipbsT a P PR U RAERT RN L3bek FEFEa bR include, i
desiredl DRE T Ik I vaRRWE RbnEANBRA I fHafRScctBbhl NEt SHehtsek@¢h as, for

orally or nasally from devices which deliver the

examplgy rpghigitiesh With #he aFprpe i heemeesteally Tereptabisusarrists, additional
cons BRI AT LA AL SR RSBl s o
insertpor pokbelef intlicatimiiantitity off the bomPoLshts® be administered, guidelines for
administration, 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-[(35)-4-(5-Bromo-2,3-dihydro-1H-inden-1-yl)-3-methylpiperazin-1-yl]-4-
methylpiperidin-1-yl}carbonyl)-4,6-dimethylpyrimidine
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prophyl axis or therapy, the state of the patient, the
manner of admi nistration, and the like. In therapeutic
wa@ppbile®ss ons, conpositions can be adm ni st er eBCT/OSA05/012265
patient already suffering froma disease in an anpunt
sufficient to cure or aBrlea partially arrest the
synptons of the di sease a @ onpl i cations.
Ef fecti ve doses will dependson~ he di sease condition
being treated as well as by thegHudgnent of the
Step ttendi ng clinician dependi ng upon factors such as the
Severity of the disease, the age, weight and general
5-Brawandiikdamol of the patient, and the i ke. The
conp05|t|ons adn1n|stered to patient can be in_t

orthd & mb‘?ﬂa‘?ﬁf%rb@é}%q tapd a@@‘%ﬁp@s@ gi %ﬁ@r@@mm@&%@é«) évas added
T R S0 e B ST Sl v
quendhgd by uddisioh wf i lwam Hmebﬂtlmmﬂamdwﬁmtm&da&th BtOAxr twice. The

combiai QAR oy ieh waredrbRl v NSRS CaPSHRIe] APgF Yo o give 2.
g of tREmIA b&ﬁﬁ&hidoa@ s sHi@ NN c@fcutabfl i%P@gH Ql(/ﬁ-@gf aid. Q%und 194.9
, more préferably

ica e between 3 and
M+H-¥£9951960Qw&ﬂ-}h6%t preferably from7 to 8. It wi II
be understood that use of certain of the foregoing
exci pients, carriers, or stabilizers will result in
the formation of pharnaceytical salts. The therapeutic
dosage of the conpounds of the present i nvention can
vary according to, for 5'%' BO¢ he particul ar use for
which the treatnent is ma the manner of
Step Bdni ni stration of the conpound the heal th and
i7e t he judgnent of the
tert_ﬁl?ﬁ?‘?)'%g'e%)%%a%ﬁ%% Oxwzl?oportjl ongor concentration

ofT caa colupion d (25)-2-hethyipiparhrion (200 g, PIRVONM@OR Uh In@‘ahylene chloride

conposi tiqgn can vary dependi ng upon a nunber of
(300 taalfistnpﬁwi%pﬁéﬂa%eage’-ozeﬁ it added daenvss arsolgion of di-rert-

butyl (cﬁcﬁb@nal&y ULOP Léo Ry £t b1 @néH%‘EB (108 tEL gvero? htrﬁ1 eThe mixture was

dmnistratio Forexa é conpo
washcedw\emh i wategabrine, pndvihdeddried aveaqeS@s phd s¢amcagiatal. Column

e ShE QD ORI AORI S, SO0 BN X e e

compb¥iid £&2n §ipse ranges are fromabout 1 ng/kg to about 1
g/ kg of body weight per day. In sonme enbodiments, the
dose range is from about 0.01 ng/kg to about 100 ny/ kg
of body wei ght per day. The qosage is likely to depend
on such variables as th ype

N N—Boc
/

Br
Step C

tert-Butyl (3S)-4-(5-bromo-2,3-dihydro-1H-inden-1-yl)-3-methylpiperazine-1 -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
vacuum. The residue was taken up in DMF (10 mL). To the mixture were added fers-butyl
(35)-3-methylpiperazine-1-carboxylate (0.94 g, 4.7 mmol), Nal (2 g, 13 mmol) and
triethylamine (1.5 mL, 10 mmol). The resulting solution was stirred at 70 °C overnight. After
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and extent of progression of the disease or disorder,
the overall health status of the particular patient,

wo b@snelsat i ve bi ol ogi cal efficacy of the conpoeemUs2005/012265
sel ected, fornulation of the excipient, and its route

coohﬁé tmwkﬁﬁae@we Nyatlf ‘§v§§£dd¥§ ﬂﬂ:%ﬁltféﬁ%eﬁ%x%&t&@ Rt c twice.

from doser esponse curves derived fromin vitro or

The epmbined HEIRe layest wslgpsweqhsd wWithebriesdoiad d)gengSm; and concentrated

Colmlnlﬂ %rc%& 812}6 ghc’s lﬁ&ﬂ@t edléexggec) et?{f)‘él ﬁé(ﬂgﬂ 1%0%&5 Isomer 1
(fast mmzhngllsomﬁm otBEr gamu&alamtecamwmﬂm@@z @MHH)V 3984 found 395.1,

ents antlbodles i mune suppressa
397-%3%%% Rf(slamiReving ismest: §-33r Nfﬁ @W@@S 1» A9%Bne
enbodi nents, the conpounds of the invention are
f or nul at ed i n conbi nati on vvlth one or nore anti-viral

agents includi ng protease \nhijpitors and ot her agents
used for anti-HV th Law ounds and Assay
Met hods Anot her aspegt Of (_g pr venti on
relates to radio-| ad compounds of Fornula I that
woul d be useful not’eefy in radio-imging but also in
assays, both in Vtro and in vivo, for |ocalizing and

Step Quantitating the chenokine receptor in tissue sanples,

i ncl udi ng human, and for identjfyi chenok
tert-Fugil doh(en) - (@—gmgo B e e L Agresh il 1]-4-

£ E% . Accordingly, the present invention
cyam%pz‘%ﬁucfges eno |ne receptor assays that contain such
r delbmerl lafremctter (P33 6. 83’1‘1hmobms dissolivad and NoACH urdlhmne 4
ounds of Fornu

mL) | gfglgl'?lgl x o %;:%?%F%mieg& %ﬁ tg Hon gaﬁﬁ%ltﬁqatr tgd 2I'he residue
was tﬁl@i‘iﬁﬁ“ﬁ@l—@zfcl} e NVIRY Tk | 'w‘éfb ey ?‘erpﬁli%m -oRBI1Spipd}IBe@ o xylate

| aced or substituted by an atom having an atomc

(0.172a8.85 ohmARSE (@B e (0.7 Lo pod tricthdamine 0 Strok), d haasstuos was

stlrreg?@ﬁ)rorrnlutﬁﬁxﬁeragy lpg%:n@ﬁlt gr&.‘r@lﬁ Jg{&tlgeat o eréegm%g ugder VacquLyThe

residue @&y dissolteddn MHICGADY MbSthe ik WaseHRIBE allmllemdhﬂ{bn of
include but are not |limted to 2H (also witten as

diethylalumdpym eyanidg (1 mip.(thegesuling sobionsvas stisied et 39 PGfgr, 5 hand
concehfrated %(gspro]v‘d'd%' thd 3Nde ol coﬂiﬁ&‘md](z)% g) that was used for the next reaction

without purification. MS calculated for CysH3sBrN4O,: (M+H)" 503; found 503.1, 505.1.

N N@N—Boc
&
Br
Step E

tert-Butyl 4-[(3S)-4-(5-bromo-2, 3-dihydro-1H-inden-1-yl)-3-methylpiperazin-1-yl]-4-
methylpiperidine-1-carboxylate

To a solution of fert-butyl 4-[(3S)-4-(5-bromo-2,3-dihydro-1H-inden-1-y1)-3-
methylpiperazin-1-yl]-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 concentrated. Purification on silica (2:1
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180 18F, 35S, 36d, 82Br, 75Br, 76Br5 77Br5 123l,
1241, 1251 and 1311. The radionuclide that is
wo pwsnpessat ed in the i nstant radi o-1 abel ed conmpOLM&®05/012265
wi || depend on. the specific application of that
hexaﬁe@l@ﬂ(ﬁkd) %l‘&é& G TREY r%ﬂlﬂ%%d 6(?[3'[)%)6 MfS Oéalélpatéld thP C25H37B1'N302

chenokine receptor |abeling a etition assay
(Mo ABbuintrd $HaZ, 4946k por at e 3H, 14C, 828r5 1251 1311
35S or will generally be nost useful. For
radi o-i magi ng applications 1 1C, 18F, 12515 12315
1241, 13115 75Br5 76Br or Br will generally be nost
useful. It is understg th \yaN o-1 abeled " or
"l abel ed conpound” is ou haf¥fhas i ncor por at ed
at | east one radionu I'n sone enbodi nents the
radi onuclide is selestegd fromthe group consisting O
3H5 14C5 1251, 35%rand 82Br. Synthetic nethods for
Step Fncorporating radio-i sotopes into organi ¢ conpounds
applicable to conpounds of the invention and are

(ZS)wg(ﬁmeng%ﬁwdrhydmlarmdew wadz-weﬂabéwww}ompmnm yBigerazine

N A3 DS CEARR AR e soimpgn

in dieyant h(esmij)dA(ffer ey isfilred a€ QoBAUREhpetat@re , fok €51, the solution was
an be evaluated for its ability to reduce

d)
concop ARG PGS (8 COTPABET st SUTSRRIprSk St €02 e MBonlculated
for Céﬁg(}i}j}m q 306 foﬁﬁ&@%’ﬁ 399;0%:or di ngly, ot he ability of

est “conpound to conpete® with the radio-I abel ed
conpound for bi ndi ng to t he chenoki ne

COLH
X

NN
Step G
4,6-Dimethylpyrimidine-5-carboxylic acid

Ethyl 2-Acetyl-3-ethoxybut-2-enoate. A 5 L 4-neck flask equipped with a
mechanical stirrer, condenser, thermowell, addition funnel and N, inlet was charged with
cthyl 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 mixture 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(OEt);] 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 mol), formamidine acetate (5.6 g, 0.054 mol) and sodium ethoxide 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 mixture was cooled, quenched with water and concentrated. The crude
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receptor directly correlates to its binding affinity.
Kits The present invention also includes

web@seusatit i cal kits useful, for exanple, in tP€I/US2005/012265
treatnment or prevention of chenoki ne-associ at ed

materéHl SERSRBIRA i AhdeiromatdpphRdnHilical rgéleelutmg withi10%, 50% ethyl
i ncl ude one or nore containers contai ni ng

acetatﬁﬂlg?(%@ugﬁf@rm the slepie pqochtC@rflp £ gﬁ%@ ag a yellow oil. MS (EI) 181.1

vt R 6 it B 2 i s, Tt 0D 20 28 s a1, 142

3H) one or nore of various conventional pharnaceutical kit
" conmponents, such as, for exanple, containers with one

o]7} mme%yﬁﬁﬁutﬂecsauﬁboayﬁ@ ptail.e EfyT i elf@dlmethylpyrlmldlne 5-
addltl onal containers, etc., as will be readil

carboxylgter@A® g §-065seoll was mixpd; with pgolation of spsiym éltydmxsde (4.0 g,0.10
o B EE R STAS 300036 AR LS AR, 5 o
reactianl Nty &tfd&ﬁedo Iilsmgndfméntgmcti dlytroeklotior adid,x and) thére concentrated to

onents,. can al so cl ude he k
drynestyvien O FFSiuF: a%mae(%gﬁ) dWﬁ%a(gcieéatT ¢ Tapolubly S%ﬁ%ﬁblomde was
ﬁlteréafo g \&és‘ﬁec? fﬁﬂh@ﬁ’xan&'i%O@ %ﬂé)o‘”l"hg %lﬁ%‘t@'@&lseccon@élﬁrated to dryness.
fere ustratlve ses, and are no
The retndlmwmwasheﬂlwﬁh AChEt0l give ﬁt5| @(921%9 czfrryodm:m AR soIfdhddS (EI) 153.1
ofy skill in the art w | rea%(ﬂ?y recognl ze a variety
(M1 ERDMER (400 Hzp&Pa@BY) rEPWNiSH? Gakbe - 5Hard®d or
nodified to yield essentially the sanme results.
EXAMPLES Exanple 1
5-({4-[(35)-4-(5-Brom-2 dlhydroIH-lndell-I-yI) 3-m

et hyl pi perazm | -yl ]
wa@ met/hyl pyri m di neS
a sotuti

met hyl pi peri di n~| -
tep A 5-Brono-|-i o/
5- brono-1 -i ndanon .0 g, 9.5 Mo NI'HF (20 niL)
was added NaBH4B(0.5 g, 12.8 mmol). er stirring at
Stepjgoomten'perat ure overni ght, the sol ut| on was quenched
y addition of water. The resulting solution was
5- ({4—@'&159%((56&0%&21 3Elikydeo - Bidlen-THE) - S aredhy s dﬁerﬁtzz@épyzl]&yer S
dried over Na2SO4 and concentrated under vacuum
meth){lmpqz@zg-lzylécarbonyl) -4,6-dimethylpyrimidine

To a solution of (25)-1-(5-bromo-2,3-dihydro-1H-inden-1-yl)-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 h, the
mixture was diluted with EtOAc and a solution of Na,CO; in water. The organic layer was
separated, washed with water several times, dried over NaySO, and concentrated. Purification
on reverse phase HPLC and lyophilization gave the final product as a TFA salt (20 mg).‘ MS
calculated for Cp7H3¢BrNsO: (M+H)" 526; found 526.1, 528.1.
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g of the title conmpound as a solid. M calculated for
COHOBr O (M+H) + 212.9; found 194.9 (MtH H20 )+, 197.0

W@ ko488 ) +. HN N-Boc Step B tert-Butyl PCT/US2005/012265
(3S) - 3- net hyl pi perazi ne-I-carboxylate To a sol uti on of
(25) - 2- net hyl pi perazine {20.0 g, 0.200 nol) in

nmet hyl ene chl ori de 0 a i etPyl ami ne (20.4 g,
0.202 mol) was adde rdﬁv&;&ﬂ@ i ory of
di -tertbutyl dicarponate (44.0 g,” O. nml) in CH2d 2
(100 nl.) over 5 hg he m xture s\g&{;}hed Wt h
water, brine, anB then dried over My¥HA and
Exampreeentrated. Col utm chromat ography on silica (10-20%
OHin EtOAc) afforded 32.0 g (80% of the title

5-({4d62$&i@ghg>raﬂ,bgihydﬁpdﬂémdenf_{-ylﬁigt-mbfhyl i)persazin-l-hyl]l-4-_
-4-(5: bromg- 2, 3- ro- i nden-1-yl)-3-nethyl pip
meﬂ‘&rﬁ’a{é?fﬁ%‘-‘lr1-82%?%}33%@#&%5/%?@%%@%o| (1.0 g, 4.7
MTHi) @@l Hayeseftirs® Aup@dntidilyt Bt Ok 64 gﬁ' ﬂ?arﬁ}ﬁg 1 using
m.). After stirring at roomtenpérature ?or hr's, e
appropgipigstasHnguagtesighic MY ealewdated Audi7NaENsth (VIHH) 'r46s; fuad 466.2.
was taken up in DMF (10 nlL). To the m xture were added
t r -butyl (3 -3- tnethyl pi perazine- | -carboxylate
(0.94 g, 4.7 mmol ), Nal\(2 g, 13 nmol) and
triethylam ne (1.5, /Y \Thg’resul ting
solution was stirrled/at'\70,0C\ov Aftercooling
to room t enper at - Yhe sol ution was
extracted with Et'QA¢ twi ce. The co i:ng%l Et OAc | ayers
were washed with br'rne, dri ed over SO4 and
concentrated. Col unn chronat ography on silica (50%
Exangedc i n hexane) provided two isoners. Isomer 1 (fast

(4B NG 1 'y 0.3 : cal,c ted for CL9H27Br N2QO2
-((4 TSGR 2 3- Bt Sy B BgS R V-3 sheiny im Sty sl ing
methitylﬁqimed)i?-lﬁyl%rbbﬂﬁ)ﬁmime’iﬂﬁp}rinﬁaﬂmo- Step D
- bu
43@‘(53 Spu yDF@i bY&arepaseddishhsiansially andisseribed| jn Exmetphy |1 using
approPtife s8Ry hiallrla1sh MS calculated for CorHigBIN5O: (M+H)™ 526; found 526.1,
528.1.

DO
N N N
_/
7 N
N="
Example 4

5—({4-[(38)-4-(6-Fluoro-2,3—dihydro-1H-inden-1-yl)-3-methylpiperazin-l-yl]-4—
methylpiperidin-l-yl}carb0nyl)-4,6-dimethylpyrimidine
This compound was prepared substantially as described in Example 1 using

appropriate starting materials. MS calculated for C,7Hz6FN;O: (M+H)" 466; found 466.2.

40



10

15

20

25

cyanopi peridi ne-| -carboxyl ate Isomer 1 from Step C

(0.33 g, 0.83 mpl) was dissolved in 4 NHC in
wolt@sams3g 4 nL). After stirring at room tenper BCT/US2008012265

2 h, the solution was concentrated. The residue was

taken up in CH2A (5 m_%) it were added r -butyl

4- oxo- | - pi peridi ne oxyl at e N7 &, 0.85 nmmol),
Ti(Q-Pr) 4 (0.87 \ne/(0.6 nL). The
m xture was stirred—af room tenperat
the volatiles were pved under vacyum™ The residue
was di ssolved in T F (5 m.). To the xture was added
a 1.0 Msol utionBf diet hyl al um num cyanide ( 1 ni).
Exanmpple & esul ti ng sol ution was stirred at 30 OC for 5 h
C nt r at t vi.de t rude title conpound
R R R R S R RV N = R R
methlpipériani- 181 caMborsBL4,6 dhbethylrideithB5Br NAC2:  (M+H) +
503;. found 503. 1, 505. 1. Step E tert-Butyl
4- Tliis syemanquadn MefoPEp@edi fupsientially iasddescribed )in3Emenblel 1 using

apprésﬂofﬁut Iﬁgllrﬁﬁ]lgfm%@g;l?lébh/{%%ﬁ&l& &)%1] ézgﬁﬁgﬁﬂﬁa t819/f<-l)f4i)at5%f0;Ti‘)ound 540.2,

542.U-[ (3<S) - 4- (5- brono- 2, 3-di hydro-1 Hi nden-I-yl) - 3-
met hyl pi perazin-| -yl ]-4-cyanopi peridi ne-I|-carboxyl ate
(0.32 g, 0.64 mmol) in THF (2 nL) was added a 3 M
sol uti on of nethyl magnesiumbromde (1.1 ni, 3.3
mml ). After stirring at roomtenperature overnight,
the solution was concen\r at @I fd cation on silica
(2: 1hexane/ Et OAc) orded tht 1,2 conpound (0.25
g). M cal cul ated y 5 BRN32:
491.2, 494.2. Ste
(2S)-1-(5~Brono-2 di hydr o-1 Hi nde
4- met hyl pi peri di n-4-y.) pi perazi ne The i nternmedi ate

obt ai ned from step E(O. 23 g) was dissolved in a
Example @t i on of 4 N HO in dioxane (3 nL). After being

SO BrohB S ATREAR HiRabRldon LS Epi bl a5 -4

methylplimuﬂmehyl}caldmnylamw din&BylpyrinMBineal cul ated for

H30Br N3 |—2+ 392;  found 392. 2, ('33942
is’ compound ‘was prepared substantially’ as described in Example 1 using

appropriate starting materials. MS calculated for CpsH3sBrNsO: (M-+H)" 540; found 540.2,
542.1.

i e hyNa
re\ overni ght and

L7 y) 2-met hyl - 4-(

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

inden-1-yl]piperazin-1-yl}piperidin-1-yl)carbonyl]pyrimidine
Br

/@A(COQEt
Fic CO,E
Step A

Diethyl [2-bromo-4-(trifluoromethyl)benzylJmalonate
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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Step G 4, -D nethyl pyrimdineS-carboxylic acid Ethyl
2- Acet yl - 3-et hoxybut - 2-enoate. A 5 L 4-neck flask
weousppwas Wit h a mechani cal stirrer, condenserPCT/US2005/012265

thernowel |, addition funnel and N2 inlet was charged
hr at %&H t@fhﬁéﬂatu?é? eﬁooﬁcx%saélswl(y"ﬁfae& agsohﬂf%% éﬁ—z-br"bd&¥-3(cﬁi8{o§nethyl)-4-
equl v) sodi um et hoxi de (3

(tnﬂmm%lyl)be@mwe(wmeg,rﬁﬁ Gowea) i BAOF &(gmLioA@ean:mg sB86R at room

was added over, 1 hr. mai nt ajni.n
temp s Busiofii e FRnRE P 23 e ol L Py The rsuling
soluuWi &ihs asttthdted fbw‘d@%ﬂﬁé’tﬁéxeifﬁe cdMBink@ 8LfrAc®wetexakhed Wath water and
heated at 85 5 Cfor 7.5 hr. The yell ow brown
brmex%ﬁ'étQVéﬁMﬁ%@mné owa@n&r@t@ﬂeaolﬂl@nr@mmtéa@éh&m siicafer10% EtOAc

r rgi.g
in he%{tahé Oﬁgﬂ{ﬂ\éﬁ Efte Qalﬁe E%%%éblﬁp/e%%%{‘) Bige fl3b§|ﬂé . IB/IeS ! cglculated for
C15Hf6BtR3éMa@WFH) @97( fratb 3020pB9%R0.Ur € -65 0. The r esi dual
yel |l ow-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 |iquid. Ethyl 4,
- Di net hyl pyri m di ne-S-car boxyl ate. Et hyl
2-acetyl - 3- et hoxybut - 2-en8ate (10.7 g, 0.0537 nol),
formam di ne acetate (5.6 o~05%0ghbl ) and sodi um
ethoxide (2.7 Min etha 20% ) were mxed in
et hanol (30 nlL) and Fk® tur 89%8s stirred at 90 0OC
or 4 h . The reaction m xture was cool ed, quenched
Step R th water and concentrated. The crudematerial was

2-Br05)%b”¢ drﬁﬁlo%ét}fﬁoﬂﬁ é%]ﬂ?&?%z@%z@phy on silical gel,

eluting with % et hyl acet ate/ hexane to afford
t tT@ @I@Qiut@d @ dmhyd [@?brdmg-4 Cxﬁﬂ@orameﬁlyj/)bbﬂlzy\lqmldmatdvsn 5¢g 34

mmolp g &t (G Y (abd i Y5 nir s igig &5 3biufioh BB Rhaitin Haroxide

in Wafb‘r @Qﬂnﬂﬂ?tﬁﬁér Beig éﬁrﬁﬁcﬂﬁ‘r@oxﬁ Qérﬁﬁéfé(ﬂui*eco@@mght aﬁaﬁbl was removed in
4, 6-di met hyl pyri m di ne-5- carboxyl ate 0. 0605

vacuorditp wiier salwiean was Milated diyuadditiorosf mout wmemm xirdeted with ether

tw1ce.g ?llxe? { elaltlgg Wat&qh er \pasvﬁicﬁﬁeé Zo Lé‘}ﬁﬁh 1:12{115‘q Lf{e g&i%nd extracted

room erature OV rni

with ¢thad timps. ViR cmﬂhimédl @HerUsyeng werswadhed %ﬂﬁwﬁ%ﬂ&ﬁ’@hﬁ@é idgied over
(g\m d, and thegn concentrated to
MgSO, and concentrated to give the title compound as a white solid (9.8 g, 84%). MS

calculated for Cy/HgBrF304: (M+H)" 341; found 363 (M+Na)*.

