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3- AM NOCYCLOPENTANECARBOXAM DES AS MODULATORS OF
CHEMOKI NE RECEPTORS FI ELD OF THE | NVENTI ON The present

WO pwenbdi68h rel ates to conpounds that nodul at e PEEUS2005/022793
activity of chenokine receptors such as CCR2. In sone
enbodi nents, the conpounds are selective for CCR2. The
compounds can be used, for exanple, to treat diseases
associ ated with chenoki ne receptor expression or

acki

ai S AN oL B TARTEARRIRE HIBHREAS AR AT RS OF
m gration and trancEEMOKINERECHPEORS om bl ood
vessels into diseased tissues is involved in the
initiation of normal disease-fighting inflamuatory
responses. The process, also known as | eukocyte
recruitnent, is also related to the onset and
progressi on of inflammtory and autoi nmune di seases.

T. esul tj | ogy of these di seases derives from
FTEPﬂg)gggaL&NS&: ody's i mmune system defenses on
appaE Bhdstit IAGEBh rblaRs Y8 SomPSERIs dhGhydul RE GNE Eédvfﬂt?n&%emokine

bl ocki ng | eukocyte recruitnent to target tissues

receptas| suphvas 6ER2d I8 serse embediatsots thedioppaseds mesaléativerfer CCR2. The

' ld b hi ghl ffecti .
comfl38858, 00 ERISE LML ol BT s SHLESE LB shepline receptor
exprédsRBsR acvity @idk ag itfRneeltibs distaesdintmin/dike48sh 4nd cancer.

cel lul ar i mmune responses i nclude nonocytes,

| ynphocytes, neutrophils, eosinophils, natural killer

BA(ﬁ@éiﬁ)l{Nﬁ% INVEN phils. In nost cases,

nonocyt es a]ra; i3?7rrphocy es ‘are the | eukocyte cl asses
t héhe migratian end tamspoitdliakoaytes ffamblaod vesREMtE diseased tissues is

) infla tQry. responses,  and bl ockage of these cells

o i S o ek Pep s The process

also BABRAOEY tigskod rf%%fuit‘fﬁéﬂﬁc?ﬁt Qﬁ%tl‘élattéﬁe t& 1S WhsdY 51?(?.’%?%1‘688@1‘1 of
whi ch, collectively wt ynphocytes, are responsi

inflamgratery sindofuteimeneet disdasesi e eeddting pathbloby afdhiess diseases derives

ot 1, SRR B S5 Sl e, b RS RS1 sucs.
AccoRdinR Sreventiry A kiHSI8AERTte RBRitHALI0h PR issues in inflammatory
diseatsé,aggtgbglri]ct disease, autoimmune disease and cancer would be a highly effective
approach to therapeutic intervention.

The diffefent classes of leukocyte cells that are involved in cellular immune responses
include monocytes, lymphocytes, neutrophils, eosinophils, natural killer cells, mast cells and
basophils. In most cases, monocytes and lymphocytes are the leukocyte classes that initiate,
coordinate, and maintain 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, theumatoid arthritis, chronic contact
dermatitis, asthma, hyperallergic conditions, inflammatory bowel disease, lupus, systemic

lupus erythematosus, multiple sclerosis, atherosclerosis; psoriasis, sarcoidosis, idiopathic

pulmonary fibrosis, dermatomyositis, skin pemphigoid and related diseases, (e.g., Pemphigus
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rejection. These diseases include, but are not |imted
to, rheumatoid arthritis, chronic contact dermatitis,
wasiokmeieshyper al | ergi c conditions, inflammatorpChUsENs/022793

di sease, |upus, systemi c |upus erythematosus, multiple
vulg§is, e POSbBacidds) EP.OSHlBIRSbSs), RASHERFIRphIRIGEO I ASKIIRides, hepatitis,

i di opat hi c pul nonary fibrosis, dernmatonyosi tis, skin
diab%i@fnﬁﬁpgaﬁdeﬁ%pm andgafi-rsedostdisqase.g. | ) _

Pe ' | B I QU P, .ervthemat 0si s).

oy TEPRASKA5MS oo BLIARE Hiuelosplh RETBMARL R tamnsory
sitesdambsihie sliseaded 10 detiéted t6)R0¢ hbRastahifbe Gtaphk twiMeh fake hRaldescribed as
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(1) BBy s ARt G B ton i A FrapReadiohalimpigeion pringer, T. A.
159 . . 1 P t |

Natufe 814425 3EAPOO0 TS SRrifigu ol 5A35'575 1 61) B ifer, 2. C.

Cell a6%:1033-1@¢ {1990 hdhksisecomdndtep3)s micaisehdnt thel imdlecular level by
Nat ure 346;: 425- 433 (1990);

chen@g&fagﬁbg I}s%:iarglﬁ”n &ﬁé@p&ﬁtre@ﬁt [PECRIBLS. 8173‘&1? 1@9@?6’; of leukocytes bind
chenflitaldint chokines WiBbh a8 sdP&3d ﬁgfblll(slaﬁgt?ﬁ ]k)siteTJ}eapiﬁfe?lF ‘giamage or

step is nmediated at the nol ecul eve _ .
infecgipanidegeptos binding pettvafss deukocghs rinereases theaarthesisemss of the adhesion

ot 5 UL S AR e DT 80 g of

cells appad el sodedrrgehOshenvhtfictaaneythigaept or bi ndi ng
actj vates_ | eukocytes, increases the adhesiveness of

t Heheraptadicosytalgnes (lpukocytn alhemdﬁtra@@nvms@rgdfﬂcwﬁ@i a$o known as

' t] , r di.re 1gration of the..
henfL RS 90 o, B BB eSS R  SpSt intammacry
immunciraidulatory Godymeptidd factory dOibleslaf Weipho 6YI5ekDa that are released by a

i [ factors) also known as
wide g"ﬁgﬁn‘g’%flré’gg tsg? t éﬁaﬁlfaré‘i\;?g g8, fﬁ?’éqcé’Fqsq)wﬁfsSiwbﬂSl ngutrophils, fibroblasts,

vasclMt @kiGRSrala &1L ifl‘l@ﬁaIOfcelh f t ﬁ{u¥¢le c?lls and mast cells, at
i mmunonodul at ory pol ypeptidé factors of noletu ar
inflamyaiatpry sieslGevidwed ot ustareNew| s & M/, 238)i4d6-44ar(1 %48y and Rollins,

I ophages, nocytes, eqsinophils, .
Bloof S, BB B P IS TR S R e B, .1 .
Anne RelyhBhinaholC,89:6 $7-68800IN ).\l SnfBdcdn, &l @ﬁ{ é&%{d@l., 6:865-
at inflammatory sites (reviewed in Luster, w Eng.
873 (R2Y1); Baggiolimigdl.4efmaly, Advaldmpooll,i 55s97- BT 909949 Chemokines have
- : 7 I .chenpki nes have been. descrijb .
e 8 2B AT o S SRR AR08 RS AR Eemokines
can K& Giolped 8nto18l kiaj&C hefthmBiRs, Bae@Mon GHether @B Rwo amino terminal
] mmunol ., 6:865- 873 (1994): Baggiolini, M, et al.,
cysteing desidies arsimmesiiatelyzdjagont (€6 famalgnyr seppratasdkiynens amine 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-1a,, MIP-1p, the monocyte chemotactic proteins (MCP-1, MCP-2, MCP-3,
MCP-4, and MCP-5) and the eotaxins (-1 and -2) are chemotactic for, among other cell types,

macrophages, T lymphocytes, eosinophils, dendritic cells, and basophils. There also exist the
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the ability to stinulate directed cell mgration, a
process known as chenot axi s. Chenoki nes can be grouped
WO p106/004684 maj or subfam |l i es, based on whet her P¢EUSW05/022793

ami no term nal cysteine residues are i mediately

cherliingse Il'ﬁmf»@ffad‘tﬁhm | Y})mdﬂ{otzﬁﬁiﬁﬂl qbeth Ty @RAIORHED ﬁﬁi‘ Gractalkine (a

These fferences correlate with t

CX?&?% gh;;rankm%ﬁhétf do pat fellvinte eiffes of thearaj omlmr@étmrsab@ngbm
cl Aol r1S éq;tléﬁb@negéz FM@%'%E r(né;r{btf‘é}l {on %he Catc]: oﬁ%ﬁ%&: i gemotactlc and

typi cal Iy show sequence Si ari | es
activalitg fa'dtﬁ) @)(CIEQ e aTlC RBSMolsiHE Praficedbs rﬂl@idéytesl&abfdphﬁges smooth

- t 2 (NAP-2) and nel anonma
mus@ g\ﬁ[lgp hlggttgé a {z%gp a%%p&t%l@{ &els 2 seg, cell migration and cell

adhe%fbﬁr@tn%ﬂobﬁeQ (e85 ddhnd %)‘?é X%f?:ﬂﬁzr ng letsala'ﬂoc-:ﬁ}?mgsstry, 1988, 27, 4162;

I'ynphocytes, whereas t enoki nes;’ _
Matwahines K. ,M:tFal TaExM Fled1H989hESHdr8Ey Yeshinaraptacétiat., J. Immunol.,

. - 1~ IVCP- N 4’- - n .
RS8R RN By AR D 00 5. L5888 motins, 5
J., et0dlNBlodde 1 YO 1, Y8E$1 1 2780 E P ABEA, JTnﬁM{mhoqyﬁ.@Sms 2423; Vaddi, K., et

eosi nophi | s, dendritic cells, and basogo There’

al., Jp Immuagl.sk99¢hEvdh dioki memary Fiiophedyites- (Sge for example Carr, M. W., et

ol TSR ASHATSE (0B, 1062, 1205 Ol Bed [R5 0L Poster,
P., etvalj, TASHRR 0D K H9YE sswosamnﬂlr@ﬁualmﬁ’erlcenﬁts%@f&@mp@esw@&%er P., et
o J(ilbbrew ation_for macrophage chenotactic and

Paelng %P atitb PR2ofllgrena; B., gt @G%ﬁeﬁdmni&w}%r,okﬂ%e%, 3233) as
w3 LR 085 P g e i

Invesiellp%ns@; 223, Bisctodt, SelC!, emdheschxp MedUﬂB%WGﬁI’El@KL&l@W et al.,

J. Exi)7 %}1’3’4}1,6129\53@?% udégﬁfnlﬁ adQltloneﬁlghme}egsﬁgg ?\}I‘{E‘%ﬂ hasl‘tggg reported in

| 8
dlsea]s%9 Wh%geggccuégﬁﬁlidg b @Jnocyﬁym@r?phaé% dn'amfn“? ?6'11511% %ought to be

impogtant 1anJn1tlag®a or gﬁqgr@sﬁs& of Iﬁaﬂehseﬂ&ucBaS dtherostlemlsm,(see for example
Hayel%I L) e]tg?l’gég'geégioi%lll Thron gn\gy’aggi']}iolit 19@& 15*‘] 397; jTakeya, M.. et al.,

Huml Hnmapl 199319845341% Hé?tﬁllﬁa% SITRERS, yPrZEc |N£EPUQ&Mt §§1 {588 1991, 88,
e al Pr oc.

SZSZSNeIkenJS’D:[ Al,gIgglrhrng @veggggpl 8*8,|1>1a~b)1 @heyn@m@ge@rms |(see for example
I e r A 994,. 8

o381 5 ) SNy 190 0y 7SR, 258, s R,

1993|661 $76heprilﬁson eE a4t al., CChn |Eﬂj9,lﬂﬁ1|mun|0193§11 9%%@5 ndpiritis (see for
ena, mMmino )

m@%@?rls M., \ﬁk@lh Ié§ Ir’ﬂt¥l$tat19% TR 894 rWeda, rTeIaéalsseK@}ﬂCY Int., 1996, 49,
761; PRSGN, I1S, {S58E Kiffey R TROF, At ,ai]35)ﬁwph%pa‘my (seé] for egample 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;
Reinecker, H. C., et al., Gastroenterology, 1995, 106, 40), myocarditis (see for example
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I nvest, 1992, 89, 723; Bischoff, S. C, et al., J.

Exp. Med., 1992, 175, 1271; Kuna, P., et al., J . Exp.
wOoR@s/0046802, 175, 489). In addition, high expreSEUMV0§022793

MCP-1 has been reported in di seases where accumnul ation

Sem@foT@ﬂQlC)G}Qélﬂﬁ& 11ophay 8 o)) dh&dmdiri6 Qs (Re S & %Momeelﬁec etal.,
ort ant |nthe|n|t|at|on or rog ression o

Am. dj ng@th@,lesl 99861, 435)aiaperiioneal @ m(nde@e foo examplagiegneloglu, H. B.,
et a Ha?‘I‘Uﬁl’an 1%%)§erf§8ﬁ,sg§l)798’ ﬂ%&tﬁbh)oi’ﬁ%lngéspvsﬁ{ (ajlqbl_{a}}%n%s{ssee for example

Aurlfs‘atm oét al., Eﬁ@ﬁaﬁ&ﬂ 1958497, Yh %)bbhfomall@r diSeaseqbeedfor example Marra,
Sci USA 1991, 88, 5252; Nel ken,

E., e‘Aal f%m'\%tl“aﬁwlr i%%%tm,fb@i vig mepipitys (sehoueipwply Lahrtz, F, et al.,

.3 i 94 O o S . 0.
Rheudﬂmtth]r,l 19%, RAdUY), addD 9&hsis3Gee T6:2 pxdmaile rinthowski,, C eA.;adt. al., Infect.

Immygy. a”&%?%ﬁ#@guﬁwhw%g% an’gTﬁtP ]In%& A _E/' %Q_%S%lergpg{'ted to show an
inhithQfy eMéétdor 4 theréﬁeuﬁl: eaffegil ﬁﬁﬁlﬁrﬂaﬁ‘tmodeilsggﬁrheﬁﬁra oég Lrthritis (see for

Gesual do, L. dney

examypde, Sebipmery R( §e,eetfair, Jekamnel Sbﬁ9£8oIi6O,A1466e150hﬂ1er D] J., J. Leukoc.
1998
Biol 1 D88 635359 tihta, 1 giih fathésﬂwmﬁgﬁ%%nmlwlwlgmsw (see for

exangmé mqarsy“sa]r CQidlog] Eel.ﬂ&)@eBi(ﬂr man@i 668 glgielbﬁﬁﬁs (s¥e for example
., Internal Medicine, 1997 asthma (see
Llqu%? %a%pq e JKEXP-ded Ml 9951183 1371, Wadwéfs,t et gA), |Fé¥SgEB J., 1996, 10,

1418 edssgtln}a{ exgggjﬂg(ﬁgbz;lo 24 e?&gglh %'%ﬁ%fleds fog %A&k 157: Lukacs,
N. WR I. Iemuabl., 199ﬁ) 15B, 43985 atheroséledobis e foBé:@imple EA2than 10.A ., et al.,

Clraértm(%n 15%%8%39@3"}?%@1, %ie g;%g‘g];)gr Sé(rggngltﬁ@gf/bdpvgeggﬁgzxacmple Rand,
M. L(Sgtealf OAmeX¥a BRG] Gibdd tl@% '855 fquﬁﬁof?en!ry 'hyﬂ%rténg\éﬁs{see for_example

Cer mat’ol ., "1993, ™07, "12 amato
Kimyrg ., £bal. é)&hnimlvestai 9981]781\/57]@, ancbﬂntra;berl,tonbal adhesika §see for example

2ol B E L RESTs . S0 B 2t o o
MCPeK amziPe ROL7%Y, ha¥. beeﬁtalﬁ repo@’(l %('nﬂﬁblt 3R8Bniis fn tl?éoﬂq)ouie model (see

endonet ri osi s (see for exanple Jolicoeur,
Gongah-Ha J. Epait.thesl. . 1999986, 132, as1wd) as $‘fndlﬁapleMGPehdaﬂ01ent mice have

' l. . H. B. t al.
o B0 o LB E Sl B, o 125
Med.f 2998)187,(69¢£GhAL., emrmicﬂl Qenusiog, ».2758t al .

Ci rcul ation, 1998 97 1136), chronic’liver d| sease

( Sefonigr olsimptivee PHiRonary iscasst (GOPD) apaksjampag Kh¢ most common
cause% gﬁﬁt’e%ﬁﬁﬁw&éﬁ% gP‘_Ylf{l‘?g' Ik Qfeﬁgé& byc‘ a%%gg%e;sgfr cFecf‘Hp in’lung function,

only partly reversible by bronchodilator drugs. COPD is characterized by chronic

inflammation in the airways or alveoli that differs from that seen in asthma, involving
increased numbers of neutrophils, macrophages, CD8+ T cells, and/or mast cells in the
airway walls, alveolar compartments, and vascular smooth muscle. Cytokines associated
with COPD are believed to include tumor necrosis factor (TNF)-alpha, interferon (IFN)-
gamma, interleukin (IL)-1 beta, IL-6, IL-8 and MCP-1. CCR?2 is known to be a receptor for
MCP-1, and recent data support a role for MCP-1 and CCR2 in airway remodeling and
inflammation directly or via macrophages. Thus, antagonists of CCR2 are an attractive
approach to therapeutic treatment of COPD (De Boer, W. I., Chest, 2002, 121, 209S-218S).
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Eur. J . Imunol., 1997, 27, 2484), Kawasaki di sease

(see for exanple Wng, M; et al., J . Rheumatol .,
wa2®s/ 00444 1179) and sepsis (see for exanpl e SaP&DUSHNF/022793
C. A; et al., Infect. Imun., 1998, 66, 3569).

Furhb eﬁt@%&e ﬁf&ida‘tégcaial ﬁ{éhiokﬁf&’ Hrs heeaPePOsddeMiPO1o attract

show an inhibitory effect or a therapeutic effect in
monamtmndrﬂmhscms toltksenset Giesl and miediate theif setivation aaddmslaee thought
to b%C r ?ly IBVOIXed irb ﬁlel_lélmgggn ]%-Iogﬁessui%gg& %gagﬁteéagngé 0 D éstegses deeply

invol¥ing ehoddeytesd and PRinkiHocytes 98ich 182 athbffRdlerd¥is! tdhﬁbé%es restenosis,
sclerosis (see for exanple Karpus, W J., et al

theupatfid @rthgfis)| psorlwwasﬂma tdeerytlvenecﬁmsb mp@xr(@e@epl@ppathy), multiple

scler?é%,%{#law .I_ﬁb %s alpyc?ca Bhgl?%tlﬁ?’g é)gg@r%t’insii%égm osis, Crohn's

diseaas} remdofse®sisOrcongestipt ehéaon Zailae, \lflran meﬂhgﬁﬂs, ,cerkbral infarction,
Lukacs . | nmmunol

Ex d., 1998, 188, 157;
neurgpghy '\ﬁ%‘gasaﬁe gispaseq @Rl SeRsY £eBsios ee%@a ef BPVI@xEnﬁﬂ ect al, Am. J.

I 3 I
KGR 19, 9 106y O 8O g I PR AH . 7,251

ConfRalhd et all, Allergy tindilAsthrfinProd., . 1998t HH112]; R&%hoﬂ%ﬂ MB5&)al., Trends

Neuffiei? 1D 2 HORLMACD gt 308 . ks T usaesot e Dl 1995, 4,

54).adhesi on (see for exanple Zeynel ogI u, H B., et al.
J . CObstet. Gynecol., 1998, 179, 438). A pept i de
anifhg ehemsokings himbta spexifie. cell(syrfaee) rechpiorsiesdengitigsty the family of G-

proted._‘n0 cgﬁﬁlg s«%_xﬁen'—tgar}llsbl § rae{ntegfgéltaﬁns p%eg%sh ?rfglgweg gﬁor%(%pﬁs Pharm.

Sci.,as, $59M116E§1 99))Maich aredefmé‘d 'BAEMBkiGe réRpOrsh @Mblﬁ(ﬂﬁg their cognate
-1 is essential for nonocyte recruitnent in vivo

llgm@&leg@klrg rece@@or& Fransdglce arginttaceldar sigmd througlrthe ggppeiated trimeric

G plgge ?%,‘ &8 p L,” o oth«gf9 Lésgorilsg% Mld %Xééase gﬁoﬁﬂhcfeﬁlglar calcium

concamsdtionn nr}mtges awseld shiped édrénsed) eXprebsiom of eellwlhid aﬂlesﬂoh molecules,
ive decline in lung function,

def b
degr'?fﬁ?l‘i}?oﬁ‘la?&d %’é’%@gr@?ﬁ’ﬁlg’l&fﬁﬁi‘n@nchodl | at or drugs. COPD
| SGERA! bl 8ol BRERAIME: dRIRIBELAbL difkd, and it is known
veoIp hat f

ai rways or t ers fromthat seen in
that ﬁlssermta@ptbnswm Gi prgtelmca@mla&vnutrmmsandﬁamﬁembepmm prasent on various

o35 SORTARR. ST B K R G 5R heEoxcme g
nine T Bhd SRHSE TeReptoM! (DIRIEE CRYHAE I@LRTD) have been identified. For example
IL-8 is a ligand for CXCR1 and CXCR2, MIP-1a is a ligand for CCR1 and CCR5, and MCP-
1 is a ligand for CCR2A and CCR2B (for reference, see for example, Holmes, W. E., et al.,
Science 1991, 253, 1278-1280; Murphy P. M., et al., Science, 253, 1280-1283; Neote, K. et
al, Cell, 1993, 72, 415-425; Charo, I. F., et al., Proc. Natl. Acad. Sci. USA, 1994, 91, 2752-
2756; Yamagami, S., et al., Biochem. Biophys. Res. Commun., 1994, 202, 1156-1162;
Combadier, C., et al., The Journal of Biological Chemistry, 1995, 270, 16491-16494, Power,
C. A, etal, J. Biol. Chem., 1995, 270, 19495-19500; Samson, M., et al., Biochemistry, 1996,
35, 3362-3367; Murphy, P. M., Annual Review of Immunology, 1994, 12, 592-633). It has
been reported that lung inflammation and granuroma formation are suppressed in CCR1-
deficient mice (see Gao, J.-L., et al., J. Exp. Med., 1997, 185, 1959; Gerard, C., et al., J. Clin.
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antaf GEAPHO E@recep%} fah o) g“hErIQXK 799 GRGIbéuld isOaidsuch antagonist of CCRS
chenoki ne receptors transduce an intracellul ar signal

that pefs do grevened¥ sbifention. TAKNEH bihibitsr Bl replicaionat ihggmembrane
fumdn ta%n@p?l ?Hﬂg thd ARG ot ifle b Fl s%rfagg %@%8 ro'tem ggl%()l with CCRS.

CI um concentra

The SH’h&ﬁﬁg sitﬂdbﬁ&?ﬁdﬂ&ﬁmneS@iRGnlsOlbcﬁedl |r!dh1&l’:heaébt’t%:b1(hﬂar surface of the
nol ecul.es, degranul ation, and pronotion of cel

recepPl gthing. caibn e ikt tnaa%m‘aﬁage Belicspde?s émd 7 (Dragic et al.,
Pro& NEHPHLNE SN BKY, BERY) 09(181188392nd 11 i's known

The chemokine receptors CXCR4 and CCRS5 are believed to be used as co-receptors

by the T cell-tropic (X4) and macrophage-tropic (RS5) HIV-1 strains, respectively, for
entering their host cells. Propagation of RS strains of HIV-1 on CD4 lymphocytes and
macrophages requires expression of the CCR5 coreceptor on the cell surface. Individuals
lacking CCR5 (CCRS5 Delta 32 homozygous genotype) are phenotypically normal and
resistant to infection with HIV-1. Viral entry can be inhibited by the natural ligands for
CXCR4 (the CXC chemokine SDF-1) and CCRS (the CC chemokines RANTES, MIP-1alpha
and MIP-1beta). The first non-peptidic compound that interacts with CCRS, and not with
CXCR4, is a quaternary ammonium derivative, called TAK-779, which also has potent but
variable anti-HIV activity (De Clercq et al., Antivir. Chem. Chemother. 2001, 12 Suppl. 1, 19.
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that these receptors are G protein-coupled
seven-transnenbrane receptors present on various
wo ewkoesse popul ations. So far, at |east six OXO/US2005/022793
chenoki ne receptors (CXCR 1-CXCR6) and nine CC
chS@ibkCr\(eS(]}EGéml Sis (a06iRer smgnéleaﬂgﬁlﬁg en -
e gan Qt &\/Ca&lel Sy via the

entlfled For exanple IL-8 is a |1

CCRSg8zeeepir PSCHLC an eximegupraiding copgRund i aGPeGific ATCR BRagonist as
deterflmhéd % lh Q@ Bg}_éﬁ%%%tgp%@ r% antg%IRgzéllal ga%%c}t{gﬁf@g ra%}%; nggcompound

for ex arrp
specifipgidy irh@ifits FAW HigfeBriorMnedigted dly- CCRS i€ 0CET 4 gkgmz ﬁglls but has no

K. et al, Cell, 1993, 72,
effecé%)g B}ecﬁon ogeco)t(é}u-gp(pr%squ?g)gellsMﬁnzkA@%\dl P8ag. NadSAcad. Sci. USA,
2001199@2)91271%7512‘&&1?@19}' eY?gg%%F%zbci%Zfﬁ é%’.e 2 1(8’121;8 Cgemotznerapy, 2002,

Bi ophys. Res. Commun.
46(5)cd dier, C, et al., The Journal of Biological
Power, C. A, et

9 1649 94,
. 2 KD18H, rycﬁe%‘? i Sfted 145 SChG, &mgaﬂn@!asoahe Senpnof human
lmm‘MOdeﬁ‘helﬁiy virly GHBSANHIV.Y) vib ax?éCR}*gg?hé”é Suhd Wit D101

'nh'bP' g\fg Annual, Revi ew of ImTuno ogy,

nhibEy SlI¥ 3k entry vig, aheSbsemcacho@CBd whitet SCHRQ dok In@mmﬁlbﬁgl the eight
: r I ion ar ressed in

resid QY Bl P bl B mfhiie e one,pt thescoreaspipr, only one,

methimi;hc 19898dtouiB5For HRbRisersaiatylof Maca é‘%tE h(Z(tIJR? écé inhibition by SCH-C

PositiSh 1 Bg Lwve 1997, 100, 2022)
oSt 18? ﬁ% &#a%\s—) Gansnembane(T M}ﬂl@lfx 5aalidels ostloeated ’w(i:thirﬁlﬁb 9fbv1ously
defindieEnERE Qfte Oy o355 1 qlgg ﬁl'ggaw% &Sﬁ/ewes;dueg 0 TM hehces 1,23,

al ., Nature,
and 7PB@?§ qnastudlemﬁamrﬁomd utsemuﬂlaﬂﬂ @érs1
T m186 11%213@ bﬁéﬂ'@dﬁ%@ﬁ%d that the

region %)f CFC‘RSS‘ nedrdeﬁlﬂueE)iﬁg &an 1nﬂlleglgq elgmfomg))nal @haenokihie receptor.

(B1111dkeﬂaptznos, 2naratl, 58( 8'5’%1‘9@) as coreceptors for viral
ry | ead ing to vifal infection such as, for exanpl e,

idemiification oﬁ?ﬁ@mlnclsmdl; ltlmnSJ;lXquﬂHtt ?ﬂi ﬁé’tﬂa@r&T &ileﬁmkme receptors

e classic._s SO0 e vira i f
represPﬁtQ Fle(f%v\#] %%ﬁt ﬁseplegpragpfqaglp fqr, ?gﬁeéi&gi,d@vglgpmpgt (di'lﬂnannacologlcal
agentsdﬁm thoededtmett Of KdiseNek %b@fh‘c@%fﬂ‘ CHeALMES r% iorr %é’lty. The

el.ieved to block viral entr promse,
compoagﬁ P prosentdgeaition belptildill thItSa‘ ahdlm&sarlﬂ@édsbeen able to

acquire resistance. Miltiple rounds of viral
replication are required to generate the genetic

SUMMARéfQFt’yHWVENmIBN he basi s of resistance.
nbi nat on t herapy in which replication is maximally

ﬁ?’r%sseg VPG I?¥§V1§e~°c‘%9f“?mu9d% wmulakat rent with
entry inhibitors, as with other aggsts. The targeting

of multiple R
R7 0 )zl\)\(
8 P
re T L\dLW x>
R1
R A
I

or pharmaceutically acceptable salts or prodrugs thereof, wherein constituent members are
provided herein.
The present invention further provides compositions comprising a compound of

FormulaIand a pharmaceutically acceptable carrier.



steps within the viral entry process is believed to

have the potential for synergy (Starr-Spires et al,
w@hioa/00468h. Med., 2002, 22(3), 681.) H V-1 entP@I/U§1005/022793

CD4(+) cells requires the sequential interactions of

t hBhe/presdnt eveatioPirtiey sioRIdes RiefpdWol oFRt; i ,
coreceptor such as theﬁchermkiene recegt@@%ge%%ﬁgltgr%ac}lemomm

TeCCRESSRANPTIRINY Goméacking saif pheyaeiing receptockithg comipsumt of s fula 1.