Br

FsC
Step C

3-[2-Bromo-4-(trifluoromethyl)phenyl]propanoic acid
[2-Bromo-4-(trifluoromethyl)benzyl]malonic 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 MgSO4 and concentrated. The solid was washed with hexane to give the title
compound (7.20 g, 85%). MS calculated for C;oHgBrF;0;: (M+H)+ 297; found 297.0, 299.0.
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dryness. To this residue, acetone (100 nlL) was added.

The i nsol ubl e sodi um chloride was filtered out and
woa@kadises t h et hanol (100 nmL). The filtrate wWeSI/US2005/012265

concentrated to dryness. The residue was washed with

ACN to give 8.5 g (92% of t as a solid. M5 (El)

153.1 (MH). 1H NMR (400 ) d (ppm 8.89 (s,

IH, 2.56 (s, 6H). StepFie
5-({4-[(3S)-4-(5-Brono- 2, 3-di hydPo-| H i nden-1-yl)-3-nme

Sz‘epbhy| pi perazin-1-yl]-4-
met hyl pi peri di n-1-yl}carbonyl)-4, 6-di net hyl pyri m di ne
6-(Trifbuoaomed inden-dfone

-1-(5-b -2 3-dih I H -1 -yl)-2- net hyl - 4-
(208 usphifion: Hebig bt Riomne RS hen op &y oo & 215
mmogaa THF (S0 Iyl )heik ekoﬁn%'% BeLTY PO Yads fHddéd‘gQr.rSL )M solution of #-

- carboxylic acid (9 m%o 6 mml) in DVF ( was
butyllthéren im Bepsene (1 hmbl)- After being stirred for 15 min, the mixture was poured into a

o ldi nmth . .
2 N IS TR SN BIPRESRA o vy vos v
by ethéi. &fHeydombing] (@@nictaydds EVdgHMa)HhedA\_fVﬁthrNMCO@ s&uitibh,egzater, brine,
dricd fveh VRO AP PRSIk ICOTER ChebDistmesrRhyg Biics Hi205 FIOAC in

i . . r at , i- )
hexaif) qngglaea RCHILSmBRRAr OL2 gaslé‘%z B dn Wit ggmaﬁma%&wraémmmo.

dried over centr at
(M+HX1 1201} fomnd 801.6n rever se phase HPLC and | yophilization
gave the final product as a TFA salt (20 ng). M5
cal cul ated for C27H36Br NsO (M-H) + 526; found 526. 1,

528. 1. Exanpl e 2
5-({4-[(3S)-4-(5-F uoro-2ro-| Hinden-1-yl)-3-m

et hyl pi perazin-1-yl]-4FsC

met hyl pi peri din-1-yl}carbonyl)-Q6-di met hyl pyri m di ne
Step Ehi's conmpound was prepared substantially as described

in Exanple 1 using appropriate starting materials. M
6-(Trifbloverhettelfinflar-1@27H FN5QO  (M+H) + 466; found 466. 2.

le 3 5-({A4-[£3 . .

)13 RSPt S gt Pisdenderns (379 £a havRgh i FEE,G0 mL)
was addedl sydilimdborohydride (0.50 g, 13 mmol). After being stirred for 30 min, methanol

met hyl pi peridin-1-yl}carbonyl)-4, 6-di met hyl pyri m dne
(10 mip) wascesidsd shawleStining yeascaontuinsh fon 2i hup Theasactioscyhbeepnched by
additioH] o@%ﬁr%lugoﬁ's atninO%um 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 MgSO, 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

C1oHoF30: (M-+H)" 203; found 185.0 (M-H,0+1)",

Fgc/©;>

Cl
Step F

1-Chloro-6-(trifluoromethyl)indane
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appropriate starting materials. M cal culated for

C27H36Br N5sO  (M+H) + 526; found 526.1, 528.1. Exanple 4
W®2{05401868S) - 4- ( 6- Fl uor o- 2, 3- di hydr o- | H i nden- PEWU¥2085/02265
~etliyl piperazm|-yl]-4-

et tTyiRbREkt gymnhaﬁti-bc 1. b2y )5 thafol¥ Was tdissbRid Ilfntﬂlbﬁﬂ chioride

Thi s conpoun repared substantially as describ

(15 mly. Eﬁarn’ml@g stimed n@roamoﬁem@ptaatre far Ahes, thy seletion Was corwsntrated in

vacuogrtgé)ff‘éz{! %(g%,& tl% cg%?ﬁcgﬁr’\%g 9()%91’"') + 466; found

)-4-(6-Brono-1, 2, 3, 4-tetrahydronapht hal en-1-yl)-3-neth
yl pi perazin-I-yl]-4-

met hyl pi peridin-1-yl}carbon <4, 6-di met hyl pyri m di ne
[ d agdd al |y as descri bed
in Exanple 1 using apprepri ate/starting materials. M
5O (M-H) + 540; found 540. 2,

542.1. Exanple 6
5-({4-[(3S)-4-(7-Brono-tkL, 3, 4-t et rahydronapht hal en-1 -

C)({ns) 3- et hyl pi perazin-1-yl]-4-
Step Gret hy! pi peri di n-1 -yl }carbonyl ) - 4, 6- di met hyl pyri i di ne

terf-BEﬁ)l Eﬁ@ﬂ%m%ﬂ LV iRl R P e Sy H-Us Ez’z%%’;‘oaﬁﬁm?e%ﬁ?ﬁﬁgk}%ﬁﬁze-l -

|ng approprlate starting materia
carbog@lpteul at ed for C2 H38Br N5O (MH) + 540; found 540. 2,

542.1. .Exappl e 7 . .
2 J5bitiaR p T Blofo - riipgameiyindgne {1 2 85ummsll 1Pyt G5
-metﬁ?ﬁ)gj’é%zli% i-carb%xﬂhﬁy@rpg Hlonﬂﬁﬁbl? sodium iodide (3 g, 20 mmol) and

p| perazin-| lM"DF eridml - )carbonél]pyrlmdl ne
tnethjgg@ple;( [ 8 mymol) in D F20 mL) was stlrred at 60 °C overnight. After cooling to
I { t

room L“%“s%ré&gp% %vage%r \MIS Oalﬂgérc? hnﬁ’l qg%h@fa&%ﬁtﬁ%@@ &t?qc&e‘& 1t}%§|t_OAc twice.
The {abint]d dtradi Q@re/va&ashed with water and brine, dried over MgSOs and
concentrated. Column chromatography on silica (10%-30% EtOAc in hexane) afforded two
isomers. Isomer 1: 0.52 g (brown oil). MS calculated for CyoHy7FsN,0,: (M+H)" 385; found

385.2. Isomer 2: 0.41 g (brown oil). MS: (M+H)" 385.2

Step H
(25)-2-Methyl-1-[6-(trifluoromethyl)-2, 3-dihydro-1H-inden-1-yl]piperazine

tert-Butyl (35)-3-methyl-4-[6-(trifluoromethyl)-2,3-dihydro-1H-inden-1-yl1]-
piperazine-1-carboxylate (isomer 1 from step G, 0.52 g, 1.4 mmol) was dissolved in a 4 M
solution of HCl in 1,4-dioxane (10 mL). After 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 CysHoF3N,: (M+H)" 285; found 285.1.
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dropw se added ethyl malonate (14 g, 88 mmol). After
addition the mxture was stirred for 1hr at room
w0 esppaomBRIre. To it was slowy added a sol uti oPCDUS2005/012265

2-brono-1-(chloronmethyl)-4- (trifluoronethyl)benzene
(10.0 g, 36.6 nmol) in ( m.). After being
stirred at roomtenpenatu e ht, the m xture was
poured into ice wat ﬂ ; “PeSul t | ng sol ution
was extracted tw cth et her. e conbi ned extracts
were washed with gt and brine, dried over MpSH and
concentrated. Col umlgchronmat ography on silica (5-10%
Et OAc i n hexane) affgiféied the title conmpound as an oil

Step [13.59, 93% . Ms calculated for C 5H16Br F304: (MtH) +
397; found 397.0, 399.0. Step B ) )

tert-Bubd donng-4{~ (GS)-Puse et (i soroye b & Bidihytcod Hrindgn-1-

; ij0 gy,
yl]qu’e%%z%{zg%}!%e(ﬁz% Puclgf%o%%aﬁeyl ) benzyl ] mal onate (13.5 g,
34282 ethyl- B{ framidluotohfetinil)-2 Andihydrd-diH-{nd8nitLyl] pipaazine
iy oSt B8 411 Sl o e e L 1 o s
washe ¥ifhi GRirate@ NANOD, WoI51i5E TR bvieP MEFO!Cand B BRE-RE]. The residue
solution was diluted by addition of nore water and

was dalenaspeih wiclloronkethanewi(2k . mThe Toe dtulveare gaddetievert-aytst 4-oxo-1-

. s acidif] 0 3 with ncentrated HC .an
piverifffe Ao 8uelsP 2k R ha SRR B ordp D & 3 mmo. The
mixtrd Wels Sstivietl &t \Wesh aempbratirdvat &highP dnd coi@ntréiel 66 vO¥£S. The residue

&%804 and concentrated to give the title conpound as a
was

¢t 8P db| TRIF (80 gnly), Digtiaylalupsinea) esignided@. 80g, 69 mmol) was added.
: + : 6 +. S .
e bl SR AR S BBy aion o

wateq @3- BED rﬁhe4relé1ﬂtihg Isdlmfionmgag )ﬂlt)ckh@lﬂt??ﬂt@lgﬁtdmé ﬁn@@ﬂfngélﬁe 8hs washed
) . 28.7 in_a roun ftom fl ask was heated to 180

with %hémnﬁgétoq g?gemégn%n’{hqq Bgteawas gaedoyesMgs9s apd concentrated to
; c [ HHOM t erat,ur i g

sive {4 0k Q07200 BTk S| LIRS it

CasHal ¥« vy @D4HAMP 36 bmod#98a% ed. The solid was washed with

hexane to give the title conpound (7.20 g, 85%. M5
cal cul ated for C]OH8Br F3Q2: (M+H)+ 297; found 297.0,

299.0.Step D \/
&N N@N—Boc
\_/
CF3
Step J

tert-Butyl 4-Methyl-4-{(3S)-3-methyl-4-[6-(trifluoromethyl)-2, 3-dihydro-1 H-inden-1-
yl]piperazin-1-yl}piperidine-1-carboxylate
To a solution of fert-butyl 4-cyano-4-{(3S)-3-methyl-4-[6-(trifluoromethyl)-2,3-

dihydro-1H-inden-1-yl]piperazin-1-yl}piperidine-1-carboxylate (0.72 g, 1.3 mmol) 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% EtOAc in hexane)
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6-(Trifluoronethyl)indan-1-one To a sol ution of
3-[2-brono-4-(trifluoronethyl)phenyl] propanoic acid
W@ 800400338 21. 5 mmol ) in THF (300 niL) and hexaPeT/{8105/012265
niL) at -78 0C was added a 2.5 M solution of
provu!IB@lUthé’ kitle LhipBudd02xame%) k9 aRlidebus Hil.1ES déﬁﬁu[@edsfdr T, 849,5F3N;0,:
r 15 mn, the mxture was poured into a 2 N HC
(M+PBOH%@=|f©WQ‘18§O3 m.). The two |ayers were separated and
the water | ayer was extracted by ether. The conbi ned
organi c |l ayers were washed wi th NaHCO 3 sol uti on,
water, brine, dried over SO 4 and concentr at ed.
Col um chr omat ogr aphy ™0 [ 1 aO% Et OAC i n
hexane) provided th ‘ 'ﬁ'p (2 2 g, 51% as an
oil. MG cal cul at ed C10H7F30 CVHhE) + 201 f ound
201.0. Step E 6-(Tr oronet hyl )i ndan-1-ol To a
sol ution of 6- (trlflunponethyl)lndan | -one (2.20 g, 11
mmol) in THF (30 nL) wa$ added sodi um borohydri de
Step K0.50 g, 13 mmol ). After being stirred for 30 mn,

(25)- LD P P - THE G o e AR H-inden1-

yZ]p,p@;jgl,,;é on of an aqueous ammoni um chl ori de solution. The
two | ayers were separated and the water |ayer was

exltertal&mtyh ’éyneihﬁeﬁlf-{(3$bré~mcthﬂr4r{a@(tuﬂggmn@eth)éyaﬁsd1hﬁrg 1H-inden-
b
1y aR BRI G 8F 0166 RHEP, el Wrsgivedgn 2 4 M

solutibh OAFICINNNB*aME )8 OAME). t Aftert Belin stﬁ%ﬁp&uﬁsm(tén@&agm G898 hrs, the
as an oil. M calculated for CILOHOF3O ( M+H)

203;
solutipp yyad cggga_n(c_ra’(emtp{ gp@-thy tifle cg;n@@ulpd (0.35g)as a tr1hydrochlor1de salt. MS

z 0 i H?j; I ne6- (Trifluoronethyl)i
Calcu%aegr}l-o?-bﬁlﬁfp%ﬁgz(%, %ggmf%ébggg di ssol ved in thionyl

chloride (15 nL). After being stirred at room

tenperature for 2 hrs, he sol uti on was concentrat ed

in vacuo to provide the ound (1.5 g, 909%.
Step G j(

N—

CF3

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

To a solution of (25)-2-methyl-4-(4-methylpiperidin-4-yl)-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-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (97 mg, 0.22 mmol) followed
by triethylamine (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 EtOAc
twice. The combined EtOAc layers were washed with brine, dried over MgSO4 and
concentrated. Column chromatography on silica (10-20% MeOH in EtOAc) afforded the title
compound (60 mg) as an oil. MS calculated for CygH36F3N50: (M+H)+ 516; found 516.2.
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tert-Butyl

(3S)-3-Methyl -4-16-(trifluoronmethyl)-2,3-dihydro-1H1in
waelewsiensBg pi per azi ne-1 car boxyl ate A sol uti on 0OPCT/US2005/012265

| -chloro-6-(trifluoronethyl)indane (1.52 g, 6.89

Exanﬁg@%) tert-butyl (3S)-
- et hyl pi per azi ne-1-carboxylate (2.1 g, 10 mmlzqy
4,6-Digngthyld-ldaingthyl-3- §3S):H meithy1y4- Eﬁwfirﬂuoeolnythaﬁr%é-d(l dyo-1H-
ti 0 0C
‘“de“'gﬂéﬁn%eﬁ%z‘“ﬂr%{“&%dm Y %"?6‘8‘@?{!“ éW'péelP gt ure, water

was added The resulting sollion was extracted with
Et OAc twi ce. The conbi ned extracts were washed with
wat er and brine, dried overs,WgSO4 and concentr at ed.
Col um chr omat ogr aphy bsf Br10% 30% Et OAc i n
hexane) afforded two isonersS. Isoner 1. 0.52 g (brown
Step Aoi 1 ). M cal cul ated for C2OH 27F3N2Q2: ( M+H) + 385;

[2-Brogge Sl Oﬁethy%ﬁenyﬁme%anoz g (brown oil). Ms: (MrH)+

(29) aZSdl@clcﬁ]V lof 1 2- bMJ-SJ(ﬁiﬂﬁ@f@ﬁ@hﬁytLehzamax1el (19dr @; |48 infinol) in
den- | ~yl ]fl rerazine tert-B

dlchloqr@syﬂlgnqlwé oy ml)- e éltopmsleu%{déﬁe% Ay )VI 2olgtign mf isobylafpminum
hydrldsjet {e]lph?% %(gglngf“f iﬁg”%ns%ﬁ@ms fﬁ da%nﬁ‘ﬁde} A‘I ‘tk}?é@n at ambient

tempegdlutét fo0 1 10indhs then lhlﬁ'tedihwaihlmdrﬂ.éf ¢thor. (100 telr). Befien goohng in an
stirred at., room tenpera e for 2 hrs, .the soluytio

ice baijna 30N eliion o BE| MRS vaie t%ldﬁﬁl G de iese sy gorousty stirred at
amble‘ﬁP Wﬂu% og lg'o %ﬂ%&%@n‘l@%ﬁf%s (s Wit g]’cﬁ)fﬁé‘? dridP(MgS0y)

r foun
and eva‘ﬁbmbed "Iﬂlerrbsuﬂinttg/dll was purified by flash chromatography (5% EtOAc/hexane)

- th fl | ),- - di
affordﬁf%cg gnq%kél-Ib 39?)5rt§;ﬂ]10rﬁp%g}yl%gﬂ$it rslgde} ﬁé@ﬁ&&#g)l})% 130% (s, 1H),
I t t ' 1)-2
B8 T A o L R e S o aer oY 1 i
(@ o&&ng;tur]: 03? 2Fbmlln)) Mﬂﬂmmmthw)bemlctﬁhgﬂd Or g Pt haned.in THE (20
mL) g o Ve SRR Qo 2P Dt LA e Mikure was
StlI‘I'C(I SKEPC 4P ambicdt &ﬂlp&?&ﬁ%tfbﬁm% (80 rédekibn v@é@ u%né’lﬁﬂ%yaeﬁﬁﬁﬂ)n of an
rt-butyl 4-oxo i peridi necar boxyl ate , 1.
aqueomol)ltlam of tNaI%Gﬁ)uriwp e*pméﬁug) ﬁﬁrlb@@x wae e((@acgecb WIQQE#RAC) twice. The
Comblé)ﬁg eg%%%%hft%}: V\\,?V%Sélei& ﬁm a %Mgsg@erg 'él%rdeana\é%ﬁgéngja{ed to give
the desired alcohol as a white solid (4.4 g). 1H NMR (CDCl3) & 7.81 (s, 1H), 7.66 (d, J=8.3
Hz, 1H), 7.42 (dd, /=8.3 Hz, 2.0 Hz, 1H), 4.81 (d, /=6.3 Hz, 2H), 2.03 (m, 1H).

Cl

FsC Br

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

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

Evaporation in vacuo gave the crude product as an oil. 'H NMR (CDCly) & 7.77 (d, J=8.3 Hz,
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was taken up in THF (20 nlL). Diethyl al um num cyani de
(0.18 g, 1.6 mmol ) was added. After being stirred at

wo omsiomaper ature for 5 hrs, the sol uti on was pEENSives 012265
by addition of water (3 rTL) The resulting solution

1H), Wﬁf b erggl fr@{, ﬁ)%'{d@eﬁstﬁ 22Nt ) Gedd §@ JWeS 7WRS el 5.46 (4,

chl oro ane several tines.” The I't rate was
J=12.28Hzed over MgSO4 and concentrated to give the title
compound (0.72 g, 98% as a brown viscous oil. M
cal cul ated for C26H35F3NAQ2: (M+H)+ 493; found 493. 2.

Step J tert-Butyl F3C CO,Et
4- Met hyl - 4- { (3S) - SWtW i 1 uor omet hyl ) - 2, 3-d
i hydro-1 Hinden-lyl] pip aBn I}piperidine-l
Ste Ccar boxyl ate To a solution of -buty
p4cyano4{(3) 3methy| 4[6(trif|uoromethy|) 2, 3-

Diethfl [DYBo Rl 34 §fb'eT IlbehREmRAIAEd - Y| } pi peridine-I-carb
Ze Jg;”bl ate (ﬁT ! h?.ij)]b ‘?%I n THF (20 Mﬁ2hwas added a

3 Timassoluitongyf edfyl :mlmen@é rgeéﬂ@ mrmlbm B (V0embppt § AC was added

sodlurgn‘l'érflﬂ@ ffé ﬁ(%%q%St I %’r%lnoqlv\gz narﬁe C%]n%gfﬁg rreas}l gﬁgtrmxﬁur pvas stirred at

ambleh@ttﬁhpera_ﬂﬂl@e fes B0t g Ol thié lr@mmas\v@(hdcmt edsoMitidh Bf @M6romo-2-
The conbi ned Et OAc | ayers were

(chlorgme e AL B GarbeRTAnG 6 e PR MO DD NAF 20 ). s reaction

mixtuf (3 s 00 SRR T p el P BPR I i Jpp resuttine

solutnérMM%ththedf wultht[&Qc 3w1cﬁt diheKextracts were washed with brine, dried

th 4- t 6-(t
e T P G,
chroniaﬁfg‘raﬁ'}“ 8111 siltca elutl%g w1th 3% then 5% EtOAc/hexane to afford the desired

g/ 4-[6-(trifluoronetliy %—l
productd(jllﬁﬁdg,o64%|-)| zn;d@nbl.l LC/M calculated for C;5H;sBrF;04: (M+ ) 397 found

397 1%§|9é|ql perazin-1 -yl }piperidine-I|-carboxylate (0.32 g,
' ““fmol ) was dissolved in a 4 Msolution of HO in

di oxane (8.0 niL). After being stirred at room

tenperature for 2 hr t he sol ut rhvvas concentrat ed
to give the title co as a
trihydrochloride salt. I cuI at ed for C2 1H30F3N3:
(M+H) + 382; found 382. 2.
Step D
3-[2-Broma-3-(trifluoromethyl)phenyl]propanocic acid
To a solution of diethyl [2-bromo-5-(trifluoromethyl)benzyl]malonate (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 aqueous layer was extracted with ether and then acidified with
concentrated 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 (MgSO4) and concentrated to give a white solid.
The combined solid was decarboxylated by heating in an oil bath to 180 °C for about
I h. The resulting yellow oil was cooled and pumped in vacuo to afford the desired mono-
acid (11.5 g, 67%). LC/MS calculated for C;oHgBrF303: (M-I—H)+ 297; found 297.1/299.1.
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Step L

4,6-D et hyl -5-[(4-methyl -4-{(3S)-3-nmethyl-4-[6-(trifl
waieoosretsss/| ) - 2, 3-di hydro-1 H i nden-1yl] PCT/US2005/012265

pi perazin-1-yl}piperidin-l-yl)carbonyl]pyrimdine To a

sol ution of FaC
(25) - 2- net hyl - 4- (4- net hyl pn-4-y|)-|-[6-(trif| uo
ronmet hyl ) -2, 3- di hydro- | H iMde -yl ] pi perazi ne

tri hydrochloride (100 ng, 0.183 gnol),
S , 6-di met hyl pyri m di ne- 5-carboxylic acid (67 ng, 0.22
p [) in DMF (5 niL) was added benzotriazol - 1-

5-(Trb}:3u6?@hﬁdz‘hﬂfzﬁ&’dﬂel-wé ani no) phosphom um
exaf | uor ophosphat e ( 22 mmol ) followed by

t rioet Hphdiennel fdd- hfgmod @nﬂwpmeth«i)pb?n%]@rmngxc. acrléc(Z 8 g 94
oy RS TSRISOT o8-C SRy DR v

of n-utylhithieAa hHe\gIaan@ el )c ofheir niesd acﬂﬂétg?t hhg;beén; c@pRted, the reaction
Wi t ri ove and concentr at ed

was %BPM Vel gvets 3%‘3@ %ﬁe Essp “613 S@&t@wzfy%smameﬁ veithcpthyl acetate

twweafl“ilé’ re%ﬁgctg r\feoE IiAshed 'éﬁgrazeﬁlol}j')gﬁbs(% bf’i?l ohged MPer MeSO, and

cal cul at ed r C28H36F
conceBtrated. Fhearrpdem@terial was purified by flash chromatography on silica elutmg with

10- Zééﬁ%ﬁ%%x}/l ?%Ltg? F}&E? ggsrlﬁ?lrpérécﬁ.\c)t as3 anehlpey slo_hzcli (%57 é iH } ). LC/MS

calculate)d'fbﬁm BO: TV Dol pRuhdiRmr1 - y! ) car bonyl ] pyri mi di ne
Step A [51‘7& o?m S}ﬁtrl%%uor onet hyl ) phenyl ] met hanol To

a solution of 2-brono-5-(trifluoronethyl)benzonitrile
(10.0 g, 40 mml) in dghl opomet hane (100 ni) was
dropwi se added a 1.0 M so pf diisobutylal um num
hydri de in hexane (48 nlL).\Ihe—yesulting solution was
stirred under nitrogen at anbi ey tenperature for 1 h
and was then diluted by addition of ether (100 ni).
Step Iafter cooling in an ice bath, a 3 N solution of HC
a ed, and the m xture was vigorously
5(7}@@§Nﬁ@%%éﬁ%%%%ﬁggt tenperature for 15 mn. The organic
| 8pea sohsionasth&dtriflublonthylfindadr1-ede (BYSEY B mnﬁbl) in THF (5 mL)

cooto 7 By e bt P e Bt by o
mL). Af@f B@Iﬁg %nfréa %MU ﬂlf@ttﬂéfiéaa%@{wgseauéil%hedlwuw\éaué&le@hﬁico3 The

resultmg solu‘aon Was extracted w1th EtOAc twice. The extracts were washed with brine,

dried (MgSO,), 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 calculated for C1oHgF30: (M+H)" 203; found 185.1 (M-+H-H,0)".

FsC N
Step G
4,6-Dimethyl-5-[(4-methyl-4-{(3S)-3-methyl-4-[5-(trifluoromethyl)-2, 3-dihydro-1H-inden-1 -
yl]piperazin-1-yl}piperidin-1-yl)carbonyl]pyrimidine
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8.18 (d, J=I Hz, IH), 7.82 (d, J=8.8 Hz, |H), 7.70
(dd, J=8.5 Hz, 2 Hz, IH). To a m xture of
wQ@2s00336- (trifluoromet hyl ) benzal dehyde (5 g, PRDURINDSD12265
in THF (20 nL) at 0 OC was added sodi um borohydri de
( Bt&ilg 2% 5B uoroti&hyt ﬁ&éﬂm&g tHé ﬁﬂ@é&nﬁ@ﬁlﬁag ji @%ﬁ@é

OOCto arrblent tenmp era ure . The reacti
followmeﬁbmmo@umimm@d fof Emmldq GeMSscaskmlach for GasHABAGOS (M+H)"
lting solution was extracted with Et CAc tw ce.
S16; fﬁgﬁdgiﬁé, ned extracts were washed with brine, dried
(MgS™), filtered and concentrated to give the desired
al cohol as a white solid (4.4 g). 1H NWR (CDO 3) d
Examplg® (s, |1H), 7.66 (d, J=8.3 Hz, IH), 7.42 (dd, J=8.3

1{(2@&-6?-é@t,é’-'i)imhhﬂylpy%ﬁi'diﬁ%s-yl)’c%@b§nﬁ‘f-4-nﬁ&hylﬁp8§diﬁl‘3—yi}@--

methiylpBpe@amin2t-yH 8- trithmet dnikthylidan-2dolior onet hyl ) benzene To
[ 2-brono-5-(trifluoronethyl)phenyl]nethanol (4.4 g, 17
nmol ) was added thionyl chloride (5 nL) and the
resulting m xture was Sk4C Q roomtenperature for
1 h. Evaporation in vacuo ¢ e crude product as an
oil. 1H NVR (CDA3) d 7.77 & ~F48.3 Hz, | H), 7.73 (d,

Step% =2.0 Hz, IH), 7.53 (dd, J= 8. 5 2.2 Hz, IH), 5.66 (d,

=12.7 Hz, IH), 5.46 (d, J=12.2 Hz). Step C Di et hyl

6—(Tr{f2¢oBﬁ@émyl,ﬁ;l(—1t-mkiéﬂeuor omet hyl ) benzyl ] rral onat e To a

so| utjion of etﬂa‘i mal onate (23 g,

70
nifk yigHTe 06 E-G uoa%e@yggﬂa@nhﬂﬂrﬁ ee7 ?sneoa ar@opmlﬂenesulfomc
: 7
i Q0543 Bl BTGB A RIS AESHI BB, ALV 95 oo
3 h. rffhet smlaﬁmswaa;ddembeatrsﬁeﬂ utni oamcuof ahd thenmsidue was purified by flash

chvortigngb Rh St siythe it IRt A e e delied prodyet as an

011(lalt rgg%yterrperature for 3 h and quenched with ice
% The resulting solution was extracted with Et QAc

twi ce. The extracts were washed with brine, dried
(MgSAH), filtered and e&cetrat ed. The crude materi al
was purified by flash chr phy on silica eluting

with 3% then 5% Et OAc/ hexan afford the desired

Step B
4-(Trifluoromethyl)-6,6a-dihydro-1aH-indeno[1,2-b]oxirene

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 zert-butyl hydroperoxide
in n-decane (1.3 mL) followed by titanium tetrachloride (0.79 mL, 7.2 mmol). After being
stirred at -78 °C for 1 h, the resulting brown solution was quenched with a mixture of
Et;O/saturated Na;SO; 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
MgSO, and concentrated to give the crude product (1.2 g) as a solid. LC/MS calculated for
C1oH7F30: (M+H)" 201; found 201.0.
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product (15.2 g, 64% ) as an oil. LC/ M5 cal cul ated for
C15H 6Br F3™4: (M+H)+ 397; found 397.1/399.1. Step D
W@2¢02A@x86810- 5- (t ri f | uor onet hyl ) phenyl ] pr opanoi BCRUSZHIOT®12265
. a.solution of diethyl
[ 2-brono-5-(trifluoronet hydy Renzyl ] mal onate (22.9 g,
57.6 mmol) in ethanol (10Q nL nd water (50 nlL) was
added a 5 M sol ution of 'u!mh «i de in water (30
nm.). The m xture was hgatygd eflux for 2 h. Ethanol
was renoved by evapor al The aqueous | ayer was
extracted with ethep,gind"then acidified with
oncentrated HO to pH 5 at which time a ot of white
S’epéol id precipitated out. The solid was collected by
t I
et B g - Ry B G S LB BBl -
methyllzvzpm,zzndﬂl-mtb(;ab@rﬁm) and concentrated to give a white

eI B AR )G BT Rt Te-Rodme (12 &, 60

mmol') %ﬁéﬂ't&ﬂt%ﬁt S@@%@tﬂym@&aﬁﬁéﬂx%wla@@ gm% s ?ﬁ%gl{ﬁ diifhnol (20

ford the desired nonoaci d 11.5

mL) G’%SC atfhred pwernigho H@&Omgramii) -FeIQ-Q)WyIf Cﬁﬂ)d-@@thylplperazme 1-
carbox I%tgtg\iv%sladé%g pﬂ% mngtx-ll-rre' \fvelxsut%n%ge rrela m%o 'Q g%leci ﬂasT( and%eated to 95 °C

for 23 c{ags brmaoscﬂvéﬁtr wab ucmﬁeﬁhhyd ) aldenyd |REigRaN@hs MEIfkd by flash
in THF 100 niL) and hexane (20 nil)

chron&ttogrfréﬂyoéuﬁa% %F%%Ms%‘oa%?d‘é@iaae Zogowrd dyut Yo oMeOF/EIOAC + 0.5%
Ic$hi f 0

conce AU KILIHE 1T [0, e@e%E% i Tomar (R RIRB R Was s s
calculatztifbathedCHHAEN, Bh@I+EE W0l | fgmdotoatl. dsonva @ldw aplvirg isomer):

A ethyl acetate tw ce. The extracts were washed
0'383\%{1#@5{%40& ed NaHCQO3, brine, dried over MgSO4 and

concentrated. The crude material was purified by flash

chromat ography on silica eluting with 10- 20%

Et OAc/ hexane to af for hje desired product as a white

solid (0.7 g, 379%. S /cal\c d fer C OH7/F3O

(MtH) + 201; found ]

/N

N="

FsC
Step D
1-((25)-4-{1-[ (4, 6-Dimethylpyrimidin-5-yl) carbonyl]-4-methylpiperidin-4-yl}-2-
methylpiperazin-1-yl)-5-(trifluoromethyl)indan-2-ol

Starting from fert-butyl (35)-4-[2-hydroxy-5-(trifluoromethyl)-2,3-dihydro-1H-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
CasH36F3N50,: (M+H)" 532; found 532.

Example 10

5-[(4-{(3S)-4-[2-Methoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine
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5-(Trifluoronethyl)indan-1-ol To a solution of
5-(trifluoronethyl)indan-l-one (0.7 g, 3 mol) in THF
W@ 200i1d186v0l ed in an i ce bath was added sodi unPCT/US2005/012265
bor ohydride (0.1 g, 3 nmol) followed by MeOH (1 niL).
After being stirred for 306, mn, the reaction was
guenched w th agueous Na nc The resulting solution
was extracted with Et OAc he extracts were
washed with brine, drie N¥$9% ered and
concentrated. The crud erial was purified by flash
chromat ography on silica®tuting with 20% Et OAc/ hexane
to afford the desirddCproduct (0.65 g, 92% as an oil.
StepT/ M5 cal cul at ed for Cl10HOF3O (M+H) + 203; found 185.1
(MtH-H20 )+. Step
tert-Buytpl. @Shé{[ay\y[erﬁo@( ﬂr(twéhzhmmak}{l)( 38)diBydret Mirinden{ISpl]Br i f |
et 6y 211 hydro | H i nde
" %%f rf(%zé’? AbicAGon a‘,(pl peridin-1-yl)carbonyl]pyrin di neSt

ar Td) ng sbhu@idh Sof tr&rrblr %@f@lﬂ'{iﬂl’[ylh)ydf&?fﬁ {tnﬂha)rohﬁﬁlﬂ) b B&lihydro-1H-

mpound was, prepare ow ng the procedures

mdelﬁéﬂé]-%&ﬂh}flmel@%w earfoxyinte éllsemplal dont sfep € kn Egmaps®) (50 mg,
0.1 rif B TR G LRt Rt RARRATS e iy P2 oyl s b

stirreldpfop & 01 mling MeIy D8 rﬁ’g O 2 mmol) was added. The mixture was stirred at ambient
rrethlplf)gfpglnl- -5(tr|fluororrethyl)|ndan 2- ol

temp@fa@ﬁe Kot gty AaRe s NHefehd ha tesulting solgion was extracted

o TS 48 TSR gl 4, e TR s

concélﬂfatafd_jvo (S th@f;lludx epdodlimt dL(Q’MSacﬂewlateStfar IC tHaK% N, 0% (M+H)" 415;
f $?Z§| 3 h. The solution was concentrated in vacuo and
ouny ‘fesi due was purified by flash chromatography on

silica eluting with 5% Et OAc/ hexane to afford the

desi red product as an oil k 1.4 g, 96%. Step B

&
Step B

(25)-1-[2-Methoxy-5-(trifluoromethyl)-2, 3-dihydro- 1 H-inden-1-yl]-2-methylpiperazine
To tert-butyl (35)-4-[2-methoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1-yl]-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 /n vacuo to give the title compound as a dihydrochloride salt. LC/MS
calculated for C1sHCIF;N,0: (M+H)" 351; found 351.1.

\O \
gN N{)N—Boc
\n_/
FsC
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4-(Trib uoronethyl)-6, 6a-dihydro-IaHindenofl
2-bJoxirene To a sol ution of
w®2qosnofsBgior onet hyl ) -1 H i ndene (1.1 g, 6 mmol)PECTUS2005/012265
~anhydr ous di chl oronmet hane (80 nlL) at -78 0C was added
Step& 5.5 Msolution of r -butyl hydroperoxide in "-decane
1.3 nl) followed by titaniumtetrachloride (0.79 ni,
tert-Butyl fhﬁﬁﬁg 4- [AfM@hoWﬂgy‘@pmm@@vl)aﬂ 3-diByDBE Iibindent -ylj-He

et R A 5 1 2

stTo Ia@mixaire aﬂ@Sf—mt[ZIrﬁﬁBQX}aSiéfrﬂluBﬁ{méthﬁ)-tz@ Qﬂhy&foalH-lnden- -yl]-2-
lLorl ess %ol ution. The organic |ayer was separated

me‘fhéi WPShRzatfe d yjinophiprime, (d4r iBa 00dR MISO)) agad  fert-butyl  4-oxo-1-

oGRS O 9008 LGS BAES (o) o s

trleth[ytnnmde 2007 ﬁlIStOefbnﬁldl)g rfolrlcﬁimdlby titanium tetralsopropox1de (0.037 mL, 0.12
mm)ié Lé trlélltoronethl)-zsdlh ydro- | H
UndéhIFHARE I%IX t“ﬁlﬁl PHBe Ao tempeEtlys oy ppight And concentrated to

provﬁb Relbir@dednamine.
_&rl fl uoronet hyl) -6, 6a-di hydro-1 aH i ndeno[ |, 2-b] oxir

qeruge @flanﬁn@wﬁﬁdisyohaﬂﬂ int BHF -abd tnghted with 1.0 M of d1ethy1a1um1num

coun TR LA, 5L 5 S b Sy e s

quen@redrb}Oflddi@GIf obbldiuélous NaHCO; and EtOAc. The resulting solution was filtered
-mst | pi perazi ne-| carboxyl ate was added. The

thfouﬁhxczeéﬁee T%& trqte Wap senasdicqd pndthg omeancehuyen wakwashedivath enine, dried
(Mg 4%9ﬁ1t9r€r f ol go&@%ﬁ“?‘at?%— gag %% D' Ce”r{;éop"j‘g@ 1M1s: 5232

resi due was puri hr
(M+Ié) uting with 25% Et OAc/ hexane foll ovved by 5%
entrat ed, NH OH i SONBrs were

0.5% .
SR B fomPRid 26 Cifavirory ToRAL ipleagngh ik M solution
of m@cﬁngﬁés@lﬁnfﬂ%mﬁéemcaﬁéilz O3hE 8y ((M'?) %4%)“11;6%@? st1rr%d at room

. | soner (sl ow nDVI ng I'somer
tempergtyrelforgt bmmther 0.2 mL of methylmagnesmm bromide solutlon was added and
carbonyl ] - 4-

the le éﬁ f)tg%ﬁdd%tﬁ%ﬁg]yﬁg?lpf tl}i‘l St {wo ays %hg rgac‘uon was quenched with

aqued’tﬁtmz%H(DOp ?ﬁ@@x&acftedt/) IV\)lth5E{(§Ad: frhvier QB ERMAo RABN wasd with brine,
ing fromr t-
dried ( @¥gSQu[ Ailtepert @ag- gor(osnﬁratﬁd;o Tbereerhgd )mategaldiway dpwifidd iby flash

chrorﬁ’ﬂgﬁgphy on silica eluting with 25% then 50% EtOAc/hexane to give the title
compound (25 mg). MS calculated for Cy7HsoF3N;05: (M+H)Jr 512; found 512.2.

FsC
Step D
5-[(4-{(3S)-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-yl]-
3-methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate (0.02 g, 0.04 mmol) was added a
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yl]-3- et hyl pi perazi ne-1-carboxylate (isomer 1 from
step C, the title conpound was prepared using
w@e@sadsses simlar to those described i n ExanptBUF2008/M8 2265
cal cul ated for C28H36F3Ns2: (MH)+ 532; found 532.
4.0 NOalmloa 08t {d 44{didxane (2.0 mL). The resultm% mixture was stirred at room
[

-4- 2- l\/bthoxy-5-(tr|fluororrethl -2, 3 hydr o- | H i nde
tempgafurg |fqr I3h, concentrated and pumped in vacuo to dryness

T BT Yo SR A B Wb

pyrimiaﬁl)e-gl-eeirBo;hgﬂichoxyacﬁ} (trk (bluor oget hyd.Ds 2, Sﬂdndsiydr o -Behkdtriazol-1-

- t hyl 1- boxyl|
yloxggf?@f ﬁy mlqo)ne E}/q;nq{uge glxzaI ugrophgsaprhate %0 8%6e g, 0 059 mmol) and

trieﬂ&gan'é}mé'(b 82 hﬂﬁr@)ﬂimﬁof)t Nifel: %Qﬁ%rﬁh@wa)t %&rﬁ tgthé’lgflﬂe Io%rﬁlght the

I -yl]-3- | pI'per azi ne-l -carb ate (1 soner
reactfonomassquepcl@di \MltlEnqalqoheI\EH(I(&CBndgqxu@c&d rwithi EtQAD fﬁHEe (I’Zhe extracts

e P BT s SO i g ves

punﬂmqi;b redse FUIRAHPTOE(101 BOW LoclidSiridd- ivhfe® hiat 0.05% BPA, 30 min, 10
erature for 1 h and quenched with aqueous NH4C .

ml/nmwg?q asel thentitle sbmpperd (35 regk pnet bis-THA rsalic ©8MSnicdleulated for

tr with brine, dried (MgSOH),
ngHf’g: F%g(?%&r am (g:\%ﬁce]}r(]i?f%{%c‘e&d to give the crude product.
LC/MS calculated for CI1H2 F 3N2A3: (M-H) + 415; found

415.2. Step B
Exaﬂ(lBlS)lll-[z Met hoxy-5- (tri fl uoronet hyl)-2, 3-di hydro- | Hi

S ST P2 GG R iyt fpdcn 15

methylpl'padrzm—l Il h ety Ipipértigingl -ph cabiongl U G-dithethylpytramidine
1& , 0.125 mmmol) was added a 4.0 M sol ution of

dihy Pgﬂ' ‘chloride in dioxane (2 nmL). The nixture was
stirred at roomtenperature for 1 h and concentrated
in vacuo to give the tit]le conpound as a
di hydrochl ori de salt. LS WBsattwFat ed for
Cl6H22Cd F3N2O.  ( M+H) + 351, nd 351.1. Step C
tert-Butyl CHO

Stepﬂ {(3S)-4-[2-Met hoxy-5-(trifluoronethyl)-2,3-di hydro-|
Hinden-I-yl]-3-

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 funnel 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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met hyl pi perazin-1 -yl }-4-met hyl pi peri di ne-1-carboxyl ate
To a m xture of