S . I I nt ageni,.sts,_of. corgceptor | )
¢ umsepissdhn 3Rkl RurbEH g B FRR0T bR uCiingh Gietasmmeiated with
exprassloTORSCtvityt ofandhembind k&éptok inh Mattent BEBEGAR adnl St to the
bits H ﬁ/ eplication at the nenbrane Tusion

. i.nhj I
patiel 3a%1‘8ra59‘1tEﬂa ¥ l?ﬂ%‘"g}“’let?@quﬁf elrspeanpaundfof Fhemwladal surf ace
ol ye0 [ (OPATY he bi ndi,ng si.te for, )
TAK- 7%&%1% %&IZ%IE&C%S i ocgtpgé;ﬁagsarg gqp&po&lﬁr%@gl%ﬂ LFrem for use in

theragy;r f ace of the receptor, within a cavity forned '
b n transmenbrape helices 1, 2, 3, and 7 (Dragic
e?lth\aéf?’,resﬁ?to&?v P .ﬁ'ﬂb% prasadesygacompogd gipgaribpd herein for the
prepabedid®)of a Th&liCdnedm® kdriBe [ﬁﬁ%@??.r s CXCR4 and CCR5 are
believed to be used as co-receptors by the T
cell-tropic (X4) and macrophage-tropic (R5) H V-1
' yvely, for entering their host cells.
DET f%%gg§?§gﬁigff strains of H V-1 on CD4 |ynphocytes
Companddsmacr ophages requires expression of the CCR5
cqoreceptor, on the cell surface. Individuals Iacking
8 Pr NYEtion pavidesniiey gdiuscayeproingp of Fanmila I:
phenotypically normal and resistant tg infection with
H V-1. Viral entry can be inhibited By the natura
| i gands for CXCR4 (the GGXC chempkiQJESDF-l) and CCR5
(the CC chenokines RANTES, Pl allphgyand M P-1 bet a).
The first non-peptRYijc NP ~d1WhatX|nteracts W th
CCR5, and not V“t§© , NS aunaternary anmoni um
derivative, called, 79, which al so has potent but
variabl e anti-H Wacki¥ity (De Clercq et al, Antivir.
Chem Chenot her. 2001, 12 Spppl. 1, 19.SCH C ( SCH
351125) is another small nolecule inhibitor of H V-I
or phagppqeptically acpeptaitrealcermsedpg there@OMh&einan
OX 4Bz PN | 6l oun IS a specific CCR5
a%?%%%ﬁpg?ﬁggbggfégﬁﬁwg%%PwinuItiple receptor binding
aWdissi gnal transduction assays. This conpound
specifically inhibiks HI V- | infectiog medi at ed by CCR5
in U 87 astroglio cells but has n?
A\

S, Py

=

or RBT
Vis N, NO or CR?;
X is N, NO or CR%;
Y is N, NO or CR?;
Z is N, NO or CR*; wherein no more than one of X, Y and Z is NO;
Ais O, S, CRRP; or NR';

RA, RAI, RBand R®! are each, independently, H, OH, halo, Cisalkyl, Cy.¢ alkenyl, C).
alkynyl, Ci.¢ haloalkyl, Ci.¢ alkoxy, Ci.¢ haloalkoxy, heterocyclyl, carbocyclyl, NRIORIZ,
NR'CO,R"; NR'®CONR'R"?, NR1’SO,NR 'R 2, NR'’-S0,-R'., CN, CONR!*R, CO,RY,
NO,, SR™, SOR", SO,R'%; or SO,-NRI°R'2;
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effect on infection of CXCR4-expressing cells.

(Strizki et al, Proc. Natl. Acad. Sci USA, 2001,
wW@3(08A)46842718 or Trenblay et al., Anti m crobi BET/Bg®Ns/622793

and Chenot herapy, 2002, 46(5), 1336). AD d,

cheffi arl RY el @tkdiddepsdehi, B millﬁdlb bchf» kl[s}? @n,t ﬁé/loalkyl Cisg
of human j nmunodefi ciency virus ty

alkogy,nri-scioalkory n 4814 dhigakkexnd hetmcyAml,o carbmwiwt,s carbocyclyloxy,

I ry c ®CCRS o ]
R AR I R o
NR {8 0mR 314, N‘R&%ﬁO@-R\}br(ﬁﬂOGSWIORTLGCOQIE@CBIIQIZOSRIOOSURIO SO,RY; o
i oni ne- 198 ccounts for the insensitivit
50, SR 0 heropiaead ?a»s alko] 15 aptigpaLly, Substipitsd wish e sybstingnts selected
from' SIIYHR)XS;FR@H r @[? nﬁld( q\(b %ﬁ‘#dl% a@@d\g g‘refﬁOts?ld 1heterocyclyl

| ocat ed withHin hep evl ous I'Ng si
carba@ichl, garbocs@HleXy,\Allﬁtcrbcycﬂvdaiﬂ(ybsandesarﬁmlylﬂkﬁfl%fbe kachesptionally

nd 7. se es of
subsqi vt e R TEL 5ol <t Atrat Chatlmsb halo, Ci
halozﬂﬁgl or\yf 1GOR5 ORé?r rgxe? dug d)ﬁg“ cang) Oﬁmeﬂﬁ@ tl‘f{@SR“ NRUR!,
gont or [ §1I qm}e of1 ‘this §ceptor 2
SONTRS8 NRS BT, M S (OIORLD) SN ISR 'caB(@NRIRY or
1sgpoapounds that nodul ate the activity of chenokine

Sozl{rﬁgcgpfors represents a desirable drug design approach

f OR” €1, NOHIE.cdiive) OpFRAlbalRfl, T arAIBSS! @Yi,aRloaB@RY! Feterocyclyl
he treaf ment of di seaseg associ af eglqv?n h 7 Beterocyclyl,
carbsehth

kiR oy elykwe hetseadyeiviafkylTrasbecesiehdulins SﬁR‘t"h SOzR“’, or SO
l
NS R 1 ) Ko DRS00 B e o

hydr@qﬂ,p@ﬁﬂ 3y salk dzryt la:udi &1l¢ haldalkyt apd avlioreia Uhaid Bétbl}bcyclyl carbocyclyl,
tabesalts prodrugs t iareof wher e

carbeFiEtpd, bt logd £At ligd ase @ptwélypwﬁtetmed with 1-4
subsﬂltﬁyﬁmsbl@ae& %nh &, 6p£19yv @g% aﬁﬂ%glgp%}g Qﬁl?naﬁi F{Rl” T M%abalkyl, CN,

For nul nmeceut
NOz,ac@ ?3t, alﬂRa ,caeﬂi))&J Trfé(Q)o&%entC(O)WfR 'Bn wat[ﬂér NRPCONHRS,

NR RO NRR PRI BRIR 18 FRML D), RS, 80 NR SRS B, GRBRK! ne

R!is Cig alkyl, Ci.¢ haloalkyl, Cy. hydroxyalkyl, -(Co.¢ alkyl)-O-(C1. alkyl), -(Co.s
alkyl)-S-(C1 alkyl), -(Co.6 alkyl)-(Cs.; cycloalkyl)-(Co.s alkyl), OH, ORY, SR!, COR",
CO,R™, CONR'R™, carbocyclyl, heterocyclyl, CN, NR°R2, NRI“SO,R", NR'®COR",
NR'COR", NRCONR®, CRR"CO,R™ or CR'*R!'OCOR;

R% R3, R*, R® and R® are each, independently, H, OH, halo, C;.¢ alkyl, Ci.¢ haloalkyl,
Ci6 alkoxy, Ci. haloalkoxy, Ci thicalkoxy, NR'R'2, NR’CO,R!!; NRCONR!R!?
NR'SO,NR!R'?, NRY-50,-R", heterocyclyl, carbocyclyl, carbocyclyloxy,
heterocyclyloxy, CN, NO,, COR", CONR''R*?, CO,R', NO,, SR™, SOR', SO,R; or SO,-
NRUR 2.

R’ is H or Cy.¢ alkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO,H, CO,-(Cy.g alkyl), or Cy.3 alkoxy;

R®and RY are each, independently, H, C;.¢alkyl, C;.¢haloalkyl, halo, C1.3 alkoxy, Ci.
3 haloalkoxy, Cs.¢ cycloalkyl, Cs.s cycloalkyloxy, OH, COZRIO, OCORIO; wherein said Cj¢
alkyl is optionally substituted with one or more substituents selected from F, Cy.3 alkoxy, OH
or CO,R™;
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receptor conprising contacting said chenoki ne receptor
with a conpound of Fornmula | . The present invention

w0 eoobhersspr ovi des net hods of treating a di seasECT/US2005/022793
associ ated with expression or activity of a chenokine

r e6LRY Qi & GIRGirg! @ A 8k E(EGalkf)) 0, 5 alkyl)-
pat i E]tca&lg Iteghg)r g%gt?%nal 'y gfrgecgl @gwgrmunt( (Pzg% ) OMC1s alky)
groueéﬂﬁmmﬁﬂfmﬁnbmdang, The present invention further

pr de 8C u ed her infor use in i
ng KR B HEREE RPRE Gyt 17 b RS Y b tached fomm a 3.7
menﬂ:;@fqal frdc oured her ei n for the preparation of a
?grre }f:e}??rf lkS)Ee in theraayéhDETAl LED DESCRI PTI ON

Coﬁpé%& arﬁ &agh, dadapendenilyn s pHolsi idss , Ciiaratlleaxya Cia haloalkoxy,

] t
o« SHOBONDICBL SRR, ond COuPRaERRSEST | Sl i, gy st i

optidrialig srubsiltmatl egitlaone pt imore! substitdentyselectyd iffonN.F, O s041koxy, OH or
: Xis NNOor CR2; Yis N NO or CR3; Zis N, NO
CO, r>CR4; wherein no nmore than one of X, Y and Z is NO

A bSROand: R9q%§5‘)t@er Withl\!ﬁg S al%:l- t%'?ﬁga{j }Egl a}e {fgcéled form a 3-7

each, independently, H,
menﬂvbteérspirocmhsd@r(aipkynyl Cl 6 hal oal kyl, Ci- 6 al koxy,

ﬁéﬁ%&%‘é‘e@b e ISR SoHso SRR et seaload B & e 37

OR 10,
eSS G 8 Tl

i nﬂegéﬂrhéhma&kyl faenzyh, plieayb or €1.6 eycioaliptl, wiktrei said Cy.q alkyl, benzyl,
pheng}ﬁloqraég@/ J:yclocﬂky? is optionally substituted with 1-3 selected from halo, OH, Ci.;

alkyl, C1.3 haloalkyl, C;.3 alkoxy, C,.; haloalkoxy, CO,H, and CO,-(Cy¢ alkyl);

RM is H, OH, Cy alkyl, Cy.¢ alkoxy, benzyl, phenyl, benzyloxy, phenyloxy, Cs.
cycloalkyl or Cs. cycloalkyloxy, wherein said Ci alkyl, Ci¢ alkoxy, benzyl, phenyl,
benzyloxy, phenyloxy, Cs.s cycloalkyl or Cs.¢ cycloalkyloxy, is optionally substituted with 1-
3 substituents selected from halo, OH, C,3 alkyl, Cy.; alkoxy, CO,H, CO,-(Cy.s alkyl) and
CF3;

R isH, Ci¢ alkyl, benzyl, phenyl, or Cs_¢cycloalkyl, wherein said Cy.¢alkyl, benzyl,
phenyl, or Cs cycloalkyl is optionally substituted with 1-3 selected from halo, OH, Cj.;
alkyl, Cy.3 haloalkyl, Cy.3 alkoxy, C;.3 haloalkoxy, CO,H, and CO,-(C 1.6 alkyl);

R" and R™ are each, independently, H, Cy¢ alkyl, Ci haloalkyl, Cy alkenyl, Cy
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

R" and R' are each, independently H, Cy.¢ alkyl, C1.¢ haloalkyl, Cy. alkenyl, Cy.
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

or RP and R'S together with the N atom to which they are attached form a 4-6
membered heterocyclyl group;

pisOor 1;and

with the proviso that when A is O and one of R® and R® is H, the other of R® and R¥
is other than C,.3 alkoxy, C,.3 haloalkoxy, Cs.¢ cycloalkyloxy or OH.

The present invention further provides, inter alia, compounds of Formula II:

10
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al koxy, Cl1-6 hal oal koxy, C1-6 thioal koxy,
het erocycl yl, carbocyclyl, carbocyclyl oxy,

whedoenoyc| yl al kyl , carbocycl yl al kyl, NRLOR12, PCT/US2005/022793
NR1OCO2R11; NRLOCONRLIOR12 , NRLOSO2NR1OR12,
NR10- SO2- Rn , CN, CONR1OR12, CO2R10 RGNOZ SR10, SOR10,
SO2R10 ; or SO2-NRL1OR12 , wherein s Ra-6 alkyl is
optionally subst itutedphi th 1- ﬁs\r uent s sel ected
from hydr oxyl, Cﬁ86\al Z¥- 6 hal oal kyl and
wherein said heter CIV , ycI
car bocycl yl oxy, e cl yTal kyl , and
car bocycl yl al kyI e ch opti onal | y substituted with
1-4 substituents seﬂ%cted fromCl-6 al kyl, C2-6
al kenyl, C2-6 al kynyl, hal 0,IIC1-4 hal oal kyl , CN, NO2,

OR13 O NR15R16 NR15R16,
or g G tec e b inte S ST Le ) N

S( 2R84 linSAA MRL 2RbBiOal BERARISR16 ; RF is H  OH,
Cl-6 al kyl, Cl1 6 haloal kyl, Cl1-6 al koxy, Cl-6

ha“bélkoxy het erocycl yl , carbocyclyl car bocycl yl oxy,
het erocycl yl al kyl , ¢arbocycl yl al kyl , R§O?10 , SC2R10 ;
or SC2- NR1OR12 , \A&erel n said Cl-6 erl kyl is

optionally subs at th 1-5 nts sel ected
from hydr oxyl %Hh\%:],\\?_ al koxy, i Q J/ 6 hal oal kyl and
wherei n said heter y®RA, earbocycl :
carbo cl heterocyclylalkyl and

@y d‘l’fe@éyl are optionall y substituted with 1-4

s el ected from Cl-6 al kyl, C2-6 al kenyl,
u{;gg *ﬁ@n{;fls(jﬁﬁal o, Cl-4 hal oaI kyl, CN, N2, OR13 ,

AR S I GO BRI

S(R‘%))ISS%ERég Ry 6 or SOPNR15R16 ; Rl is Cl-6

| A/ In A1GAB 1 ,

gﬁkk%% gﬁ(%f@ gﬁgﬁ mg%pégd%}fg{’ EN?JI @é { ef: ‘%gﬂ(lygﬁ‘falkenyl Crs
alkyny{,C01-6 haloklKly), - € G3alkoxyy cC pahidyhlkexy Ohdberabieyl) caBokyclyl, NRI°R™,

N R, S0 o L R RIS - FALER e, cone

N@,@ﬂ@@@&&(}g@@@@@@@@lO@Olemo or
R4, " R5 and R6 are each,

i rllélée ,_a,l@@khdiemarw each, mqpem@gtily,ﬁm -@Hahklpl C:1Gkllyl, Ci.¢ haloalkyl, Ci
al pa 0 a
alkox? eéf, k%%%éalg\’ﬁi Oéi r)fﬁl 4 CW@OC&?&%@@%’, carbocyclyloxy,

heterocyclylalkyl, carbocyclylalkyl, NR'R"Z,  NRYCO,R!; NR'CONRMRZ
NR'’SONR'R", NR'’-S0,-R"!, CN, CONR"R'2, CO,R™®, NO,, SR, SOR', SO,R!; or
S0,-NR''R™, wherein said C;. alkyl is optionally substituted with 1-5 substituents selected

from hydroxyl, OH, Ci. alkoxy, and Cj4 haloalkyl and wherein said heterocyclyl,
carbocyclyl, carbocyclyloxy, heterocyclylalkyl, and carbocyclylalkyl are each optionally
substituted with 1-4 substituents selected from Cj_¢ alkyl, Cy. alkenyl, Cy.¢ alkynyl, halo, C;.4
haloalkyl, CN, NO,, OR”, SRY, C(O)RY, C(O)OR®, C(O)NRMR!, NRURY,
NR°CONHR'", NR"C(O)R™, NR¥C(O)OR®, S(O)R™, S(O)RY S(ONRSR! or
SO,NRFRIS:

RF is H, OH, Ci. alkyl, Ci.¢ haloalkyl, Cy.¢ alkoxy, Cy.s haloalkoxy, heterocyclyl,
carbocyclyl, carbocyclyloxy, heterocyclylalkyl, carbocyclylalkyl, SOR!®, SO,R!’; or SO,-
NRR'?, wherein said Cisalkyl is optionally substituted with 1-5 substituents selected from

11
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NR1IOSO2NR10R12, NR1 SO2- R1\ heterocyclyl, carbocyclyl,

carbocycl yl oxy, heterocyclyl oxy, CN, NO2, COR11,
wEaNRL0REL , CO2R10, NO2, SR10, SOR10, SO2R10 PCDUSZ8QER022793

NR1OR12 ; R7 is Hor Cl-6 alkyl optionally substituted

hydroyyll CH,sOhsalkbig nind S£) RAGARYIf dmdwhdle sl hefekdclyl, carbocyclyl,
Cl-6 al ky IL{, or Cl-3 al koxy; R8 and R8 are each,
carbpfry&b}é@% distergeyclylalicyl, gnd ersppeyctilalsyhatecentionplly subssituted with 1-4

e BB, 5, VTR Yo B XA i, oo, o
NOzaI OR" |SSR1BI| Q@R Y, s@b@)(bR‘at ed(@)N}hlsBﬁe mlﬁm‘ﬁe NRCONHR'®,
NRIGASRG: N Gird e RO I aheR - SHnR R SRR

al Ryllseeg o Ay, (éi 6%%&&;#1}’ éo 691 é@ %ﬁﬁgﬁ@g égiﬁlg&ﬁ%@ +(Cr alkyl),

forma nmber ed 1 e
(Co-¢t Aleyl3-6€ 00 nyca\odhylb-écm la}klyl)t Iﬂﬂ 0,a8R 4¢ IgaR ¥ p00,R ' B-CONR 'R 2,

cro AR HBRRJIS . SN NP SR 2 G BReon  vgocoue®,

lthRl2kgw0R1@oﬁzléﬁpréﬂH%5®co§&6 cycl oal kyl oxy, OH
wherein said C1-6 alkyl is

ochl 0
0 p-RlEfldﬁqo3 AR yRsunbR] ensteaeh,vinddpendratiyr Hobs heloh € i alleph(Ca.¢ haloalkyl,

f 3
Cro 3BRG, L bR v iR OIRER B Rl s CONR R ™,
NR“’SUéNgﬁ;%Ide or Eﬂa“’:sdz M‘énbe%ebr@@cmw Cl c)ékbﬁ)@ﬁ’él&‘p Otarfeyclyloxy,
t t ns I C
heterggifcéi‘,lﬁéitﬂoéﬁ*lﬂgge @V\A@Bg dCQI\Rq%% nb@@e%lfacy@b,o%ﬁ g]ﬁr o&@zlblP ; or SO,-

q?ﬂ nmenber ed heterocycl oal kyl group; R1O is H, Ci-
benzyl, phenyl, or C3-6 cycl oal kyl, mhereln
sak 1s(EloﬁCal; klm opmenzlw subgtivatediby 168 sﬁﬁs‘tﬁldiﬁfsﬁdelb@{dﬂ)ﬁom $ialo, OH,

O OR o ol BF Coa thChi 0al kyT . G- 3. al koxy, L3
Eiﬂ{gﬁg#%?arec%%ﬁt 1naé%)1(1§1\?1)§rg§e %)’%ﬁ ) lﬁ/ylﬂa]io %%1 3 ﬁﬂkﬁxg{x ¢ Fhaloalkoxy,

Cs.6 pyadeglkylxyCs.<Ceydoalkyloxy, OH, CO,RY, OCOR ; wherem sald C1 ¢ alkyl is
optionally substituted with one or more substituents selected from F, Cy.; alkoxy, OH or
CO,R';

or R” and R® together form a bridging C,.4 alkylene or —(Cy., alkyl)-O-(C.3 alkyl)-
group to form a 5-7 membered ring;

or R® and R¥ together with the carbon atom to which they are attached form a 3-7
membered spirocyclyl group;

R’ and R are each, independently, H, Cy.¢ alkyl, halo, Cy.; alkoxy, C.; haloalkoxy,
Cs6 cycloalkyl, Cs¢ cycloalkyloxy, OH, COZRIO, OCORY , wherein said Cj alkyl is
optionally substituted with one or more substituents selected from F, C;3 alkoxy, OH or
CO,R';

or R’ and R” together with the carbon atom to which they are attached form a 3-7
membered spirocyclyl group;

or R® and R’ together with the C atoms to which they are attached form a fused 3-7
membered cycloalkyl group or 3-7 membered heterocycloalkyl group;
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cycl oal kyl or C3-6 cycl oal kyl oxy, wherein said Cl-6

al kyl, Cl-6 al koxy, benzyl, phenyl, benzyl oxy,
wWeb@aphwesy, C3-6 cycloal kyl or C3-6 cycl oal kyl BXI/DS1085/022793

optionally substituted with 1- 3 substituents sel ected

frrifisal, @, 6@hty1 %n%g bllfe%?l ogtz cym&q 6;»1 wﬁ%iﬂ saﬁpclfalkyl benzyl,

benz

Cl-6 al Ky (@b( é
Phenpfixéﬁy‘Ps 6 AL lw@n@mllyywbsmtqdevvﬁhslaﬁ dse vieg fé(blkyha,lo OH, C;.3

| al
P ETOMgROEC b, S Sy BT
al RYl is B1081,hal pallly1C; Gllkékyalbeazs, pkehyB bzl Osbenyloxy, Csus

: d
YA A PRIy I S e HaTlock i plkown, benzsl, phenyl,
|
benz3lolkdhenyfoky 21 5¥Kleyt OF K4 5o IGHIBANSY bs ool Klbsrinha with 1-

3 suuﬁu@msssegmqq frormheao,h@[balmnkyl,ozr-ﬁambx;e rGO,H,Q206-(C1.6 alkyl) and

CF al kynyl, aryl, cycloal kyl, arylalkyl, or
3cycl oal kyI al kyl ; or R15 and R16 together with the N

at RHk 1, \@; glyt, %@sz@rﬁwﬁﬂdt 8F bggcfc@d'a'ﬂlﬁ ﬁh&ﬁfﬁ%ﬁe@ 6dalkyl benzyl,
heterocycl | group; pis rovi
phenyh g Qdcsewckaﬂ@l @ ap@onahler smfostnu*addwiﬂa |133 ldelettad fmﬂnehala;fOH Cis

o T, £ 0.l i ek, S el

fuRFhmﬂ Iplr‘@ye eed, indep&ideddly,aH, CRIMBRYNES (HaldaMEIUER, alkenyl, Cy.g
phar maceutl cally acceg(t abl e salts or prodr ugs

alkyftﬂ#ékrléloFYCI%@fle@rﬁlanﬁfladH%@Qalﬂ(Vh ylindi cates an opti onal
HWR geéﬁ}é 'ﬂxde n&c%Eltl re ?%aé}lﬁ%ly?ﬂgfha;e ﬁ@%’aﬁ:@ enyl, Ca

alkyriyi;, ah\&]), cy@loe&k}(n arﬁ,all@BQRlBycloalNﬁaHz'yl;

or R and R together with the N atom to which they are attached form a 4-6
membered heterocyclyl group;

pisOor1;and

with the proviso that wherein A is O and one of R® and R¥ is H, the other of R® and
R¥ is other than Ci.3 alkoxy, Ci.3 haloalkoxy, Cs. cycloalkyloxy or OH.

In some embodiments, W is

In some embodiments, W is

In some embodiments, V is CR.

In some embodiments, X is CR?.
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RA, RAl, RBand RBl1 are each, independently, H, OH,

hal o, Cl1-6 al kyl, Cl-6 al kenyl, Cl-6 al kynyl, Cl1-6
whadoemb4eyd , Cl-6 al koxy, Cl-6 hal oal koxy, het eP@DYS109$/022793

carbocyclyl, NR1IOR12 , NR1OCO2R11; NR1OCONR1OR12,

N%M&Mﬁen@@@s@fz Rp , CN, CONRIOR1Z2 , CQ2R10,
NO@ SRI0 , SORIO , SCPRIO; or SC2-NRIORI12 ; R and R
%ﬁmbm@%ﬁ%mw H OH, halo, Cl-6 alkyl, Cl-6

hairpﬁnﬁé(n;bo(%m@nt@'% ?(Iyl Cl- 6 hal oal koxy, Cl-6

t hi oal terocyc car bocycl yl, carbocyclyl oxy,
heIremnwﬂhl;dchﬂnkmls ZmerocycI yl al kyl , NRLORL2 ,

0CCPRL R10 R1 N 0SCPNRIORI2 . NRL
%‘ d%mo%i%% ‘NC2, SR10 SOR10, SOR2RIO
; Hfso%@erﬁﬁ%@rﬁé& ,XYHW@RE'WSS@R%&}%MHKVI is

optionally substituted ! uents sel ected
frbTﬁoh}QjﬁrI@delmeI@iVﬁlCR L 5B Yamzkiiaxﬁmm orf.kyl and

s&r:ri/ec n?/lf %gﬁtgé}%c éhm 8f ny(y% %rgi Z are N.
c aflmm&érﬂlicﬂhlhbﬂts ak ﬁ:a@ta,l?@f VPRI enadd % al%LbQﬁér 'tﬁatﬁtﬁ drwg.h

1 4 substltuents 'sel ected from Cl-6 al kyl,
entoynepe of NaKo Y, @1d Z atealNwa NG| | CN, NC2,

Oﬁ%%ea%ﬁﬁ@dﬁk%%%%%@%ﬂé& e
S(1n) dRAembo (MR RIRNG XY SHdMREBRL6; RF is H  OH,

C;‘ 6 al kyl, Cl 6 hal oal kyl, Cl-6 al koxy, Cl-6
0 Hﬁ?@ﬁ':o%?(,@yl car bocycl yl, carbocycl yl oxy,

h ng@/cl yl al kyl, SOR10, SQ2R10 ;
oreltngsr&ﬁ{-a/e%%Id%%Mé \Q]gi@el n said Cl-6 al kyl is optionally

s Ulnssointeu¢relobdimeits,1A 5s SIRFRC] boeof RC el & BAOHI@NT g alkoxy and the

yl
otherva?gl{bé?l}gy lg afsg;lqgeé 3)'6 :égli ocgiﬂg%lg%@gy l h%‘%lelrlgcyclyall rc])gj carbocyclyl is
opuoﬁamb%mimle@wlm hel efBeGnt %lai&!ﬂed 8o Cpg glil, Cos glkenyl, Co
carbocycl @é{éareotlonall subst I t Ut
Y

alkyrwdsbbalm @emth@l cE¥W NOanORL, SRIF kGIO)RES- G(Q)OEElﬁ,yC(O)NR”R“

R S A Lol MR R SRR U eSCONR R o

SO,NIRIRCONHR 16, NR1I5C(OR 14, NRIS5C(OOR 13 , S(OR 14 ,
S(O 2R14, S(O NR 13R1@ or 8(2 5R16 ; R1 is Cl1-6
aIIFé)ﬁPme@Fk@dH’&?%%IR(yR ,(R’f@n@Ra pig| epclpindependngy k) PH, halo, Cy

alkyl(éns eﬁkécﬂylﬁd )6 aﬁyﬁﬁ 33'1 6 hﬁl)}fl}gfl) Ci.s alkoxy or Cj.¢ haloalkoxy.