W@ 28pAD8BR- net hoxy-5- (trifl uoronet hyl) -2, 3- di hpdr/os1iops/012265
nden-I -yl ]-2- nethyl pi perazi ne hydrochl oride (44 ny,

add1t1@nl>¥ 1"6'@1 of ABdtyllithRut 1 hddafX Q00 FihDFWaﬁj taleied bROIVdrd0aninutes via
12 miol) in methylene chloride §2 nm.) was

addwaa é@@ne! T Ib@ rsacten MextpE, Up aﬂlgwed t6 W 1 -23 & lapdyds pjpintained at
0
-20 to '3t0a’Fft P %%Ms%ljt? er@ \ﬁg;gpcéé('tIf?rro@gdeaéZ)rS & %79% %oelmgﬁ raéldecpc?irectly via

résulting m xt
a pov@dbe rfohugt TA® doklobak Wasatemdved apd avd eactibie was wllewed to warm and

LT T e TR
allyl BI%M&@ §78( &L}%Qﬁ-}mgﬁﬁ Qetid éﬁrﬁwfﬁraﬁqgm&/ﬂ%g\g% dell Qi?(')‘Bmse over 40

t enper at ure overni ght and”quenc ion o
m1nu‘aq tkough NadHCOB mhchd&itlmdunﬂ'dieinrmtibmsi tftexdbeing etirredagor 2 h, the

e G ATy S TS el G738 BU§ s romoved

and tKeMe @k wdsi skited g6t Siﬁ%&&r&%}% raatt(ﬂdf 6ﬂ1¥ﬂfdéﬁl&i&9acﬁf dfi®ion (300.0

cyano conpound. LC/MS: 52 he crude cyano
mL) wasrpédedd pES~E)- séﬁlex/t:m mnctmﬂwv@snsilrtqdebt eddifiondl &> ®imutew, it was

u met.h um.br om.
passeg%ra{l%lba Lte %dX¥%$Bg ﬂe adr\iy%sdn aied \glgh]e&ghpé&g{aue{g‘ Qmmomum
chlonfi@r(460 BnL ARak heided add r’fhe @frgailiﬁi Bl RBGRE SbNEOLN. NG 1dBus phase was
tion was added and the m xture was stirred at roo

furthetr éFFBé?tﬁ‘i Witk 3Gy migghey a)Téle Cwﬁ@lr}eéazfg%% Phgss Vpsemethed With 400 ml
saturafhd fnAGHRGY %IBHH%O %16%15 afel m%g‘gf ?nd brine (400

eextracts vverevva |ne r|e
mL), bind tided dvmnﬂagxmnmﬂsulmtee d&fte‘r'hhe eanuaken] of theer ahgingvmnt by filtration,
urified by flash chromatogra on s

the SfjFite, WS GORE R RU0 S LI BYERE & Brog idtifle uriheb pirification was
carrie I\%_'-@D%y cgitg?a?pgﬁﬁ Ogngggggl ng%sgfﬂ)e%f {oroorduml\a% 'WZ, CDCl;) 6
o 3 €0 F TS 1 L BB 850,

496(41134@) 4.80%d yhpi peri di n- 1-yl ) car bonyl J- 4,

di net hyl' pyri'm di ne
FsC Z
1004
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 top clear
solution was transferred via a cannula to a solution of 2-allyl-4-
(trifluoromethyl)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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To -butyl 4-{(35)-4-[2-nethoxy-5

-(trifluoronethyl)-2,3-di hydro-| Hinden- 1-yl] -
W@2008t1mgBpi per azi n-1 -yl } - 4- met hyl pi peri di ne- | - Ber/bs2094/612265

te (0.02 g, 0.04 nmol) was added a4.0 M sol ution of

st1rre&'gluﬁ(§h dntftadhQk REr |%(@'cﬂts,oolﬂéﬂ'fédt PLRENE @ﬁ)@lrﬁLWaﬂdQeHraﬁd jore solid

was stirred at roo terrperaturefor , concentrate
crasheth duqoJﬂupedlmemupiuggaeddﬂwmssﬂl%g@lrm alghse futtédgacuum funnel

using ﬁ%tagﬁz be? wd%ﬁm%{%gggﬂlﬁg%%% %8&%%[—& ihjé 23 [( @uﬁg b&ttom flask. The
nearlygfoqgrl%g‘l) g{nal Ot ré&%g pg%ve Pure diene (78 g, 79.3 %); H NMR (400

oXy am 1o

MHz 8L @%ﬂﬂ"ﬁ%%%iﬂﬁ 9%?%%7 g o3y 1D S5, 11D,
5.72 @ 1HpomIt@rpEy, at ur @, OM 0oy 1H), Belg(dazm on was
guenched w th aqueous NaHCO3 and extracted with Et QAc
twice. The extracts were washed with brine, dried

(MySO ), filtered and cmacentrated. The crude materi al
was purified by reverse phg PLC (10- 80%
acetonitrile-water with 0.088%F%A, 30 min, 10 m/mn)

S ,to give the title conmpound (25 ng) as a bis-TFA salt.
ep G c/ Vs cal cul ated for C29HBBF3NGCR: (MHH) + 546; found

6-(T) réﬁt@r@net%ﬁsﬁ Bk,
4-[(IR2R 2Ethox-5(tr|fluororrethyl)-23
Mﬁbﬂpnﬁ |thqr:d§5e 0.6- Y] was added to a 1 L flask containing 2-allyl-4-

| - | - 4- et | d [ -yl I
iR R b o R chr o g, st ep G277 1T mob,
B1s(tr?cy6lél’1bx debhihb}b@ﬁ@ﬁﬂiﬂb&”rh@x@ﬂﬂlﬁi(ﬂﬁﬁ)kﬁ&ﬂoﬁdb 8(GNBHSB catalyst, 1st

dri ed 4-neck round bottomflask fitted wt

gener@ts@})r{éddgs{) 0P3% wepD) mvas rasgedh th éb;dﬁtéutﬂsbenmh%éré}llunarﬁoluﬁon was
reﬂu eg[b&gﬁl y%% g? 'ﬂ%défg%e‘ﬁ@ a @U%Jorﬁ@&' td Eﬁ/@ R Bf1; which was passed

through MNsiNca gellpmg tyihe pbramse. ARy pérsmpeneas(ch&Fulty renfoved35he(92.8%) of
wer e added. The solution was;cooled to -40 C (dry ice/

pure frodMt Iveats lepllectedBast shight briowmmil Tiemr @00 dEReCDEL0 ortppm) 7.72 (s,
was added to the 500 nL addition funnel and then added

1H), 7.85 {hd Habb4® (& it 683 (Bv B), 407 h{mautids 3¢46-(bw, 1H)-- 35 C).

The col orl ess solution becane |ight yellowin color.

The cold bath
ﬁCm
O
Step D

4-(Trifluoromethyl)-6,6a-dihydro-1aH-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-phenylpropyl)pyridine N-oxide (6.0g, 0.03
mol) and a solution of  (S,3)-(+)-N,N'-bis(3,5-di-tert-butylsalicylidene)-1,2~
cyclohexanediamino-manganese(IlI) 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-(trifluoromethyl)-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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was then renoved and the reaction m xture was stirred
for 30 mnutes while being warned to a tenperature of
WO 21@s5a0183he reacti on was cooled to -40 to -45 PAA/AROS/012265
ptrifluoronethyl benzal dehyde (77 nL, 0.56 nol) was
q . g ¢ D
sulfa 68 oficind WK HIAGRY it DR SH0 Ph SHSE P, WORE remthS of the
solveﬁte@ tg' G %%%'é?&flé&ﬂhﬁswé@wﬂ&ﬁéd‘ é@'l RMR UIOINHZ3BDECI,) & (ppm)
he reaction became brown in col or over the course o%
7.72 (&hm)@ddﬂst(doxfﬂ) 7ag (4.eHS), 603 WaIHS16.74 @a, HI), 356 (bs, 14§
for 30 mnutes. The secondaddition of 1.6 M of
-butyl [ithiumin hexane (400 niL) was carried out
over 50 mnutes via additio unnel . The reaction
m xture was allowed to wai J{ﬁ 25 C and was
mai ntained at -20 to -30 C 3 hours before
copper (1) brom de (108 g, . BHnol ) was added
girectly via a powder funnel. The cold bath was
fenoved and the reaction was all owed to warm and
(2S)- BBehA B A-hdkylppdidzinenal 90 mi nutes. The reaction was

L ROR e X T AT T
bromﬂg ?418 BT 0P WoSHoIf ke Afxdd lﬁték%?ﬁﬂ%‘{@ﬂ?mtﬂj eTgaflyl me (300 0 mL,

t1on Funne in portions. After being’stirre
2. 152hnol)heasr®&tfully) adewisamylthe ahidurb yweshelaxckd Wammghlf After the mixture

hanpl (100. 0 Th d bat ' d
was. FIEE D40 PP GHPSROS, il 5 R LSBR g T filfate s
concéﬁﬁgfegc’ﬂh@fe'sﬁu@%ag coRfbiteldaRiti #200ldHhd dyRslved deshethylene chloride.

pH= . After the mxture was stirred for additional
The msthﬁien@tCékmdﬁtSOM@anSSs e\@slnqdr mt@hll\é NeMH tandpdried aypy magnesium

ce t °
s S5 b P Tomabl Ry bl Eht e SN eI 0 C
and 3PRAES [M&S tieosdi@iinedas B@Hﬂﬁé&lb‘y @Rﬁ\ﬂ? adémgfsalitl h@dhum hydroxide. The
extracted with 300 nl_ether., The conbi ned or

resultmgawmwmgﬁé@tw wﬁhzmeﬂlmeng &hleride ewd éhﬁﬁﬁgmﬁ were dried over

magn%ﬂ{n‘ﬁréu Aﬁgge)novéll\éﬁ ove’lr ma%ﬁjggo @fﬁ@gt Rk oBRthed. The

produ%E k%? ugéaedlfe%ﬂga&l & stBE FRYIRQROSM,, B § (ﬁﬁmyn 30 (m, 5H),

[trate S concentrated on rotovap to give a
4.05 (@r @m jmw dHt) thrng(ﬁ{ wgrmB Qﬁt P.HW M(mamy g@o&m 1B, 2.38 (m,
IStI | at1 on 0 FO uct
15D, S ha e e o £ 9, S5 b0 T Qe (o g
7.80 (d, IH, 7.74(3 IH), 6.02 (m IH), 5.06(m IH),
4.96 (m IH), 3.89 (d, 2H).

Bn.

g

Step

NBoc
Step F
t-Butyl 4-(3S)-4-Benzyl-3-methylpiperazin-1-yl]-4-cyanopiperidine-1-carboxylate.

In a 5 L flask, (2S)-1-benzyl-2-methylpiperazine (260.0 g, 1.366 mol),
dichloromethane (1000 mL) , #-butyl 4-oxo-1-piperidinecarboxylate (272 g, 1.37 mol) and
titanium tetraisopropoxide (480.0 mL, 1.626 mol) were mixed and the mixture was stirred 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 stirred
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Step B 2-Allyl-4-(trifluoronethyl)-I-vinyl benzene.

Tri phenyl et hyl phosphoni um brom de (182 g, 0.508 nol)
woamsdouspended in diethyl ether (900 ni, 8 nol PCENS2005/012265

cooled to 0 C. "-Butyllithium (1.60 Min hexane, 289

at rooﬁi—ﬁerﬁﬁﬁﬁmﬂ@ dschd RPrH! r¥a&1@h%€ﬂt@nﬁv§§’ﬂh€ﬂ gslitaned t{VB% L flasks, To each

resulting mxture warned to roomtenperature and

flask,shli of edtybeeatate,gHi0 g 08 sw;‘lummgarbonate,u Svat celitopperd added before
they %g%eow dl ‘g ]d er';xledS bo°C’c' %%fgﬁ & /tgcg %ﬁacjfg %ra%I} 9&'11%'1&, 90 mL of

t1on

saturaded@hduboud soditifl §dlfatH 0ae i le alldbdhyite vi@Qo6ks etirring. After the
0.462 nol) in nethylene chloride (900 ni), which was

reactigfe ITHYIUEY Pias slgwh Woted upén rasm Fﬁgnneﬁ?é%xdtsvérﬁd fon@ hopes, 1 L of
meth23 Hal84E8 ?Eg)éﬁ% ﬂ"%gt her %{ﬁ%%ﬁre‘&%eﬂﬁﬁ t€hel Igaétfd‘nl Witure was

Oor appr ox. cool ng to roo nper at ur
ﬁlteretdhhrough adkind ayen bi sxmdv\ﬁhe cakeoensttalatneehck iittod b SaL flasid dtnd stirred with

3 L of gtionellan Sdty PinarIEPe SaUE A eTeghaty THESOBBE uates were
conceﬁ?rﬁ]tteé% dr3R&shld \gag ﬁdﬁ@%y%@ dmér?des%é @d&é@sﬁ'l?(QuﬂHtsohd was
he m xtuife was plugged through silica gel in a glass

ﬁlterefdrcrff B Nasteuwas duevewith shaggegiont shete( theSsolyent Wae removed to give

T S g S
used %%g?%ﬁéx‘égép @N%%Rggg@yﬂgzg@dégﬁgpp@? (@5’ 5%'\11\’5*4 d, 1H),

3.95 ﬁ%ﬁﬁlé}é’sﬁP ?%, 1}@; 935155@5%.«1 (Lg) 2.82. @5(1ﬁ8bé 7%(&2171? 484 4 (m, 2H), 225
(t, TH)D. 126, 139,@031@ {1166 @or et H9ich, OB i1 ACARBLD); MS (ED 399.2
+ thyl ene chloride (0.6 L) was added to a 1 L flask

MH1ont ai ni ng 2-allyl-4- (trifluoronethyl)-I-vnyl benzene

(80.0 g, 0.377 nol).

Bi s(tricycl ohexyl phosphi ng) benzyl i di ne rutheni un(lV)

di chloride (G ubbs c naI ybt, 1st generation) (3.1 g,

0. 0038 nmol) was added TN the solution and the

resulting solution was reflnXed _overnight (18 h). The

sol vent was evaporated to gi Ve ajdark oil, which was

passed through a silica gel Besi ng pentane. After

0,

Step @ent ane was carefully renoved, 57 g (82.8% of
t-Butyl 4-[(3S)-4-Benzyl-3-methylpiperazin-1-yl]-4-methylpiperidine-1-carboxylate.

A solution of tert-butyl 4-[(3S)-4-benzyl-3-methylpiperazin-1-yl]-4-cyanopiperidine-
1-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 stirred 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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pure product was collected as slight brown oil. H NWR
(400 MHz, DA 3) d (ppm 7.72 (s, IH 57.55 (d, IH,
wQ@2eh8/1038 1 H), 6.93 (m IH, 6.74 (m |1H), 3.4BCT/D8BN5/012265
IH. Step D
Insolu%ﬂqé%r did WAQ " cmﬂff) Tﬁ e Fesle l‘%gr id e Finngle um sulfate After the
oXl rene. o a solution of 2 M sodi umhypochlorite
solventrwasateerove@04B 61¢ Y(9O26%) oI Provhst acd @btaupdenus vaiidi siigky solid. The

e bt sl e it pedecB HoafiBoMS 0 S6ES o D

(S, S)-(+) N N -bis(3,5-di-tert-butylsalicylidene)-I,

cycl ohexanedi anmi no- mangapese(l11) chloride (4.13 g,

0. 00651 nol) in dichlorofrethane (700 nmL). The

resul ting brown sol ut Hel s allowed to be stirred for

15 mn at 0 OC. To the'colnl [sal ution, a solution of

6-(trifluoronethyl)-IHindene (b1 g, 0.24 nol) in

di chl or onet hane (700 nL) wa Weet wi t h si nul t aneous

ddi ti on of aqueous sodi um hypochlorite (2 M 200 nli).
Stepf%he reacti on was kept at 0 C and the brown sol ution

t—But)J'l @ttmt%fm ‘[FE%"% %@H&hflpb)@fazup@w@%hw&w Q&rbbtaﬁaﬂendene

gani ¢ phase was collected ‘and dried

0 \Ae 5013’@211 Gftﬁbwﬁ’hﬂdﬁ STt‘ﬂeb@flﬂZ)(}t-:irl‘r@ﬂ%éBlppna@gg]e{zﬂ] tdmmgthgtpiperidine-1-

carbo§§|61|p’{9g%§ gelﬂf QUIEISE}% erp %\% an%l%ﬁ(f mLB %Qﬁvgétwa asm% ne d5 equiv) in a
2.25 ];-l::%aNNB’otﬂé Qﬁas%'liaxr @Dﬁtﬁ)szto( 9@@51 an7 ﬂle( ﬁmxthﬂd) shalZerB 5or( IR hr. The
reactiQmp frgxthq_was ﬁ;{t@pd @rpgg) a paq_:,@ﬁ](ie,lptc gnqlrﬁl}qmdpwﬁgﬁewgsbpql, @Vlth methanol.
t
e G g0 LR 52 e S9PUAR R iy B 00
mL) amdll washed evith aqetois sadiendnyidioxide (3004QLN The aqueous phase was back-
exenc S RS IR Pl 20 o o S vas vashed
with lsxlﬂf‘e dgbﬁ tnlr!lf)e d%& VARG QUtatE Gnd GRNIIRIP VadkbthSveddifler vacuum
sol i Itered out. The filtrate was concentrated

to g1v¥|3$ g ?80%‘) %f PRSI0 T%é(l’ldvhvﬂs&ﬁlsiﬂﬂ thek Aawllyirpsigllivard "HNMR

hyl ene” chl ori de. e met hyl ene chl ori de sol ution

(4001\0&& \EERters \tp Ih)BMzﬂ\@Qi}@ng36r(heemvee7r(r@<gmﬂsmm (dd 1H), 2.78
| f at e. After t he sol vent was renoved, the resid

(m, 117%32 Hi (edt2H), 2riéaded Hi 181 ¢, REHA. 7Gfm olID), 1.45 (s, 9H) i 34 (m, 3H),
1.03 (d, 3H), 0.90 (s, 3H); MS (EI) 298.2 (M+1).

OH —SO;H
F3C‘C§:,:N/g ;& 0
NI
@
Step 1

t-Butyl 4-(3S)-4-[(IR,2R)-2-hydroxy-5-(trifluoromethyl)-2, 3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl-4-methylpiperidine-1-carboxylate [(I1R)-7,7-Dimethyl-2-

N
Boc

oxobicyclo[2.2.1 [ hept-1-yl]methanesulfonic acid salt.
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and 3 hours later, the solution was basif ed by slowy
addi ng solid sodi um hydroxi de. The resulting m xture

woawsasssact ed with met hyl ene chl ori de and t hePERUSRO$/612265
were dried over magnesium sul fate. After renoval of

the sphvenss (BaJsMR (ﬁ@mﬁt@roﬁfe l?r'IPGi B&dibaso- PQ‘I—%&%@ 1,2-bJoxirene

The product vvas us d di rectl next st ep.

(118.4420066%7 mokp 8)d d-bippng- mktls(l)-4( i3 S)53-|)nethylmger@aln—]| -Wlpiperidine-1-

carqugé?e éldG&dO}(_%,' 0%;&53 %{gb Iy ﬁflhailq_li)s (elOé rpg%)z E"%‘E h%g?_el;i e{tg%(b6c (oil bath
tempflfzﬁéllrj%)H%ver ]tw'b4d£ﬁ'. TBE) miMire(Fh cdibbnttatedtind (i BRidue was passed

through [a(s'sgs)& Hlugawing| stiylrstiald gintainiagile frigthylamingy dvftgithe rémoval of

the sy 26 EET IRPARRTon ot SupieR0 s gobd poetprigl (500 mL) s

addedrmlnhl théllrﬁiﬂtlﬁéow bawred (3000 i) To /thebub()’\}e mixture, sohd [(1R)-7,7-
- | - pi peri di necar boxyl ate (272 g.1.37 nol) an

dlmeEhin %Wehacy@?%? Lispiopokinisthapasyifopicnicid 112586 51 6. 537\7e9r3em01) was

e IS B o VST, By 0B PRI i o

Afterdivetright atitring thecspdidiveba colledted byefiliratibn @n«ﬂ/lwaﬂ;ﬁ@l)wﬂh)icmﬁtrile and
. .added ' The esul ting m xture s, stirredat

cried Gy Rpe S Biod o S hreteTes PEMiPehaab FoRiFITARS, and on the

residbd e 8msat bdit foﬁh@tﬁﬁ(’)‘ﬂro@es@ wak %ﬁ&meﬁch datefuniy 74 b oPhroduct. The

et hyl acetate |um bi carbonate, 150 g o
Gommmdl}tlddmséoﬁd&é‘ﬁi(lﬁﬁﬂé&é (Mﬁ*ely were cool ed down to -40
Cusing dry icelacetonitrile. To each fal sk, 200 nL of
saturat ed aqueous sodi um sul fate was then sl owl y added
with vigorous stirring. A Ot he reaction m xture was
slowly warnmed up to r !"! npegature and stirred for 4
h

hours, 1 L of netmane d to each flask. After
being stirred overni ght5s7 the reaction m xture was
filtered through a thin | aye sand. The cake was
taken back into a 5 L flask and 'wred with 3 L of
met hanol for 5 hours, and insolukleysolid was filtered
off. The conbined filtrates were contmetrated to

Ste ?ryness, and 3 L of nethylene chloride was added.