In some embodiments, RA, RA RBand R®! are each, independently, H, OH or C;
alkoxy.

In some embodiments, R*, RA!L RBand R®! are each, independently, H or OH.

In some embodiments, R*, R*!, RBand R®! are each H.

In some embodiments, R' is Cy.¢ alkyl, Cy6 hydroxyalkyl, -(Co.¢ alkyl)-O-(Cy. alkyl),
or heterocyclyl (e.g., a 3-7 membered heterocycloalkyl group such as tetrahydrofuanyl).

In some embodiments, R! is -(Co. alkyl)-O-(Cy.¢ alkyl).

In some embodiments, R'is Ci-6 alkyl.

In some embodiments, R! is prop-2-yl.

In some embodiments, one of R® and R® is other than H.

In some embodiments, one of R® and R® is Ci-4 haloalkyl.

In some embodiments, Rbis Ci1-4 haloalkyl.

14



(C0-6 al kyl)-(C 3-7 cycloal kyl)-(C 0-6 al kyl), OH,

OR10, SR10, COR1 1, CO2R10, CONR 10R12, carbocyclyl,
whedoenosycl yl, CN, NRIORL12 , NRLIOSO2R10 , NR1OBORWLS2005/022793

NR1OCO2R10 , NRIOCONR 12 , CRIOR11CO2R10 or CR10R1

10 RmsmbddimbBids, R¥%s ORS. and R6 are each,

i ndependently, H OH halo, Cl-6 alkyl, Cl-6

halmwmb@{m@ltal&dﬁﬂ- Cl- 6 hal oal koxy, Cl-6

t hj. oal ko RIOR12 | 0 1:- N R 10R12
RIS b AR 001 W TR S HAPE e 5 Crealiyl, Cugaley or
halo.car bocycl yl, carbocycl yl oxy, heterocyclyl oxy, CN, NO2,

CORL 1, CONRIORL2, CCRR}0,  N@, SRL0, SORLO, SORRILO ;
5 or Insiopne qqrbgirmonts, ore of B pndR°Op-ts and thplothspis Gredlky).

suast.i-fut.ad = Bi t lected from hal o,
e et P VAR g 0 B HE KR AR o
arla seacrembaditegesndSnindyR® ke Koth 6L al kyl, hal o, C1-3
al koxy, CI-3. hal oal kgxy, C3-6 cycl oal kyl, C3-6
cy]léISBéelfﬂ ,elttf*l,plé‘,%ZRlo , OCOR 10 ; wherein said
ClinGomleleydbodfin@R,ipa8al | y substituted with one or nore
substituents selected fromF, Cl-3 al koxy, OH or

10 cdrroeme: enthod@zerds; ¢ oRPotslyeif ither inf entivnaabe Foghulg [452- 4
al kyl ene or -(C 0-2 al kyl)-@(C 1-3 alkyl)- group to
forma 5-7 menbered Ri ng, or]| R andgR together with the
carbon atomto whith hhw“e\ﬁt/t\ ched forma 3-7
menber ed spirocyc ar F RRg angd| RO are each,
i ndependent | y, RHx C136 al kyl , (hL)sNr Rf koxy, Cl-3
hal oal koxy, C3R& & oal kyl C3-%6 | oal kyl oxy, OH,
CO2R10, OCOR10 , wherein said Cl-6 a RS optionally
substituted with one or nore substituents sel ected
fromF, C1-3 al koxy, OH or R10 ; or RO and R9

together with the carbon atomto which they are

attached forma 3-7 nenbered spirocyclyl roup;
In some embodlrrnnents, compounds of the irrl)ventioz ha\)//e Fc?nnule? Ib, Ic or Id:

g RS \
. R N rR1 N RA
Rg ( Z R6
YL
15 X‘\Y R5
Ib
0]

R® ( _Z._RO
RY" P |
X
Y~ RS
Ic
R7 0O
o R \
R N g1 N
R® Z_ RS
A

K
20 X Sy
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or Rand R together with the C atons to which they are
attached forma fused 3-7 nenbered cycl oal kyl group or

w@2006metsRer ed het erocycl oal kyl group; R is H Ql€BUS2005/022793

al kyl, benzyl, phenyl, or C3-6 cycloal kyl, wherein
said Cl-6 al kyl, benzyl, phenyl, or C3-6 cycloal kyl is
optionally substituted with 1-3 selected from hal o,
oHIn gomezerabgdiments; compeandueiidche inventian hdviedsoymulaile r If:
hal oal koxy, CO2H5and E2-(Clg6 al kyl); R11 is H, OH,
Cl-6 alkyl, C1-6 aLk&y, pRenyl, benzyl oxy,
phenyl oxy, C3-6 | of cycl oal kyl oxy,
wherei n said C%%G yl, al koxy, benzyl, phenyl,

benzyl oxy, pheny] C3-6 cyclpal y#¢ -6

cycl oal kyl oxy, R’s i onal |y stitxted with 1- 3

substituents selected fromhal o, OH ~O1-3RAal kyl, C1-3

al koxy, CO2H, CO2-(Cl-6 alkyl) and CF3; R12 is H, Cl-6

al kyl, benzyl, phenyl, or C3-6 cycloal kyl, wherein

said Cl1-6 alkyl, benaﬁl, Ayl, or C3-6 cycloal kyl is
o :

optional ly substitr# 3 selected from hal o,
OH, C1-3 al kyl, R&4}3 MNa ,N%HS al koxy, Cl-3
(Cﬁ-d\@L y%%z Rk8 and R14

hal oal koxy, CQOR an
are each, independenyly, H, Cl-6 al kyT, JC1-6
hal oal kyl, C2-6 al kenyl, C2-6 al kynyX; xg,
cycl oal kyl, arylal kyl, or cycloalkylaf&yl, R15 and R16
are each, independently H, @fi-6 al kyl, Cl-6 hal oal kyl,
C2-6 al kenyl, C2-6 al kynyl, aryl, cycloal kyl,
aryl al kyl, or cycloal kyl al kyl; or RL5 and R16 together
Wi Infsobdeesnbodinents, eompotiistdree iatentintA¢H 8Os 132 4- 6

menber ed heterocyclyl group; pis Oor_1; and with the
provi so that wherein Ais O and oneéé? Rand Ris H,

the other of Rand R is other tgany |3 al koxy, C1-3
hal oal koxy, C3-6 cycl@galkyl oxy Jlor . n sone
Ko g;wé%ggﬁJVVis In sone

enbodi nents, Wis RAysO Eng
enbodi nents, V is CR5.

Ig.

In some embodiments, compounds of the invention have Formula Th or Ii:

~
G oYY
Y
Ih
o)
g RA
RV, Az _crs
5 RA1 l
X~Y/
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In some enbodinents, X is CR2.ln sone enbodi nents, Y

is CR3. In sone enbodinents, Zis CR4. In some
wepheddasent s, X is N. I n sone enbodi nents, Z i BCMUS1005/022793

sone enbodi ments, both X _and Z are N. I_n sone

enmpedvariens lacs iis t@éjres\ént_ pdeiiatidRd substitedd%of tEMBOMRIs of the
.__enbodinents, Vis CRS, Xis CRZ2; Yis CR3; and Zis '
inverion anefliscinsed dpgEaipoR i1 ranges. mifris speraficatlydntendedxthatyghe invention
: 1 n. 9[58 b.nen at | east of V., X
md@?%gﬁld eé}rélr lo? R’zr Qﬁan %%%t{rgﬁﬁé)%ffhﬁ 3% ef%ﬂ%%’&ﬁ#@?ﬂpg and ranges.

For exameplefth¥ terdhy “0.¢ alikgll”Zs a;pecifibegly iﬁi@nﬁbm ltdS H®vidually disclose methyl,
odi ts, 1. of V, X Y, and Z isN In sone
ethy]:%&ﬂﬁyﬂgﬂtailfylﬁfﬁlkﬂ; and Coflk@nd 7 are N. In sone
. . . . - . R
nPedbaE S ds Bf ke QVGM’?‘EH@E&%P&’%@’E% §}a>é§rs' %o%thlag once, each

In sone enbodi nents, A C an
variabl¢ ean tel diffatekbmypicsynselediel oineahe MarlRshansupRR{insng the variable. For

e REYE M £ BB LB B et LSS e
on tHeWastel dorfyduad;BE 8rb &d %{ohpméﬁlfe reélérﬁydiffer@'&\%goi%ggg géiécted from the

C2-6 al kynyl, halo, CIl-4 haloalkyl, CN,
Mﬂlsﬁhgrqupcd(ye@lmmrl?c(c))mls, C(O) NR15R16, NRL5R16,

SCOps Rt dp Bl G BRI ityeRtighnhich are, for clriy,

desciébdaoii the obistextRA, sepifidte diftddméRd, AR provided in compination in a
._Jndependently, H OH halo, Cl-6 alkyl, Cl-6 al kenyl, _
single-engpodimrity Convsrsedy,nuartoass Kgatures 10fetha | ikvsagionrwigth are, for brevity,

s D S opfeh TR PR e o B SepRety o i 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, 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, “alkylene” refers to a divalent alkyl group.

As used herein, “C,.4 alkylene” refers to alkylene groups comprised of from 2 to 4
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, cyclohexenyl, and the like.

As used herein, “alkynyl” refers to an alkyl group having one or more triple carbon-
carbon bonds. Example alkynyl groups include ethynyl, propynyl, and the like.

As used herein, “haloalkyl” refers to an alkyl group having one or more halogen
substituents. Example haloalkyl groups include CFs;, GC,Fs, CHF,, CCls, CHCl,, C,Cls, and
the like.

As used herein, “aryl” refers to monocyclic or polycyclic (e.g., having 2, 3 or 4 fused

rings) aromatic hydrocarbons such as, for example, phenyl, naphthyl, anthracenyl,
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I n sone enbodi nents, RA, RAl, RBand RB1 are each,

i ndependently, Hor OH In sone enbodi nents, RA RAL,
woORBERMo4eBL are each H I n sonme enbodi nents, RIPCHUSHOFH022793

al kyl, Cl1-6 hydroxyal kyl, -(Co-6 al kyl)-O (C1-6

phen@hﬁﬁ/én)yl iRdanfE ifdeAGY Ghd {he(lﬁ(eg In sGnSerhbbEHRAlCLly] oups. have from 6
het er ocycl oal kyl group such as tetrahydrof uanyl %

to aboyh20 earberiatennt s, Rlls-(COGaIkyI) O (Cl-6 al kyl).

glg%le lﬁ dJ‘ n?bocy%lygégr%ugfl 4re Faﬁurggeﬁe( 8"8%}‘3?.1%1:@ doghle or triple

bondsj oﬂilsafm@atﬁﬂ (i2.,@bh@nidd\éie di.mdrd ddaPe of FiNeli b@iﬁm §yclith§fdrocarbon
of R5 and R6 is Cl-4 hal oal kyl. In some ‘enbodi nents,

moietigs.; Garbpeyelygrownsiaan be lﬁn@@nep@lﬁbfﬂzﬁ it &, 4 fasedrimgs) or Blmrocychc

e APATE o T e BB sFBRAAEO el ot

cycldirptyl, Iwcmpmeﬁyﬂbod;mlcﬁa,enﬁﬂenﬂf B?cl@hkd(eﬁﬁ I ﬁoﬂ'ﬂoﬁ[}d norpinyl,
er i I n_spone enbodi nents, one of .
nOfC%Ylaﬁéa%lW]s plipny, c?nflﬁ%e ikean drarpecyiehil igyaups ca baygromatig (e.g., “aryl”)
B ad »3N r
or nifﬁgig)di rreoqé g”BLES'?lgal@l ?nqrslgﬁgﬁeﬁgggﬁﬁeﬁ{? J:'ﬂboc‘&gsf_]’_ groups can have
fromgbput Ritabvuhheaborcaomeiabdst dfo shomt ROabot 33ta> dbauel0, or about 3 to
sonme enbodi nents, conpounds of t he

abouFZ\Iilélﬁt P’&W“ﬁ&é@"&&?omﬁ alb, Icor Id: Ic Id.In sone
e”h@disé@ Résin, COPRGARAS referd BEnbMURM AR EaEFCIEL IBMlBng cyclized

alkyl alkenyl and a111:<yny1 groups. Cycloalkyl groups can include mono- or polycyclic (e.g.,
having 2, 3 or 4 fused rings) ring systems as well as spiro ring systems. Example cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl,
cyclohexenyl, cyclohexadienyl, cycloheptatrienyl, norbornyl, norpinyl, norcarnyl, adamantyl,
and the like. Also included in the definition of cycloalkyl are moieties that have one or more
aromatic rings fused (i.e., having a bond in common with) to the cycloalkyl ring, for example,
benzo derivatives of pentane, pentene, hexane, and the like. In some embodiments, cycloalkyl
groups can have from about 3 to about 10, about 3 to about 10, or about 3 to about 7 ring-
forming carbon atoms. In some embodiments, the cycloalkyl group can have 0, 1,2, 3,4 or 5
double or triple bonds. In yet further embodiments, one or more ring-formaing carbon atoms
of a cycloalkyl group can be substituted by an oxo or sulfido group.

As used herein, “heterocyclyl” or “heterocycle” refers to a saturated or unsaturated
cyclic hydrocarbon wherein one or more of the ring-forming carbon atoms of the cyclic
hydrocarbon is replaced by a heteroatom such as O, S, or N. Heterocyclyl groups can be
aromatic (e.g., “heteroaryl”) or non-aromatic (e.g., “heterocycloalkyl”). Heterocyclyl groups
can also correspond to hydrogenated and partially hydrogenated heteroaryl groups.
Heterocyclyl groups can include mono- or polycyclic (e.g., having 2, 3 or 4 fused rings) ring
systems. Heterocyclyl groups can be characterized as having 3-14 or 3-7 ring-forming atoms.
In some embodiments, heterocyclyl groups can contain, in addition to at least one
heteroatom, from about 1 to about 13, about 2 to about 10, or about 2 to about 7 carbon atoms
and can be attached through a carbon atom or heteroatom. In further embodiments, any ring-

forming carbon or heteroatom can be oxidized (e.g., have an oxo or sulfido substituent) or a
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In sonme enbodi nents, conpounds of the invention have
Formula I'g: 1g- In some embodi ments, conpounds of the

w0 pwenodeen have Fornula Ih or 1i: At various plBCEBES1005/022793
the present specification, substituents of compounds

nitrogén atven icay &8t quaterAiEd. dIFxampRe bf KetGbOHPA SbupidcRRAESRorpholino,
o S...speci ficz:al ly int endeg that the nve%tbl%n I ncl E‘néerp

It | |
thior%%l@holm Ripetaginyh d tefrabydipfusanyb o itstahzdiothieryf, }”Ztﬁedlh?]’drobenzoﬁlryl,
f r d ranges. [For exa e, the . g
13- GEARRG O, SHoRoH UTSARLS, ARG SRS Bossstiin
isothiazdlidingly aiykazotltingl, as@zeietim) thi@gommyl,%iaéisﬁhinfy%nd the like, as
al kyl , al kyl, and C6 al kyl . For corrpoy‘nds of 'the .
well iaﬁv%’ﬂt ?fgﬁwi Frotwps Mpfed belaw Loy chesgrparat’s amdf betpmywclgfb;el, Further
i . diffe i lected.fro .
e e ncite i PEERPRUEY, SEAERLRiny] Phenaziny,
phenoihiazinyl, phenosathiiayli qahdmzinbbdp}hhalhz‘iﬁylt WidpdraZiiiyd U @ii)e(rjidinyl, 3,6-
. that . il t | y .pr.esent _.on the sane, conpound;
dlhy‘irﬂéytr%‘&@re Rﬁﬁéﬁ%ﬁ&ﬁ%ﬂ’ﬁﬁ&@se aiaé#tﬁtéﬁlé}ﬁkonmd&,i eBiperidonyl,  4-
. t m . r i f - | .
e Ao o aran 1 panisld PPURELLRERY: BpBoldhyt Syvazoliny,
pyrazokyle ﬁﬂl@%}nmPWW@ZOI‘E,OPYI’lﬂOanidayQIG,dB&:Ddothlazble,npyﬂ‘tﬁn}al, pyridyl,
e t I me C al so be provide
oy ST o ST ' BYETHAN. "erboarilil ' EOmiEh Cergradrofuranyl,
tetrahydrdisgmidodiaylyr esrabiydidaginolAnt ité@ﬁz@f?l, Cher ©,5-{94-diazinyl, 1,2,3-
. brevity, described in_the context of a single .
thiadiazelyhi 1n%flnﬂ,llaéla{6p1§], de. prihipdiazslyle d, sk pradiazslyl, thiarithremyly thiazolyl,
. i . i ' . .herein,.the term. .
wienf RO AR Sy URSEE DL B, 1,25
triazofiylo U2, 4Mriazhlyl,s 1,21 5aiaghiyt dh@i-neskodyl, bﬁﬁ}i@?fé?octﬁmﬁmisl%quinohnyl,
' t , pro
oxadi?léohg/ll_, ’ Qk?%ggigbgz% ge},gegécp%lggp{(zgl?flbu]%bﬁyoe{@_igzcglylgf m}t,pli}p),(adiazolyl,
: t )y . og t gt S20eRt Y .
o o AN gl PaoipOBT, M SRR Hynosatoyt,
quinuelidinyll actdialyb uazoginyl, fheormiddzolydbbertzoRRanyfly beazbtHi6furanyl, benzo-

. t. 10, frgm 1,to abouyt. 8 froml tqo about 6, froml
th“’pl?egl(-‘}gbé’ﬁ?z"&‘?mg?fhf PR bR 2 b Qe R ]y Acbangisaazolyl,

benzifthiakdlyl, " BérithRBLOTinyE Bfefhylhe@ioty MGt nfk$MNindf, Olthhthyridiny,
deca-hydroquinolinyl, 2H,6H-1,5,2dithiazinyl, dihydrofuro[2,3-bJtetrahydrofuran, furanyl,
furazanyl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl, indolizinyl,
indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolyl and isoxazolyl. Further examples of heterocycles include azetidin-
1-y1, 2,5-dihydro-1H-pyrrol-1-yl, piperindin-1yl, piperazin-1-yl, pyrrolidin-1-yl, isoquinol-2-
yl, pyridin-1-yl, 3,6-dihydropyridin-1-yl, 2,3-dihydroindol-1-yl, 1,3,4,9-tetrahydrocarbolin-2-
yl, thieno[2,3-c]pyridin-6-yl, 3,4,10,10a-tetrahydro-1H-pyrazino[ 1,2-a]indol-2-y1,
1,2,4,4a,5,6-hexahydro-pyrazino[ 1,2-a]quinolin-3-yl, pyrazino[1,2-a]quinolin-3-yl, diazepan-
1-yl, 1,4,5,6-tetrahydro-2H-benzo[f]isoquinolin-3-yl, 1,4,4a,5,6,10b—hexahyer-2H-
benzo[f]isoquinolin-3-yl, 3,3a,8,8a-tetrahydro-1H-2-aza-cyclopenta[a]inden-2-yl, and
2,3,4,7-tetrahydro-1H-azepin-1-yl, azepan-1-yl.

As used herein, “heteroaryl” groups refer to an aromatic heterocycle having at least

one heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl groups include
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As used herein, "C2-4 alkylene" refers to al kyl ene

groups conprised of from2 to 4 carbon atons. As used
whereiomesd al kenyl " refers to an al kyl group haRCHySWNE022793

or nore doubl e carboncarbon bonds. Exanpl e al kenyl

mon@dfyéli@ sendnpdlyiecliet ey haviks 01395‘)& 4 F¥<et ORRAE Y Etem@ndEx?mples of

the like. As used herein, "al kynyl" refers to an

heter@pfyﬂj rgr‘PW| ingludp éNléhoq‘frdH@thtmp pEriddy pyrimidibyln pycaziyl, pyrldazmyl

trlazr%ﬁ? 'ﬁfl}}{g éﬁﬁw gté%rr ﬁ}g,p‘éo IlII‘IOlH et h)y!fl%/ld?}Zé)f g,? @Xa(% yg\,nlngglyl pyrryl,

oxazolykybengofor, beawbihiergl ehearthiipoIg], h@x@ﬂﬁﬁlégz&%b%%ﬁaio‘iyl tetrazolyl,
| e anaIkyI groups i ncl ude CF3

indaisly g 1. -4 atiaroi 5O HRE ey puring cirbreslyl, benzimidazolsl,

mdom%nyénd trhgflgés 15% gl‘a"éﬁgy ‘"dhh&m%’ fth@ﬁ%t%f&é? 1#\-% 4p§18agsr fiom 1 to about 20

havi ng rings)’ aronm
carbauathmasandf mrfuﬂhwmillmdlmblﬁsrfﬂom aiath ttylabout 20 carbon atoms In some

d | dt
ety e B A RHE s HAAPOU Kugdo RRVE T pbiicsd foe-forming
atom@D P korRE eHBOAH NG %heté%a&?% P%’a?'l No abSﬁ‘%zgalb?Ggéﬁgl}n 3,orlto?2

groups are saturated (i.e., containing no
heterpgtppise bonds) or unsaturated (i.e., containing one or
R R IR L o -

cycli¢edl gkyl, alkeﬁyIQ and ailryﬁ?ﬂ Fﬁdé‘gg ?@39{3 %1§dom; ﬁr%yecc ly)fc rhoeb i F@ln?ng carbon

carbocycl roups inc
atomg Js-Teplse gy aqmpajﬁ@xs}mch agyeiQd H&pq aton% diX@prﬂﬂ eheydrocycloalkyl”
or bor.nyl ,
R e e —
tetra}@drdjblremdl 213- @hydmbemﬁlrbE 1g8-béRbiiox60R; Benzo- B Mioxand)! piperidinyl,

t cycloal kyl"). In so
pyrrolfiighi pweLol déw#bdwbra%rhdgmu&vr@@rdme T ipzoldny,
1m1datzgllgiﬁg}d1an%glecl?ﬁeb%g%cﬁ%rﬁ[s{ﬁl?% ? eﬁr}ft“ ﬂcﬂq‘#{t)erré clo%ﬁ%'?1 BIs Smoieties
that kaverane oxsmomearonmtiei nmgs" foyed (]&l Kiydvingr Efb@h& ih@ommon with) to the

d al kyl
nonargmggﬁyﬁe r&hgcl%a&g}%gy&ée%%‘i gﬁgﬂ%ﬁ%; |ze 7 m}égyll and benzo

derivhtiv@k ld)@‘heféﬁf& cle® sudPhy IM6leh€ ah# 1s3mdoﬂ:ﬂ¥ '&?&xgg In?’so%e &nbodiments,
fused rin rrng systens as well as spir

the h@g,r@p%alk ottt kasciyerh datblapput 20 carbon atoms, and in further embodiments

from about 3 to about 20 carbon atoms. In some embodiments, the heterocycloalkyl group
contains 3 to about 14, 3 to about 7, or 5 to 6 ring-forming atoms. In some embodiments, the
heterocycloalkyl group has 1 to about 4, 1 to about 3, or 1 to 2 heteroatoms. In some
embodiments, the heterocycloalkyl group contains 0 to 3 double bonds. In some
embodiments, the heterocycloalkyl group contains 0 to 2 double or triple bonds.

As used herein, “spirocyclyl” refers to a 3-14 membered cycloalkyl or 3-14
membered heterocycloalkyl group sharing one atom with a further cycloalkyl or
heterocycloalkyl group to which it is attached.

As used herein, “halo” or “halogen” includes fluoro, chloro, bromo, and iodo.

As used herein, “alkoxy” refers to an -O-alkyl group. Example alkoxy groups include
methoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and the like.

As used herein, “thioalkoxy” refers to an —S-alkyl group.
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groups include cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, cycl opentenyl, cycl ohexenyl,
weywboszadi enyl , cycl oheptatrienyl, norbornyl PCT/US2005/022793
norpinyl norcarnyl, adamantyl, and the |ike. Al so
i nalsugded herein) e“}ﬁﬁfaﬂkbxty" ORf&$ oY ah Qﬁb}hﬁioa&ryﬁ ﬁ@h}?t | 8% example
t hat have one or nore aromatic rings fused
hdon&vnhgvapbﬂﬁﬁ $n conmmon with) to the cycloalkyl rlng,

f or, VAl lve pent ene,

hngﬁgé‘d‘iPéréént hgfh%gﬁa%f‘ﬁ ée T n@&gﬁ%}ﬁ@ cycl oal kyl

gr Al p%&@ﬂelhawgcmammoapowfeﬁ td 00alyeltalldP, about 3 to
ut 10, or about to about 7 ringform ng@car bon

sed hiereipme a@%bvdy%wi”srefqrﬁ@ ailyjdlsgbstltu}tb ¥ cabocyahyl.
ha 13 2 113 L t bOﬂdS . t
e e o O U 05 LIRS, B el s
groupit ons of a cycl oal kyl group can be substltut ed by an
"het erqcycly

ox f.i 0 ,, used herejn,
s st RudorlEPpaT: BRES it flkyiommowr sthesatas it anescloaliy!
groulgycl i ¢ hydrocarbon wherein one or nore of the
ring-formng carbon atons of the cyclic hydrocarbon is
r efy atsed 11?}’319, fibeterogzeIplalkylit efars @ aﬁ aliyl Mioiety substituted by a

heterbﬁierﬁéc&gﬁ?? ﬁou)prqr %ﬁ‘g%ec ﬁ%gwgy@xﬁ[@ érou S intlude “heteroarylalkyl” (alkyl

substitheetder bgy chetaloiyl)' ) -antiet En@edeybalRYIONDE CLA SQubstituted b
correspond to h?Jr enat ed and&par??al y h$dr%beng %gue Y

het erﬁ%&w | Ingpeg Fﬁmb @Ttbdlﬁ«‘@mﬂy(:b’ﬂaikudgr@ms hawme frode3 to 24 carbon
atom§'HH @i sdft%n ok Yeﬁytcdne ‘fm%ﬁ’le%nmg au ?fh% g, 3 or 4 fused

ring ring systens cyc ]Broups can be

ch@xmeﬂélerezretbm@réfeksltng(ﬁ 14 or 3-7 ring-formng

at I n some_enhodi nents, heterocyclyl groups can
aFWnP‘?Wdéo‘HiS?rﬂllﬁ‘? heyeimy cap bet asdﬁénq’ﬂé@ dE@at bawing opm or more

stere(ﬂ:*éﬁfélfs) AN Qte tmel'g’ su@Pn gﬂtl&ﬁe th%a]s%ﬁ %E%r%?ag%taﬁeznéled unless

to about 7 carbon atons an can
otherwiseb tdlicatedm Gempaings oalt ¢ presefitu nrmeﬁﬁore rthard oS asydietrically
carbo het er oat om can be oxi di.zed

subs‘a{‘ulét[c]gfc(e%{bﬁ}g‘\)agorgﬁ1 CQB( e clﬁ,ol%tﬁé 1 gptilig Active, on rgcepyic forms. Methods on
how ®piep£d %tl@dl@n&&i@e Bn S HBLEsMicER actli?‘?%aﬁﬁlnﬁé fterials are known in

het er ocycl yl "groups i ncl ude "nor pho
the agth penkorspbiirese thpl cpfelraagnwym;xtms roaib}'dstcliausdﬁcylkze synthesis. Many

geom&ﬁ%r Qgﬁgﬂédﬂgfgé(lg %éﬂ?g t)fﬁlb gﬂzﬁigI plilﬁe?qndglﬁ%be present in the

comppyiidsoddseltitedl herblﬁoéﬁdﬁ alli ﬁicﬁ)ﬁtablé $RhitkAzR! édi{ité}ﬂlglated in the present
yrazol i di nyl, oxazolldlnyl t hi azol i di nyl,
mVCﬂPlﬂlil d%lfcﬂnﬁdrw| geomsHiq isempiskel thﬁ§0m0lln®sol%lﬂli: mesenh gnvention are

descriBE@ URP nal %F, oa ﬁ% &V\c’l %%{ eg)?tls% QA ¥ as sepa(%ated isomeric forms.

"heteroc
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
such as B-camphorsulfonic acid. Other resolving agents suitable for fractional crystallization

methods include stereoisomerically pure forms of a-methylbenzylamine (e.g., S and R forms,
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exanpl e heterocycles include pyrimdinyl,
phenant hri di nyl, phenanthrolinyl, phenazinyl,
Web@aoodssazi nyl , phenoxat hiinyl, phenoxazinyl, PCT/US2005/022793
pht hal azi nyl , pi perazinyl, piperidinyl, 3,6-
or diab&fb‘oﬁﬁyibalﬁyﬂ putk; Zodn tﬂﬂl@ﬁ%’lr@{yggﬁr%: dﬁ@rephednne ephedrine, N-

methy] e@bgcﬂrgtg; g}t/crlglgq);(g{gﬂﬁimme,pk admmln?wcl(mqmmy hnd qhy rllknyl
ngr{l élgtYArllT ferEe%lg gggél(lgéz/so alé%}/ss Ze%a:'&rne?éll dd%&}é/ Ie@,l%lon on’a column packed

with ayirdpdioalby a;ﬂ:me&esqwihg dgentl (e. gQ)dimdeelszylbhéHy@gl?Mlhe). Suitable elution
'ro )

lidj [i, nyl yrro
solvd £ BRGNS sy lclrmineldiyme okod oh Hiorhy |
gﬁf?lbﬁgbﬁ%{c%%ﬂ IHg Qgél alfz?\l}’érr]ltloﬁ eéfé@%@é_lﬁ{l% taufomeri q(){‘ms, such as keto-enol
tautomeps. 4- t hi adi azoI yI 1 2, 5-thi adl azoI yl,

hi adi t hi ant h lazol yl, thienyl,
i QRBOMRSTIBF ehia b0 aptude, 1 REPRY @b stomysoceutring in the
1ntenth11@féE1 Qﬁyﬁnaltddnﬁ:f’ehﬁ&g Tsdkopes3 1ncf1fdb %Q%Y éltoms hav1r}%/ fhe same atomic

4-triazolyl,” 1,2,5-triazolyl, triaz
numls@arbph d{arent snasa myhbersi Eorjexample,nyotppesxafthsaizadeytl include tritium and

3- oxadi azol yl, 1,2, 4-oxadi azol yl, o
deuteim% 5- oxadi azol yl, 1, 3, 4-oxadi azol yl, oxazolidinyl,

oXBiEOpittase Omzmidcdlhﬁbﬁlly stdbpamet '1§‘Yémp19§*b'dn ﬁlﬂ:ﬂeﬁy ko refer to those
4H qui nol i 2| nyl, quinoxal inyl, quinuclidinyl,
compQupqlsypaferial &Z%‘ill?wmonﬁ)eﬂﬂ/% dosage yormspwhicbfare,awithin the scope of

I
soum?l;enZ Wﬁpg&fgﬂeﬁmy@gﬁz rl}lélg {%&I fﬂlpyo%rt]é/(:t %}nﬂ} ﬁgoxaéq% thl human beings and

animige nmthmxazmeﬁblye heﬂlzltﬁpﬁﬂﬂitﬂm ydllerdie Nk pardaz ot | Gtén problem or
nDrphollnyI naphthyrldlnyl

Compgie ?{%%‘%&’L‘jg? h?’\g a’reQSran‘Pl@I eneliiiskatios nyI
dined rp?és'e‘ﬁto [n%fe%tlgﬂlt Xllqlﬁé’sf gfh%ﬂvageﬂ{ @anlg/h acge {aéfansg t$ of the

car bazol yl, 4aH—car azo
compehpdsnéasptibedcherainl iAsydsed |hnreaiaz'lplhamm¢ylhtlcailmad&e}ﬁdblé‘)éitlts" refers to

der1vétr98g|a H/?y @soﬁgﬂﬁ:@ﬁ%k S, ngq%%e tﬁ/q §6lgsgg ozslgirqrﬂ)pmps modified by
converSeE Bh Mﬁb‘ﬁ}ﬁé,acids@ﬂ Béi@ztﬁél)éiy’ tol RO54A %ﬂﬂ"éﬁ[xatﬂpf% J}dlﬁla%aceutlcally

I Soqui nol |q¥ I sot hi azol yl and 1 soxaz
accep@b&qﬂl’@ dngdpden dueare @19t:lmas_ieq1 b Irmde’ahalemgahm acﬂl-sylts of basic residues

such gs grélﬁ'laeg?/%i(%l oFLop arnicosl@lltrs d% ﬁmflﬁ)ci,?esu*ug% alllﬁlh%q c9§b0)3y|hc acids; and the

like. ﬂpradaMball}ga&epthm GRIDYT the ipfeskntVihvention include the conventional
hydr oi ndol -1-yl, 1,3, 4,9-tetrahydrocarbolin-2-

non-t%lc S?h$ O F atgter@ajrbwmg@mu@_ §dlts af thelparent compound formed, for
examé@2 ﬁlhzfgﬁétg%ﬁhé(ggﬁﬁé r@%b erng;albi%ig a%'lie ag}‘lac[f%hsx'fl ynacgelg}iible salts of

the prpgenamvantlcfrﬂqaﬁ te] sgmhaslkechﬁ'c&n)the pattiZ@Rpdund 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;
generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are
preferred. Lists of suitable salts are found in Remington's Pharmaceutical Sciences, 17th ed.,
Mack Publishing Company, Easton, Pa., 1985, p. 1418 and Journal of Pharmaceutical

Science, 66, 2 (1977), each of which is incorporated herein by reference in its entirety.
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1-yl, 1,4,5,6-tetrahydro-2H benzo[f]isoquinolin-3-yl,

|, 4, 4a, 5, 6, 10b- hexahydr o- 2Hbenzo[ f]i soqui noli n-3-yl,
WR2Ba/08168a- t et r ahydr o- | H 2- aza- cycl opent a[ a] i nPEnUR209$/022793

and 2, 3,4, 7-tetrahydro- IH-azepi n- 1-yl, azepan-1-yl.

AsThs ptisélﬁflﬁVdimonf&@Jthél@ﬂeﬂ pro ?éﬂ B tHeet‘fO%{ dufd@fescribed herein. As
aromati c hetero cl e havi ng east one heteroatom

used, hegejnneprgdrugstiaefen do %quspwale@tby @endedocameltsmgwh release the active

d I cy
parelﬁezh%r O@f?%l{l/ a%n%%i@é&edn ?o % J?Lg}%g%(f C I ESPSII%gH,é |pé§pared by
modxfjfmg éummaalygrogpsapm&m hl@khedﬁ)mizlohﬁ@slﬂn ducHial why At the modifications

yrimdinyl, pyrazinyl, pyridazinyl,
Cﬁ) Ve |EH¢FIYO 1 mtwne(r%/wamﬂlqn Ohym Wap.yto, the gepmt ﬁgmyipunds Prodrugs

1ncluHQ 'c@ﬁi}ﬁbundsmvﬂé}é | Wdro 'ﬁﬁﬁlhyéulfh;r ,lb(yrI cat'rlg Zé}'dulps are bonded to

oxazo benzof ury benzothi en enz
any grgqxdmt;lxy]hen q;i)mlalstrlrgd to & mamaligh sultjectt[ alzax}ey lto form a free hydroxyl,

lfiﬁ%'é’n(iﬂ Cafzﬁﬁa‘a/ E;'yﬁﬁ' Ehratte ?ngtng ¥ Plagioas ipglude, but are not

llmltédﬁm'abéth‘tle foriatel M Hehkdute HEIVRATES @F@Q&io’l@ﬁ& %mﬂehﬁmctlonal groups
heteroary f&]éoup has from 1l to about 20 car

in theyppampayngs pf the inventionl Rreparaticnranchua ofiprodrugs isdiseitsséin T. Higuchi

it SR8, 5 1, RONE, SEROS, 0L 5, 9L B2 i, symposan

Series, agt 0 rBibﬂ@ger@MathrsSﬁz”DrﬁgTMigﬁe @HSEd{NQﬁi B. Roche, Amerlcan
heteroaryl group has 1 to about 4, 1 to about 3, or

Pharmaretinl; dyseepiaipn. and Bewgampar Brass, '1987.ebotly oofoamol;h arej hereby
td terocycl es including cyclize
1ncorgf1fafe'a% ?}E:Pé}ﬁf:?l{ the hﬁ&e&ﬁ

eny groups where one or nore
of the ring-formng carbon atons is replaced by a
het eroatom such as an O N, or S atom Exanple
Sy’%'ﬁéterocycloalkyl groups i nclude norpholino,

X et&ﬁ@{/ dhﬁ’ lole iRy 1&%%@%%&%&1% ts@ Sjé]?gglq{egf 1 Pates thereof, can be

rot hi enyl uryi
prepaledgumkmdvmﬂmaé,c syethesis Itechmques(mdecanphep@mﬂiésl:zyd according to any
[rQ soxazol i dinyl, isothiazolidiny
OfH“E%F%‘E SP?Sa‘?q%;?Ymh%B?af?BYePdu nyl . thiazolidinyl,
| Mhéagadtiods wt prelﬁt?ﬁﬁgtch Ipbhllf(% of%@ﬁvhﬁ%ry&%doe 'Jbﬁout in suitable

definition of eterocc ar e rmletlest
solvepfs avhieh easy ke @a@ﬂmeil@,ctad Ipoyenef QfSSédl ini the art dfamgamgp synttesid. Suitable

n e nar o C heteroc

solve#nrs] & exanpfS'\%SE%%]ﬁ I? rrlél-gye}c Ve h | Fﬁaﬁ ag%rfﬁgt’ants) the
internpkeliatyQ tor \esdis hethertegipelafesSMCWhRE thd Q@icﬁﬁﬁs aRdoarried out, e. g.,
i soi ndal.ene groups. I n sone enbodi nents,
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.
The chemistry of protecting groups can be found, for example, in T.W. Greene and P.G.M.
Wuts, Protective Groups in Organic Synthesis, 3rd. Ed., Wiley & Sons, Inc., New York

(1999), which is incorporated herein by reference in its entirety.
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t he heterocycl oal kyl group has from1l to about 20
carbon atons, and in further enbodi nents from about 3
W@ o00abows4 20 carbon atons. | n sone enbodi ment SPCT/082005/022793
het er ocycl oal kyl group contains 3 to about 14, 3 to
abRuictibns @4n Be tortofddEcbAid RPait QFRble! AethORnown in the art. For
enbodi nents, the heterocycl oal kyl” group has 1 to about
exanple,] produeibfumation ean bet g1opitprstlebyo apestiwscapic swaass, such as nuclear

mag%%g%%@ﬁ%ez%gégg #}Sﬁ g%,[g(,: glﬁ.lbogg? Qljﬁpgrre%? %8gt90%tcglqu Sspgct;o%hotometry

(e-g-nENBYRIG| oAty sgdcadmea®NbRbY ThibrifogdaplBUBI® £ high performance
. triple bonds. As used herein, "spirocyclyl" refers to
liquig chtometegsie; GPLS)r Snier ghromatograpbyber ed
he ri it further
DCLRAAOHE) STHEHL AR SHALAR 4% B YR Sres 1
13 belbtvawhew colditume thenereed of, the Hedicted Grrmiulrl 2@ efinddrietdigles
flyoro, chloro, brapmo, .and_ i odo, As used herein, |
* 2P RORpODTUANSFD T it cids of fimuly b pansbe.prspred s fhe protocol
descHPQMRSS dhbfnle Ud & HERLRRN Y cia By Ia@:ﬁ%ﬁbleoéa c Qt@ihdgt-l’l can be gonverted to
n- pr o}goxy and i sopropoxy), t-butoxy, and the liKke.
an egigyegchhes eimrethyltesico &y kisatpient sfithrisddrethane/tassioy carbonate in DMF.
I . As,_used herein, "hal oal koxy" refers to a .
The Sty St 2 3P 7 sulapieg Rafipr 5V iipn aiech iR sigh pan fodide R'D
using¥base sHch bSBihe hsxdﬂnetféﬂarsh@ﬁdfec@ﬁmmj td Elfo%!& th® alk]ylated product
- O-carbocyclyl. As used herein, "cycloal kyl oxy" refers
1-3 as ¢ misharg off 64 dog| tranagliasiesepriess €4:h ratio) aFlomymirytiaas Idjdstereomer can

. L by car clyl. As us .

b I Bl SR L SRR B v 28 445 e reutin
enantiomue asidols4idanthedsubjected t@ra hydioganatio\asidg @dedty &l sich as Pd-C to

"cycl oal kyl al kyl" refers to an al kyl group substituted
afforﬂﬁea%t"é%?}{&)@]bﬁl’&ﬁwga}"%w- As used herein,

"het erocycl yl al kyl" refers to an al kyl noiety

substituted by a heterocarbocyclyl group. Exanple

het erocycl yl al kyl groups Sahemgi¢ "het er oaryl al kyl "

(al kyl substituted by heteroaryl) and

"het er ocyclooal kyl al kyl " (al kyl substi tgt ed by

Mel/KoCO3 LHMDS/THE
BocHN OH —m7FM > BocHN\Q)J\OMe >
DMF R
1-1 1-2
Q 0
LiOH/MeOH
BocHN@AOMe > BocHN ~ “OH Hg/Pd-C/EtOH>
R? THF/H,0 R
1-3 »
0
BocHN\Gf,)kOH
R1
1-5
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het er ocycl oal kyl ). I n sone enbodi nents,
het erocycl yl al kyl groups have from 3 to 24 carbon
W@e@awo4e84 addition to at | east one ring-form NBCT/US2005/022793

het eroatom As used herein "oxo" refers to =0. The
COopolopatiatiRabokPtdadld 6f foriila DS 8y BIBldphfed (@i the procedures
having one or nore stereocenters). AU stereoisoners,

outliggd i Jehegeahthhe wemmesgiallxireasleblecoprncyclopersarienarbardit acid 2-1 can

t.herw | ndj nds t he. present
be oERR, 8 Mt S PEREBRE oGRS & mk ARefHERER: 22 can e
prot@tadinnirettaent widntringethy drhbedmate i0Hld sraddnye 8€4d Mididlcatlyst such as

racem ¢_fornms, Methods gn how to prepare optically )
Parafggﬁn foatenacid. rlkylsfen eﬁthefeﬁé@ilgxgetglt ZAtWityamalky} jodide (R'T) can
be adofipiSRYd 'uéiﬂhoﬁ BSseWMuth a$ FP]!MBQ & dlrofy§f§| JHihé %ﬁfaterdae%l.eem294 using a

m xtures or by stereoselective synthesis. y
base gadnast IiiOH, iNeTE 05 KO plosfden the d@artdxgticibtids bbfockauladnsl

the like can al so be present in the conmpounds

descri bed herein, and all such stable isoners are

contenplated in the present invention. Cs and trans

geonetric isomers of the conpounds of the present

i nvention are descri'bed aR8heM$ e isolated as a

m xture of isonmers or as separated isoneric fornms.

Resol ution a racem c m xtures of c@rpounds can be

carried aut _Jhy anyMefkjeager ous net hglds kno j e
art. ﬂ:a-@: np & m—memm@%%omww»

recrysta zai on usiRMFa "chira esol ving aci d" which
is an op2fically active, salt-form ag organi c aci d.

Sui t abl e resol ving agents for fractional
recrystallizatjon nethods are, for exanBIe, optically
active qgfds, uch agppipefyand L yornmsyof tartgpic
acid, ¢iagetyl tamMearic—aeie,—ei b ardE | e—act-er
mandel/ ¢ scild, malic aciRf] |acti/ Rr the various
optically aetj ve canphorsul fonic acidg,such as

b- canphorsul fonic acid. O her resol ving agents
suitable for fractional crystallization nmethods

i nclude sjeregi sonerically pure forns of
a-nethykﬁénzylanine (e.g., S and R forns, or

di aste LcAPHy pure forns), 2-phenylglycinol,

nor epHedr ,Rephedrine, Nmethyl ephedri ne,

cycl ohexyl eetyl anmi ne, 1, 2-di am nocycl ohexane, and the
i ke. Resolution of racem c mixtures can al so be
carried out by elution on a colum packed with an

OPRib&akiny RAVAMRS c8S Bk \Wrihr&d88he (% icted i
di nFt r obenzoyl h?er?yl gl \ﬁgli&%aé) . Suigt ab?rgc%?ulﬁﬁ gﬂmted in Scheme 3.

Coupling of a piperazine derivative of formula 3-2 with an iodobenzene derivative of formula
3-1 using copper(l) iodide and potassium phosphate gives rise to the intermediate 3-3.
Removal of the Boc group using an acid such as HCI in dioxane or TFA provides the

piperazine derivatives of formula 3-4.
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sol vent conposition can be determ ned by one skilled
in the art. Conpounds of the invention also include

w0 200600884 ¢ forns, such as ket o-enol tautomer SPCT/US2005/022793

Compounds of the invention can al so include all

i sotopes of atonms occurring $thdme 3 nternedi ates or
final conpounds. |sot qsqes i ncl ude those atons havi ng
the sang4 at oni ¢ n but different l;rass nunbers. For

I g8t op rogen tium and
@ ﬁ\R‘Elihe Eﬂ?’gse}wz "gh%Errag@ﬁgl cal Iy gCCG‘Bpt abligf is
j ereln_Wro"th “eonpetigdy ———=
mat®ri al s, onposi { rong, and/or dosage

are, wifhin the scope of sound nediBa
suitabl g.qfor use in contact with the tigsues of human

bei ngs and ani mals w thout excessi V& toxi ci ty,
irri ta}\laﬁ al l ergi c response, or other problem or

compiN éw(nﬂ4connensurate\mtrla reasonabl e
benefki/n' s RP0. The present invention also

i nclRBles p aceutical ly acceptable salts of the
conpoun

I_.{bed herein. As used herein,
" phar maceut i gal y acceptable salts” refers to

deri vafives f the discl osed conpounds wherein the

parent conpound is nodified by converting an existing

acid or base noiety to its salt form Exanples of

phar nacAlIematavdly, pipeepimblderisaives (fo@iulaed-3pudanabe pRpared by

ner al rgani c acid salts of basic
displpigBie g *AEROROYaHinR ax - apriBidies derasive it domonla 4-1 with o
p1per@ﬁh@ﬂ@rﬁa@1%@?€o%n§u%9¢lzas carboxylic acids; and the
[

ke. The pharmaceutically acceptabl e salts of the
present invention include the conventional non-toxic
salts or the quaternary amr}f‘@ salts of the parent
conmpound forned, for exa Fom non-toxi c inorganic
or organi c aci ds. The phar maceutl cally acceptabl e
salts of the present iR%eRflon can be/g)Rﬁ hesi zed from

/ KN

the paregf conmpgsnd whj i ns BNbasj ¢ or aC| d| c

t
noi ety byﬁﬁnv nti onal AT rreth N &r Y,
such salts & prep %g] by Teact fng t hdl f r e aC|d
or base forns, of these conpounds W|th a stoifhipnetric
R3

amount of thB
41 4-3

Alternatively, piperazine derivatives can be prepared using a sequence as illustrated in

Scheme 5. The commercially available 3,5-dibromopyridine 5-1 can be converted to 3-
bromo-5-iodopyridine 5-2 by treatment with isopropylmagnesium bromide and iodine.
Coupling of the resulting iodo with a piperazine derivative of formula 3-2 can be
accomplished using copper(I) iodide and potassium phosphate. Following conversion of the
bromo of the resulting intermediate 5-3 to iodo using isopropylmagnesium bromide and
iodine, the iodo can be displaced with triffluoromethyl by treatment with
Me;SiCF3/Cul/KF/DMF to afford the trifluoromethylpyridine derivative of formula 5-5.

Removal of the Boc using an acid such as HCI in dioxane or TFA yields the piperazine

derivatives of formula 5-6.
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appropriate base or acid in water or in an organic
solvent, or in a mxture of the two; generally,
wocwaqueeus nedia | i ke ether, ethyl acetate, eP¢EHNS1005/022793
i sopropanol, or acetonitrile are preferred. Lists of
sui tabl e salts are foundScherRerf ngton's Pharmaceuti cal
Sci ences, 17th ed., Mack Publishing Conpany, Easton,
Pa. 1985 p 1418 and Journal of Pharn{ﬁ% tical
Sci ence, 2 (1977), each of which i¢/ /hcorporated
her§$ y\ gteréﬂ@@Bﬁh i tl BEtyB?ﬁ pr Heng-2
i nvent ilon_al so T ncl uded pr drugs of
descri be® herein. As used 2in, pr%@ %8@ refer to
any covaliently bonded carrldtz whi ch rel ease the
active paRent drug when adntnlstgy@d to a mammal i an
subjseen rodrugs can be reﬁmee y modifyin )
functlbnaE grQupg, preSegh P n the nds i M&salhsa_
way tRETth di fications aréBErgm e'théﬂukﬁbMF'>
routi ne mani ation or in vivo, N par e
conpoundss-zProdr ugs i ncl ude conpo _st wher ei n
hydr oxyl , Rgrri no, sulfhydryl or ca'g'{gboxyl groups are

bon@%g\,t’t/ any group that L nistered to a
manmal [ anysubj ech cl e"&ves to ormea free Eydroxyl,
am nqu1s~uIN or car boxyl Bgm 8 tively
Exanpl es of dr ugs i ncl ude, but ar limted to,

acet ate,5-bor rPéte and benzoate deraaath/es of al cohol
and ami ne functional groups in the conpounds of the
i nvention. Preparation and use of prodrugs is
di Bipetsdias of fbtfﬁhydtlbﬁyi@dlhe dé@va‘ﬁveﬁ:ﬁt B@syntfé’s?zegrag 3Ro®R in Scheme
Novel Deljvery Systens," Vol.
6. Lithiation of \braenor ex 1odghenzene étrcfraéV@ pﬁfmla@t rW1ehr & ailhylhthlum such

o T T —

formidatdi2 giroviles theategtidie radénhol € Q‘blﬁh&ﬂ@tG‘ESI byldwihe rd%'ﬁ?@rahé‘n using a
heir enti Sg&ty Synt hesi s Conpounds of the invention

dehytirﬁt%% assy such £ thignyd chlogide/ Py n@dthe apsaliinehelefin(6-4 eambe reduced
nt
by 2R PRBRGH S0 BTN 00T GeSAT I SRS 8 o v
an actdc@sh b$ HCS ymdibenecor’THA povideh eompaids ofi orfrvilacif-6 J& iahd 6-8.
conpounds of the invention can be carried out in
suitabl e sol vents which can be readily sel ected by one
of skill in the art of organic synthesis. Suitable
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sol vents can be substantially nonreactive with the

starting materials (reactants), the internedi ates, or
w@e@mdoetess at the tenperatures at which the reaPtT/08205/022793

are carried out, e.g., tenperatures which can range

fromthe solvent's free3chegné énperature to the

solvent's boili ng terrper ature. A given reaction can be

carriegsout in Sol vent or a mature of nore than

one, sol ve ts ing on t A Lkar reaction
st gxp, tabl 8°’g& &% orggc'\ggr ¢'§&I ar_qr eS0TIy st ep
of the—>

cte m—_l’para i on gAk~C€0
gentl Rcan ' I"'(e/e t he prot ectl d deprot ection

of varR ous chem cal groups. The Red Tt o’ protection

and deprlot ection, and the sel ecttion Bf ag{zprl ate
d

prot eeBi Nng groups can be readily determ by one
skilled in the art. The chem stry of protecyi ng roups

can be.rfound, for exanpl e R T. W G eene and/\F’R
WBasN ’tive G oups Il é{garﬁc S%nt hesiN” % dHR4
Ed. _JFey & B, Ino. New 8999), whi R

hereln by rRferen
entiret gRRegCtRONS can be nomdtofedr@ccordi ng tge RS
sui t abh ekhod known in the, artgs For exanpl e, progct
format1 on can be nonitored by spectroscopic neans
such as nueJmRC nagneti c resonance spectroscopy (e g.,
1H or 13Q) infrared spectroscopy, spectrophotonetry
(e.g., -visible), or mass spectronetry, or by
chronaﬂ%grqghy such as hi ;berfgrnance liquid

gyer chr omat ogr aphy.

cI#F8 tgrhy (HPL@ o '\?ﬁ

%0 Hﬁet—l—e—peut 0

p prow ded ﬁw Sch 1- 13 bel ow, where
gt eRSf or nul ae are

def i n%q-) hemréi n. 3- Ami nopenggnecg? boxylic acids of

formula 1-5 can be prepared using the protocol

described in Schenme 1. The commercial ly avail abl e
agAgé’R}Sm tltl‘he y)( a}gllg?rugin% ortFe &ﬁ onv i]%eh %erlvatlavrés el ef;e Ssl}'lfﬁt esized as

1llustramtb ive ISbhdied UOtAa%SmMBrﬁalﬂﬁﬁﬂﬁla%ld 0-daMropytiiBnd %?l@ SH1BBpyrilidine
ter_1-2 can be subjected to an al kylation with a

deﬂVﬁ%Y § efeloseld 4id cam be santrated fa Rybrosiopyriding derévagive lof dgrmula 7-1 by

ek TISNIEE 2SR QN 4 priame n

tetrah}ridagiye‘dﬁmnierlsat(\és bf faainuly) 7-5 hhé 778 e@rbetobddiged from 7-1.
di ast ereoner can

28



10

be renoved by crystallization follow ng hydrolysis of

the ester to an acid. The resulting enantiopure acid
wdaz2eeparssbe subjected to a hydrogenati on usi ngP@EI/US2005/022793

catal yst such as Pd-C to afford the saturated

carboxylic acid 1-5. S8tleame? H2/Pd-CEtOH O H - 1-3

1-4 1-5Cycl opent anecar boxyl i c acids of, fexunula 2-5 can

be prepared using the procedures outl'ﬁ\ in Schenme 2.

The go rcal |y avail aly e 0 ycd;&pent rboxylic
aci d 2\nﬁ111§ IR be Reipert %@'N\?ert?cri % X@éster h asgl fre hy|
ester. N Iﬁgtone of the r 49 eth,L%H l% can be
protected, by treatnment with r| th ort ormate in

the pres®nce of an acidic c& Iyst such as

par at ol wehesul foni c acid. Avkylation of the resulting
ketal 2-3_wmith an al kyl iodide (Rkh) can be

acC IS q usi ng a base sughnas LHI\/DS. Hydrol ysi s of

t he alkyl (} eséser BodLwsi ng d b e suchsas Li OH,

NaCOH ! 18 | des—ttHe—carb cpalec acrds of fornul a
2-5. SchenmsN 2-2 2-3 2-4 2-5 PN kne
derivatives gn e prepared using thelprocedures

depi ct edz2n &hene 3. Coupling of7-a pRpexazi ne
derivative of formula 3-2 w an i odobengene
derivative of Rbrmul a 3- sing copper (1) pqﬁ%le and
pot assi urBqgNosphat e gi ves r|setothe|nt'érrE|ate
3-3. Rerovallcoft group using an acj R®
HO in di oR&ne off THA provi des the piperazine Nl _
derivatives of fU @ 3-4. Schene 3 Alternativel R®
pi perazi ne der vatgsves (formula 4-3) can be ]9 epaﬁed

K |

Alternatively, piperidine or tetrahydropyridine derivatives can be synthesized
as outlined in Scheme 8. 3-Nitro-5-trifluoromethylpyridin-2-ol can be obtained by
nitration of the commercially available 5-trifluoromethylpyridin-2-ol (8-1). Following
conversion of the hydroxy group in 8-2 to chloro, the resulting chloro compound 8-3 is
subjected to a hydrogenation using a catalyst such as Pd on carbon to give 3-amino-5-
trifluoromethylpyridine 8-4. Diazotization of 8-4 using NaNO,/HBr in the presence of
Cu(D)Br provides 3-bromo-5-trifluoromethylpyridine 8-5. Following the procedures
described in Scheme 6, 8-5 can be converted to piperidine or tetrahydropyridine

derivatives of formulae 8-9 and 8-10.
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di spl acenent of a 2-chl oropyridi ne or

2-chl oropyrimdine derivative of formula 4-1 with a
wperpenawsne derivative of formula 4-2. Schenme BCT/US2005/022793

Al ternatively, piperazine derivatives can be prepared

usi ng a sequence as illust@ehiaarei8h Schene 5. The

comercially avail abl e 3, 5-di bronopyridine 5-1 can be

converted 8F,. brono-5-1i od%%ri dine 5-2 by treatnent

i th i sofr opyl N | 0 Cradi pge LN
\(I)V:‘ thlﬁ; tinggﬂgﬁ%é?llm a pilper zinemf

can be acconpl i sted I ng copper (1) iodide
and pot as8ilum phosphate. Fol | owi gig conversion of the
bromo of the resulting internediate 5-3 to iodo using
i soprg Inagnqﬁjun1bronide and i odine, the iodo can be

di spl acegywWyh” Br i fiyrepe ometa £FeanarOL/HBIE@I)Br
ve3Si CEgAloult K/ BivE—to—a 1 or d|[t he -
trifluefon®t hyl pyridine derivatNve of fornula 5-5.