P{nsoluble solid was filtered off. The filtrate was

t-Butflrd-@3) i (IR, ,gmegwmysw il onﬁéa@l)sg SRR Ar Q- RIRME ] -3-
to give 484 g (88.9% o pro uct as a slight yell ow

methyBipprgzintigl éﬁ?ﬁ%@lﬂp@d@w- wbeyldat i al |y pure and used

‘(j '&%r?;?u%% 3%5( %?—2%%1&55?5—1&?%)%;&!&3&0%%my% -?ﬂ)ihﬂiro- 1H-inden-1-
yl1]-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 in1 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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3.95 (brs, 2H), 3.15 (d, IH, 3.15 (brs, 2H), 2.82 (m

IH, 2.73 (m 2H), 2.44 (m 2H), 2.25 (t, IH 5 2.15
w@0sheds38 2. 05 (m IH), 1.66 (m IH), 1.46 (s,POFMPS2005/012265

1.17 (d, 3H); Ms (ElI') 399.2 (Mt ). Step G t-Butyl

4-1(3S)-4-Benzyl -5-net hyl pi g zin-|

-yl ]-4-nmet hyl pi peridi arboxyl ate. A sol ution of

tert-butyl FsC o,

4-[(3S) - 4-benzyl - 3- net pi perazin-1-yl]-4-cyanopi peri
di ne- 1-carboxylate (242 g, ¥, mol) in
tetrahydrofuran (1.5 L) inab5L sk was cool ed down
to -40 OC using dry icelacetonittil Met hyl magnesi um

brom de (3.0 Min tetrahydrofuran>80g,.n) was slowy
dded. After the addition, the reaction m xture was
Step lowmy warned up to roomtenperature and stirred

t-BuflR 198 IOP- LRS- (ﬁgmoymezﬁﬂwz A Qiny - LGy srsy

I ce acetonltrl e, celite (200g), and then ethy
methpigerazén-{ 5*06—mﬁlkyweledmafle¢aﬂbbwlﬂdded After the

B iR 0P e b R vugsr M 0w a0 oc. 4

solutfoﬁa%f' ﬁEht?l‘ m%&rﬁ-ﬂ[@%ﬁiﬁ%ﬁ ( %Brdiix%fﬁyl} Q 3 Cﬁﬁgcﬁg A8 den-1-y1]-3-

and wat er , and then net hanol
methylgihsthzind 1y lmﬁmehcaboxsd@m (6@4ng=,r Ai00%e mol) in DMF (100

mL) }9\7\3/553 eg][]c{rg%t he %gb (lf)&%e éﬁ E% a@ﬁ[l?mt Ee gu{e’tﬁ{e was stirred for
anotH‘e% a6 limﬁ%f&% '16&&@1@% t(h2 U@tnti@rtphdﬁmb)) W& addell %‘ bRe portion. After

I nsol ubl e solid was I'tered off. hé conbi ned
beingf tirradafoed hdheraaotiore mrrtmtewjaﬂ Qﬁtr@fug)ﬁ pawred lietohyl0emé icy water. The

i 4y S SRR 5, i i v

was washb@weth HideChind B8ed OVeraRignoRiam! @ﬂﬂ@tée Afteft e @nloVdl &%he solvent,
of  product was obtai ned as a white sticky solid. The

the residygevasrdigsabied via snegladent M@ﬂl@e ud passedy thrgegh afpilise plug with ethyl

aceta%%?ﬁ@?fmeﬁ‘fy?&?ﬁ;gw ?(5 héﬁpl p ;'\‘;Asn We?ét:[ﬁﬁpl pté;vrnl% dttﬁ/nee srixm% solvent

systeml. bAﬁyﬂ ﬁn&walﬁoﬁ dleugavent, @B.4t g lgAt.¥Y%) of product was obtained as a sticky
nzyl - 3- met hyI pi perazin-1-yl]-4-nmethyl pi per
SOhdﬁﬂkﬁé F%@r '?%ate (45.5 g, 0.118 nol) in nethano
(320 nL) and acetic acid (35 niL, ~5 equiv) in a 2.25
L Parr bottle was charged with H2 to 60 psi and the

m xture shaken for 18 ‘ Phe
el

&Nb

N
2HC1 -
)
Step L

5-[(4-(35)-4-[(1R,2R)-2-Ethoxy-5-(trifluoromethyl)-2, 3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine
dihydrochloride

t-Butyl 4-(38)-4-[2-ethoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl-4-methylpiperidine-1-carboxylate (48.4 g, 0.0921 mol) was treated with
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reaction mxture was filtered through a pad of Celite
and the pad was washed with nethanol. The filtrate was
wa@oeosamssat ed under vacuum The residual oil WAST/US2005/012265
di ssolved in DCM (500 nL) and washed wi th aqueous
a4 O%Eb%&{rﬂgst g«gﬂ %‘@n éﬁgn‘g?ﬁ 1eﬁ-ealﬂ[gﬁll ori de (20%%%1_ _Perature for 1 b
The reagtiginnaiktaregsiad oormmtmwd)to dmewamdeﬂhemmﬂudawaﬂ duilsaQiried under

t t d. t he sol vent s
high Pichiad 6 fasbed Bl MU Rk SRS GuR’ éﬁﬁmﬁ%ﬁ-ﬂwﬂgﬂdm&&
carboﬁy@@'a%ld/edﬁ/ﬁgw VIospmJSm@p | int hﬁ&h}ﬂé&wcﬁloﬁws(l@b' ankil then 1-

NVR (400 cDd 3) d %3448 3.36
hydrozwenzztrwol(mt (1610, 2g,84(f) 3 | Hpob2. 781 lmeﬂgylammvnrowl)-N-

ethyldla?%gmpé'dg Mm’cﬁp&@é @n&b%ﬁ) %).1%_66%&?1& %E'é %l&hg%ﬁﬂ% gés“.@ mL, 0.466

mol) Sdje adkﬁd( Fhg ’ré?éil&lr% reddtion. m:ﬁmﬁp vlfast sﬁiﬁlﬂ:ﬂyzit ’room temper’ature overnight

befor%r Iltggqss%_@ff“ }llflth n@;gﬂpﬁgne c rlo%dé and LedJ %%tcllqedus sodl%lmdﬂyd;omde (1
I

M) ofiF gﬁkpqﬁs Réddic tlﬁad WSy t%eg;/cﬁg?ﬁjédq@vdr FaER3AM Shate. After

remoVdl hdpthe Isowe]nmh‘h m’aimledrss@mddlrsaiethyﬁenm ohlenide CﬂO mL) and the

solutlg)n ﬁVaﬁ]PS%)eiig}H Iii gﬁllgr 2 gbﬁéb%ﬂ}%%% {1&6‘!&3}/[’ rie yQaIInine The
solut16n 'Ws%hcéiﬁxfafe’d@rrd&hmshwle Rbe@ﬂﬁs%l%d'm wob mL of 150pr0py1 acetate. To
peridi ne-| carboxylate (160.00 0. 53793 nol)
the ab_czfvﬁ aabitiop 186 noli. pf 1.0 Hddnd @sj)pmp gce@tg avars sksevtim added The mixture
slowl& SIRRG adlg{ldé) a \éeg { rrgcf%% %é%‘ﬁf 1te soHd was collected,
oncentr d, e Fesrdd mas passe
wash&l bvlltthaﬁl(bhﬂ[goﬂisbﬁ@p?l iﬂc}ekatac’ﬂiea&&emt - ﬂhétg td‘g’we 47.0g (80.7%) of
triethylamne. After the renoval of the solvent,
Pmdu%'?‘d%fﬁ(’@ 6P %%W solid was obtained. To this soli d,
acetonitrile (500 nL) was added and the m xture was
stirred for 30 mn. To the above m xture, solid
[(IR-7,7-
di met hyl - 2- oxobi cycl o[ 2. 2. 1] hept - | -yl ] met hanesul f oni ¢
acid (124.96 g, 0.53793 nol) was added at once. The
solution was slowy turned clear, then white solid
started crashing out.{ After overnight stirring, the
solid was collected b fnltration and washed with

acetonitrile and drieq to}ghv g Of product. The
filtrate was neutra sdNandNegnceNtKat ed, and on the
; forméti o roc was perforned

residue a simlar
to give additional 2g of product. e N
N="

FsC

Example 12
5-[(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

This compound was prepared substantially as described in Example 11 using
appropriate starting materials. MS (M+H)* 590.
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conmbined yield was 70% MS (El) 498.2 (Mtl). Step J
t-Butyl 4-(3S)-4-[(IR
WQR)0s20tdygir oxy- 5- (tri fl uoromet hyl) -2, 3-di hydr op¢CHUBIA® 2265
-1-yl]-3-
met hyl pi per azi n-| -yl<4- met hyl pi peri di ne-1-carboxyl at e.
tert-Butyl
4-(39)-4-[ (IR 2R) - 2- IR dl\f)__yé 5- (tr| fl uoronet hyl) -2
33-di hydro-I Hinde L
1-yl - 4- et hyl pi perj
R) - 77dimsthy| 7 \
oxobi cycl o[ 2. 2. 1] Rept' -1 -yl ] net hanesw fonic acid salt
(512 g, 0.701 'Fﬂﬂ) was di ssol ved inl NI\/{\'aqueous sodi um
rgxide (1 L), and the solution was extracted with
Exalﬁ%l?hlgl ene chloride (2 x 2 L). The conbi ned organic
4- [(4|-{QS@F‘E-[(ﬂﬁﬂR)dI—E@l@b)@Vﬁ{trmi@ﬁmbﬂiﬁ)SuBf(ﬁh @A -inden-1-yl]-3-
ncentra ed. The residue was further dried under high
metth{BBEW{Do Ik Whqur@lpﬂa\l}gﬁagb?md]cemlng 99. 19 .

I
LSE gBE, 4EED SB  dted in Bl 1 v

appmmxd@rstartlyg }ma&rlals MS (M+H) 582.4.
met hyl pi perazi n-1 -yl - 4- met hyl pi peri di ne-I -carboxyl at e.
Sodi um hydride (5.225 g, 0.1306 nol) was m xed with
dry DMF (150 niL) at/ 0 OC. A solution of /-butyl
4-(3S) - 4-[ 2- hydr oxy- (tr| fl uoronet hyl)-2,3-di hydro-1H
-inden-1-yl]-3-
nmet hyl pi perazi n-1 -y rid
(50.0 g, 0.1005 mo"' Zlgjo_(?j X
dropwi se at 0 0C 20 mn. After fhg dition, the
m xture was stirredsfor another 20 mM_p before
i odoet hane (1%#6 L, 0.1507 nol) was Ndded at one
tyyon. After being stirred for 1 h, the reaction
Exan@@Etlgnt was carefully poured into 500 nL icy water.
4-[(4TBS)nd- [(m;m)mﬂtmtyr aa;traunmmmhtm)t 2t dinedieal Bribden- SI03-

organi ¢ Ia er was washed with

methnhﬁll’i"é’a%é’n r -gbethglg}p és’flh’ﬁf epyilgudnoline; oy ¢ he
I ermy 6Jorrﬁfouh@ ew§§) @ﬁh&ed 6t ngi%llg Ugs W@sct:rﬁ)'e& s \E‘?(%?lhﬁ 11 using

met hyl ene chl or|d and passe rough a silica

appropriete startigg matesiaks: M&@Mﬁﬁé/i&lt%t hyl ami ne 50:50:1 (the
pl ug was presaturated with the sane sol vent systen).
After renoval of the sovent, 48.4 g (91.6% of product
was obtai ned as a st< cky

e, oS
Example 15

5-[(4-{(35)-4-[(1R,2R)-2-Ethoxy-5-(trifluoromethyl)-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]quinoline

ne-| - carboxyl ate

F3C

This compound was prepared substantially as described in Example 11 using

appropriate starting materials. MS (M+H)" 581 4.
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solid, M5 (EI) 526.2 (M+l). Step L

5-1(4-(39)-4-[ (I R 2R) - 2- Et hoxy-5-(trifluoronethyl)-2,3
WO dioosyases | H- i nden-1 -yl ] - 3- PCT/US2005/012265

met hyl pi per-azin-1-yl -4-nmet hyl pi peridin-I-yl)carbonyl]

-4, 6-di met hyl pyri m di ne di hydrochl ori de t-Butyl

4-(3S)-4-[2- et hoxy- -o(tri fluoronethyl)-2,3-di hydro-I H

i nden-1-yl]-3-
met hyl pi perazin-| - 4-%1’1’“ rpari dgrne-1-carboxyl ate
At éa ed Niha A0, M sol ution

in - di oXane ) at room

(48.4 g, 0.0921 ro
of hydrogen chl org
The reaction mi\xt ureMwas
ud was further

tenperature for
concentrat ed tlwCdryness and the resi
under hi gh vacuum The fornmed am ne
Exa[ﬁé‘&rgchl oride was m xed wth 4, 6-di net hyl -
4-[(4+{{38)Pd-{({1 RE2TD)- 2mn@gxsi(tﬁﬂnﬂﬁ4oﬂle€%ﬁ) -8 3gd1h9dﬂoli)HtmhknJ1tzy1]-3-
met hyl ene chl oride (10

methw&mpewweh-zf&}r‘imbylelqerehsd’ g)ca@qum#maphthyndme

hy dro %Wh a%% %8%}%9&{ ) u%%ﬁﬁirgy% %?%F? QDh %Xgpﬁphe 11 using

apprap@iatelstarting ﬁlaﬂa@ﬁlsrrMS (MEHQE $8dked. The resulting
reaction m xture was stirred at roomtenperature
overni ght before it was diluted with nethyl ene
chl ori de and washed/wi t h agueous sodi um hydroxide ( 1
M and brine. The okganic | ayer was coll ected and
dri ed over magnesi um’suNfate. After renoval of the
sol vent, the resid wa S ved % net hyl ene
chloride (50 m.) t'Me sgiuki oV Was passed through a
silica plug with
triethylam ne. ThHE rated and the
resi due was difFsGol ved in 900 nL of isopropyl acetate.
Exan}_@ tll?e above solution, 185 nL of 1.0 N HO in
opropyl acetate was slowly added. The mixture slowy
5- [(4-t{(BS)eld[(tRijsz-Eﬁﬂdﬁyvﬁ&rﬂIquﬁdtHyl?eI M(ﬂﬂidroTiE-lﬁ@éﬂIf-@rl]-s-
te soljd was collected, washe

methy\piperagpr1-xled-methylmineridin mgrlmyl]enqqemlm | ve
‘11;1“@ CB%OM Wis BY&Q%EF sul%@anglglll}) a%69esgér1()% | 1}1 EEXI%B@ %1 using

approripie4tafiBSnateripls| MSAWI+H) (581 Met hoxyet hoxy) - 5- (tri fl uor
onet hyl) -2, 3-di hydro-1| Hi ndenl -

Example 18
5-[(4-{(3S)-4-[(1R,2R)-5-Bromo-2-ethoxy-2,3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine.

o

Step A
6-Bromo-1 H-indene

A solution of 5-bromoindan-1-0l (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 h 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
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yl]-3-nmet hyl pi perazin-I-yl}-4-methyl pi peridin-I-yl)car
bonyl ] -4, 6-di net hyl pyri m di ne This conpound was
wEe@sansas subst antially as descri bed i n Exanpl BCT/1S2005/012265
usi ng appropriate starting materials. M5 (M+H) +
anhy®934s RS0} ﬁncﬂ-%oncentrated under reduced éaressure Purification of the residue by
4-1 (4-{(39-4-[ (IS, 2R) - 2- Et hoxy- trifluoronethyl)-2,
flash ghm(@grgph}q-ﬂmmhyﬂe fjpus- 5-bromo1ndene (4.0g, 87%).
met hyl pi perazin-1-yl}-4-nethyl pi peridin-I-yl)carbonyl]
cinnoline This conpound was prepared substantially as
descri bed in Exanpl e 11Brusing appropriate starting
materials. M5 (M+H) + 582. Ie 14
4-[(4-{(39)-4-[ (IR 2R) - 2-
Step B~ di hydro-1 Hinden-1-yl]-3- o
P et hyl pi perazin-1-yl }-4-net hyl pi peridin-1-yl)carbonyl ]
4-Brawj ﬁmﬂaidzkyd}?hilabcmapm[m bjesirpfeepar ed substantially as
Cl‘lb?d in Exanple 1 1 using approprlate starti

@i sgletionpl (‘n@rn)hﬁnﬁmoml)pm@ﬁwl‘é-ozgie (68.8% mg, 0523 mmol) in
meth?leﬁé %hfohﬁgl) 86450[ ot g i) a@deﬁf_{?ﬁ)\zgﬁﬁﬁ\f b s(335 -di-tert-butylsalicylidene)-

puor onet i hydro-1
1,2- cy@@h@damcbanumrmaﬂgayéq%lm robd dridepS8 e ntign 0109y23) marddpayd P.0 M of

sodlugaefg no'ch % te%r lﬁll \%@%}?Rgp 5 ng) \g&? °§S ' i’gg &%g}tfn%%gg/ggh%ehéon was stirred
at 0 BRI T5aM . W@tﬁ%&'@lé‘d 9&perbidi AP L8dekOa solutlon of 6-bromo-1H-indene
4[(4@%&38) -[ (IR 2R) - 2- Et hoxy-5-(trifl uoromethyl) -2,

(900 mgg# anmel) ji il m;eﬂlyllerw chl@ide (6.00 mL) at 0 °C with simultaneous addition

of 2. d"ﬁ @JOH Lﬁl? f@g 1;061(’53/ iﬁ]wzgfe n@ndgyoraﬁhg\%‘;@ &?’563 Cél%]l(’:l %vrag ?{nlytl Jt 0 °C for
1 h. ”$hkb$éa@tibﬂ1 atdsyalRSved e cwirbedpitd rEéﬁﬁn@ Bkrlatdke 4%l MBen stirred at room

appropriate startin materlals + 582, 4.
tempggrglﬁ% B‘éerg}lght The reactl%n mixture was poure 1nt(|)_|)b tine and then extracted with

methg %C:ﬁl'o{r ?h >Aad gJLﬁ fﬁ@ Ffm?n@&’ X¥rad btel A4 QLI drods NasSOL,

-IH1In
ﬁlteredeartdyé\fappmmdzundef reflueddprenduly | Thepeudedprodiuctwasamed divgttly for the

next reactl &lﬁe ratlo of the two diastereomers was 8/1.

Br

Step C
tert-Butyl 4-{(3S)-4-[(1R, 2R)-5-Bromo-2-hydroxy-2, 3-dihydro-1 H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate

To a solution of 4-bromo-6,6a-dihydro-1aH-indeno[1,2-b]oxirene (247.9 mg, 1.1746
mmol) in ethanol (10.00 mL) was added tert-butyl 4-methyl-4-[(3S)-3-methylpiperazin-1-
yl]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%NH4,OH) and hexane afforded the fast
moving product as the desired compound (295 mg; 49.4%).
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Thi s conmpound was prepared substantially as described

in Exanple 1 1 using appropriate starting materials.
woBosbtdps- 581. 4. Exanpl e 18 PCT/US2005/012265

5-[(4-{(39)-4-[(I R 2R) - 5- Br onp- 2- et hoxy- 2, 3-di hydro-1H

-inden-1-yl]-3- (4

nmet hyl pi perazi n-1 -yl }-\4- net hyl pi peridin-1-yl)carbonyl ]

-4, 6-di net hyl pyri m di ng- SSErp\ A 6-Brono-| Hindene A

sol ution of 5-Dbronoi -1 A0\ (b/ g, 23.5 muvol) and
”'HQ_I;_y/Hr e N1BeCny, 0.5 mml )
was heate oreflux for 2 h

p- Tol uenesul foni ¢ acj

i n benzene (150. 00

and water was conti sly renoved fromthe reaction

mxture with a DeBin-Stark trap. After cooling to room
Step benper ature, the benzene sol ution was washed with

wat er, dried overanhydrous Na2SO4 and concentrat ed

tert-Butd e { (B & trd @R, PRIeB-Bramo-2rthdxii2cadihydr oo Hiinderr bsijdire by

f h ography (hexane i £l ded re
e e ST L TR Bl P

4-Ty argeliidhaof idayelitpt hqtﬁS)nﬂRmRuR)-stMQn@a&x Q. A dihydro-1H-
) sol 1utl on of 4-(3-phenyl pr opé. pyridi ne N-oxide 68. 88
indenpiyyl|e3-methylpiperyzing -y tdupedy oipssidine- teabexplaten(dp4wag, 1.1 mmol)

in PR rap QORP BLL pgs addd podim i (48 g ) manoD at room

tempéra@re ylteyrstixdmes tralfi min, iedugdnas €42 ML.CIT.78 hbeolf 98s @dded. The
g, 0.09.23 mmol ) and 2.0 M of sodi um hypochlorite jn

reac“&ﬁt”é?‘“(rﬁ.‘@%f FIyechat BPOft lemPprEatiEss QY qnigdt Badvenched with saturated

aquectd SRGAShIAM WESrial isbfufn 320 MOC THRM orbanid! ?yerT@ast R&erated and the
cool ed suspensi on was added & sol uti"on o
aqueadss [nhe s wakteixtrdeiad withoethpigacetht® (2 X36mmL). The owhbinkderRtracts were

chloride (6,00 nL) a 0C. Wi si.mul t aneous addi tign
washf' Wit il carled ek, o ot e BRT BrRmetsetundfr reduced
presste @affdtdethe €Al ipRiiute@ sk el 8396) OLANIS Pr1+1 14536 51638 8.

reaction was allowed to warmup to roomtenperature

and then stirred at room tenperature overnight. The

reaction m xture was poured into brine and then

extracted with methyl er(ijchl oriq_g:l](4 X 40 nmL). The

conmbi ned extracts were iad OV anhydr ous Na2SO4,

"N NACNH
—/

Br
Step E

(28)-1-[(1R,2R)-5-Bromo-2-ethoxy-2, 3-dihydro-1H-inden-1-yl]-2-methyl-4-(4-
methylpiperidin-4-yl)piperazine Trihydrochloride

To a solution of tert-butyl 4-{(3S)-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 stirred at room temperature for 1 h. Evaporation under

reduced pressure afforded the desired de-Boc product.
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filtered and evaporated under reduced pressure. The

crude product was used directly for the next reaction.
wab@snetss® of the two di astereoners was 8/ 1. SPEPUL005/012265

tert-Butyl 4-{(3S)-4-[(IR

2R) - 5- Br ono- 2- hydr oxyf 2, 3-di hydw | Hi nden-1 -yl J- 3-

nmet hyl pi perazin-1-yl} 4 nethylplperldlne | - carboxyl ate

To a solution of

4- br ono- 6, 6a- di hydr @

H- n e - bYoxi rene (247.9
ng, 1.1746 mml) inlethaNol s added
tert-butyl 4-methy [(3 3 met azin [yl]
pi peri di ne-|-carbg at e (349. 36 rrg 46 nmol ). The
reaction m xturerwas heated to reflux overnlght After

Step gool i ng down, the m xture was evaporated under reduced

ure. Purlflcatlon on silica gel with 50%t hyl

5[ (‘E\ﬂé@a‘f é(1 QZRMoRmn@-l?-edwcxyﬁe?xézhedmeém@d I-g-3msthylpiperazin-1-

d (295 ny;
! e g b e L R
- 5F®r a)rrﬂu&y ebh o@&)armn 2Ry BE8rombo-2-86Ry-D, 3-dih} dro3tH-inden-1-yi]-2-

| pi razin-1-yl}l-4-nethyl eri di ne-| -car boxyl at e
meth;@tl-zal B p @Wl@p-dt%l,}%lpg@ppq: rlhgfdr%chlonde (50 mg, 0. 0)616 mmol) in

methﬁl’e{lé g’lﬁ))rl? 6(ﬂ1§% %}@ﬁ gﬁdkéﬁ Q'Bodlﬁleméﬁj 'i)%?ﬁld?még Sdéa'ﬂyoq(ryﬁc acl Idr&i7 88 mg,
0. 1831413111«}19 4Nn@td1;dep;hy;ha3nmdpnm@yl) N’{eﬂryﬂnmxbdcﬁihﬁdé ﬂﬁ»ﬁrdﬁhloriﬂe 1(21 07 mg,

et r ahydr,of 20. 00 s added sod
0.1 R deidicy R oot 5 o Pl SansEirathghasmine (0.0894 m,
0.641AIR6]) S Thé rﬂe{&glcfnofm)l{gré'f%s dtiPRaehN 8N (tdmpéralire c;cl}% f2ht. Direct
nmol ) "was added. The reaction mxture was stirre at
chromaegrepsmearslica gelowsh ni (yhtMeOd/ 06 dNHi,OH) sdfordedt 6 desired

prod . e G LT Bt oBe aqueots phase vas
extracted with ethyl acetate (3 x30 nL). The conbi ned

extracts were washed wth brine, dried over anhydrous
Na2SO4, filtered and vaporated under reduced pressure

to afford the crude p t (488 nmy, 82% LC- M5 +1

536. , 538.8. Step

(29)-1-[(IR 2R)- 5Br2Net -2, |hy -1 Hi nden-

| -yl]-2-nmethyl-4- (4

/ \
Br

Example 19
4-[(4-{(35)-4-[(1R,2R)-5-bromo-2-ethoxy-2,3-dihydro-1H-inden-1-yl}-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]cinnoline

This compound was prepared substantially as described in Example 18 using

appropriate starting materials. MS (M+H)" 592.3, 594.3.