Renoval of8-8he Boc using an aciggy such as HO in
di oxane or TFA yi el dﬁ th1e pi perazi ne derivatives of
formul a 5-6. Schene B\Eﬁ/beri di ne or tetArahydropyridine

deri vigti ves e synt\nesi zed gsN in Schene 6.

Li t hi aﬁ@%ﬁm‘@g #B%Si%obenienemggri Vatd, veOok/Py

f or nul a % vvith_a‘w%ﬁ—i'ﬁMmqéUh N
n-butyllilflhiumor Uttt utyIIithiurQ%oI oywed by

guenchi n@'@vi th a ketone derivative %t folnula 6-2

provi des/\tm“e tertiary al cohol of fganmula 6-3.
Fol | BWMg/ dehydration usi,ng a gghydrati ng agent such

as thi ch ridgjpyri"('ji ng, the flesul t i olefin 6-4

can beRYeduckd By hydrogenati ogatrsi ngraxgat dl yst such
as Pd on carhb Treat ment of 6-3, 6- d 6-5 with an
aci d suctf-as in di oxane or TF#gproNi des compounds
of fornmul ael 6-6, 6-1 and 6-8. Schenme 6 H2/Pd-C
Alternativefy, piperidine or tetrahydropyridine
derivativest can be synthesized as igdustrated in
ScheBecN7” 7 commer ci al | ynavai | afN€7%- chl or opyri di ne or
2-chl orlg || iLdi nerfervative of LLf ogmul 4C% can be
converrRAd ronopyri di ne degAtvati brmula 7-1

by

g8 N g-10 N

Tetrahydropyran derivatives can be obtained as detailed in Scheme 9 (where
R® is alkyl; X is halo). The commercially available tetrahydropyranone 9-1 can be
alkylated with an alkyl halide using a base such as LDA to give tetrahydfopyranone of
formula 9-2. Ketone 9-2 can be converted to an amine of formula 9-4 by reductive
amination with aminodiphenylmethane using a reducing agent such sodium

triacetoxyborohydride followed by hydrogenation using a catalyst such as palladium

hydroxide.

30



10

15

treatment with BrSi Me3. Using simlar procedures
descri bed in Schene 6, piperidine and

W@ edocabwess opyri di ne derivatives of formula 7-5r@nts2008022793
can be obtained from7-1. Schene 7 4-1 7-1
Al ternatively, piperidiSoheaie @etrahydropyridi ne
derivatives can be synthesized as outlined in Schene
8. 3-Nitro-5-trifluoromethyRpyridin-2-ol can bgs Ph

obt ai by ni gpn of e comegierdhly ava{ abl
5-trb®?o BRRR, I 0- 2- 0(8-45).—@9&*0 ng N{;&Ph
convers¥on of the hydrox roup iNa(GhckBHO C o, the

resul t g chl oro conpound 92 3 is subjected to9-a

hydr ogenati on usi ng ? catal yst such as Pd on carbon to
gi ve 3-ami no-5- triRfuoronethyl pyridine 8-4.

Di azoti zHei on of /84 usi ng NaNO /HBr in the presence
of Cu(T)Br provRdes/3NBzonmo-5-trifl uoronethyl pyridi ne
8-5. Followi ng the procedures described in Schene 6,
8-5 can be conver®dd to piperidine or
tetrahydropyridine derivatives of fornulae 8-9 and

8- 10. Schene 8 POCI 3/ quinoline H2/Pd-C

NaGKR bl dériydtived oB fotmrhlal B0-6 2 B QRN Bk ¥ abiuease depicted
can be obtained as detailed in Schene 9 (where Ris

in Seherin 10-A; keteraryple Ithk (Romtiewkerainl X isvHi prabale) can be lithiated by
treatlﬁxglﬁtirxgﬁ]ﬁ’ gﬁ?ﬁgﬁgﬂﬁﬁ}ﬁl e l‘esﬁlﬁglgba%iﬁ%l %%1' b%lt (ﬁ/l%ngﬂetdhm%] 1 ,%fl-cky\éiohexanone

e usfin ase suc

mon¢-ethykehy detapyr giverthe alcohelr 1042 .alBatzhenKef 002 Witk agaddub@cid such as
converted toi ﬁ%%ﬂge of  formula 9-4 by reductive

HCT 2Vl VRS i i priesignemdtldation oF be aesliingckeigne 10-3 by

treat @SR MWitB YTHA SBALWEY B/ @l&ﬁ&lﬁfi%// Rafe Ry di qlafi?% lmg(YHe 95 BY¥I affords the
hydrogenation using”a catal yst such ds palTadium

cycldhpxamore detiBytveswf JomBuli 19-4. Sabstituents on the heterocycle can be present

prior to lithiation or can be introduced by another lithiation before the conversion of the

acetal 10-2 to the ketone 10-3. Conversion of ketones 10-4 to amines of formula 10-6 can be

achieved as described in Scheme 9.

Scheme 10
butyllithium HO
RD-x y ~ 0 O] HCVH,0
0
10-1 o:<:>< ] o)
X=H, halide 0 10-2
RS
HO
RD GO LDA/RS| HO HaNCHPh,
—_— » oD .
R O Na(OAc);BH
10-3 10-4
RB Ph RB
HO ~ H,  HO
RD NH PP ——> R0 NH,
10-5 10-6
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O V-NH 2 9-4 Cycl ohexane derivatives of fornula 10-6

can be prepared using a sequence depicted in Schene
wageoelo4set erocycl e 11-1 (RD-X; wherein X is H PCT/081005/022793

can be lithiated by treatnent with butyllithium and

the residal bémpAinds of fmbe: Ti48Hh8mMIdd using the method described in
1, 4- cycl ohexanone nono-et hyl ene ketal to give the

SehemRdIL. Agarhoxyhieagidehforan altrSz:aw:bp NOgdpyﬁQm\yith@n@ns'mhf formula
B o CotRbF] pl R b idr Suchf Sl 40paPIG e seqppting egend

RulltolwingAnforh] efvae Boy uginganhiclisush bh Hg o TR, thedekeléing amine 11-
such . as R I affords the ¢ycl phexanone derivatives of

¥ brivhiesteddo 4 redugiite; anyapian withiahketers ef fepalael b4 rising a reducing
. r .

BN 2Pl b o T Fo R o AR RGALOBURER oForgpla 115,

10-2 to the ketone 10-3. Conversion of ketones 10-4 to

am nes of fornula 10-6 can heved as described in

Schenme 9. Schene 10 butyl | iﬁeuréjlll-%-, ¢ HC /H20 RD- X

10-1 10-2 X=H, halide O 10-3 10-4 10-5 10-6Fi nal

conmpounds of fornula | can be assenEged usi ng the

nmet hod describ in Scheme 11. A,carboxylic c3gdiflg 8ent

f or maberN= 2N ~bey condensed - th an asi n

11-1 using stlandard am de formgtion agent such as

BOP or PyBr.gp (coupling agent). p_l1l owi ng renoval of

the Boc using an acig such as HO or TFA, the R6

resulting amne 11- |3 igs subjected to a reductive RS

am nation wthOa e of forgula 11-4 usingoa 2)\/

kZ?t

. P I

reduggcﬂ%ﬁwkxﬂ — H2N~©¢)LWJ\X//Y
R R!

11-2 11-3
9 R& 6
R RS
A o 114 0O i\
[} 8 H <
> g8 R N~©,,/LLW x>
Na(OAC)3BH g R
gl
R™ A

Alternatively, compounds of the invention can be assembled according to Scheme 12.
Coupling of a carboxylic acid of formula 2-5 with an amine of formula 11-1 using a standard
amide formatiom method produces the amide of formula 12-1. Following conversion of the
ketal to a ketone using an aqueous acid, reductive amination of the resulting ketone 12-2 with
an amine of formula 12-3 using a reducing agent such as sodium triacertoxyborohydride

provides compounds of formula 12-4,
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20

agent such as sodiumtriacetoxyborohydride to provide

final conpounds of fornmula 11-5. Schene 11 coupling
W@®ano4B4 er nat i vel y, compounds of the inventiPCI/uszwohe2793

assenbl ed according to Schene 12. Coupling of a

carboxylic acid of fornulSthénte W2th an am ne of

formula 11-1 using a standard am de formati om net hod

produces the am de of fornula 12-1. Fol |l ow ng

conversion ofothe ketal to a ketoR& using an aqueous

aci d, duct ilye ami nation of th resultingowéﬂQﬁEmlz 2

W th 3 &H forrful a 1IMB<@S| R& reducing agent
such as |®n1tr|acertoxyboroMyMrlde provi des
conpounds5of formula 12-4. Scheme112 Met hods In son;
enbodi nents, conp nds of the invention can nDduI e
act|V|t of gne chenoki ne receptors.q °
"modul gt e t to refeero an ability t cr ease
or d CCS?iE;fDN ix?y of aTeceptor. Mvﬂ\
conpo&h the invention can be used i t hods of

nodul ati ng a gbhgnoki ne receptor by contactingi2-he

receptor with any one or nore of the conpounds or

COHDR%IRPQQS descri bed herein. In s@gfe enbodi nents,

co of tnhke present invention gan gct as

or s ZITT urt her

anwxntlon can be

e ine receptor in
an individual in ion of the receptor by
admi ni stering a rMbda i ng amgsint of a conpound of
Formul a 1. Chenokine receptors to which the present
conpounds bind and/or nodul ate include any chenoki ne

A@ﬂwéteptor In sone enbodlnents t he chenoki ne receptor

b S, tot famlu}/1 chhermklne receptqors . .
e g e RaspRs hetaF (hecirentce g4s, messils iy of one or
more@ﬁ&ﬁokﬁ@?@oep@gﬁgl“ W@Mo@la’te”ﬁ@ﬂﬁaﬁq@ 9%%%&19% increase or

chenoki ne receptor is CCR2. The conpoun
decreﬁ%*ﬁ/@ﬁt"il’fdrpfb%tﬁedﬁﬁtoselmrmlymeIﬂswf k¢ inventieanin be used in

methMEaéf rﬁ'odulatmg a chemokine receptor by contacting the receptor with any one or more

i nhi gl t ops-Nef, chenoki ne recept
e mRoufds e
used Ngcm@gghate ey SV

of the compounds or compositions described herein. In some embodiments, compounds of
the present invention can act as inhibitors of chemokine receptors. In further embodiments,
the compounds of the invention can be used to modulate activity of a chemokine receptor in
an individual in need of modulation of the receptor by administering a modulating amount of
a compound of Formula I.

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, CCR8 and CCR10. In some embodiments, the chemokine receptor is CCR2.

The compounds of the invention can be selective. By “selective” is meant that a
compound binds to or inhibits a chemokine receptor with greater affinity or potency,
respectively, compared to at least one other chemokine receptor.

Compounds of the invention can be selective inhibitors or binders of CCR2, meaning

that the compounds of the invention can bind to or inhibit CCR2 with greater affinity or
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conpound binds to or inhibits a chenokine receptor
Wth greater affinity or potency, respectively,
weowpasse t o at | east one ot her chenokine receptDDS2005/022793
Compounds of the invention can be selective inhibitors
potefidy, RéspdetivelRf th& R, arlbBaR Rembkiab rbiidrMBRURIS 184t bR of CCR1,
i nvention can bind to or inhibit with greater

CCRgs t¢@Rty (ot EARP, CEeBPebiGRElapd €RRAOF dn somast teerbodiments, the

comBBP L3R S ERIL P tg o b RS AR 5Tl S s 1
som@el’ﬂbc’ﬁﬂinients’sthetcbﬁl’pOQﬂmq;f nlitsin®éntidhehalve ba1dinOor iABb&ion selectivity for
i ndi or inhibition selectivity for CCR2 over CCR5.
CCRB O, SR 8 dome Arbodiments Gl somibeusk fitbe impaiien bave binding or

o i oo LAV )
PSRRI S OE! Sty S SRR St 101,
at leasheteont RO+foldastdedsit Akt GOdold] atedst bbham 16@!feldf atlédsyationt 200-fold, at

e T B PeETo0g B e S SrBbi e oncycan b

measebed &clrding td RSihe ARMIds 10U At SucRlas |a€@<ﬁ&ingtw Lﬂ%e assays provided
200-fol d, at |east about 500-fold or at |eaSt about

hereing00-fol d. Binding affinity and inhibitor potency can

be r ed. ording to routine theods i.n the art,

ouhE BRHERCRP G b B Rleh RSP, PR Gt & Shefiphige receptor-
assoqiited editcakd e nisordef Ufi t e inddvidiald@se. "Bahiadty W alihetbi to the

a_chenoki ne receptorassoci ated di sease or di'sorder in

indivigyiaj g eedual speh dreatmpnt i & ihorapeptieallsi sffsetisiei agornt phelose of a

[Qalo [FRAVA [ . t rapeuticall .
compBL M IHE brekche 1Ri6h oA Tt A RBLIRN cofobH DR B e 2 elemokine
recefitowvasaddiand diseasepdanrinelodel iy diseaz0)Piosided ONcddi@icaOthat A directly or

di sease can incl ude any

indirGHlE 0 BAkET ] COMABIOT T SERHDL P RBEmPngl o cgempicge Tobeptor. A
chemoR e B Chétokih® kREptbRa&¥OLRE TR Rse . n%ﬁs‘b'ifﬂt(lﬁé’e af &iglﬂ:%se, disorder or
h k chen%k p & che Fhe o

chenoki ne or I ne receptor. no
conditieantbki emn be pepvented asmeliraivédodiweddy madulatisp chemdltinte receptor

.. any di sease, disorder or condition that can be

athg}!‘event ed, aneliorated, or cured by nodul ating

ceamikilae of RBeRbENe At dhéinb¥ine BXdPbeRsMiatd iRkide di%grders and
chenoki ne receptor-associ ated di seases, disorders an
conditignsliin¢ledes inflpsmation atd dnflrmmaaryadiseases, suetaholie iseases, immune
disorgér§ QA3 Cancel™ iria?o%é gmgci)cﬁ%%ﬁt%,s fheic%gﬁine receptor-associated disease is a
viral infection such as HIV infection. Examples of inflammatory diseases include diseases
having an inﬂamﬁlatory component such as asthma, seasonal and perennial allergic rhinitis,
sinusitis, conjunctivitis, age-related macular degeneration, food allergy, scombroid poisoning,
psoriasis, urticaria, pruritus, eczema, inflammatory bowel disease, thrombotic disease, otitis
media, liver cirrhosis, cardiac disease, Alzheimer's disease, sepsis, restenosis, atherosclerosis,
type II diabetes, metabolic syndrome, multiple sclerosis, Crohn's disease, ulcerative colitis,
hypersensitivity lung diseases, drug-induced pulmonary fibrosis, chronic obstructive
pulmonary disease (COPD), rheumatoid arthritis, nephritis, ulcerative colitis, atopic
dermatitis, stroke, acute nerve injury, sarcoidosis, hepatitis, endometriosis, neuropathic pain,
hypersensitivity pneumonitis, eosinophilic pneumonias, delayed-type hypersensitivity,
interstitial lung disease (ILD) (e.g., idiopathic pulmonary fibrosis, or ILD associated with

rtheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, systemic
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di sorders and cancer. In sone enbodi nents, the
chenoki ne receptor-associ ated di sease is a viral
WO pfoeo468n such as HI V infection. Exanples of PCT/US2005/022793
i nfl ammat ory di seases i nclude di seases having an
sclerosif,| Sjopmhiersyndiofmeo pelymyweitl @SdedahbdfBosiBSPaRNfle BRI Examples of
. erenni al al | ergic rhinitis, sinusitis, .
lmmg‘éfhj @Fﬁ%@?’iﬁi tipglu fagéhqumamléd aﬁh@ﬂﬂ,aypsek_eaj@neardmtmn_, systeodc  lupus
L.4: PG}, SO Of |.asi urticaria, .

Ml A T U ET T I A AL —
throitlitisproiogeni ¢radiiass gjectioh t inﬁhﬂ&%! allograftefejédtiohN@%d Soraft-versus-host
. cargdi ac_di sgase, Al zheiner's di sease, sepsis, .
dlseats%sgé%@?%,o CANNESJRLPes ertces sughpes hrpasyicattset, @yarian cancer, multiple

myelgﬁltaam e BYOHUR e cﬁ‘[‘a‘ﬁlaitzf.telﬁg?d %gl HERRSn Il%Fgrloﬁllljargﬁs (e.g., tumor

| Sease, ul cerative co per sensi t (Y !
assodjited amerophayes gTANG) oeol pudreondisyaséd tissmss.s, chronic

oo BB K R0 R g L e f e
moietley ifedni ik viro Slstek s arPGULR IRIUE Fdtekhd lae,S ﬁd'o‘fl?icﬂﬁg" the chemokine

hepatitis, endonetriosis, neuropathic paln, _
recepQrEits a gemppynd of tha daventipn insludes dhenasiainisiratipmefiaoompsund of the

prese |F lsngrélgtgonztl}ﬁ%%)lﬁ%@%éﬁle &I’Q' i%%t%ég:sﬁ?hcgsg%ﬁlﬁ%%ﬁ{g%hgwa%wki@rrecemor,

as wdll &3, dsrsoxaindles ntvddubinghedoimionhd of dihbédtn 18364 &Ffle containing a
upus %rythenatpsus, ankyl osi ng spondylitis, o
celluiﬁygwm Earenagion cosaigpe eshayakine nesepion! ynyosi tis or
de | tq rel 1 bke. Exanpl es.of i mun
ArACBABAS b NG P AR D ot o
animaly inehidingsmaswysdls mirefetabbumie; yithesthéroddents,MBSItE Aogs, cats, swine,

' ' [ di ab . gl | hritrs,
carte S et RS P MO e P S, 1 o] oot | on
| Ned widl hgred, | tROpRYate *‘tﬁbﬁgéd’cﬁgﬂ}aQﬁecgfvgfaho\(ﬁ{”sﬁé%rg‘ ﬁoség amount of

di sease. Exanpl es of cancers i1'nclude cancers suc
activyparaungd s phermaseatidah ngam tice elicitud bioddgicahnoe nesdiciadl desponse that

T TN X —

veterinaiah, edRaBdsttordir 98R$ 8HnitlafSWRRh ifdudés SHe Bleﬁl%.ireﬂof thd following:
term"contacting" refers to the bringing together o

i Wb Y adingdhedisease; for axanipleireventing stdiseasy, camdition @i #higorder in
o SRR o s LI, RS MRt o v
experiedod rirsdisplay otheOpatBologiper RemplontAAcofy asFeMe idiyssdat gﬁlﬂl-limiting
exam]talg%ﬁ?ﬂ(io%glel\}/tlgggg jlmgz?s,rengigitv{xg H{lngazijsg;sggsét%gggdnlgzgd pr:l?r\rllgna%y aﬁbrosis,
chroniggﬁl%sglﬁlﬁfii‘% A ggﬁl&gﬂp aﬁgﬁjseo(fC(SItﬁ), i gQXﬁ-%risgélhgsqt Q&S ARE allo graft
rejection after transplantation, viral infection, insulin resistance, atherosclerosis, or
preventing allergic reactions such as atopic dermatitis, delayed type hypersensitivity, or
seasonal or perennial allergic rhinitis);

(2) inhibiting the disease and its progression; for example, inhibiting a disease,
condition or disorder in an individual who is experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder (i.e., arresting further development of
the pathology and/or symptomatology) such as inhibiting the inflammatory or autoimmune
response in hypersensitivity lung diseases, drug-induced pulmonary fibrosis, chronic

obstructive pulmonary disease (COPD), rheumatoid arthritis, lupus or psoriasis, or inhibiting
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cellular or purified preparation containing the
chenoki ne receptor. As used herein, the term

w0 povdiovdeslual " or "patient," used i nterchangeabP@r/Us2005/022793
refers to any animal, including mammals, preferably

progfs§ibn dfadtBerosylditic r}:%iﬁl@ﬁ SAlzh&%tErtssdls%gsma&ﬂﬁﬁ de@eR®ion or the
cattle, sheep, horses, or prinmates

Progisegipe o4 Eﬂs}}llﬁ ippistance Ag adkahetipetats, 0y inbiltipy haser growth or stabilizing
viral 15§he1nefﬁ #‘ats Lb%aﬁnfng%t ive.anount" refers to the

IVE CO cimgr phar maceuti cal agent that

eI (})I &rﬁelibrhjh@ A difleadt ORAxGMPR, ArRSIRPAER hhdikedss, condition or
consi dered. nmeani ngful in a tissue, system animal,
disordgimAndpgdividyal wbwwyn@mﬂ%@ad@i@rmg thstnatholegsi eirsymptomatology

of thg‘:%ﬂée%?é cgg&rnﬁﬁ o? élllﬁ% A6 i, 8' kepv'e% the tl?cﬁo éncg dreS é]g omatology)

noré o ow ng:” (1) pr | ng S
suchfas rdeeneasing ﬁ),e gutcimenine rgspanst md@@erseﬁsiﬁﬂtﬁ u@p diNeases, drug induced

T N RTE T G EN F  ,
lupuﬁéﬁp?ﬁfdrﬁﬂQ eor‘%ihnﬁkﬁ@'aaﬁ(mfo?%sﬁﬂa%d @E?f cRhice? HIRSOATRE 19aq>foad in the

he di'sease (non-limting exanples are preve
case h%mr@lenf@pmm ty lung diseases, drug-induced pul m)nary

5 g PGk RS B TR S SE8SE, i il agns

ant1bb©ije§2€dnlt1Qﬁﬂ@1ﬁhﬂfor§' ra@&ﬁ@' A1 de@fbtagolaidy aﬂdnieﬁgnhkél@ serum lipid and
insulin resistance, atherosclerosis, or preventing

lipid-gpirist gioduleting pgesyis aadion 1raglua@smppmsw@tsrmmbtem¢d dle¢<myladat10n with

A A A T ——
diseaggspdiseisisar;cohditions b lagents cdy 155 ¢dnfiteinéd With @R&Sgresent compounds in

condition or g(lfsorder in an I ndi vi dual who is
a smgg@p%rr ?%ngﬂlbs sage (Ig,qnbyqrn e tagents nap dreogdmigistered simultaneously or

seque?M%Q@Q}a%Q&’osQ e fopfs di sease, condition or disorder

resting furtﬁer devel opnent of the pathol ogy
arﬁiiltablesemtrplrdmbmis egyiemplatéd fos use i borhbingtidohwith the compounds of
arma ory or aut oi mr}me res onse |

the pigliy SRR o bomPist I 0s4e Ga8 vl gdeatsaitpaAcHBwas ibibitors
Mﬂ?@&&hﬁele&s’iﬂ&@b&s@{%&ﬁs‘cﬂﬁfahé’ ﬁlhpdﬂo@ngg ﬁﬁ@égse 1nh1P1tors entry

, rheumatoid arthritis, |upus or I asl s
lnhlbItWﬁJ I@Sllon n@pb@g&emtumﬁonﬁnlnbltms,@sd Iodreoantnmmﬂ dopgss,

o BaegE et NEBS nPAe Rl RS BLAL: SPBting (o gncitabine

(ddCRr stabtidifie t (d39);t UaBIvUBIRWM(BTOY; abaabi! 71598U8LY;aladbBd dipivoxil
[bls(POM)-PMEX] ?ob?lfcavalr Y]IBI\r/Igl 18|0qf94?)0t§C%]-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 NNRTTs 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.