<O
A0
/
7 N\
Br —N
Example 20
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met hyl pi peri di n-4-yl) pi perazine Tri hydrochloride To a
sol ution of tert-butyl
wd24o§3@838!- [ (| R, 2R) - 5- br ono- 2- et hoxy- 2, 3- di hy dPCF/UBkonsle12265

n_
4-[(4l 4-84 j efhi |3 ad Rideali-dnxe- | - car
K b{g?% atﬁ.e 5 ?r,‘?’,rg‘g‘.r"g%%“‘r%"‘%?z 3 flf]hytqgi’?gh%? gfluggjr?e( 3 )
methydpip expabnl-x1}44-oeethylpin eridind -y canhonmydy&:8-nAphshyddinen

1,4-.di 3 m). The,r t 1.0 I Xtyre..was. stirre .
atfl}lgo%%&er‘g?su Penaggd fgﬁsga%\?gﬁg%satcﬁé%cﬁlb\éﬁd@r %Fglalﬁgee&g using
apprqpriassstartng hfacsried NMReMes) 5e213d894Bnc product . Step F
5-1(4-{(3S)-4-[ (I SM - 5- Br ono- 2- et hoxy- 2, 3-d
3 hydr o-1 H4nden- 1| -yl ]-3-nmethyl riperazin-lyl}-
4- et hyl pi peri di n | ) carbonyl ] -4, 6-di net hyl pyrim di n
e To a slurry of Zé N;
(29)-1-[(IR 2R)-5- - 2- et hoxy- 2, 3-di hydro- | Hi nden-
| -yl]-2- methyl -4- (4-flet Nyr pi peri dm 4~yl ) pi per azi ne

tri hydrochl oride (5p Ny, /0. 091 1)2in net hyl ene
chloride (6 ni) werd'o'l'éd N N
e- 5- car boxy ic,acxlg (27.88 ny,

4, 6-di net hyl - pyri @
0. 183 mmol ), —/
N- ( 3- di met hyl amiBRopr opyl ) - N - et hyl carlodi i ni de
Exampidrachl oride (21.07 ng, 0.11 nmmol),
dr oxybenzotri azole (13.62 ng, 0.101 nmol) and

1-h
5-[(44{(3Dth{BRARIS-Boows 4 (myridin-2edexyyrbsihytire- Hbdnd iyl -3-

eSS e BT R B AGH B miine
10 MEXBE Edofo(thdo Wi @rfpasdd gubkeshtiahe gbeslesceibedr @AWKhmpH2 18 using
ng, 80%.. LC-NS [Mt]1=570,10; 572.05. Exanple 19
aPPfOA?rlﬁkezﬁla{%@@jn-atﬁﬂ[aksr NS RYFEDLp - @1 hoxy- 2, 3- di hydr o- | H
-inden-1| -yl J- 3-
nmet hyl pi perazi n-1 -yl }-4-met hyl pi peridin-|-yl)carbonyl]
Exangpla28d| i ne Thi s conpound was prepared substantially as

G EE S T P R A R
15 meth?%_ﬁ[l)ﬂnggiﬁ§-_§§|)€-fh§_h(§lﬁp%ﬁhh§-1%flﬂﬁpﬁtﬁfyﬂu‘,ﬁmm%ﬂ?ﬂﬂ}ﬁ%%iﬁé
met hyl pi perazin-1-yl}-4-nethyl pi peridin-I-yl)carbonyl]
-1, 8-napht hyri di ne Thigs cqnmpound was prepared
substantially as descrih ' anpl e 18 usi ng

).

0}31\

Step A
[(5-Bromo-2,3-dihydro-1H-inden-1-yl)oxy] (teri-butyl)dimethylsilane
20 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
25  ether (4 x 40 mL). The combined extracts were washed with brine, dried over anhydrous
Na,;80y, 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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appropriate starting materials. M5 (M+H) 592. 3, 594. 3.
Exanpl e 21
W®200640%868S) - 4- [ (I R, 2R) - 5- Brono- 2- (pyri di n- 2- yPORY$2085/@12265
-di hydro-I Hinden-1-yl]-3-
met hyl pi perazin-1-yl}-4-methyl pi peridm|-yl)carbonyl] -
4, 6-di met hyl pyrim di ne This conpound was prepared
substantially as des@\ ed in Exanple 18 using
appropriate starting M5: (MHH) + 619. 3,
621. 3. Exanple 22
5- (4-{(39)-4-[ (I R 2R) - 2- BRoRY-5-YI, 3-t w
azol - 2-yl') - 2, 3-di hydro- | H ndenQ-gj] ] - 3-
met hyl pi perazin-1-yl}-4-nethyl pl{)erl di n-1-yl)carbonyl ]
SrepB4 6-di net hyl pyrim dine Step A
- Brono- 2, 3-di h)/dro | H i nden-1|-yl)oxy] (tert-butyl)di
2-(1- rrrﬁw&lddan@hﬂwlla]gw}t&i’drhydto BHendamod wilalh3 ¥hiatold 4. 00

ad"l“ool % ﬁp?ﬁe'?}%%ﬂeg%o% 8%%@03?%1 g; n}gm de )§ Aked) a%y'crii‘gfuran ﬁ 60 mL)

was dddet] - QRHdsHroinoBhing €0.118 m¢h|1(37| ﬂlﬁldl)dr Ws@per%&nlﬁaﬂﬁﬁdtéd with a
and 4-di et hyl am nopyridme (115 nmol
heat glabmletraa@YOAvmneof qtﬁiélewea@t . rmrm}hﬁésm 806 8@& 4155 mmol)

and 4 gﬂgh&fg{ggr%@oﬁﬂ g)hhs 'gﬁ hﬂﬁ&; %ﬁ&hga&%ﬁﬂam&e added.

wat e ueous
Afterp ihﬁsmmva{& bnohr(ﬂz,ﬁekﬂhydnb-hHeilnﬁer[-1(}4)0Xy]f(&rm1b1)tyl)dih&thylsﬂane (1.0 g,

3.05% o F R R Bap e el od” G agre. 63611 mmo)
d1ssofv%glﬂ1§?éi"raﬁff&1%§ﬁﬁr?(8 e ?’ﬁk?@&cﬁi@ﬁﬁ@mﬂtbﬂe%ﬁﬁhe&ﬂf&ﬁﬁ/ﬁt reflux

QAc/ hexane af f or ded e desired product (6.05g,
and qugngghedtwith BS mL of brine. The organic layer was seperated and the aqueous phase

v S 6 5 SRR B X b G v

with Zbrite, (&SR rfE/cr 1hh¥8rolEONY, SO, t &dr %k}é(]wr%&” ﬂﬁlieﬁr 1re@1@céli)pressure
was added 1, 2-di br onpet hane (0.118 m, 37 mmol ). The

Chromgtogeapdy opn ialicahgelt Bifhy? 6% éitﬂé&fheg@m @ffprdedn@e desired couplmg
et hyl ene gas. Chlorotrinethylsilane
prOdL%eé(%)&Egonggf)o 55 nmol ) and a sol ution of
2- bronot hi azol e (0.413 nL, 4.58 nmmol) in
tetrahydrofuran were ag/dwj

g

OH

Step C
5-(1,3-Thiazol-2-yl)indan-1-ol

To a solution of 2-(1-{[tert-butyl(dimethyl)silyl]oxy}-2,3-dihydro-1H-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 (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
MgSOq, filtered and evaporated under reduced pressure to afford the desired product (410
mg, 99%).
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After 15 mn
[ (5-brono-2, 3-di hydro-1 Hinden-1-yl)oxy](tert-butyl)di
woreaolsbsBs ane (1.0 g, 3.055 mmol ) and PCT/US2005/012265
tetraki s(tri phenyl phosphhi e) pal | adi um(0) (70.6 ng,
0.0611 nmol ) dissolved gmnNtetrahydrofuran (8.00 nlL)
wer e added. The m xtur QU irred for 24 h at reflux
and quenched with 15 ni“of The organi c | ayer
was seperated and the agueobssphdse was extracted with
Step &:t hyl ene chloride (25 nL x 3). The conbi ned extracts
re washed with brine, dried over anhydrous Na2SO4,

2-(1 1R lepNRINT 8- ghlgnder reduced pressure. Chromat ography
on_silica gel with 2.5% Et OAc/ hexane afforded

t he
dekd redolglom| ¢ih§-(d Podiseel-2-gDodgn-17do4 900 (e png; 0.0041420 mol) in

tetra d% fuz{%fx-fgdr) t% %I%)%iv%; dgddgfﬁ (iMo ol oxytflﬁJéch% gr&ﬁﬂ%lde in 'YY_alter (20.00
mL). ﬁﬂ&nréﬁe%{d)r) ;mittuﬁe t\ﬁlal(s) atélagted tbGﬁﬁuﬁmveﬂmghtmﬁ% dl\(;lmmlg down to room
tempgpiygrt 5[58&%3”%%@%%%%1 ki) ﬂ fﬁﬁ\l AlOH ﬁqggougtsbﬁmon The
orgarﬁ@ mg/@f‘WiE Qgﬁﬁ %@d Ghd AR %Hﬁkm @ pthsCwal &b &Ed Q@M‘Eﬁ@@c F{?{ x 30mL).

react| Plre Was Strrre
The ctoarhmercmmaatsf were Iwshed mathnbrivtey dgedvagerdadhytieas Wig$0,, filtered, and

th saturated Na ueo S tion
evopip P aingSE Py arBodt g SBoRE A Feidd BRISevdsb e cisre. LoMs
[M+1geslsy2.r educed pressure to afford the deS|red pr oduct
?410 ng, 99%.Step D 2-(l H-I nden-6-yl)-1, 3-thiozole
To a solution of 5-(l,3-thiazol-2- yI)|ndan | - ol
(900.00 ng, 0.0041420/ol) in tetrahydrofuran (20.00
niL) was added a 1.0 sol uti on of hydrogen chloride
in water (20.00 ni). eaction m xture was heat ed
to reflux overnight. eé*tnoll to room
tenperature, the rea N wa with 30 nL of 1
N NaOH aqueous sol . r was
seperated and the ggugous phase was ted with
Et OAc (3 x 3 N\. he conbi ned extract% re washed
with brine, driNgedsover anhydrous MgSO4, filtered, and

Step E
5-[(4-{(35)-4-[(1R,2R)-2-Ethoxy-5-(1,3-thiazol-2-yl)-2, 3-dihydro-1 H-inden-~1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidin-I-yl)carbonyl[-4,6-dimethylpyrimidine

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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evapor at ed under reduced pressure to afford the
desired product (381 ng, 46% . LC-Ms [ M+l ] =200.2. Step
W(E2005/101838 PCT/US2005/012265
5~[(4-{(39)-4-[ (I R 2R) - 2- Et hoxy~5- (I, 3-thi azol -2-yl)-2
- L ~-vl- r - -1-
>1d {%SS]bth(qggera)g%Jr@H% 3 pﬁﬂdﬁz i |o2 [ ?’pglrhlyéll [ (r)1-1H- mdecl:l alr %lényl J
methyllpleewrml-b&}l irynethyhbumltﬁudrxl)qagbm)dhﬂﬁhhm%hjdpmmldim

of the itle co u

pr oce ur es Qg Or’ilgfi 8VgaSt9§ep%e lﬂgé%anﬁg |°:£’ o?‘a%?aﬁlﬁf“&ﬂe 22. MS
(M+HBS6MS (MHH) 575. 2. Exanpl e .

235-[(4-{(39)-4-[(I R 2R) - 2- Et hoxy-5- pyri dm 2-yl -2, 3-di

hydro-I Hindeii-I-yl]-3- il -y1) vony!

| pi perazin-1-yl}-4-methyl pi peridin-I-yl)carbony

Exal{lgk%ndr)net hyl pyriinidine The title conpound was
5-[(4pi(3Ped-EdM eth axyrBugtrifluaond etgyd)+2, 3t dihy dhet-1Hein d ex-d agl]-8- 22.

(M 69. 3. l e, 24 ) C o
metiffhibofarto By Td methptsridin coearbomsillshcdiperylpucimidipa
ro-lHinden-I-yl]-3-
nmet hyl pi perazi n-1-yl}-4-methyl pi peridin-l-yl)carbonyl]
-4, 6-di met hyl pyrim dine Step AN
5-(Trifluomethyl)-3-vimt - di(hydr o- 2- benzof uran-1 -0
| To a solution of N5N N - pt by | -1, 2- et hanedi am ne
(4.76 nmL, 37.4 mmol) in tetwahydrofuran (150.00 L)
was added a 1.6 M solution of n-dgaytyllithiumin hexane
25.7 nmL) at -40 OC. The colorl ess sol ution becane
Step i ght yellow. The cold bath was renoved and the

Trife -Shinpl-£4- 3%-5d A-Boyarning to -15 OC.
> ré}g}?t [ gir?ﬁj{/vas C{Zg"édrl [ egg%tm{ 4003,?: and

4- T(T iaf pelotiometthN, W iam@‘élbrydié e(tﬁalﬁdlanune 3#.76 minl }7. ‘Gvammol) in

crt8han PO R L8 WL B SoBlior B Bl M Fosane 257
mL) a—iaoml Thé bblemessnsoh@chteecH@s light FélRSR. e cold Bathes@&stﬂeﬁl%ved and
allowed to warmto -25 0C and nmi ntai ned at -

the rqaéTrIOIQStHTGQthV\ﬁQ sHnowhite iR tor 16 7Cy Sherrsactian waﬁmh)lled at -40 °C
and MBSRAIGEEhyIDEE i RAGHL Q5067 U 39.4%&¥nol) 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 h 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 Na;SOa, evaporated in vacuo
and purified by flash chromatography to give the desired product (2.4g, 28% yield). LC-MS
[M+1]=231.2.

FsC
OH

Step B
1-[5-(Trifluoromethyl)-2-vinylphenyl]prop-2-en-1-ol
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30

stirred overnight and quenched by addition of 30 nL of
6 N HO aqueous solution. The organic |ayer was
wae@snetsasl and t he agueous phase was extract edP@i/UB2005/012265
Et OAc twice (2 *30 nL). The conbined extracts were
m:aﬁpﬂbngmahﬁph&%hoﬁmnesroﬁﬁsé (Ne2 304, 7@&@&9} aaea@ Qhés@lved in ether

vacuo and purified by flash chromat ography to give the

(20.09em Ly iftgrcogling tq @ *Gga 1 AdodAsodutipn, ofchbwl{thnum] mpigkage (2.72 mL)

was PR Gopidly, b syrngs, o Ry SHEASFORBEESE. 3| B to room
temppfaanylaﬂétstlprh@ loosmiyhni The hirfing ees (sloppdd G alow 8hem§ﬁlid)s to settle and
gl ssol ved .in ether (20.00 ni L% After .cooli ngj
then d6¢ vld pvasotrsGastedt Viertehih, B §iplriomof m-{trithereme 313 vinyl-13-
d1hy(§1%~2zgelﬁblﬁ)rax¥3@%l g @9% s Hln}{olt%’n %éf ?ﬁfo@ﬁﬁ)tmle stirring at 0 °C.
resulting orange mxture was warnmed to room
Follavang éhataddidonnthesice roatd way eemgét and Hke stikturd mgisvimated to reflux

overgpRE G e el P ot ar s s ORI E At iond washed with a
smalb afotihf bﬂ etherTeNiBat! of the olRehts! wgre evagorated and the crude I'1]3roduct was

di hydr o- 2- benzof uran-1-ol (1. in et
loade(dlenfeoﬂh’ta) golhande ekxtady wlfhghfmandEd%% KO0 pwp rqu e desired product
h was renoved and the m xture was
©. 81%@%% %%%Wu@&oggr&m ght. The reaction was al | owed
to cool and then the solids filtered off and washed
with a small anmount of ether. M of the solvents
wer e evaporated and thq: grude prpoduct was | oaded onto
silica gel and eluted Wit B e/ Et OAc (10:1) to give
the desired product (O dl gh._8 LC- M5 [ Ml ] =229. 2.
Step C 6-(Trifluoronmethyl)-lIHinden-1-0l To a solution
Step 6f t he
a LAlue iyl ) - 2- vi nyl phenyl | pr op- 2- en-1 - ol
6 (T'Jfﬂl[ggﬁzwhyé ]ggfn%‘;‘?[lwl n nmet hyl ene chloride (20 nli)
uribera mlumwg efi thead - [éQdéﬂiudiemzﬁllyl)@ﬁmbl}ﬁlényl]prop 2- en-l -ol (462 mg,

tricycl.ohexyl phosphi n C rorut henium (70 08
2.02 0] IR RS HHERE rAkTIR (St e THEOBD. giest Gidedobenzslidene-
b I*iE |
O LRGSO ot 7108105 AL o i s v
stlrre(lzare 2ﬁ g, f88%9. miC- Me [chhédntra®d. The residue was purified by flash

chromatography to give the desired compound (278.1 mg, 68%). LC-MS [M+1]=279.2.

O
F3C
Step D
6-(Trifluoromethyl)-1H-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-(trifluoromethyl)-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 filtrate was concentrated in
vacuo. 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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Step D 6-(Trtfluoronmethyl)-lHinden-1-one To a
sol ution of pyridiniumchlorochromate (1.08 g, 5.0
wones)l0ises met hyl ene chloride (15 nL) was addedPdr/opwose12265
a solution of 6-(trifl uoromsthyl)-l H i nden-1-0ol (500
ng, 2.498 mmol) in thyle chlorlde(lo m). After
being stirred for 17 H% was added, and
NI t NFBR9gh silica gel .
The filtrate was cog trat |n vacuo. The crude
materi al was chroma aphed ( 10:1 hexane/ EtOQAc) to
afford 200ng (40%Cof the product. LC M5
Ste Mt ]1=199. 2. Step E tert-Butyl
P - Met hyl -4-{3-met hyl - 4-[ 3- oxo-5-(trifluoronethyl)-2, 3-
tert-Blitplydheri [yH%ll{Bdﬁé?hﬁW -]3- Bx@.@—r(trg‘hdoﬂorﬂet%j}l}-glﬁ&%y%nHJznden—]—
-carboxyl ate A sol ution_ of
yUpllG?f(l%le)ﬂﬂﬂP@frﬁ@t?Wtcyﬂrqwéaﬁ'den | -one (100 ny, O0.505
mpl t
s)oHﬁP) ?é—(&ﬁﬁ%&qr%?the {JIIIZ-II—lrr]ld %ne 100. me, O.SPS mmol) and tert-
butyl- %mﬂqk%l—(&t-methﬁl@!})er@m-1-y41)j:ﬂaemdnie)l-batrbdwlkte (420 mg, 1 412 mmol) in

Carbc{ﬁettﬁﬁa@ﬁ]ﬁ!ﬂ?c{ﬁ @900 Bl g @933{-3&@ fa@? ot edl@éwgh?tgﬂggf & Vaporation
of sofv%ﬁi WEredrIBe RS 'é)}lhﬁgd B8R sdich \;g%f"toggllve R0 Qi %Ferédfﬁérs g/ 1 ratio). Yield

di astereoners (3/1 rati o) 180
180 gAI24UBE-MS [BEEH=#9G.€r t - But y|
4-{(3S)-4-[3-Hydroxy-5-(trifluoronethyl)-2, 3-di hydro-|
Hinden-I-yl]-3-
nmet hyl pi per azi n-| -'3((1)} 4- ms hyI pi perl di ne- |
-carboxylate To a sO t
4- et hyl - 4- {3- et hyl - S'NQ__; “Xtr "ﬁ%’ér omet hyl ) -2, 3-
di hydro-1 Hi nden-1 -y I perazin-|-yl}piperidine-| -carb
oxylate (100 ng, O. \ mol ) in ethanol (7 L) was
added sodi um bor &bydride (57 ng, 1.5 mmol). The
eaction mxture was stirred at roomtenperature for 2
. The solvent was evaporated in vacuo, and the
tert-Budyd iéd{(&S)AM}q{}dmdjlreﬂ(tWﬂbVthhﬂ) BB-dimMred ilemiden-Na O3 -
so] ution t OAc. The_  organi c phase was

a
mefh)é@lﬁé%ffé&yg’nﬂm#@ Legyhoyiftes extracted with
EURAG M6 of Rrtbofilt) 4-mB1-4-{3-methyl-4-[3-ox0-5-(trifluoromethyl)-2,3-

dihydro-1H-inden-1-yl]piperazin-1-yl}piperidine-1-carboxylate (100 mg, 0.202 mmol) in

Step

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 in 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 Na;SOy4 and evaporated under reduced
pressure to give the desired product which was directly used for the next step (93 mg, 92%).
LC-MS [M+1]=498.4.

~0 N
1N N@N—Boc
n__/

FsC
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conbi ned extracts were washed with brine, dried over
Na2SO4 and evaporated under reduced pressure to give
w0 b@sdessds ed product which was directly used fPRPCT/UR®05/012265
next step (93 ng, 92% . LC-M5 [MH ]=498.4.Step G
Steplert-Butyl 4 {(3S) -4-[3-Methoxy -5-(trifl uoronethy
) -2,3-dihydro-1Hinden-I -y I] -3-
tert-Brgyidr{ @Shér[dzlexhbxyy Yt flupesireghodl- B Srditivare- I\ H-irwde b dxgylf -3t e

T0. uspensi,on of, sodi,um,hydyi d 150 ng, 3.75 mol)

methy %”%5 Zr"%fﬁi)’zjri ki ’?i@d’ﬁf'ﬁjy%%vy%%ed a sol ution of
t eTd abutpéhsion of sodium hydride (150 mﬁ, 3.75 mmol) in tetrahydrofuran (15 mL)
4-{4-[3-hydroxy-5-(trifluoronethyl)-2, 3-di hydro-I|H nde

was dded "a solution of tert-butyl 4-{4-[3-hydioxy-5-(trifluoromethyl)-2,3-dihydro-1H-

. - vl niper aai n=] v li- 4- h ' i dipe- | -

i 1 AR L8 b LRSI Bl 6965 o
in tetraydrdfuennr €aatli)o Theirzdctive nixsurs t\ifersrsaigreglt atr %Omotemperature for1h

f t hyl i qdi .50 ni, .
S WY N N —
[ I ft u

t o e AR G Y YRR T GTGHE Y 10 .o
EtOAn. gddwi argartia pbaseawas sgperatadeahdathd agheouwadapousad astectedasith EtOAc

. extract Lth EtOAc, twice (2 x 15 nl). . The conbi ne
o2 2EvEE U SRR SR orere &S i 59, EEBSOR NeaSOs, and
evap@ttdaxapofeai st %@we tfegve ek 08s pridact @1%hy e83MEwhich was used
. crude_product £ 1 85% which was used directly for
directly dorthg pextstap. Q@AE/%MM? Hs} 1.3. Step H
5-1(4-{(3S)-4-[3-Methoxy-5-(trifluoronethyl)-2,3-di hyd
ro-1 Hinden-1-yl]-3-nethyl pi perazinl -

yl } - 4-met hyl pi perigli n-| -yﬁ)car bonyl ] - 4, 6-di net hyl pyrim
idine tert-Butyl P

4-{ 4-[ 3- met hoxy- 5- ( 1"&'@%%@‘?&@ hydr o-1 Hi nd
en-1-yl]-3- 7/

\

met hyl pi perazin-| - 4- et hyl pi peri n_e/NI - car boxyl ate

(85 ng, 0.166 nhft) was dissolved in N7Z. 00 M sol ution
StepP]f hydrogen chloride in 1,4-dioxane (2 nL). The

m xture was stirred for 1 h and oncentrated to driness
I-[ (4ei3S) phapdp et haxybagriffuorbmethy Bt 13 -hilydfo- 1 H-inden-1-yl]-3-methylpiperazin-

4, 6-di met hyl. - pyri m.di ne-5-carb lic acid (50.6 ng,
Lyl -&—@@fg’y ﬂﬁfﬁ?r ”?'z'yQE%rtbtgﬁYlj 'r&q'é’””(eﬁh%’ JHATE 0C, a drop of

DNErt(Big@d as catal[yshdth8ss-adidadrdnithANe d- My @¥alitnden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidine-1-carboxylate (85 mg, 0.166 mmol) was dissolved
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 slurry 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 slurry 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
resulting 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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chloride (0.028 nL, 0.333 mmol ). The resulting slurry
was stirred at roomtenperature for 2 h. To the
WO e@stiosss m xt ure was added the solution of theCHDS2085/012265
.am ne hydrochloride in acetonitrile (4 nL) in the
presence of triethylamne(0.139 nL, 0.998 mvl) at O
0C. The resul tihg y af© 45-50 OC for 6
h and at 80 OC for " ogyaphy on
silica gel afforde e desi N71lmg, 78%.
LC- M5 [ Mt ] =546. 3. le 24 .
5-[(4-{(3S)-4-[ Byt hoxy-5-(trifl uoroné‘t‘h/yl ) -2, 3-di hydr
0- inden-l-yl]-3-
Exanﬂﬂfﬁnpi perazin-1-yl}-4-met hyl pi peridin-1-yl)carbonyl ]
5-[(4- {fhsﬁ 4dfsnme&w&hm16kmetﬁpﬂ 23 thﬁld@@flﬂmmﬂm\l\ﬁ-?l -3-

in a manner anal ogous to that for rrpl e 23.
methmlmwpﬂp Eﬁb 42meE)odnmeeldm-Maﬂ)mwyé]s@ﬁdnmAthylpyr1m1dme
ar B| ol ,0qi c ,

The (s RGNS e plegefia® Gty T FELdtap TR w27 s vt
560,7J:)I ood rmnonucl ear cel I's (PBI\/CS) were isolated via

density gradi ent centrifugation. Monocytes were

further isolated via centrifugal elutriation. After
Exangﬂ}:gkg washed, the nonocytes were re-suspended at 106

s/ M with RPM (Invitrogen, Carlsbad, CA)

CCRSLExmlrmmnt ed vvith 10% FBS (Hycl one, Logan, UT) and

co i,nant. h n 1l-LO (R&D s ens,
ARG W RS SRantise LT Prd s epaiass bifegormal, drug
free &Yno%cam tﬂanéﬁferﬁiogkioarm%ﬂmﬂéleaf ceRCIPBRNRY 85&H GBolaRd 1§ density
- - treated nonocytes was then verified b

y
gradlgttanentrtfggettm dMonosyigh twere fRethaoisplatsdt vid mntriﬂlgdndntrlatlon After

v R B0 AR 0 PSR N, AP Cvivoen
CarlsBetlf @A f sudomertxd riatte 18400 BléhﬂgL aYUTNa@d 96-20 ng/mL of
reconyégqllzlmé %Eugﬁqgéﬂfg ?lg,&g @f Ite::rhse eri%/;peohs, l\fli;ﬁgr?ci e1n%ubated in the same
medium at 37 °C with 5% CO, for 24-48 hr. CCRS5 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
CCRS5 Binding Assay

In a 96 well MultiScreen™ filter plate (Millipore Systems, Billerica, MA), 3x10° IL-
10-treated monocytes 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
temperature for 1 hr. with 0.2 nM 1251—1\/[1]?—1[3 (Perkin Elmer, Boston, MA) and a series
concentrations of compound of the invention. Non-specific binding was determined by
incubating the cells with 0.3 uM MIP-1 (R&D Systems, Minneapolis, MN). The binding
reaction was terminated by harvesting the cells onto the filter in the plate on a vacuum

manifold (Millipore Systems, Billerica, MA). The filter was then washed 5 times with RPMI
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10-treated nonocytes in 150 nL RPM (I nvitrogen,
Carl sbad, CA) with 20 nM HEPES (I nvitrogen, Carl sbad,
w@2)osams39. 3% BSA (Sigma, St Louis, MO were iPCI/D&L0688012265
at roomtenperature for 1 hr. with 0.2 nM125I-MP- Ib
. Ki ) i CORG i
G L R R e S SH AL
0.3%d23 Ar(Figneg Shy.onise M) amig0.4d NaCl en thietvacOuB nudvifolR-dir dried, and

D t v M lis, . Jhe Dbindi ng, reaction
peclafgiion JHepFl. ek s roRgHRG or e GRS Wals 1 ffter plat
were lgm@ﬁa:a ok aiif\%ﬁ{é Wi 1M P& PrnBR Bt ¢MiMpotd HRESBIIGTR,; MA). The

illerica, ). The filter was then washed 5 tines
amougit ©f brd (adipactiviggem cadbafilterndish waadetsupined yrroadting ph a gamma

counfel, Sfeliechinipe W' e on BF MO Rmeeigninty 8, Bilrapseitio binding
The Mamiiiglddta sicie divaRetedandthp@els@d (GtpiPideSdfivalr€. SdheDiego, CA).

filter dishes corresponding to the sanple wells in a
Compqundg of fheyinyeniiore wetmtcniad teeve 9 binding affnity phabart 1 uM or less

acco@%@&ﬁtﬁ%&% 'u( MIlipore Systens, Billerica, MA). The

nd radi oactivity on each filter dish was

determ ned by counting on a gamma counter. Specific

bi ndi ng was defined as the total binding mnus the
Examplg Gspeci fic binding. The binding data were eval uat ed

Wi N (G aphPad Software, San Diego, CA).
HIV Enl‘tpkgirﬁ%{pof the invention were found to have a

bi Retiliogticaf flefactive HIVeaboeporter vivians dre genemtedr by rgtrimsfection of a

t.ni s assay. le.C - ntry Assay Replication .
plasniid B 06 tia N7 epar oLV RoheH 4es SatnBRiiied iy Motation of the
envel@?é Irgi@ﬁéfaﬁﬁtihﬁﬁd&ftioﬁ o 8SHkHer88C 2oRer tp%ﬁﬂ&ﬁal%ngt\%ﬁhrh plasmid

0 V-1 (which has been nodified by mutati'on or the
encoding ehe é sepsnal Bt 1 iemvelope genasrasafeseried diyt éoragsample, Connor et al,

BRSPS S At ) o
phoshe e CipitdHun) @i Bival duperhiafis QY hartOfted 302y 3 M3da Bfiktional viral

Fol | owi ng transfecti on of the tvvogpl asm ds by cal ci um
%h 7

titer eestacks argtthamused feinfeqt A8 7wgHestably £xpressipg CD4 and the

I e iLer
eSSy oY Ror LTSRN iPLof bt gpsomponns.
Infectiensl aze sdraibd yutefopl dosisrg 3CP8, thadelldwashed 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 Cells

Inhibition of HIV-1 NL4.3 (or IIlp) 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. 89:5286-5290 (1992); De Clercq, et 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
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chenoki ne receptor CCR5 whi ch have been preincubated

with or without test conpound. Infections are carried
wouiosflors3® hours at 37 0C, the cells washed aneCTES2085/012265

replaced with fresh nedi a containing conmpound. The

the te&%oh@noﬁﬁ@s ARy *ﬂ%ﬁ@g‘ 4 Qélls?’arg aSwed ghﬁﬁﬁe k4t cﬁ@rs a8€ number of
act | .

determ Results are reported as
viableccniksem rqaamt(ﬁﬁdolﬁy acmwuhuimrtelq«td paddrlmetncrﬁr(ébﬁ{dnﬁe%kﬂmazol -2-yl)-
25 R ERRAR Broeh MELE) B BBaSSr gt ARG Rt can be
quamhiéﬁltb yid]@® !Ec% valhdé Whidh 4eprededt thetdBhcditilibs adduirad a6 pedtect 50% of
can be carried out as previaously described (Bridger,
the vigs-igfected pellyvagpinscrisph cylrpathdcity. 3081 (1999); De dercq,
et al., Proc. Natl. Acad. Sci. 89:5286-5290 (1992); De
d ercq, et al., Antimcrob. Agents Chenother. 38: 668-
Exanﬁ)TéLE(1994) Bridger, et al. J. Med. Chem 38:366-378
. IS mmarize, antj-HV activity and
Che“t“g}‘t“bq ﬁ?"tﬂt?‘il nhubitiopBiading Assa¥carried out in parall el
{ {
e B PR PIR I e o il D! ARG receptor
(e.g., &ﬂ’i&ié)w furetiow rean dfet &@enmaatd wsimg cal Isulﬂsabld\fscrecn t(hg., \fiiglt through-put
are allomedtotgr erate

assay)g S‘HS Sxaigple, an agent can, t8§tg GhAREK Pc@&lul%/ %gf%ﬁﬁctaggn assay, calcium

flux a% rﬁ d YA S8y %'oﬁérh@iﬁki’s'a@say (see for exam le, Hesselgesser et al., J
dlmsthlthlazol 2-yl tpetrazollum

- di
Biol. Shom, 3E QRTS8 15608495 W ONBRP S oo § Q&ﬁ@lﬁzésq@pwfwhich
s im0 TN Bkt i bl BERO val ues whi ch repr esent

e concen tronre protect 50% of the
ViIlli us -exaimehRt £day; el ék&n@@ﬁlel’l&beptdnf @hichyda@ bt isblaietyor recombinantly
npl e E Chenoki ne Receptor |nhibjtion/Bindi n? Assays .
derweﬁh@ B¥gdavhich bs athlea pRSoRRRBS DG f adtivEY | HvIReHRT eharatetistic of a

mamlﬂﬂfa%ba{%g?o%ng‘ b el"l{eeﬁﬁp,ﬁﬁr }?xégf@y cal H6%) Ffe ldgfgt blﬁ?g’]ﬁy (to, for

termn using ‘a sui SCreen
examplh; adggan;j udr mhﬂnixb)) aFggnadbagatiivitya(e.@agactivatian dfea mammalian G
d.in raelular aC|d|f|ct|onas
Pmtel&?al‘ UGHER | tﬁapga%m&r%a? Ay & %5989“6?1“38%% bt Sipolic free

1 1@?‘%@% S&8) lef Qe ﬁ@%@t eLiaR81886n 8F cimotaxds Bt M1 t
el 1z"73 L e D) o gagards o Yflammatory

medw@f&/relza@lby leukdreytss), whil te like.

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 transiently 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 lieu 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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Is incorporated herein by reference inits entirety).
I n an exanpl e assay, a chenoki ne receptor which can be
WO s@baomas or reconbi nantly derived i s used whi BOT/DSR0R012265
| east one property, activity or functiona
the 11Eé)3ahétb€r[d1§§ b défeﬁﬁﬂam&y @ae&mﬁmwﬁbaess&w andmecompemwe
speci fic property can bi nding property (t
bindieg garpbe amﬁed@n@nmetmnh |0b idisplapementsstygtied, lusing tmd;aheindtqgent ora
i é S? % ivation of a mammalian G protein, induction
1gand 3S FEAMPEURY t r ansi ent increase in the concentration

Of THeYArR$hnist at:ﬁﬁsy eAtesi tgBnisCanh be repoltedladthd BHMEE @oncentration
function (e.qg., stinulation of chenptaxis or

requlxeéffphmrétl@hlpﬂm&l(ém grlups|of sRecifis bindimgde yecentor binding assays using,
for eé{hleﬁo Ki sy 916 éP enk. 11 r%ﬁﬁs PE o}?&:&ﬁoﬁicﬁ)'dn M‘(glo uclear Cells

i ne receptor of var anf mai nt ai
(PBMQ] qrrepmeﬁilftdrm nersdl habhe vWioie bioodi vig. dehlsity rgemhattocrentrsfugatlon

Spec R CuRTRSar R BLAGHIeT P he e hBPODRG8h Rk o PhEIAK) Minus the
non- §<§ﬁ¥ bir&lug% Q@dr{ SRRFRDIAGAAYS Héﬁ RS Qllnbﬁntaéfec %l detected in

hat are ably or transiently transfected wt
the preegico of @xceeymleb@ubwm}mm(eg MEP1g. a nucleic aC| d
The ce

et Bt R IGT SESRERY B SPh Sod i & St iHhue gisay. For

exam@fe, tzb@owecﬁ@@@oomaalsafaﬁ beandidbateadvith DN ©B0. 2880t LURBEEd MCP-1,
condi ti ons appr dﬁl‘l ate for binding to occur. Binding

with cin withogktwdabedp ﬁoﬁ@e@‘p&nﬂﬂﬂbﬂt i pés vanists  concentrations  of
comp%gﬁd‘gp Ioe bel Q@teﬁxuﬁ? a[l))?fe i r{o]’lgc oﬁreggrt(e:g {‘w Igﬁféable methods or

ve to a sul

purchasegicfrorarconshkrbiah serione(Perldn @Iﬁléﬁtﬂdsm MeONThd binﬂglgtfemlons can
receptor_can_be used in lieu of whole cells. Detect

be pegformed iy #Yytoo?>bishef Rindise haffepronsisting oh 1Vb RESESH 8f2 and 0.1%
BSA I!Ebevlﬁe” ‘P&l{l' ?Eh ? {‘%Qﬁooﬁl"&ﬂ{p%ﬁ?xgaﬁh@ﬁ%guggx%%cg%ns can be

rect or exa

term1bﬁed1 ab ﬁbﬁ/‘ést\mg t‘he an@nbrhedsl by lapiddiiltréogthrodghuglissitentfilters (Perkin
| .abg)

Elmep), Rorh a6t B R oietan Go daqlwﬂaﬁ%%q“‘?mh%b&'e%&%ﬂaﬁ Byffered Saline
|

(PBSS hﬁle fﬁtégé anspéaﬁhégltdl vi O%{)ﬂ[)}ﬂ%&%ffggg ft?%gg %uft@'lg%c&%agmmg 0.5

M Na(i‘ll abEIB@,dthag emedp and thel gacmdt af b@un«b m&hbadtmty cihée determined by

ant agonj st activit st agents can be reported as
counting-on fhﬁamntao O%Wcéﬁg‘ﬂ%ﬂe

The capacity of compounds to antagonize chemokine receptor function can also be
determined in a leukocyte chemotaxis assay using suitable cells. Suitable cells include, for
example, 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 inhibitors and warmed to 37 °C. The chemotaxis chamber (Neuro 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
(Neuro 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 wells below the filter membrane.
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bi nding in receptor binding assays using, for exanple,
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Mononucl ear Cells (PBMCs) prepared from normal human
e Vi [ sadigen hi |cONq
rhe YROISBARE S Ky 0L RISt o ar e
aspirited dffh the(@haguber tidtopbneclp emdtheffilter g@est)y rinnmsdt Hhe top of the filter is

RS R BT S5 G IBsSeSE B scimed
with Wﬁ%ﬁ;%&ﬁb@ﬁ&i& i%&lyp Hikdr® bre(@ubted bYFctoscogy TR ARA ive control
PB above dina b

descri be can be use sui tabl e

wellspieridi agbackeropndrad g supirasted2fomodh valoes 0Ant@onist pbency can be

' t it 1t . M_J 251 ;| abel ed .
dereBR06y LU e thbhe? o el Rl o BORu g in el
whicMCBhthin fxitagtmiistOtéS (HRORBEHY: fofitce NN svhdh HRFRRUIROG: (Bt chamber in

tested, 1251-1abeled MCP-1, can be prepared by
MCPg}¢qugiol welidt hods or purchased from commercial vendors

( ) R y
R O PSPl S AL SRR Y 16901 e
in theerangd sffdbogt @01 kdvhbdERPES) pM for the abode BindgBSsuy( bovheneotaxis assays,
.. serumalbumn), fqr 30 mn at om f enper a e.. The
activ o gy BAYS IConselbhinsle BasnetoRtl et J0ATiMy 't he
menbranes by rapid filtration through glass fiber
filters (Perkin Elnmer) which can be presoaked in 0.3%
poY artoui ynashiéeations ob thePinwenioat i Riditioer todhswl daserigddBSyein, will be

e frltersqcan be rinsed w th apprqxi nat.el y, 600 of .
soragbitie sl CHRNER T o ity o ehodPRBAP aBlo e aPticeions are
also ftdndeld tafdll Wi IUSpeTof bR Bghehdel ORGHE VELCH 1@fReR@ cited in the

determ ned by counting on a Gamma Counter (Perkin

presepd pRpipationn dncluding iallypasents pwplicatiens ead Baeksydhingerporated herein by

re&m%@?ﬂptéaﬁh&§9eptor function can also be deternmined in
a [ eukocyte”chenotaxis assay using suitable cells.
Suitable cells include, for exanple, cell Ilines,
reconbi nant cells or isolated cells which express a
chenoki ne receptor (e.g., CCR2) and undergo chenoki ne
receptor |igand-induced (e.g., MCP-1) chenotaxis. The
assay utilizes human peripheral bl ood nononucl ear
cells, in a nodified Boyden Chanber (Neuro Probe).
500,000 cells in serumfree DVMEM nedia (I n Vitrogen)
are incubated with -