Typical suitable protease inhibitors include saquinavir (Ro 31-8959); ritonavir (ABT-
538); indinavir (MK-639); nelfnavir (AG-1343); amprenavir (141W94); lasinavir (BMS-
234475); DMP-450; BMS-2322623; ABT-378; and AG-1 549.
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(3) aneliorating the disease; for exanple, _
aneliorating a disease, condition or disorder in an
WO pabsW0@8al who is experiencing or displaying PEEUS2005/022793

pat hol ogy or synptomatol ogy of the disease, condition

or Odhieg osiretBiral | Iag@nts Inel@e ShytitokyiRed) a4 bA)9EY rrand/ IEr12 pentafuside,
t omat ol ogy) such as decreasi n%&t he aut oi nfrun

enqu’é%n%@ngé‘l] nthpyeetefepradisplipaamide ng AR A e aPds457 and Yissum Project

i nduced pul nonary fibrosis, chronic obstructive

pu?ﬁnnary di sease (COPD), r heunat oi d arthritis, |upus

or Irpsmme aﬁbﬁdmﬁhtsﬁiil{ti 1hlaivgn Bory WiRhalg8sieo ﬁg@ﬁ@@bﬁférﬁﬁla’ced for use in
cancer | owering viral load in the case of a viral

combigiinn P, expemound el Hiscprercs anveskan reas egnipeiae, for example, an
g u e tL-v t )

orisBOSH A4 6 sl UARLE R0 DAY sy, «

cyclmg@taag mjmlamrauch sen syctlo@EM’gSnasSGZ inhitifoRiaeh idrk@leukin inhibitor such

as an i€ bdtaliRe & TR ROE ek o RO stentroapbioradelimumad
an NONNTROASon®t, 4N BihisiRs %ﬂ’tmﬂrl@vcﬁﬂﬁé anaxfl (i’ﬁluf)l'f fr]iggr esw of nitric

chenoki ne receptor-a3300|ated di seases,

ox1d@0¢hgpm—pf@rggdalmnﬁ@m@owaagebe Qrombymkmewuppresdmg antunﬂammatory
continuqus dosage

PR S TR SR RPN 1 -

indomethaciguiestoddlhd, yn@phinePapaseend pRamGetD Pifoxica hakdrBidal analges1c
antiviral agents contenpl ated for usé'in conbination

sufenfgny, F‘H&lnéé?rp@@ﬁ’(?rﬁa @ndtthe lree sSimilailyy din iinstargacompounds can be
I [ d_n I de revers

Y L T -

simeth@oee.s elutnians cri |pb@seivnd hiybiokites a M¥Chb & ant RUK %@%ﬁlenylephrme

i.nhi bitors, entr hibitors, fusion inhibitors,
phenyprqpPoelARIHiS: nhpss %@Qﬂq@ dring,q exyeetazaliteyi rephingphriee, naphazoline,

xylorEé‘tﬁ‘iH? ng, ﬁ%b%ﬁ@k&iﬂﬂg 1sle’v5‘ abids ?@gggiﬁgdétng&tf i%z's&? aﬁch as codeine,

danosi ne citabin
hyerCgmnm gammlmlteﬁ@qrbeimwne,r or(dbﬁﬁﬂmlsﬁh prphantef divietic; and a sedating or

IVOXI E 7 POM - PMEA] ; | obucavir (BMs- 180194)
¥ricitabine [(-)-FTC]; beta-LFD4 (al so

Cah'@ﬁheb@hﬁochm%@ ﬁlﬁ&i‘mﬁ@éiﬁ@albé‘éeﬁfsl-co%ﬂe plated for use in combination
3'-dicleoxy-5 5- f mor o- cytidene); (?

with yheb?@tramwn@s o ﬂugmmionmmn@amcomrm bt aramdt limited to (a) VLA-4
n e ( de
anashBUSPSRD o R ety ! 305 DT b HE Wy
W096/06108, W096/20216, WO96/229661 W096/31206, W096/4078, W097/030941,
W097/022897 WO 98/426567 W098/53814, W098/53817, W098/538185, W098/54207, and
W098/58902; (b) steroids such as beclornethasone, methylpi-ednisolone, betarnethasone,

1’10I1

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, ipratropium bromide, leukotriene antagonists (e.g., zafirlukast,
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90152); efavirenz (DWP-266); PNU 142721; AG 1549;
MKC- 442 (1 - (et hoxy-methyl)-5-(lnethylethyl)-
w@2qophewyd met hyl ) - (2, 4(1 H, 3H) - pyrim di nedi oneRCT/E82905/022793
(+)-calanolide A (NSC- 675451) and B. Typical suitable
monfeluKaeaSerahiRhdy tiiliskakt) ChAMTRLERI WM 06,2080 RAKGBERD *biosynthesis
ritonavir (ABT- _538); indinavir (MK-639); nelfnavir

inhibitges. (323 pilegapr BAXL003):1 40 ipayterdided | anginflanrBiBry agents (NSAIDs)
suchégg%@%ibn%%ﬂs%ériﬁ 'esz 3 Cigﬁ?%&ifl{?ggrcﬁ 78;r B%?p%ﬁ}g\rg’feln, bucloxic acid,

er antiviral agen e
roifdra \fertbufien, Iftnoprofeh,- fldproRRaN flafbisioftd, iipkeréh N tifstofen, ketoprofen,
ca.rpc_ehi, t he cycl%xtrri azadi sul f onam de bﬁ\%ﬁfr PA- 45%%gnd_ '
mlrop]l'oi;%qzI ,ﬁappqﬁegcpxmpzq,lggpr_oquq prapapreleho diprefens tiaprofenic acid, and
. N - l.gesj s.contenpl gted for ..
o), B R oead el Bive? 18 e 0 G R oGP RER, Bl ctidanac,
diclofemagnfanolofamn, fowiozics ecidf fﬂntiemnﬁh@ferﬁﬂ, Dfake, iﬁp)éeptac, oxpinac,
: I.st. a |ipoxygenase inhibitor such as an inhibitor =
suhng?qc(,) glglsplbg& y écé]ﬁjggé,g Zé(?cewg,e&?%x )f’ﬁé n gg@e]plfﬂ;ﬁ),b i fgmlg u .@_p]l.da glerivatives
(flufdafi€ heiax EeRASAIc 2Bl BldiGfami Bci'd[‘hﬁ’fd@k’l@c{h %iﬂli;{okffe}la%ﬁc acid),
such as an interleukin- 1 inhibitor, a I nhibrtor
biphepylearhexylinf peidi metivatistean édifepisal amdadhifemsaipb oaivat¥MKisoxicarn,

piroxA S0RSbarn Bk LR Ok 813025 (i cefit SRy g Geic ulfaselazine) and the

pyraZodunest efapizdat, amntipipdryRATRTNzMENmofSbutizone, oxyphenbutazone,
t oki ne- suppressing antiinflammatory agent, Tor

Phen§¥5%@); si®h s¥clgewiesnissdphdfOXapi rinhibitosdei(hp, inhibitors of
[ (nd acin, ketodal ac, .

phosptERicKise rBE N LEOE IV BTG et o B8 Lemobingapeceptors

especiailyl G¥E€Re4, CCR EME@RY, CCRB A UORS, ; G)Q!hb!b@férolQB\QeﬁﬂEagents such as
Lke. Simlarly, the instant cgonpounds can be . _

}Mdégﬂﬁgnir% stasg itogs pdpYastabing esprsivastatinopcht pravastatioy cfluvastatin,
[ N o 2 ' 'c= Lcone, ;al.umnum. . .

o o Py e e e, RholcatyHh e S i QD). Wbtinic acia

fenofibrie npéidp Hetivesivep hgewifibrazilandbfibiat e ferpsibrto phrd bepRifibrate), and

' [ [ h l'ine,
probu)%é]?,( g(%éta ég%in?lﬁ@n%gﬁt}lgggﬁ 1o ng;gplﬁig ,psu(ag oas anti-TNF therapies, anti-IL-1
receptogVOTHASAY &RDEWIONBad afti-F11A4 hARRIAYS: 215' R Afanead Gbd8s such as
._.hydrocodone, caramni phen, carbetapentane; or
insulifge st lfenyiirhes dhigwanides dmatbrng), dheslacasiiad iimgbioors (acarbosc) and
orlitaz5A8s ?ﬁgﬁ}tﬁ&e ! &bg’l‘it%zrp)n%ﬁ' (m) preparations of interferon beta (interferon

beta- lo., interferon beta-1 P); (n) other compounds such as aminosalicylic acids,

antimetabolites such as azathioprine and 6-mercaptopurine, and cytotoxic cancer
chemotherapeutic agents. The weight ratio of the compound of the compound of the present
invention to the second active ingredient may be varied and will depend upon the effective
dose of each ingredient.

For example, a CCR2 antagonist can be used in combination with an anti-
inflammatory pharmaceutical agent in the treatment of inflammation, metabolic disease,
autoimmune disease, cancer or viral infection to improve the treatment response as compared
to the response to the therapeutic agent alone, without exacerbation of its toxic effects.
Additive or synergistic effects are desirable outcomes of combining a CCR2 antagonist of the

present invention with an additional agent.
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In some enbodi nents, pharmaceutical agents

contenpl ated for use in conbination with the conpounds
w@Boobleiops esent i nventi on can conprise but ar ePeDUS2005/022793

limted to (a) VLA-4 antagonists such as those

Phaiescehifidat GoimuliiBoks, lDdstige FYARS/ 15973, W96/ 01644,
v096/06108 W96/ 20216, W96/ 229661, W96/ 31206,
V0 3§ 1ensTloNag o3 phammesutiopo the Gpp@oTndanidRrmakEaAn be administered

S A et e
well nla*tolmyi i tleed phalagedicabattanmi haaoke adﬁﬁﬁ@tﬁteﬂoﬁﬁ a variety of routes

T N
treat%@)f:’qﬁ[d?ﬂlﬁisﬁaﬁ&g ch 'B%rt}c_)ﬁqé @n&lﬁ@i‘ﬁg mrﬁ%%pgl{cf % 08US membranes

anti hi st am nes am ne“antagoni's
mclqd:r@mlptmmal,amagm,al camldo rquited n delavery)e, pulmonary (e.g., by 1nha1at10n or

1nsufg'ﬁe ﬁ?]ré n%g’ r:'igg} ga?ebclz?g@ plﬁdulggligﬂ Ey l?eugg?rtelnglgqq{rﬁ@leal intranasal,
epiddi@l OXMT | ghsdEmdTYi bl R, pRIcRIEEN halidré‘lﬁerre]ﬁ M LRGBS includes

azat adi ne, cyprohept adi ne, ant azol i ne eni ranm ne
lntramnow,antmaﬁf@rlalasw@luwm@wmmamﬁtem m‘tm;muscmlan aiijeetion or infusion;

e T T T -

can l&SmttHeE futinadfl singlesollr diser &nah bef ﬁﬁ“ék@fhgieg by a continuous perfusion
et hai i ne, al buterol, bitolterol pi r but er ol

pumR B‘ﬁ%qep‘ptﬁ% cog],pgﬁgplg,sn ﬁm@ﬁ:‘a‘ug@& @.t@.@cal. qglngms@gtnqmq:an include
- L i TR TR p——

za ast

powdeahi Cokasition@ibari 8@naed carrics) l(%qhéms!’lpoxbdﬁséﬁ’%lﬁebaﬁs thickeners
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moretphaﬂﬁ@%@tﬁdaﬂydi@béi)ta‘tﬁ@ Galh'ei%x aPhakRB)the B6RbbGiGE! OF the invention, the
derivati ves g} _indonet haci n, "acer net aci n,
afExe

active; fngrestient de tympal d ‘dlthlanf%in@@nt,f d;hltd_:d)bye raIaOQXCIplent or enclosed

Wlthlfl @ﬁ‘cﬂ af)gdlﬁelalﬁ' tHeh g(%ﬁlncgi} ? é(glgp rlgg‘gé]sﬁl e sa 0?18{ ﬁ’@Pefr or other container.

Wherzthd@mpmt servesred azdiliR B, littsah be fagsod nsleihl%@lld &q{dui/cﬂﬁlhtéﬁﬁl which
enarni ¢ aci d, mecl of enani c_ acid, rnefenam c aci d

acts ﬁ‘f%}%ﬁl% cgfried o Mediuwsn fettheragtivecinaediant. Srhwny the avpbmwmns can be

in th@Cfotln A& s,V Biits( Polabrdl %@eng&d Ja!;ﬁ'et? ncacﬁet)s eﬁxn‘s {U3pensions,

(1 soxicarn,
emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments

containing, for example, up to 10% by weight of the active compound, soft and hard gelatin
capsules, suppositories, sterile injectable solutions, and sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound
is substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling to

provide a substantially uniform distribution in the formulation, e.g. about 40 mesh.

39



10

15

20

25

30
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ingredienn d%a ltéray hingt RadSforat et RHykIcEPy 846RteAmhits sultable as unitary
azaj hi opr i ne _and 6-nercaptopuriné, and cytotoxic
dosages fog U&?@wﬁiﬁi@ﬁ%@é@tqtberag@mn@als Tmhvml’g kkonteiming aolﬁredetermmed

cvnd 3 SEREYE ] 110D 5P AL sciion

he secon FIVE ng \ _
Wlthdap@tbtbphaunadeheceﬂfef(apimve dose of each ingredient. For

e ant agoni st can be used in conbi nati on
)i{lng e&’?ho TGRS, RpQrngh aF prraRsitiens of slgeinyentipnt ¢oatain from

about! § @81aBBR 5PMgl &Y 2 BLE HbrediBl2BRL h%vﬂalg c??’gﬁl $kill in the art will

aut oi nrune di sease, cancet of viral
apprepiafsr boethishembodies erempounds ponsmpasiti@Bnataiiting Grobhgbout 5 to about

h
10, SREERART0 MEabalF 1oy BoFLARLt d5 A8 80 BaGkhin dhouba0 to about 25, from

aboutSZ}ﬁrte bt 30¢ froff ARUE3RECaI[EBS, aﬁfﬂr& 2Bk 385 ab&t 40 from about 40 to
onbi ni ng a CCR2 antagoni st of the présent |nventi

abomv@ﬁt W%Wnéé@l‘ﬂtt‘lﬁdﬁabm& rng PhthemateuingedienEor nul at | ons

2219‘ ns%@% E 9‘{9 54 e&fnpr@ﬂg%grd?g?sﬁq%ﬂ@%g?)g glet 1|nsgntlson ctoplt%m from
about 50 to about 500 mg of the active ingredient. One having ordinary skill in the art will
appreciate that this embodies compounds or compositions containing from about 50 to about
75, from about 75 to about 100, from about 100 to about 125, from about 125 to about 150,
from about 150 to about 175, from about 175 to about 200, from about 200 to about 225,
from about 225 to about 250, from about 250 to about 275, from about 275 to about 300,
from about 300 to about 325, from about 325 to about 350, from about 350 to about 375,
from about 375 to about 400, from about 400 to about 425, from about 425 to about 450,
from about 450 to about 475, or from about 475 to about 500 mg of the active ingredient.

In some embodiments, the compounds or compositions of the invention contain from
about 500 to about 1000 mg of the active ingredient. One having ordinary skill in the art will
appreciate that this embodies compounds or compositions containing from about 500 to about
550, from about 550 to about 600, from about 600 to about 650, from about 650 to about 700,
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in the formof pharmaceutical conpositions. These _
conposi tions can be prepared in a manner well known in

wo bmsphmssaceuti cal art, and can be admi ni st er BCI/D$2085/022793
vari ety of routes dependi ng upon whether | ocal or
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treated. Admi nistration can be topical (including

frompberh 83 hiocaheuti 990G frone abent P8R0 abrskt 950.corUfidim gbout 950 to about 1000
' inal and rectal delivery), pul nonary

me &{gﬁeé&fﬁéggﬂ%rﬁﬁgﬁati on or insufflation of powders or
aeThsatibve tarapoigidnginbye BEBdvieZ®fer al ﬂidea&dsﬁgél‘ ?agirge and is generally

intranasal , epidermal and transder mal , ora
admigisterpd By pharpaeapicallaetective smounk it witl beeidetiéand, however, that the

Lt ' ' tan . ..

oyt IS RO Pl AR Rt Blyersd it ADA! e detgpmined by o physician,

accordirigign tre; rebevanintiramistaniced, ,in€luding thelcbadiesad bR treated, the chosen
raventricu Parentera

rou"eia LR RS SR kﬁe{:%ﬁﬁgaggo%g” ;élgﬂlﬁﬁt%ﬁd,éhfs PERyIveeigt) apel response of
the irdidGitual PatiGRNHhE Sevelidy ok B%&wf 9%43@8&% NAHOHRe.

per fusi on punp. Phdrnaceutica ositions and
f dfonprepartigssaligr canasisinins steh s sablets,i tha principah @bﬂﬂ\ibe}ngredient is
. S I tches. .ol ntaents, .lotions, creanms, gels,
mixel &?glsafjﬁéagﬁs%eg‘fﬁf%ﬁﬁs@}e%&@?,a Tofig BriSmaf oRRtosttion Containing
a horiogeneois aiiredbRs BEPULAT BF tliéa?lrhehﬁil't _Sirll(veﬁﬁHﬁ.o%en QQMg to these
e

or oily bases, thickeners and ke may bg ' _
prefoppplatian comppsiters pwbrmogwsans dhe endonigrgliontds tapidaltsheispersed

i ) LS i N so ipncludes. .
evenly tSFouTRRHE BRDOUASH Kb -tadh W cb RSP B bE Feadifestbdivided into
equallcteiffeetiven gmitdidesdge GtensOkudtDrg ebldid)epBRMRANNGSsts. This solid

F la.l above j.n _.conbination with one or norée _
prefogﬁ@% é%ttﬁ%ﬁ}‘ l‘aléeg pRigbieit desageefoyms| of thektypg déseribed above

it ' i ctive i.ngredie
conabNp AShL NSl 7L KBS 10 05 R e T e prse
inventigu,i pi ent or enclosed within such a carrier in the

EE MR T
providtl 4 d&ake fdrin ARRIRE tk RBhhdge SEHLINBL Stiod" F%ﬂregzﬁ}él le, the tablet or

.. material, which acts as a vehicle, “carrier or
pill cangompgise ge innge dpsage el anouterTinssge ¢drepanent dei lhit@RiAR the form
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intact qr?tgitﬁm dhoc?ehlqrtnnc?rntgsbe 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,
suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar
pharmaceutical vehicles.

Compositions for inhalation or insufflation include solutions and suspensions in

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
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containing, for exanple, up to 10% by wei ght of the
active conpound, soft and hard gel atin capsul es,

Wa apposicsories, sterile injectable solutions, BEMUS2005/022793
sterile packaged powders. In preparing a formulation,
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nera ents:.
theraf Y B eo RS (St Plon e oGRSl Hirthog from
a dlsﬁﬁehfyﬂ an amduiy Qiitibidiooite ke N dadse arthlIp &irRRE B symptoms of the
; and flavori agents. The conpositions of the
diseaprg t“isdi?%a‘b@sf Eﬁg%ﬂl\éﬁ depes gV sdep n£p@\,th@| dlsqeﬁec«ondltlon being
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age form each dosage

colEar G s A BETS Ros A60eR: %'obe i the Torgy of phpmaceutical
comﬁé&%@hi Ydeﬁaﬂﬁéﬁ 308t ol“l?c@@ uéongggltﬂls %E est@t?ltlie\ﬂe % conventional

ingredient. The term"unit sage forns
Sterllﬁht}ﬂm @ahmgum gcmay be atefitesfilgued. ssjueosssoliticnacyn Hopagaged for use
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in association with a sui ab e armaceuti c
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%dles C% oun%s f(%}rle C?nrmOOSIdg L)orflg cont ai né ng fcr omr
ttheyapeytig klgsage o 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
example, the compounds of the invention can be provided in an aqueous physiological buffer
solution containing about 0.1 to about 10% w/v of the compound for parenteral

adminstration. Some typical dose ranges are from about 1 pg/kg to about 1 g/kg of body

weight per day. In some embodiments, the dose range is from about 0.01 mg/kg to about 100
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10, from about 10 to about 15, from about 15 to about
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g ORI S Al by e esome
refractorye tpatpaetidular Sigrmpy oie, requie: b QltkinkBve regimen. For these reasons, a
novel, effective therapy which allows withdrawal of standard DMARDs would be a clinically
important advance.

Patients with significant response to anti-TNF therapies (infliximab, etanercept,
adalimumab), anti- IL-1 therapy (kinaret) or other disease modifying anti-rheumatic drugs
(DMARDs) including but not limited to methotrexate, cyclosporine, gold salts, antimalarials,
penicillamine or leflunamide, who have achieved clinical remission of disease can be treated
with a substance that inhibits expression and/or activity of CCR2 including, for example,
nucleic acids (e.g., antisense or siRNA molecules), proteins (e.g., anti-CCR2 antibodies),
small molecule inhibitors (e.g., the compounds disclosed herein and other chemokine

receptor inhibitors known in the art).
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Diabetes and Insulin Resistance Treatment Regimen

Type 2 diabetes is one of the leading causes of morbidity and mortality in western
societies. In the vast majority of patients, the disease is characterized by pancreatic beta-cell
dysﬁhction accompanied by insulin resistance in the liver and in peripheral tissues. Based
on the primary mechanisms that are associated with disease, two general classes of oral
therapies are available to treat type 2 diabetes: insulin secretagogues (sulfonylureas such as
glyburide) and insulin sensitizers (metformin and thiazolidinediones such as rosiglitazone).
Combination therapy that addresses both mechanisms has been shown to manage the
metabolic defects of this disease and in many instances can be shown to ameliorate the need
for exogenous insulin administration. However, with time, insulin resistance often
progresses, leading to the need for further insulin supplementation. In addition, a prediabetic
state, referred to as the metabolic syndrome, has been demonstrated to be characterized by

impaired glucose tolerance, particularly in association with obesity. The majority of patients
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denvedieﬁ@mpléqgeﬁ lBecumwaigso adinods depots, ﬁ@pmgmgr &hpasd tasuenlatrophages.
Adlp(%é @s)éléé ha u(gﬁgg%gé%cﬁnuﬁﬂe atd Ig]c?slﬁ 2t9s§gq/é$ : R%g}pacg'flog He measures of

ependi ng ors sud
adipositys e dEiesuet nilteging Wat:@Phages darg e gbadce COMPiahl WF Be Hﬂ%mmatory

nd the lik Th onposi ti ons adm ni stered
CYtOk’[%G ﬁlabg%"egjﬁf’ %lgo%sléfaFeeé tp H‘giug@g%lbm rgsivtanaaineadipasates.
ositio . . .
RSt AR L PR Bor DS R ORD Shed SR P iy

by signadingi thueegh GCR@agllsdnemrghe ipidye af i ihipertest. ro‘Pﬂ Liﬁ%é accumulation of

macrquI it : H%Paicgﬁoasgttﬁsgué) yg(gﬁg %l@%ﬁtt@ ,MQBr H@CR2 interaction is

directl§a@EionsiBletol ?ho%o%‘t@ ?éclrﬁtrﬁé}ﬂQQ H&lgﬁ?er t'iésgé Wy r%:@uced recruitment

adm ni stration H.of the ¢ oun repara
of magxpphages Ity adippse b@ubem Wwaman3walh dlr&dtly lead eo ﬂ’feelfeéﬁc&@ ptoductlon of

er abl om 7t . Wi
proinffifhii} BoRefo¢ Wil ¥heBbThe bitadmmeiry moleesleasedisgon is direely
linkedax ¢hgoli® Mdststareadr ri ers, or stabilizers will result in
the. for rmtl on of phar maceuti cal salts. The therapeutic

abatiggls who demoasiraie iirpin gesisthecep eigbemprediabetivt {(mmmoglycemic) or
diabet¥thYpd8§8&HHHe) Sould be treated with a substance that inhibits the expression and/or

activity of CCR2 including, for example, nucleic acids (e.g., antisense or siRNA molecules),
proteins (e.g., anti-CCR2 antibodies), small molecule inhibitors (e.g., the compounds
disclosed herein and other chemokine receptor inhibitors known in the art). In some
embodiments, the substance that inhibits expression and/or activity of CCR2 is a small
molecule CCR2 inhibitor (or antagonist). The CCR2 antagonist can be dosed orally q.d. or
b.i.d at a dose not to exceed about 500 mgs a day. The patients can be withdrawn from or
have a decrease in the dosage of their current therapy and would be maintained on treatment

with the CCR2 antagonist.  Alternately CCR2 antagonist treatment may be used to
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to, for exanple, the particular use for which the
treatnment is made, the manner of adm nistration of the
w@eowpouss4 the health and condition of the patPenus20ase22793

t he judgnent of the prescribing physician. The
suppRIRAD tisioouriint GREIEHNtJ BilAbe s FeeRPRRYNEr &f plent progression to

invention in a pharmaceutical conposition can vary
Mhﬁéﬁﬂﬁm%e{ﬁ?@ﬁ&a nunber of factors including dosageEJI

cheni har a . sticC . rophebi ci.ty and.

t h‘gmfaglﬁgfgggo a%f%ﬁ%t{uﬁibé a?l; (()%.p 919?:{}6%5% f‘@l,%oflﬂe ehen "With CCR2
antagonispsoara dsmefousheSuch ugaits any barusbil,fopukdrsle 10 péclude progression

aguequ hysi q| ogi cal buffer sgl ution containing about

from g predipbaticy Asul AR, Slaien® & HRISTIAGHG: Syah dapels anay reduce or
' [ SR ' : . abqut

e R e g A S BB A b RRAY Yo agens
may glsereedund thi nreed tfse, ot prelahgshe pengkuntd, éxogen@ikdnkulidl. sdpplementation
. /gg to about 100ng/ kg of body wei ght per day. The
mr“@%@'ge is likely to depend on such variables as the

type and extent of progression of the disease or

di sorder, the overall health status of the particular
Athergsaleronis TredfweniRegimere bi ol ogi cal efficacy of the

co ected, formyl atjan the .excipi e and )
e I e B Pe by S gSRiB B g bstances in
arterigixvali ol Rit HoRMPA e e ke AEPLItE Uf , 91, cellular
ol Plageb Encompd YRS AdkiaMed, EEA8drD
vitro or ani mal nodel test systens. The conmpounds of
waste; prodysisciiqivg andrpthersybsiandes ithas badld ipi in t;ljag rviyien diniingnof an artery.
j | L [ Lnor-edrent s iC
P Ly 08 Jrel 50 LoAEkn AP HHS, MASKERNE RS, Wb an ey

Howanat,ihodi significantndamagel pgoves shart she platpie betb@mmétably and ruptures.
i pi ents,

i i HDL
Plaguf Tt epGrs s BLooR el o st gt 550 ipsls oo How or bredk off and
oS LSO EBES DA RSB e s
a heqrRaytadir.e & ritebiocke g fbovdRivessekttdtdfeadd Hthé thrain( RA)causes a stroke.

TR RN IR X T

progréseéd &5 pdopl¥ ga6w obddrf asal azi ne, dapsone, |eflunan de, or
bi ol ogi cal s), can achi eve varyi ng degrees of disease

cdnthigl levehet gholagerobimtha blaodns esinajos riskhfaster dbi norabry heart

. i d wWith i . t i
T N UM N
formatiog hASReer ini@bbal b iiehrednalondeBcirdiditihg dhelGtekdNor by elevation of

nunber of
cholesterol-carrying high density lipoproteins (HDL). Circulating cholesterol can be

reduced, for example, by inhibiting its synthesis in the liver using or by reducing update from
food. Such medicaments that act through these mechanism may include medicines that are
used to lower high cholesterol levels: bile acid absorbers, lipoprotein synthesis inhibitors,
cholesterol synthesis inhibitors and fibric acid derivatives. Circulating HDL can additionally
be elevated by administration of, for example, probuchol or high doses of niacin. Therapy
that addresses multiple mechanisms has been shown to slow disease progression and
progression to plaque rupture.

Atherosclerosis is typically accompanied by a cellular inflammatory response in
which bone-marrow derived macrophages accumulate in fatty streaks along the vessel wall,

becoming foam cells. Foam cells are a source of many of the inflammatory cytokines that
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tender joints, nunber of swollen joints, patient
gl obal assessnent, physician gl obal assessnent,

wo aivenatess y neasures of inflammtion (CRP and ESRyS20851622793
radi ol ogi ¢ assessnment of joint structural danmage.

haveBéeh @R oHitBRRP &y fHadEd ﬁl‘ag‘&t P BHoURSsi bPNAVRIGS e @r?%;g‘[ee l?at can promote

conti nued adm ni stratio Intain optim
plaq@h destatilizisionn g Adherosrdaretiadisntes alss odwes AVER- 1y miggestmg that its

nifi c nt .t oxi,c and ho ef ense conpr
sctiviidl et o St CERRBTS BAERt ples s moar iR byt acpumuiation of
macrdphdde§ Wsafoatnh6SIRPH BRAFudsCdWORD-ANn Rkt I@Jv@aﬁéeﬁedé'n?&isfﬁt@d to have
For these reasons, a novel, effective therapy wh

significanslystedieaddmacuaphages sn faftiastecabnpRBEatad @k d tvsulh of hlgh fat diet or

advance. Patients with
geneg1| 8%’ i ca%thpng %%QQSIPO anti - TNF t herapi es
(i Pdtlentsi Wo, defn@ﬁgtfeﬁ@ pﬁlﬁh aélpdulatiagBbloledtétol, - 1dw--HDL, or elevated
di sease nodi fyi

. thera (ki naret), or ng
circulgiing - &?4% QRatesentavighy gese@mﬂztglﬁqwby iraRgiag.tutansiother evidence of the
presén'cg‘otf%?hérgscF@S?Bﬁ?tcB@l)c(llai?eietre&gf LagPerd ? & Pﬁanc%oi!g t ﬁ%&%hthe expression

antimalarials, penic am ne ofr unam
and/carcaimtwgobchCRiZc'mbludmgg dai exangple,dhsdes mcﬁhn(et@ atdahedor siRNA

molefies), Rrgieg. Goke A GREREITP SIS Rl Lol oPBibHERaG . ¢

compcinds dlsé‘l%écﬁﬁéi@ﬁ 4 &h&%emékﬁﬁ%@e}}or 1Bfl t@fsnﬁ'lo(xﬁr B the art). In
anti-CCR2 anti bodi es) e|n bitors

some gmbpdimenis, the ﬁp‘@ﬂtﬂmg thit sniibitseakphassion Andiod acﬁ\htyrof CCR2 is a small

ol TR B SR O S5 e R ol PE L btfon. The cR2
antagohiyt EEEbOToRA ANy PELdr. 1td’at%fdo§€:|38t foSex@eBHolut 5T & ?k‘h‘aay The
CCR2 i nhibitor éor antagoni st). The CCR2 ant agonis

patieptspap be aathderver Epmyorchage aglectgase. 1@ tha desage gﬁthqmcurrgnt therapy and
woul\%?f;t%h nﬁﬁl% tonqge%tlﬁgrﬁ V%tﬁj C(TIQ? %éﬁ'){ﬁ%{t S Al geiy g]CRZ antagonist

rom or ave a ecreas

treatrhblﬁima}cw uedtto sygylepontaingdr sveténd theeapyab @hﬁdﬂée Gks @Ffectiveness in, for
treatnment, with the CCR2 anta on| Sst. Treatln%épatlents
example, WPISVRIGRET Pafico pregressiony stbilizdm pbaqugnidat has ralready formed or

can be carried out for, for exanple,
mducqik’)légt &%enltggfegag out two days, before discontinuing or

Advatages oﬁsnbsmmgng besuppkRiontingltreditibnal agergs omth@ER? antagonists are
num ant a%n agfﬂ’l %\ég%t 3?%‘5]0 %ra?cgrkr)lg Le%ou;tarleagdé Ir)r%cg“retslmgrrl] %lf the plaque to
a stage of instability with its associated risk of plaque rupture. Such agents may reduce or
replace the need for the use of cholesterol modifying drugs or HDL elevating drugs, with
their attendant toxicities including, but not limited to, flushing, liver damage and muscle
damage such as myopathy. Such agents may also reduce the need for, or prolong the period
until, surgery is required to open the vessel wall or until use of anticoagulants is required to

limit damage due to potential plaque rupture.

Labeled Compounds and Assay Methods

Another aspect of the present invention relates to fluorescent dye, spin lable, heavy
metal or radio-labeled compounds of Formula I that would be useful not only in imaging but
also in assays, both in vitro and in vivo, for localizing and quantitating the chemokine

receptor in tissue samples, including human, and for identifying chemokine receptor ligands
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numerous. Traditional DVMARDs have serious cunul ative
dose-limting side effects, the nost commobn bei ng
woelavegetsso the |iver, as well as i mMmunosuppr esSBCT/ES2005/022793
actions. CCR2 antagonismis expected to have an
by inhiipitioy ®hdienef b asBBleRERhYouRHOT AéRrdRsly el prdQint E@éﬁti n includes
simlar inmmunosuppressive liabilitiesS associated w t?]
chemaking; resepint|asgaWR DS contalgistetolabeleg compeurdal - 1i fe of the

bi ' IS¢ i.cal l. r . k ich is an
ST S T —
An “Isatdpidallf2onfradio-labedtd ycopippardiid 2bbRp&dadorant aeRict whére one or

expect ed t%gb on the order of hours so the risk of
morec%grpﬁ AfeteP B‘g% pebstifitech by gn atprathewing an aeivisr messewemsss number

P i D e i ol ogi ¢cal .agents. .
st (66 A BT, Ry TR s LAY FRRCAE e e, matumy
occumingherSpitpble radiahictidenhatkhmabe inconpcatedl ih Gk pbufids 8 the present

. ither i.v. or s.c,.requiring doctor's adm nistrajion
inverfion 5nde Bt a5t 1 st bl (R oot dd € demeriam), H (aso writen

as T BoSSitpi Mg, 8, 4 usiorNe tirQnIsgr 18-NBRCB QNSRS LBy, . 76 77
123 bgaq;si olr)1s.131 hese airc_e ’avoi’gggl e@’us?hg&Fan%Oracﬁi y%r’ Br, "Br, "Br,
L admini erdred COr2raimmghds shat iDindoepeestedria thastdtinit radio-labeled

§S Tr.eat nent Regi nen ..Type 2_di abetes is one of
com A B L R R B 2 e e MmSund. o
examples @1 it 06 ichtineRine HecdphR 1¥HHng MR Yohlpéifhn Bés%gg gzté)ﬁpounds that

. the disease,is gcharacierized by pancreatic bet

IncorpRraiey Het icoﬁzﬁie gglnggﬁi §e5§ asywilhganerallyrtesinestasefal.i Fot fadio-imaging
- Liever llantyi nsypesi phenal 744 ssyes. 778as on pri mar

PP hér?:'tel}?ﬁ%ni@é M’ t hat r g’aa:fé oygr’at Wi ]?‘hwﬁfl %“é’ﬁ?@@%%ost usful.

gdnisruatiersioad sies actadis-tdbeledeT apiaeled @npband alaSolfpound that has
i nsulin secretagogues

. treat type 2 di apetes: :
mcorli‘%tﬁa&ﬁﬁaﬁ? %f@ﬁ@ﬁ%@e-gﬂy [seRp paybogitgerith e radionuclide is selected
from 8RSl St n4p n2sandqt hi | i di nedi ones such as
om r o;g? I%ﬁ?ﬁ%@%@@@’na?i o%gﬁggﬁpy t hat addresses
b&h haethedss fdéramoqunathigomdié-isot@aagiﬂtd Rpg e %Q%ﬁ)bﬁnds are
. d cts of thi i.sease and in nmany instances can be
app hcgﬁ%jﬂ CoRIPQds iog fheriavention ﬁ@g grerwll waaygemdbe astnsul i n
adaficslabelbd SmpdiRMR e inVritiintd Lasla LStange
. .often progr esse%, I eadienlél téﬁtnhclgﬂﬁggwgra %ﬂe:eﬁﬁjgrag&y%
identifypeyigluate eomneuads ningenenal tetms, adeiwly synthasized ed idtfied compound

. d t h t.abol i ¢ syndr.one, has_been

(e, t%tet %ﬁg?lﬁng{) g%ﬁ E%e iuag‘%bfogitﬁ gﬁlﬁlg’e@) 1f qeﬁ)b%f{lp% af the grdiedabeled
dualdest alc Rntth ¢hd i@ ré®pRiE! AltQQiny ot

womp Theefrmj o?imtars oftb at (?fgﬁl%égiv{hﬁg de\%{ %tgb?ﬁbﬁgq% Q%?%%gfl}’e%fatm

. patl
compejgite coppefe vethape malio-tabalerd vompeint fanbding tolihg bteemokine
receptDy BidcAy 65 8Hafs to its binding affinity.

Kits

The present invention also includes pharmaceutical kits useful, for example, in the
treatment or prevention of chemokine-associated diseases which include one or more
containers containing a pharmaceutical composition comprising a therapeutically effective
amount of a compound of Formula I. Such kits can further include, if desired, one or more of
various conventional pharmaceutical kit components, such as, for example, containers with
one or more pharmaceutically acceptable carriers, additional containers, etc., as will be

readily apparent to those skilled in the art. Instructions, either as inserts or as labels,
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occurring when these patients can no | onger sustain
the degree of hyperinsulinem a necessary to prevent
w0 o®s/00f684| ucose honeostasis. The onset of thePCTES100$022793
resi stance conponent is highly predictive of disease
indic@fSE quaitfics Srass Q@ingbﬁ&lté""t& Be Al ifSlRAS guid@liﬁ&eforr' sninistration
of devel opi ng type di abet es, hypertension and ?

and/qg guistedings Eemixinﬂ itheecsEponnte, aah alsodesnclodgiatthe kit.
of . t he

corfel ates of i ire l.ucose tol erance an

p_?% fi SLST it P et e i Pt e B St & spscifigpamples. The
followirpbetaasplésSark Nefaps® FREAstRHve GtlrpSHes, CR@SIrE ﬁmt Mishded to limit the
i patients with type 2 diabetes ‘are obese and obesity
Inventiogeltf any mawei these obi skilli insthiei art reidli stadily eecdgnidesa variety of

2] I i POSity IS Lor risk factor
noncfi&A paalifler€ Rl Zan BERPRRelYr oelieEb ridebntlivgfi epme resuts.
type 2 diabetes, suggesting that signals fromvisceral
ntribute to the devel opnent of insulin resistant
EXA&@%L%gogression to disease. In addition to the
Exanffiefiet ed protein factors, obesity induces a cellular
i'nflammat ory response in which bone-marrow derived
macr ophages accunul atle i n &¢li pose depots, beconi ng
adi pose tissue sage Adrpose tissue macrophages
accunul ate in I pgse sue |l n proportion to neasures
of adiposity. TisSue infiATran rRr-dpilages are a
source of many of the inflammtor @ oki nes that have
been denonstrated to induce insulin“esistance in

Prepatjitionmfﬂ‘é{ﬂRM)-BdS@ﬁoipyBE@{M@-@ﬂﬁﬁ&)r%‘@tﬂyﬂtﬁhenylgpip_elt'azin-l-
its activity

ropartion to_adi posit suggesting that
yl}caﬁif"& QH‘&PPW&WW‘@E‘@EW:@ZPH@ﬁ'Mﬁ pl ay an i nportant
Step Agl e in the accunul ation of macrophages in adi pose
tissue. It is unknown whet her the MCP-1/ CCR2
interaction is directly responsyble for nonocyte

recruitment to adi poge tissde A wh JKH reduced
recruitnent of nacroﬁﬂﬁﬁ% adi"pose tissue in humans
Wil directly lead to the réduced production of

Methy I(U_K:I‘ﬂf}l'é‘llfﬁeltl‘iﬂwomurréam{lkmimﬂgyaﬂnfpirm@!:erkgecarbwfylatle_ ced
I n nmat u roduct i .S I rect I NKe
_tp gf%ian%o&ﬁﬁfoﬁ‘ fﬂi@?ﬁﬁ-ﬁ f’”"%&?‘?@ﬁ%f %oﬂgmae%ﬁ%lppeaﬁ -ene-1-carboxylic
acid (106 g} 44 niresl) & BMFE58hE ehs RIRdIpdRSLiLG &%g%%)é?%ﬁg?.)s mmol)

or, di abeti.c gh per gl ycem c), could be treat
followednlay amrileyltindidei @K bilt, 64 @) phBes being astidiedrat room temperature

overnight, the reaction mixture was diluted with EtOAc. The solution was washed with water
four times and brine one time, dried (MgSO,) and concentrated. The residue was dried under
high vacuum overnight to provide the title compound (11 g, 99%). MS calculated for
Ci2H1oNOy: M+H)" 242; found 142.1 (M-Boc+H)". 'H NMR (CDCl;) & 5.86 (m, 2H), 4.90
(m, 1H), 4.80 (m, 1H), 3.72 (s, 3H), 3.50 (m, 1H), 2.51 (m, 1H), 1.86 (m, 1H), 1.42 (s, 9H).

Step 4-2
O

BocHN ?,  OMe

—

Methyl (18,48)-4-[ (tert-Butoxycarbonyl)amino]-1 -isopropylcyclopent-2-ene-1-carboxylate
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activity of CCR2 including, for exanple, nucleic acids
(e.g., antisense or siRNA nolecules), proteins (e.g.,

W@206AHMGR2 anti bodi es), small nol ecul e i nhi bi t PCBHUS2005/022793
(e.g., the conpounds disclosed herein and ot her

c h”%nakl' EM RERRINYE Htl‘ilﬁin%e‘k%éth&f&@ﬁzid@ ik hﬁlﬁ(@bi mI))ht —78 °C was
sone enbodi ments, the substanceé that I nhibit

addedx gr esobition axid mﬁth}éc t(lR/ |4$)y4Mfer@@mwi‘aormhammqioy@@nﬂne}ene-1-
carbighvie Ll D oy D B L O e T g SRR was stieed at

-78 €X£e sl rﬁhﬂbﬁfoﬁoi@olffﬁﬁylﬁoﬁﬁdh’ (100enbatocembiolr#as Bdded in one portion.
wi,t hdrawn _from or have a decrease in the dosage of

The mipeipre e then fnavied ity reazar ropstingiatyd4 1 anddiepbavaspight. The reaction
was g{l g%ﬁ P&tél’%hvv%(ﬁ {,1 %n&%ﬁ%éﬂﬁgg 0%18 prteﬁflﬁ@]?&%ﬂgon was extracted

with (eﬂtelr ghitee ttimafsaﬂﬂae tethee ﬂdi}&mefef]et driaf beat SodgmeSﬁlgaé ah@ evaporated in
in nden
vaculy s A BAHIGR:  AFERSpmSBIO L g Cluting with 10% ethyl
n . +
scotal RNl QB HEUE TP R A A G B RN (i
284; foungrléd< @f-HocoH)'a pr edi abet i c, insulin resistant
state to a diabetic state. Such agents may reduce or
repl ace the need for the use of insulin sensitizers,
StepWLyh their attendant toxicities. Such agents may also
reduce the need for, or prolong the period until,
exogenous insulin suppl enent at i .7 is required.
At her oscl erosi s Treat W{N/R pENOft herosclerosis is a

condition characteriz ﬁdep05|t|on of fatty
substances in arterial walls: aque enconpasses such

(1S, @égo@k; 18 J&)fcg;go%gl?%?%%fgcg&jr?@?& clo egltr g lr%e- -ecj | aatxyfzc Acid
buiIbd up i nsoltipni nnef | infdthg of (mwzt-[{rew-bﬂbﬂywﬁﬁmyaﬁmlno] 1-
row | arge_enough to gn| ficantly reduce the blo
lsoprppséwaweatrawnsﬁ e b (ki 05 TPl 13 L, BDR AHD. inefhanol (500

mL) SRR, 1 PRRYAE) WQ?Edc{?H%t}H{ﬁ r&&&é’ﬁﬁﬁ%ﬂfﬂ@gag@g.g? g f'l 9 mmol). The

rupture aques t rupture cause
mixtire was thieated wreflub(mkmkglmmiftérl 1@vhomrs, A €aindizhfedanry traccedmount of

he b . If th | bl bl
s ST BB 5Bl RO M S PR SR v
extrabied 'vhtlpktﬁélk @O@nﬂ) 20 FeEPS e drHotddC&AtBink HEatEA! The hdueous layer

causes a stroke.
was acidified with concentrated HCI to pH=4 while being cooled in an ice bath. The resulting

solution was extracted with methylene chloride three times. The extracts were dried over
MgSO, and concentrated to give a solid (17 g). The solid was dissolved in hot ethyl acetate
(22 mL) and hexanes (550 mL) were added to the solution. The solution was slowly cooled
down to room temperature before putting into a freezer reading at -22 to - 24 °C. After two
days, the crystals were removed off and the liquid was evaporated in vacuo to give the
desired product as a white foamy solid (9.78 g, 56%). MS calculated for C14H»3NO,: (M+H)+
270; found 170.1 (M-Boc+H)".

Step A-4
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At herosclerosis is a slow, conplex disease that

typically starts in childhood and often progresses as
w@ewphetsgt ow ol der. A high | evel of chol ester oPCT/NS100%022793

blood is a major risk factor for coronary heart

di sease. Based on cholesterol aspa prinmary conposition

of plaque, the advance of plaquelformati on has been

managed by the reduct iBaBH “culQiti ng chol esterol or

by el evation of chol esterol - ryt ng high density

| i poproteins (HDL). G rculating chol esterol can be
(1S, 3R e féatt - Biutowy ew bavpl Jenitmy - i- ixnpiopyicpa opdrgareyavbogdicsd didh

o eSS S AR RGO PRESE he e Lsoprrgylcyelopent-2-enc-

l-caﬂbﬁfé*li{ﬁ gcidydizgi ey 3 ﬁg%lcl)lz he ehagsl £80! A1 'iva:é‘ i8fed 19%_ %alladium on

chol esterol |evels: aci d absorbers, |ipoprotei

carbeyy (10wl Thehnbiterersas shakdresnder dlydwgen e85 psi ovrbighbarsd filtered

d fbri¢ agid derivatives, .Circulati n
toro il e e Bt S 2imaliRy it O sl e PR egppound 945
96%¥R MSpaleulafed FOUC B, ND,: i@MQH)Um Fowd 172aC(MI-BothEnapy
‘that addresses nultiple nechani sns has been shown to
sl ow di sease progression and progression to plaque
Step?i’Upt ure. Atherosclerosis is typically acconpanied by a
cellular inflammtory response in which bone-marrow

- derived macrophages accurmubate in fatty streaks al ong
t he vessel wall, i ells. Foamcells are a
source of many of the 1 anmmtory cytoki nes thathave

been denonstrated to induCe &'&Féssi on and of
()

the enzynes that can pronote plaq estabilization.
At herosclerotic tissue also produces MCP-1, suggesting
tert-Binglt [(1 R, 3Sp&idoprdpyl-By({ &4/ 8Hiedfhubepridikyl)pgbrflfpiRderating - mi ght

pl ay_an inportant role in the accunul ati on of
yl}caﬁé‘&’?’@ﬁ]’f‘éwﬂ’é@aﬂl%’?ﬂ’%el s in plaques. CCR2-/- nice

h been, deno ated t ave gicoihfd. g s 11
malaqéfophagjLI es i ng:élg\lpt% str goafEs geﬁle'S‘F:g‘f?\Q egdﬁgez; g%f)%}gcg%%gpamm] !
isoprhpyjbydlegenthinetarboxydienet iacidal t 160 i onmigy | i Pi3d mmol), N-(3-

e e T R -
in Preageilend th vassed wals plagus by RO NG anYenzotriazol-1-

ot her "evi dence of the presence’ of atherosclerosis
yloxygas(dimeshylaménm)plbspheriua  kexauenophosphate (16Ai gt ©.37enmol). After

beinges):gcﬁ'fe %t iré)orr]n temperature overnight, the reaction mixture was diluted with EtOAc and
washed with saturated NaHCOs. The aqueous layer was extracted with EtOAc three times.
The combined organic layers were dried (MgSOy), concentrated and purified on silica gel
eluting with 50% EtOAc/hexanes to 100% EtOAc, providing 86 mg (52%) of the desired
product. MS calculated for CysHzeF3N3O3: (M+H) 484; found 384.2 (M-Boc+1).

Step C

HoN
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and/or activity of CCR2 including, for exanple,

nucl eic acids (e.g., antisense or si RNA nol ecul es),
wWEe@bei4es84 (e.g., anti-CCR2 anti bodies), snall POI/E8200%022793

inhibitors (e.g., the compounds discl osed herein and

(IR, ﬁ?l)fﬁ%‘!sopﬁbpﬂmu({)ﬁﬂ {eﬁﬁa&%em@g{%ﬁ%@g&eﬁw»? s Ih :ﬂ b|t thg art).

In sone enbodi nen he sub
yl}ca&w@ggq neniandpdne bisiffiargackat®CR2 is a smal | nol ecul e

Cr-iiy b ! d of
the i nv nt : o(r)1r [%3%%Bm SE%‘@‘E@ GHﬁug@%?fénﬁvgﬁ%énﬁlmperaz1n-l-
yljcapbatiyoyelopdntjoatbanaos2 el 0.1 8 ufSl5 Giks Hagieh B uHRrdhcetic acid

3 m(d?‘g @ atients can be withdrawn fromor have a
( cinemethylene ; ghlorides £ anby fotméi b at uopmntenipeeatarey léhedmlxture was

[ . eat men i th e

co O R P LR Y L Pl M FHBIF R for FagihFsN:0:

(M+Ihe3838s faintl38312ppl enent their current therapy to enhance
its effectiveness in, for exanple, preventing plaque
progression, stabilizing plague that has al ready

Step bormed or induci ng plaque regression. Advantages of
substituting or supplenmenting traditional agents with
CCR2 ant agoni sts arednunerdlis. Such agents may be
useful, for exggzgng h progression of the
pl aque to a st foi abi ty Mﬁth |ts associ at ed
ri sk of plaque rupture. SGCh a wy~Beduce or
repl ace the need for the use of c terol nodifying
drugs or HDL el evating drugs, with ei r attendant

N-[(IRSS érlmmspyl{i’c({mfm(gmzmubmmyl)ﬂvheﬂjz BiPeita@in-§1 ushi ng,

e e such as mnyopat hy. Such
yUcm%o ‘?C Vgﬂyé é%?RHEW @4imeor, or prolong the
Eﬂ'ol @ solition! of A t eNYES
vvaII or until fgg’go 5 lé q{gﬂ? §8}f§f&?&e}a%fp¥%@e% piperazin-1-

yl}caqbpml}cygmgtg@nmgetbjs(m@ﬂmrbac&tatqz)l @Rueng uptgr ﬁ}mdlﬁbﬁltlﬁﬁydro -4H-
d ds, Anot h t of

prn PRI 1 2 SRS BRE 0. s i e

chlorlﬂeibﬂ ml) mvaddﬁ@%@dluﬁrtrifa@éibﬁyﬂo?&%ﬁge ﬁf%“ﬁ%uﬁ% IﬁInolg} E%:Eer being

Formula | that woul d be uséeful hi"magl n
stirred, pls ppomy, tenapeagture pvarpichh the trmuan dnlxturvlwas ditwred with EtOAc and

washel O | iLtating the chenokin tor in ‘
T s'sugiztg%?}ep es,étil)gmr;ilt yoﬁqﬁilac’l%l}ﬁ%eﬁ W%‘BItha&Fa ﬁ%&%cn@lee fimes.
The c@rhbmﬁ&lom@nlcetagaxfso\lveﬂelcg&ﬂ (D4|) hb&c&ﬁt@ﬁe@hﬁ@hﬁﬂﬁ@é oft silica gel
lui Iabﬁ&%@ pund. Accordin % t he gresent vent
eluting wit Ac to t /o Et;N/EtOAc providing 63 mg (84%) of the desired product which
was further purified by HPLC to give the product as diTFA salt. MS calculated for
CasH36F3N30;: (M+H) 468; found 468.2.

Example 2
Preparation of N-[(1R,3S)-3-isopropyl—3-({4-[4-(trifluoromethyl)phenyl] piperazin-1-
yl}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4—amine
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chenoki ne receptor assays that contain such | abel ed
conpounds. The present invention further includes

w0 s@bopicsal | y- | abel ed conmpounds of Formula | . PERUS2005/022793
"isotopically" or "radio-Iabel ed" conpound is a
COTROHAE cOfnpbitRl WaY BRDARE HACHREHION Sintllar 18 it F5OERarRPIE 1 starting

replaced or substituted by an atom having an atomc
frompi{ 4-trifluergssthylphsayDpipérhainenISt cabenlatbd fart GrHesFals®,: qM-+H) 468;
nunber typically found in nature (i.e., naturally
ﬁmngggégring). Sui t abl e radi onuclides that may be
i ncorporated in conpounds of the present invention
include but are not |limted to 2H (also witten as D
Example Yeut eriun), 3H (also witten as T for tritiun), 1

Pren) g G2 o S e R i

yl}caTbenylaxcyicmpuﬁtﬁl]dariliyairolmip?}ﬁm-n%ﬁhed in the instant
radi o- | abel ed conpounds w Il depend on the specific
application of that radio-1abel ed conpound. For
exanple, for in vitro ghenokime receptor |abeling and
conpetition assays,.~C dgl t hat incorporate 3H,
14C, 82Br, 1251 , Zor Nni Iy g€heral |y be nost
useful . For radi d4 ki a.11C, 18F, 1251,
1231, 1241, 1311, 75Br, 76Br or 77Br| general ly be
nost useful. It is understood that a~fadi o-| abel ed "
or "l abel ed conpound” is a conpound that has
i ncorporated at | east one radionuclide. In sone
erbediitte vompohed vedi prepartd de 4 snasaée ahsbobous At thie for Example 1

.gro C j stjng of 14C, 1251, 35S and 82Br.
Stam% K %%{%ﬂ@w@%ﬂw BsFazinen gMSa grlsulated; dpre £25Hs6F N30y
(M+H 463 BsR@nie8.2conpounds are applicable to conpounds of
the invention and are well known in the art. A
radi o- | abel ed conpound of the invention can be used in
Fxa alsgreening assay to identify/eval uate conpounds. In
n@%ﬁ ral terns, a newy synthesized or identified
Prep@RiRaWTN-({1R35)-3-3L[3 SBHE@ Hﬂgbr(ﬁﬁ&h9ﬁpﬁé@|l]'ﬁ?§%gfiégf-

its ability to reduce binding of the’radio-la
yl}caghorydadrisopropyleydlepeatylitotrahpd o2 H qiyeanid-amineecept or .

Accordingly, the ability of a test conpound to conpete

with the radi o-1abel ed conpound for binding to the

chenoki ne H o)
SR ey
0 LN CFs
CF3

The title compound was prepared in a manner analogous to that for Example 1
starting from N-(3,5-bistrifluorometylphenyl)piperazine. MS calculated for CyeH;sFN;O,:
(M-+H) 536; found 536.2.

Example 5
Preparation of N-[(1R,3S5)-3-isopropyl-3-({4-[3-(trifluoromethyl)phenyl] piperazin-1-
yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine
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receptor directly correlates to its binding affinity.
Kits The present invention also includes
w@b@soeweut i cal kits useful, for exanple, in tPET/US2005/022793
treatment or prevention of chenokine-associated
di seases which in Iuﬁe one or nDre cont ai ners
contai ning a phar \al 05|t|on conprising a
t herapeutical |y [eff ctl of a compound of
Formula |I. Such S can oGF3|f desired,
one or nore of various convent| onWr maceutical kit
conponents, such as, for exanple, ~' ainers with one
Step QT NoOre pharmaceutical Iy acceptable carriers,
addi tional containers, etc., as will be readily
A the art. Instructions,
alsyindicating quantities
i stered, guidelines for
adm ni stration, and/or guidetines for mxing the

S, ,.can aI 0 be included in the kit. The
'Me?}ﬁ'@‘pﬁflgy&% \ﬁlfpy"ﬁg d%cribed in greater detail by way
of T& pe6lutibe oL XAIRA8SprofSmie! (3 @vmngzaeﬁﬁﬁm} EISTHF €80 mL) cooled in
offered for illustrative pur poses,” and are no

an ice hedwesdadded aj heé Mtsh]@tlpm vé ntbuadhthmnamy hmmne (17 mbhosafter stirring
for lgfmﬁlk Itﬂlé té[rﬁ]petr%}ﬁrea{;vtg gc[ %ﬁdl lt% ! Cb & an cﬁiﬁ 81&4?[![ %)yran-4 -one

of "néncCritical par Ten°cd

(2.24rm@2f4 ehdlinyTIgk %@mgrahd albkaméthﬁpﬁ@a[@sﬁofaﬁﬁ&e (4smL, 20 mmol) were
EXAMPLES Exanpl e 1 Preparation of

added. slhe. resyltipg mypipre yag siioedat 178 d t%ﬂ&mtmwfpmﬂt}w] isidigte (7 mL,
100 Iﬁﬁégr\vésy%dhed The re%ct o]nt v3s a ]ﬁwgg to YA to 0 °C and stlrrlngSYv%spcontlnued

car bonyl) cycl open pyr an-4-am ne
at 0 7 tforOl .BOCRA/ AT aﬁkleﬂbtdlmberature for 30 mm After cooling back to 0 °C, the

reactlﬁmR 4%&@91:1%%19\%{% sgtlilltgag%( gqaL{gggsgw Ei 7T gcll:lﬁg g(?ltutlgn %vgg extracted
with gg%&@ WE@&&QE‘ yfﬁeaéﬁn{lﬁﬁ&y&tﬁgﬁ erg dﬁ@§3 ojverC ggx glnll Eoncentrated in
vacug d’tualsfsam bﬁﬂbﬂndtrem@t@g@phg onz$ﬁlc:8 gﬁh(ﬂO% hexanes/20% EtOAc to 50%
hexanes/50% EtOAc) provided the desired product. 'H NMR (CDCl;) 04.30-4.10 (2H, m),
3.75-3.65 (1H, m), 3.35-3.30 (1H, m), 2.70-2.60 (1H, m), 2.42-2.35 (2H, m), 1.00 (3H, d, J=5

Hz).

apparent to those skilled i
either as inserts or as |

Step B

N-[(IR,38)-3-Isopropyl-3-({4-[3-(trifluoromethyl)phenylpiperazin-1-
yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

To a solution of (1R,3S)-3-isopropyl-3-({4-[3-(trifluoromethyl)phenyl]piperazin-1-
yl}carbonyl)cyclopentanamine (80 mg, 0.2 mmol), 3-methyltetrahydro-4H-pyran-4-one (71
mg, 0.62 mmol) and triethylamine (0.12 mL, 0.83 mmol) in dichloromethane (10 mL) was
added sodium triacetoxyborohydride (130 mg, 0.62 mmol). After being stirred at room
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foll owed by nethyl iodide (4.0 nL, 64 mmol). After
being stirred at roomtenperature overnight, the
WO e@eNdwsd M xture was diluted with Et OAc. The BOI/US$100$1022793
was washed with water four tinmes and brine one tine,
tempetated ot bafEhY) thaelution +RFUiake %thﬂ[l@hlbﬁﬁﬁéih‘ﬁle"‘@ﬁe ije"shl@iﬂg solution

under, hi gh vacuum overni ght to provide the tit

was E’éfﬁﬁ’élﬂﬁ‘@ Nﬂ_{(@% agbhrinepgriechprar MegsQs fnd C@mhﬁ&mf he residue was

purltfewdgp 211(,2(14%1_&5 g’j@ gla)elée?slreﬁi %\Adu(jrt vg@:la was Hl_:l%er gép%?gi:i)oy chiral HPLC

affor@idy , foG: BOmern M$Halc@lafed fbﬂCzs’H’QEgN%O?%l\ﬁ'ml) h&d:. fodnd*482.2 for four
9H). StepA-2 O BocHN- . OMe Me
1S0m%I‘ISS 4S) - 4-[ (tert - But oxycar bonyl ) ani no] -1-i sopropyl cycl
opent - 2- ene- | - car boxyl ateTo a 1.00 M sol ution of
l'i t hi um hexamet hyl disilazide in THF (202 niL) at -78
Exampleas added a sol ution of rret hyl (1i7?,45)-4-[(

prenp b PR AP Sl R RE o o B 2t

(trifli@ns@hyl) pishypip et hEin LA} &lrbod o;p ) A Syran-d-
. i sopropy l!Dl o&’l“gie\p (10l 0 ?rl1}_ rlgoﬁ?n‘n g\{/l\ggﬁ% (fﬂi%nﬁ%g’gran 4
amimgortion. The mi xture was then noved to a freezer

readi ng at -24 QC and kept over ni ght. The reaction was
quenched with aqueouy ammo | um chl ori de and the

resulting sol utj ﬁ with ether three
yer re dried over_sodium sul fate

tinmes. The eth
and evaporated 1 nvacuo. Ferexyas 3puri fied by
g with 10% et hyl

flash chromat ography on si I ica el
acet at e/ hexane to give the title corl Sound (20.2 g). M5
Step £al cul ated for CI5H25NO4: (MrH) + 284; found 184.2
(M Boc+H)+. Step A-S
(1'S,4S)-4-[(tert-Butoxycar bo yl )am no] -1 -i sopropyl cycl
opent - 2- ene-| - car hoxyl i cAci sol uti on of nethyl
(15',45)-4-[(
- but oxycar bonyl ) am no] - | i sog?opyl cycl opent -
3-Ethﬂl¢eemydimcm{@9>waro@e(18 42 g, 65 mol) in THF (500
mﬂi met hanol (500 nL) and water (100 nL) was added
f f‘lﬂﬁw"%? Wes PSRy using e p&EedlregnalogOustodhyt.deddribed for 3-

methyltetrahydro-4H-pyran-4-one. 'H NMR (CDCl3) & 4.20-3.40 (4H, m), 2.60-2.40 (3H, m),
1.40-0.80 (5H, m).