Z
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or without the inhibitors and warnmed to 37 0C. The
chenot axi s chanber (Neuro Probe) is al so prewarned.
wao®smissd warned 10 nM MCP-1 i s added to the POL/US2UN5/012265
chanmber in all wells expect the negative control which
Whaha&lﬁhﬁwnadded An 8 micron nenbrane filter (Neuro
Pr obe) | ace on top and the chanber |id is closed.
L. Cé‘?‘P%mB?‘él Hdiormglidd to the holes in the chamber 1id
which are associated with tge chagwer wells below the

filter nmenbrane. The 9Re /cha cubat ed at 37
0C, 5% CO for 30 mnt "NTh rql_z e then aspirated
and

of f, the chanber gpene e fRl ter gently
renoved. The top Rﬁ/\L filter is washed 3 tinmes with
PBS and the bottomis left untouched. The filter is
air dried and stained with Wight Geinmsa stain

 or phirRl-Q5R caulé: %?ﬁ%le%ﬁ&%%& thggeo FASSEOPY. The

ne ative stser ground and are
is hetbraryl ropm)ﬁdlly subdtitetsd bAohagomiosd Rfjot enc y can be

db he nunmber of cells t
Pl TEB: DO DBEDOT Ll F110r THSRHIs i nalioR < rCe

L t 9 9
onpL Ao IS, Bl SRR €08, 0 5
COOBY{, NlheR ragddnt CDNEntl on can be considered active if

aifot b Bk arC il Bt Mo Reardyerpan 1 °

CfléﬂEHaUIi‘EZs%ﬂéay@g-Céﬁm(bﬁ/ﬁ @pﬁp@ﬂt?%ﬂ R EC] KadShial ues
in.the ran about about " 3000 nM  Vari ous
ki Fo 1o Ce Roaikensdy 01 Geallymylga i Gamodiadnos
ent it S k'I i
CHELIPE IS eyt s CORCHRDIY £, O33R . Aoy,
Cs 11ahiaﬁ¢ofxy,caihmon($3I&E@alhylmlh@bﬁmqeﬁct; @lkfyb)hlhnﬂlM thin the
Sﬁgpe of the_appended cl ai ns reference cited in

15 HeSerts 2Hp G plbanyl Qﬂc%%ﬂkﬁ@ﬂaﬁ-cpﬁﬂ@ﬁﬂ@l aryl, heteroaryl,
Cre RIS gt

heterapyrioaliythllof, oEDIRTR ; or phar rraceut | cal ly

AR S L RO P e
C;-Cy cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl, (C3-C7 cycloalkyl)alkyl,
heterocycloalkylalkyl, or NR?R!3;

R’ is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cyq alkynyl, C;-Cg haloalkyl, alkoxyalkyl,
haloalkoxyalkyl, aryloxyalkyl, heteroaryloxyalkyl, cycloalkyloxyalkyl,
heterocycloalkyloxyalkyl, aryl, heteroaryl, C3-C; cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl; (C3-Cy cycloalkyl)alkyl or heterocycloalkylalkyl;

10 and R" are each, independently, H, C;-Cs alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, C;-
Cs haloalkyl, aryl, heteroaryl, C3-C7 cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl;
(C3-C7 cycloalkyl)alkyl or heterocycloalkylalkyl;

or R? and R!! together with the N atom to which they are attached form a 3-, 4-, 5-,

6-, or 7-membered heterocycloalkyl group;
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R2 is H halo, cyano, nitro, Cl-C6 al kyl, Cl-C6

hal oal kyl , C2-C6 al kenyl, C2-C6 al kynyl, aryl,
whedsnomsy/| , C3- C7 cycl oal kyl, het erocycl oal kyPCT/BERE5/012265

S2R7, COR8, OR9, SR9, COOR9, NR1OR11 or NR10OCORS; R3

i 8B'Fand@® ) aBr each, in@Gpefidertly] HaCkﬂ(, alkyl -CAC halkedyl KOX¢ s alkynyl, C;-

Cs ha@?\i% ﬁ%"}e‘t@%& S@I§¢7ocg(|cwcﬁcy? fsteriono a@%h@sylam ieteroarylaliyl

I .or Cl-C6 haloalkyl; R6 is
(Cs- Cﬁ@yc@al]%%lﬁ‘ag?)l or h%fo@gel@!ﬂi%z ’d}ﬂyl’ A i A

hat Bal dod|R. %ﬂmr ’&Ilthdlwa a@tin to@hivhltbey Neﬁptaclamfwm a3-, 4-,5-,

Cl1-C6 al kyl R7 H,
6-, or geiiggberfy el bR gt ™ . & L kol o o5

haisombkyls, aryl, heteroaryl, C3-C7 cycl oal kyl ,
het erocycl oal kyl, aryl al kyl, heteroarylal kyl, (C3-C7
cycl oal kyl ) al kyl , heterocycl oal kyl al kyl , or NR12R13 ;

R&.] k I
2 kol P53 o T B o v
containiigent dnaytcxtmaiﬂgyfonnarg)lﬂ atoky, lwheheih eaid 3¢ y8-a9-kotl 10- 63 bé&réd

Cc Ioalky aIk r | oal ky] al kyl, O NR12R13 ;
heteropgy i8E0YR, IS )ﬁéIISI&Q%Um edbEh, 3@% Jsg@p@a al kynyl ,

Cl1- Co hanaIkyI al koxyal kyl , hal oal koxyal kyl ,

aryl oxyal kyl , heteroarylox aIkyI cycloalkyloxyalkyl
3. héhep@np@h@aﬁkyhmuyahwyhyRamyl heteroaryl C3-C7

cycl oal kylw heterocycl.gal kyl , arykalkyl

cyclo ky aIkyI

\okI;(yIalk , 0 arfd re e ch\ A
i ndepeg gﬂ
al kynyl , e’ ﬁanm

halkyl al ke

yl, aryl, héferoaryl CS@CV
cycloalkyl, heterocycloalkyl arylalkyl
het er oar ylal kyl ; (C3- Cz,cycloalkyk)alkyl or
het er c al kyl al kyl ; 1 or R10 and Rl 1 tﬁﬁfth r
t he at 1 ge Whi EY are 6for
5~, 47 menbe %rocyp /gr ou;
are each |ndepend@ntly H,' CH C6 aIkyI EERG
al kenyl, C2-C6 al kynyl, Cl- C6 hanaIkyI aryI,

het ercoaryt , C3-C7 C oaIkyI, heLerocycIoaIkyIww
ar k e I X
N -

and R

/
NN
R ’ , O-N or N—N
4. The compound of claim 1 wherein R is:
/)— L "/ “ N
N ) R6 N N \ ’ N~ \RB
—R6 | I NN
~ // N // /N ’\/
NN o %6 0 07 Re O RO

5. The compound of claim 1 wherein R' is:



(C3-C7 cycl oal kyl)al kyl or heterocycl oal kyl al kyl ; or

R12 and R13 together with the N atomto which they are
w@rdoaabwsas forma 3-, 4-, 5-, 6-, or 7-nmenber edPCT/US2005/012265

het er ocycl oal kyl group; T is 1, 2qr 3. 2. The

conpound gf claim1lwhef®in Rl is a 5- 6-,

10- s het er oup ng at one
ring 3 N at egei n 6-,

10- nenterad heter oy Njroup i sSNoptfonal |y i t'ut ed

by 1, 2, 3 or 4 R6 groups. 3. The conpound of claim
Iwherein RL is: 4. The CQm;Jound of claim1l wherein Rl

is: The ¢ ound of ﬁbai Ml,erel n RL is:6. The
conpo clai m 1wiergl ™R i € H5C1- C6 al kyl, Cl1-C6
hal oal ky , eSnR9 oN ORL1. 7. The conpound of

claimi ein’B is Hof OR9 8. The conpound of
claiml wherein RBis F Eﬁ CF3, or 6- or 5-nenbered
heteroaryl. 9. The conpound of claim1l wherein R4 i's
Cl-C al kyl. 10. The conpoynd of claim 1 wherei IS

6.  nBagampopnd of glain dpsueia Pofls B &ikas ﬂlwwmhmalkzél OR’,

NRIOR@L C6 al kyl. 12. The conpound of claim1 wherein R5 is
met hyl . 13. The conpound of cl ai m 1having Fornul a Ha:
Ha or pharmaceutically acceptable salt formor prodrug
t hereof. 14. The, cqonpound gf 3 wherein Rl is:
Ehemﬁ%v%éﬁéﬁ}?an&fwlaqr%}mﬁqi%ﬁm S:’Ln Rl is: 16. The
conmpound of claim1l characterized as a selective
bi nder or inhibitor of CCRS 17. The conmpound of claim

8.  1Thet@upamndiofolaim 1 wherein R? is F, Br, CF3, or 6- or 5-membered heteroaryl.
5-({4-[(35)-4-(5-brono- 2, 3-di hydro- 1H i nden-
1-yl)-3-nmethylriperazin- 1-yl] -4-

9. The compound of claim 1 wherein R* is C;-Cs alkyl.

SR’ or

10.  The compound of claim 1 wherein R* is methyl.
11. The compound of claim 1 wherein R’ is C1-Cg alkyl.
12.  The compound of claim 1 wherein R’ is methyl.

13.  The compound of claim 1 having Formula Ila:

2 CH3
Pl WO
N N N
R* e
Ila

or pharmaceutically acceptable salt form or prodrug thereof.
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met hyl pi peridi n-1-yl}carbonyl) -4, 6-di net hyl pyri m di ne;
5-({4-[(35)-4-(5-fluoro-2,3-di hydro-I Hinden-I-yl)-3-m
werdoghpisper azi n-1-yl]-4- methyl pi peridin- 1-ylPCT/US2005/012265
car bonyl) -4, 6- dlnethylpyrlnldlne
14. 5Tb§491§1p®8)d0f-c{96mtir30w&ne—rﬂn3¥ ds:hydro- | Hi nden-1-yl)-3-nme

t hyl piJer azi n- I-yl]mé, nmet hyl plmrldl n- 1-ylk

carbonyl ) - 46d| | pyrim &

5 “1 16- uboz yay o- | Hy -yl )-3-m
pe aZ| -M- merhypipgeri di N N

carbonbl) 4: 6R3i T ne hyl rjyrl N di n\aﬁ; ! R®

5-({4-[(3S)-4-(6-bromo-1, 2, 3, 4-tetrahydronar ht hal en-|

-yl ) - 3. et hyl S 1yl ]
4%%3“@ pghrépwz;ét}ca]_‘)épnyl ) - 4,6~ di WWGHQ di n

(O20¢)]

5) 4(lbr,m)I23l trahy Nal en-1 -
yI) r‘?ghyl’ rlpeY in-1-yl9~- if{/msethylg{per 6n- -
1- yI}carbonyI) 4, 6-di met hyl pyri m di ne;
4, 6-di met hyl - 5- [ (4- net hyl - 4-{ (35)-3-met hyl - 4-[6- (trifl

S o R

I pyrimdine;

Y1-4-{(3
i omet - di h | nden
| pEI‘I din- I l\yl )Xar bcnnyf\l di ne

4, 6- di et hyl,pyri m di n-5-yl)carbonyl ] -4-

(25)-4-{I-[
|
i

- ( (

met hyl pi pefirdi n- 4- ylg_lé

met hyl n-1-yl )25t ?u:bromstllyl)mjan 2-0l ;

5[(4!(3) -[ 2- met hoxw 5zt ri f1 uoroni et hyl ) - 2, 3-di hy
-yr?f-s msth}/pl per azi n-

dro-|
1-yl }-4- rret hyl pi peri di n- 1Ryl )car bonyl ] - 4, 6- di net hyl pyr
i mdi ne;

5-[(4-(39)-4-[(I R 2R)-2-Ethoxy-5-(tr| flvioromethyl)-2,

16. 3The byrdpaudrbfictadian-dhapdclerided aed baléquivp®iiet or inhibitor of CCRS.
1-yl - 4- et hyl pi peri di n-1-yl)carbonyl ] -4, 6-di net hyl pyri
m di ne di hydrochl ori de;

17. STLé@o&éﬁm@of%Iaﬁl{lll%el%@ed%T&g- Met | i oxyetlioxy)-5-(trifl

uor onet I Tydro-1 H nden-

154{4- {(3%’6(5%@11@@[36@54@@ WHljindes- vl Byinpihytpipatazia-1-yl]-4-

methyﬁ)_if{ér} cfpc}/arllonyl) 4,6 %1met}1}rf%y1p Xu nqge dine ;

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

5-({4-[(3S)-4-(6-bromo-2,3-dihydro-1H-inden-1-yl)-3-methylpiperazin-1-yl]-4-
methylpiperidin-1-yl}carbonyl)-4,6-dimethylpyrimidine;

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

5-({4-[(35)-4-(6-bromo-1,2,3,4-tetrahydronaphthalen-1-yl)-3-methylpiperazin-1-yl]-
4-methylpiperidin-1-yl}carbonyl)-4,6-dimethylpyrimidine ;

5-({4-[(35)-4-(7-bromo-1,2,3,4-tetrahydronaphthalen-1-y1)-3-methylpiperazin-1-yl]-
4-methylpiperidin-1-yl} carbonyl)-4,6-dimethylpyrimidine;
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4-[(4-{(39)-4-[(IS, 2R) - 2- Et hoxy-5-(trifl uoronethyl)-2,
3-di hydro-| Hinden-1|-yl]- 3-

woreaossbsper azi n-1 -yl } - 4- met hyl pi peri di n-1 -yl ) per/bsrvg$12265
ci nnol i ne;

4- § 6 4tih6BS)-54¢4F mbﬁyzm){(zs)a-hﬁma [6t(erifionemetiel) ipy3 -Hitd dro-1H-
3-di hydro-| H i nden- ){]1 net hyl pi per azi n-
1ndeIE19’Il]}P1FkPI4?é1% ﬁﬂkﬂlﬁé’r‘jﬂrﬁ‘ L4 )fﬁﬁho)%l&mﬁ&ﬁwl]eqw nol i ne;

R e e T I
inden—%yﬂr}piﬂeyazpn ﬂ)qﬂ}pipamd1ri:13yl))caﬂmb§alﬂqyyr]mldurwol [ ne

R T Y e s s
meth%l‘p)’ﬁe}raz‘inﬂeﬂﬁij(ﬁifﬁl%fdrﬁ’étﬁyl%hﬂéﬁ gajbonyl ] - 1, 8- napht hyri di

5 H(Aﬂ {{(@@5‘} -[2nfethory HRjtriflugomstiyl 52, Btdihtdrod Foindeim} Fyll-3-

met R o L ROR gl Eogmbomal-#  fimedyhapaiapdiog
I S@-@QM@Sb#I{@LR 2R)—2-Ethoxy—5 (tnﬂuoromethyl)—Z 3- d1hydro 1H-inden-1-y1]-3-
[(4-{(3S)- (hmZR) 5- Bronp- 2-et h 3-di hydro-1H
methy}pmf‘éz‘t,znp:ly}{l-]4 met pRyidi-heileasbenyli- 4>§ t}hmethylpynmldme |
dlhyc}]ré_cmﬁ@é’l pi peridin-1-yl)carbonyl]-4,6-dinmethyl pyrimdi
4- i{@-{{(ﬁs)@-[(‘lsl}Li(R)R’{ ERM@thclyeﬂmi)-é(ﬂniﬁmvr@néihﬂb-ﬁﬁddihyﬂlﬂ-lH-
ne i perazin- .
indery | 13- &leﬁ%tlllawra?lﬁelr PRt eernmsiig:
dlmeﬁiyﬁ%%}milﬁﬁl%% -[ (I R 2R) - 5- Bronp- 2- et hoxy- 2, 3-di hydro-I H
- met hyl pi perazin

1- 4 {43ﬁ)eem@spmez-ammMnﬁmmﬂy/u}z 3-ddhysapAEhipdeil -y1]-3-

met gt AT blaFing yDssrby AP MGt o- 1 1.1 ndten-

I 4/J[d4 gssmﬂ[md PRPEERIIx=5- @mﬂhbmmethyl) 2,3- d1hydro 1H-inden-1-yl]-3-
eridin-1- yl)carbon)é - d) met hyl pyri m di
methﬁ}é)lperazm- -yl -4-methylpiperidin-1-yl)car onyl]qumohne

5 SR A4 Ao PR o SRR A
methyl%ﬂpmiﬂihy-llpyl})-alﬁmdimlpﬂpeylﬁ)m B-ryb)oaﬁ‘jbbl]lyl}kuﬁwiinﬂ}st hyl pyri ni di
S35 b1 R ARcA iR - BRI bl ahyiro £ glen- 1-y11-3-
meth%g?ﬁ@éi‘ﬂ 101 PaLh ShPrpdseitnf AyPessbhyift1 - SipBlmutRyr i m di
5- §{@-{(6SB}-{aR, ZR M2 Etiwory- 5€t€1ﬂﬂ01fdmﬂbh}d)¥éﬁl‘dih3)drﬁ:1ﬁ-ﬂidh§1d-}’1]-3-
methyﬁ’lll?fg!’-i‘%'l i bér’%ﬁ‘%ﬁl—spipeglﬁ Déi/\ Y@S%P?Y S%ql‘%‘i(ﬁljé%hyl pyri ni di
nes [ﬁhgﬁag\) @Q{M}S-@?oﬁ@@éth&}ng 3adiRRIFPAYNFhdeh-1841y-30ne
methylplperazm- -yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine;
4-[(4-{(35)-4-[(1R,2R)-5-bromo-2-ethoxy-2,3-dihydro-1H-inden-1-y1]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]cinnoline;
4-[(4-{(3S)-4-[(1R,2R)~5-Bromo-2-ethoxy-2,3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-1,8-naphthyridine;
5-[(4-{(3S)-4-[(1R,2R)-5-Bromo-2-(pyridin-2-yloxy)-2,3-dihydro-1H-inden-1-yl]-3-
methylpiperazin-1-yl}-4-methylpiperidin-1-yl)carbonyl]-4,6-dimethylpyrimidine;
5-[(4-{(3S)-4-[(1R,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;
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pharmaceutically acceptable carrier. 19. A nethod of
nmodul ating activity of a chenokine receptor conprising
w@omsactsssg sai d chenoki ne receptor with a conpons200$/012265
any one of clainms 1 to 17 . 20. The nethod of claim19
M&[(mmsm@(mmmmﬂmy@pﬁwn@ﬁ XERhyd#b-1H-ihben-1-yl]-3-
nmet hod ,of ¢l aim 19 wherein sai d nodul at.i n or y esponds
methyfpineraginil (g methylpmsediet #beprgpne]-4:0 1&@%\»&&1‘@9@%\. d
L 1 g f €y1]-3-
e lic d{tgy LB R0\ @5‘ V\% i ftuBRInii %;5315 2af dﬂ?ﬁﬁé 1h?€hdeﬁh v1]-3

claim rein sail nmpound
methglpipecazin-é-yb} -AdeethplpipeGRh- 1 -2 carhomy]- h;ﬁeﬂlmethyﬂmnmdglea
di sease associated with expression or activity of a
chenoki ne receptor in a patient conprising
18. adNicBnpbafibMeorh 1sﬁﬁggc@1ﬁf)blﬁﬁtof%n§ s 8PElEnCPid 7 and a
effecti ve amount of “a conpound any one of clainms 1 to
pharmgceutigallypgecnighleoaitief. cl ai m 24 wherein sai d chenoki ne
receptor is CCR5. 26. The nethod of claim25 wherein
said conmpound is a selective inhibitor or binder of
19. CCRmetBod ofAnodilitaty detivity e84 tigndkitt Regaer @mmbivgd don@ting said
selected fraogman inflammuatory djsease, inmune

chemgkinsrgesptor 3rth & sqmapoundiod 8y ke Pirlamsattodrt- conpri si ng
adm nistering to said patient a therapeutically
ef fective anount of a conpound of any one of clains 1

20. t oTHe/met8d of bleinmé ndwreid saidl ahem&inavreeemdnis CATRIS.di sease
or condition is an inflamuatory di sease.29. The net hod
of claim 28 wherein said disease or condition is an

21. | NTRY &%eﬁbé of 8i8fm 13 Wherdie sd18 hi¥Rd1aGhg %@éiib‘bﬁ@s Mﬂﬁl‘i@itﬁlg
sai d disease or condition is a viral ection.
The nmet hod of claim 30 wherein said viral i nfect| on is

2. g BROBLERuiRgo ATt A Rhobthy Ystht St fficms

a therapeutl cally effective amount of a corrpound of
¥ one of clainms 1to 17. 33. The nmethod of claim 32

f uFheapthed phelpun AY vdierain said é@mﬁwnddﬁ a§@la%wbla¢qr;¢f CCRS.

adm ni stering at |east one anti-viral agent.

23.
24. A method 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 any one of claims 1 to 17.

25.  The method of claim 24 wherein said chemokine receptor is CCRS.

26.  The method of claim 25 wherein said compound is a selective inhibitor or binder of
CCRS.

27. A method of treating a disease or condition selected from an inflammatory disease,
immune disorder, and viral infection in a patient comprising administering to said patient a

therapeutically effective amount of a compound of any one of claims 1 to 17.

28.  The method of claim 27 wherein said disease or condition is an inflammatory disease.
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29. The method of claim 28 wherein said disease or condition is an immune disorder.

30. The method of claim 28 wherein said disease or condition is a viral infection.

31. The method of claim 30 wherein said viral infection is HIV infection.

32. A method of treating HIV infection in a patient comprising administering to said

patient a therapeutically effective amount of a compound of any one of claims 1 to 17.

33.  The method of claim 32 further comprising simultaneously or sequentially

administering at least one anti-viral agent.

86