Step B

3-Ethyl-N-[(1R, 3S)-3-isopropyl-3-({4-/3 -(trifluoromethyl)phenyl]piperazin-1-
Yi}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine

The title compound was prepared in a manner analogous to that for Example 5. MS
calculated for C;7H4oF3N30,: (M-+H) 496; found 496.2.

Example 7
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m xture was heated to reflux overnight. After 18
hours, TLC indicated a very trace anount of starting
woraioendmB4 The organi c sol vents were renoved i PCT/HS2905/022793

and the aqueous | ayer was extracted with ether (200nl)

Prepheaﬁmm [(mssynsmgk@is’ylaenl[sl(&lmn%fﬂe%ﬁyl pmﬁmg*b%%ﬁn -1-
| ayer was acidified with concentrated

yl}caxhpmé)qyelongnw&methoxameth)d)tdaahydrﬁkmmsm-mmme

solution was exfracted with methylene chloride three

times. The extr ts were dried over \gSO4 and

concentrated to g ve Ha solig (17 g). The solid was
di ssol ved in ho 2 nmL) and hexanes
(550 nm.) were aglded to SO utlon The sol uti on was

slowy cool ed d to roonTTe BBf ore putting

into a freezer reading at -22 to ?‘/OC After two

days, the crystals were renoved off>and the |liquid was

evaporated in vacuo to give the desired product as a
Ste ite foany solid (9.78 g, 56% . M cal cul ated for

P C14H23NO4: (M+H) + 270; found 170.1 (M Boc+H) +.

StepA-4(1S,3R)-3-[(tert-Bntoxycarbonyl)aniino]-I-isopr

opyl cycl opent anecar boxyl i tAcid To a sol ution of

(1<S',4 S)-4-[( O

t but oxycar bonyl ) am no] - O' sopr opyl cycl opent - 2- ene-

arboxyllc acid (9.78 g, 36.3 mmol ) in ethanol (250

3- 0W¢WQ§V ) &disbpdroosl paanaéiouen on car bon (550 ng) The

g oo RS Rl QUL R oR T Ul bl in am i

bath ewapddat adl.6 Mvatuiord 6f atf@yld I opgroppd

a . ragj/? K it for@yagﬁngg ihl Ee!xﬁné“ngmO i 409m‘11r?01) The

resultihg joptippovas copledde 4§ °CG. T@tﬂe\ﬁaSBidldéd tetBhygro- 4H-pyran- -one (5 g, 50
|

o 3 7 AR DRSS DI b i,

solutigm bfibiooronuthy(l nhethyl-ether r(25 g, 200 mmol) in THF (50 mL) was added, Stirring
[

but o Q |so ropyl cycl opent anecar box
was cgntgaegy? §l Og fﬂ% t)em%pq:a%e o%//ermg%t The reaction wg/s quenched

by adliftioh! of0f QaEiu! s)oﬂhﬁﬁyéﬂ%f
y adllitioh 0f3] § L sl W?ﬁBW@lﬂgﬁ% ﬂpﬁva%{‘t ’Ehc%né%g ting solution
was eghpeied sath Shen thresatimasidBt benbriotd ezats #ere dried over MgSO, and
concentrated. Flash chromatography on silica gel eluting with 20% ether/petroleum ether
afforded the desired product (0.9 g oil). 'H NMR (CDCls) 6 4.2 (2H, m), 4.1 (3H, s), 3.6-3.4

(4H, m), 2.4-2.3 (3H, m).

Step B

ZT

O

o)
0 /\ K/N\©/0F3

N-[(1R,3S)-3-isopropyl-3-({4-[3 -(trifluoromethyl) phenyl]piperazin-1-
Yl}carbonyl)cyclopentyl]-3-(methoxymethyl)tetrahydro-2H-pyran-4-amine
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yl oxytri s(di met hyl am no) phosphoni um

hexaf | uor ophosphate (160 ng, 0.37 mmol). After being
w@riosoedsat room tenperature overni ght, the reRCl/US2005/022793

m xture was diluted with Et OAc and washed wth

sarm atite Najd@@odnd Theafquaepised YR, WaGuctiXt ' aghBfition of 3-

th EtQAc three tinmes. The conbi ned organic |ayers

(metb@fygleahylﬁa&qhvgwlﬁ-pm%@n@ rat edwithd  pur (1f%, 39-3emopropyl-3-({4-[3-
T

desciilzdcfat Exhrapled. M8 cAlABHBE FRNSG8, FINVIOH) (M8H) 51 DuBsh B8k 2
(M Boc+l). Step
(IR 3S)-3-Isopropyl -3-({4-[3-(trifluoronethyl)phenyl]
ExaflpRY azi n-1yl} carbonyl)cycl opentanam ne
bis(trifluoroacetate) r -Butyl

Prepp(' ation, GEY-{GA, 3@93"1*’10fﬁ[@""(:"g@{“'[[&;((ﬁﬂlr(fﬂomtﬂgﬂ?iyl?ldlﬁbd-yl%plperazm-
n era cl open car bamat e
'yl}f%r ﬁﬁb%ﬁg 'Xﬁégﬁ @E\"é& %ﬁtﬂ-’f"g?'l“f%'ﬂ’@leoacetl c
acid (3 niL) in t hyl ene ol oride (3 nL) for 1 h at

room t enper at ur eA~Jhlpixt yke s concentrated and
used for next step |wt purifijcation. M cal cul at ed

for C20H 8F3N # H) 3f N FStep D

N[(IR 3S)-3-isopropyl - 3- ({4-[3-(tﬂif|uoronethyl)pheny
| ] pi perazin-1yl} NF#
car bonyl ) cycl opentyl ] tetrahydro-2H pyran-4-amne To a
sol ution of

5ﬁ¥”€l|7 35) - 3-isopropyl - 3- ({4-[3-(trifluoronethyl)phenyl]
pi perazin-1yl} carbonyl)cycl open
bis(trifluoroacetate) ( ng, Q0.
tetrahydro- 4Hpyran- 4yfhe 44\, 0.48 nmol) and
triethylamne (0.067 ni\_0. 48y ) in nmethyl ene

ride L dded . SOdI um triacet oxybor ohydri de
'[4'{7253’ ‘ffi’lg)l’ fﬁ)qfﬂ' 'yl BIPEEFMseing stirred at room
t @H’E’cﬁﬁﬁérﬂbﬁz : :
di I uted wt th?gAlgqg%%uo&g}gﬁtg%r%ﬁ&sgﬂf%f%’a egl\éﬁé%@&?razme Ge
30 mmied %ttﬂj@lﬂt@ldlrayler(M/amIe)&ZrmmOéhimDﬁ\lﬁF 1 @A)t bvaeeheated at 100 °C
i ned or anlc ers dri ed
overnlgh PR oA i RS R tbveaolimim ghiametagraphy on
silica RtIQTORQ td%@A&N@I@E@P =011 90 8% M0de83%) O phféeproduct, MS

desi red product, whi
calculated for CioH12F3N3: (M+H) 232 found 232.1.

Step B
0]
BOCHN\Q—__)kN/\
o LN UCFs
N

tert-Butyl [(IR, 3S)-3-isopropyl-3-({4-[4- (trifluoromethyl)pyridin-2-yl]piperazin-1-
Yl}carbonyl)cyclopentyl]carbamate

To a solution of 1-[4-(trifluoromethyl)pyridin-2-yl]piperazine (145 mg, 0.627 mmol),
(1S,3R)-3-[(tert—butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid (140 mg,
0.52 mmol) in methylene chloride (10 ml) was added benzotriazol-1-

yloxytris(dimethylamino)phosphonium hexafluorophosphate (253 mg, 0.572 mmol) followed
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was further purified by HPLC to give the product as
di TFA salt. MS cal cul ated for C25H36F3N3Q2: ( MtH) 468;

WO 0d0488. 2. Exanple 2 Preparation of N-[(| PCT/US2005/022793
, 3S) - 3-isopropyl -3-({4-[4-(trifluoronethyl)phenyl]pipe

by trle@Bildning!(B.156 mL, 1.12 mmol). After being stirred overnight, the reaction mixture
carbonyl )cycl opentyl]tetrahydro- pyr an- 4-am neThe

was dilpted e wad weshpd reith isatuzated SWREOs e aqueans layer was

f . ' f . .
extraR ol B BT ol TR S BBFL e vevses e s (eSO,
concérfatdd? bidB ptdfi&OBy {dvh Hhrélbfto gk éniddhifeal gel POMPIEEO A c/hexanes to

Pr eparati on of N-

I
40%Et Q/lgﬁ)qagg,sf) rte rgjye EI(S{ gp[f ziegi;qd produeto 3 teplcplstashidr] GisHesFsN4Os:

+ e } -Boct+H). ;
™ Igg%%%ﬁé/ﬁdgygg[zo er]13to)(/:l Fl) et rahydr o- 2H pyr an- 4- am ne The
title conpound was prepared in a manner anal ogous to

hat for Exanple 1 starting from
S’ep&L(Z-t ri fluoromet hyl phenyl ) pi perazi ne. M cal cul at ed
for C25H3 F3N3O2: (MrH) 468; found 468.2. Exanple 4
Preparation of NHN _
13'S)-3-({4-[3, 5-bi s(t )1 Ubr oiret hyl ) phenyl | pi per azi n-
' 2 F

|y|} N > 3
car bonyl ) - 3-i sopr opyl cy{I\opent y@fahydr 0- 2H pyran-4
-amine The title conmpound was pr ed in a manner

1 t0/Ahat .f ) :Sthe i L OMm
(1R SRS PR (Y o hor b Pl By i 3 b alih O
yl}cadminghht)eiopentooam@e6H 5F6N3C2: (MrH) 536; found 536. 2.
5P ati.on of I . . g . .

SRRy o ORI A Py ST rmsnetyrmamidisy P pipisrazin1-
yl}caf&)ﬁgncic%[}entyl]carbamate (150 mg, 0.31 mmol) was treated with a 4.0 M solution

carbonyl )cycl opentyl ] -3-nethyltetrahydro-2H pyran-4-am
of HGlhinst dpligxage I\@BFWLX ait yoahy ttmperdtureyioa - Wr amkcdiwentrated at reduced

press%r%l']_:é)J %h’%q}rﬁ) 1{50'3101%{) \?lléllgﬁ I%ﬁtg 8&9&' 3 ﬁgx S %’vg\ltﬂ’]cju%pur%gca%.l R4si cgllculated

for C1oH,7F3N4O: (M+H) 385; found 385.2.

Step D
N-[(1R, 3S)-3-isopropyl-3-({4-[4-(trifluoromethyl) pyridin-2-yl]piperazin-1-
Yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

To a solution of (IR,3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyridin-2-
yllpiperazin-1-yl}carbonyl)cyclopentanamine dihydrochloride (140 mg, 0.31 mmol), 3-
methyltetrahydro-4H-pyran-4-one (70 mg, 0.61 mmol) and triethylamine (0.21 mL, 1.5
mmol) in methylene chloride (10 mL) was added sodium triacetoxyborohydride (190 mg,
0.92 mmol). After being stirred overnight, the reaction mixture was diluted with EtOAc and
washed with saturated Na,COs. The aqueous layer was extracted with EtOAc three times.
The combined organic layers were dried (MgSOs), concentrated and purified by flash
chromatography on silica gel (EtOAc to 1% Et;N/EtOAc to 5% Et;N/EtOAc) to give 101 mg
of product. The product was further separated by chiral HPLC to give isomer 1 and isomer 2.
MS calculated for Cy5H37F3N40, (M+1) 483; found 483.2.
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an ice bath was added a 1.6 M sol ution of
n-butyllithiumin hexanes (17 niL). After stirring for
wAa 200ai0m684 he t enperature was | owered down to -FSI/0820851022793
tetrahydro-4H pyran-4-one (2.24 g, 22.4 mol) in THF
Exampfe 9 nL) and hexanet hyl phosphorani de (4 nL, 20 nmol)
were added. The resulting m xture was stirred at -78

Prepacation ofshethylrNo (i By3S) deis optiopy bati( fie [4- (iriftuor did ethyyply yidin-2-
. _ i | | t to 0 0C
VB RE TS Breal i 0 ARy g a2k i, oy

anbi ent tenper at ev\kgr 30 gin. After cooling back to

0 OC, the reactio enghed with saturated aqueous

NHAC . The resulfing %@E extracted with Et OAc

three times. The.cenbi extlacks verecgried over

MySO4 and concentrated i n vacud. rifyi cation by flash

chr omat ography on silica gel (80%@/%5/ 20% Et CAc to

50% hexanes/ 50% Et OAchalpr ovj ded the desired product.

1 ?‘éﬁ@%ﬂnfbﬁ?‘%ﬁe ared ysing mrogeylures analogossto thege dgperibed for
ExaniplS 8- MSaidulde : : .35 (2H,

ann%%, 1.00 (3H, dd@§%§{3g%1\§og@g(gi)§9ﬂomﬁ o2
N[ (IR 3S)-3-1sopropyl -3-({4-[3-(trifluoronethyl)pheny
isger azi n-| ytycar bonytycycl opentyl J-

Exal@lﬁéphyl tetrahydr o®H pyran®-am ne To a sol ution of
Prepftationf- 18- (1R938) @ik p Popyl-3=({ B1L- M i fidk R BLJIR in-

per azin- | yl{ﬁ car bonyf)%c[{ygl o([p{)er{n gﬁrﬁam ngﬁ?gﬂ(}mr%,p 0.2 )]lﬁhﬁerazm
Lyl earbonyDeyclapenill-aimef y%ﬂgalmrp;l&hpyuamﬂemgim ngy, 0. 62

mol ) and triethylamne (0.12 nL, 0.83 mmol) in

di chl oronet hane (10 nL) was added sodi um

tri acet oxyborohydri de (130 , 0.62 mml). After being

stirred at roo Klerxqibght, the sol ution was

diluted with di ro ane., The resulting solution

was washed with ar,}d\brLi\né‘,‘ hedClover MyS4 and

concentrated. The residue was puri fig on silica gel

to give the desired product which waS further

separated by chiral HPLC affording four isoners. M

cal cul ated for C26H38F3N3(2: (MtH) 482; found 482.2
Step Adr four isonmers. Exanple 6

l

L

N

3-Bromo-5-iodopyridine

To a solution of 3,5-dibromopyridine (48 g, 200 mmol) in THF (200 mL) was added a
2 M solution of isopropylmagnesium chloride in THF (80 mL). After being stirred at room
temperature for 2 h, the solution was cooled to -78 °C. To it was added a precooled solution
of iodine (51 g, 200 mmol) in THF (100 mL). The mixture was diluted with ether and washed
with a saturated solution of ammonium chloride, a 2 M solution of sodium thiosulfate, and
brine. The resulting organic layer was dried over MgSO,, filtered and concentrated.
Crystalization from ethanol gave 33.5g (58%) of desired product. 'H NMR (CDCl;) 6 8.75
(1H, s), 8.60 (1H, s), 8.20 (1H, s).
Step A-2
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Preparation of 3-ethyl-N[(l
, 3S) - 3-isopropyl -3-({4-[ 3- .

W@ eeos00468+ onet hyl ) phenyl ] pi perazi n-1 -yl } car bonp€)/c§009e2793
entylJtetrahydro-2H pyran-4- amne Step A
3- Et hyl t et rahydr o- 4H g&gm one The title conpound
was prepared using a prolgterre anal, ogous to that
described for 3- nethylte d H-pyran 4- one.
1HNMR (CDO 3) d 4.20-3.40 (4H , 2.60-2.40 (3H, m,
1.40-0.80 (5H, n). Step B N

* z‘ert-Bflﬂth-BMnEo(dyﬂdaﬁs'-yE ipaﬁmn@pykm%ofy{z«ﬂm[ 3-(trtfluoroneth

I
b SO o Gpee yiqdbervidig €160 2 riamaly st Sipeacine.1

carbdiylhe 83.93“%;&!5‘@ HRROP! ERBERH ibBiag TRIMY 43BN, (19.46 ¢,

91.68 moetd)), 49&;thairmdmdi (A9@I2 .91 Enmﬂt)hf llssﬁfo@plaﬂﬁ&lm ro%mfn ]I[ 4 kealed tube
t en [
was qeg%r?% |89§¢ erl gg %11 b?éth( %o? 2[ci21ys tArflter c%glrlr?gn’% ro%m) tempe%;turg tﬁe reaction

mixt§a e qﬂi&é&’&}&%ﬁ%}ﬂd The E1R40 ReY WBhBAth Qi I, e Bdue was

ran- 4- am ne
takenélp( mt%oymdtthg sqln‘eon why tashedhvigly samrated NI CDg cmed (MgSO4) and

oS T SR o8 ST o s

30% SEJIK)Ad/l@HXaﬂés) naflastiyd 159,94 ginB9E) hex Q‘l@ﬁ?ed( ?? calc+11ated for
The result;m; sol uti on"was cool e to -

C14H20¥3ﬂb%%2 Mat 3t&t foard 50,4448y r an- 4- one (5 g, 50 rmol)
foll owed by phosphorous hexanethyltriam de (10 nL, 55
nol ). After 10 mn, a solution of brononethyl nethyl

Step A483her (25 g, 200 mml) in THF (50 nL) was added.
Stirring was continued at .0 OC for Ih and at room
t enper at ure over ni ght Bodthe YJeacti on was quenched by

addition of a saturated 'sQLMNti f anmmoni um chl ori de
in water. The resulting sol ut |orl
N
tert-Butyl 4-(5-lodopyridin-3-yl)piperazine-1-carboxylate

To a solution of fert-butyl 4-(3-bromophenyl)piperazine-1-carboxylate 2.0 g 59
mmol) in THF (20 mL) was added a 2 M solution of isopropylmagnesium chloride in THF (S
mL). After being stirred at room temperature for 2 h, the solution was cooled to -78 °C. To it
was added a precooled solution of iodine (3.0 g, 12 mmol) in THF (2 mL). After being stirred
at -78 °C for 30 min and at room temperature for another 30 min, the mixture was diluted
with ethyl acetate, washed with saturated ammonium chloride, 2 M solution of sodium
thiosulfate and brine, dried (MgSO;) and concentrated. The residue was purified by flash
chromatography on silica gel (20% EtOAc/hexanes to 50% EtOAc/hexanes) to give the
disired product (1.40 g) in 75% purity. MS calculated for CysHyIN,O,: (M+H) 390; found
390.0.

Step A-4
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was extracted with ether three tines. The conbi ned
extracts were dried over MgSO4 and concentrated. Flash

webmeietseyr aphy on silica gel eluting with 20%CT/US2005/022793
et her/ petrol eum et her afforded the desired product

tert—lﬁlﬂylgé’-w—@l’ ﬂzﬂuoré;h'e%ﬁ @Q.??y)’ p?o#azgné zjﬂgit'liegxylafle 1[ E 3H,

4H .
%@P 0 WM,A?% 24 mn[lcsl) end Pﬁtasmumrﬂuomﬁle)(@ﬂérgglzl@nmol) in a

ﬂask%frgaﬂzg% ted c1:1f1der e%etn IF fhgkltlgreatnﬁ o%&/lﬁgl? Hﬂ?‘}%t‘ﬁnﬂhﬁdgrse@m color
appeddeqhy Aarsemuam astTémbmﬂyI I4e(3cloﬂm1¢ﬁ91)m§ra@1henaéa@ﬁoﬁyate 0.5 g, 1.0

mmo[ (neaé{cih@)iie 8%@%)@%%@@1,1@&493@&%6 mrpple indDMF ((5imL) was added.
b3&wn 3- b(ﬂgg&ﬁpy\% s (gmled- ropm, | Jt%rgp%rgme\ cy?:‘fe&)‘g]ﬁtt More

(trlfluoronet enyyplpera2|n -y
(trlﬂtm@memlmsnm@ylsmep(m@ uwes deded.i el hturEXReP RaRdMR 50 °C

OVCH@% h%blﬁt@‘"ﬁﬁﬂg%g?%? @%B&SV\[I saturatec? %r?hmgn(ljllljng dchlsc)}l?ae The aqueous

layer , W) eﬁtradzitlﬂﬁ RERY '.E‘t@Aé{t‘flJre[e‘lﬁﬁl% Ky ﬁﬁiﬁ{elay&)g%\ﬁr ! fglyers were dried
era -

(Mgsd flfgml@@tﬁsaltejdcym opefied) by - thshathingthategraphy dhosiRéd pylr @0% to 40%

EOABAR AR 120wy CBATP e AP BB € P N0 (2D

332; foahdiB3h. of 2-chl oro-4-(trifluoronethyl)pyridine (2.0
g, 1 1 nmol), piperazine (3 g, 30 mmol) and
triethylamne (3.1 nilL, 22 mmol) in DMF (10 nl) was

Step /18, ated at 100 OC overni ght and concentrated in vacuo.

P The residue was purified by col unm chromat ography on
silica gel (EtOAc to i I MeOH Et 3N 9/1/0.5) to give

1.099 (43% of pure prQdugt. gel cul ated for
C10H12F3N3: (M+H) 232; %*/ 71® Step B tert-Butyl
[(IR 39) - 3- |sopropyl 3-({4-R4-#£trifluoronethyl)pyridin
-2-yl ] pipeiazin-1yl} carbon)h')cycl opentyl ] car bamat e

-[5-(TU sorotetfpiljpyridin-3-ylpiperazine
t%ﬁ?%ﬁm‘{ kéj 8r1ﬁuoropn%ld)}%¥>yn 1|n[] —gl]glg]erglzglg rl?czalrl?oexyia%té1 5(Omégl g, 0.25
mmol) was treated with a 4.0 M solution of HCI in 1,4-dioxane (7 mL) at room temperature
for 1 h and concentrated. The residue was used for next step without further purification. MS
calculated for C1oH;2F3N;: (M+H) 232; found 232.1.

Step B

BocHN

/\ K/cha

tert-Butyl [(1R,3S)-3-Isopropyl-3-({4-[5 -(trifluoromethyl)pyridin-3-yl]piperazin-1-
Yl}carbonyl)cyclopentyl]carbamate

To a solution of 1-[5-(trifluoromethyl)pyridin-3-yl]piperazine trihydrochloride (0.22
g, 0.23 mmol), (1S,3R)-3-[(tert—butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic
acid (0.18 g, 0.66 mmol) in methylene chloride (10 mL) was added benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.338 g, 0.764 mmol) followed
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(15" ,3i?)-3-[(
- but oxycar bonyl ) am no] -1 -i sopropyl cycl opent anecar boxy|
WO eooaodes{ 140 ny, 0.52 mmol) i n net hyl ene chl orC¢TESZ008022793
nm.) was added benzotri azol -
by thiéthyiinine (0] QHEfnm,)ﬂ Be A/bhh qi“déhﬁﬁktkif@ was_stirred at t Togm temperature

hexaf | uoro hosphat e (253 0.572 mmol ) follo
overn ghi i ha 0503 e sahion fee yashed it it NaHCO,,drcd

(Mg%%) ﬁﬁ@%&%&%ﬁ{ htl‘h %? e, s:lslg.?fﬁe .tbeyd @_{%@atogﬁgﬁy on silica gel
(20%’;\Etib®uhe>taay§to mEﬂXAé/aé‘)t&ds)Wo@vdEO sm“’/?eoﬂ dd¥R&d product. MS

he, conpi organic |ayers were drie

calculaé?flcéﬁ{zgé’g * 4T ) 484 fondi483sh chr omat ogr aphy on
silica gel (20% Et OAc/ hexanes to 40%kt OAc/ hexanes) to
give 0.15 g of desired product. MS cal culated for

Step C24H3 F N4AQ3: (MrH) 485; found 385.2 (M Boc+H). Step C
(IR, 3S)-3-1sopropyl S o
({4-[4-(trifl uorq.qzmpth I)yr| di n- 2-yl ] pi per azin-1-
yl } car bonyl ) cycl opentiana ¢ Tert-Butyl
[(I'T17?,3<S)-3-isoprop y(\(\{b\b/L (ted fbpg)rorret hyl ) pyrid
i n-2-yl]piperazin- 1- } car bonyl)) cycl opent yl |
carbamate(lSO nmg, 0.31 mol) wa eated with a 4.0 M

ol uti in 1,4-dioxane (10 nL) at room

(IR, 3t9)5|%ﬂé¢}’d’t91@rle? ({dr[5ﬂ(l"hﬂuOanmefbdmetdm-ét}éﬁazmazmduced

t he product which was used for next
yl}camo‘;%éwf e%iag‘ﬁ’ﬂ’rnlefl cation. M cal culated for

cymmq(m B/B’)ﬂ}-ls%%%p i-Ql(Sﬂ\E%%ﬂ%oro%ﬁeﬁ 1525yndm- -yl]lp;lpgrazm-l-

f 3S) - 3-i sopropyl - 3- -(trifluoromnethyl)
yl}carhqnz _)g,yqlcmeﬁ’@/,l]gghqma (190 mg, 0.14 mmol) was treated with a 4 0 M solution

of HCQ% R Aok e SQ‘HEI%\{ fl]h A 108h Qéﬂl}ge%t{@ L i %8 BonteAMted and

ne To a sol
punﬁedl Ry 3FPLG- fosmpwidpya5- Brg( dfdddstked tpEddulet) NS NRIGHAIPY6r OB, F5N,0;

i n-1-yljcarbony”cycl opent anam ne
M*@%d@g@ﬁf‘g?%de (140 my, 0.31 nmol), 3-
Step DEL hyl t et rahydr o- 4H pyran-4-one (70 ng, 0.61 nmol) and
triethylamne (0.21 ni, 1. 5 nmol ) i n nethyl ene

chloride (10 m) was added®sodi um _

triacet oxybor ohwdr i .92 mol ). After being

stirred overnig?j ct n mxture vvas di l ut ed

wi th Et OAc and

N
N-[(1R,3S)-3-Isopropyl-3-({4-[5-(trifluoromethyl)pyridin-3-yl]piperazin-1-
yi}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine
To a solution of (1R,38)-3-isopropyl-3-({4-[5-(trifluoromethyl)pyridin-3-

yl]piperazin-1-yl}carbonyl)cyclopentanamine tris(trifluoroacetate) (25 mg, 0.034 mmol) , 3-
methyltetrahydro-4H-pyran-4-one (11 mg, 0.10 mmol) and triethylamine (0.024 mL, 0.17
mmol) in methylene chloride (2 mL) was added sodium triacetoxyborohydride (22 mg, 0.10
mmol). The mixture was stirred under N, at room temperature overnight and diluted with
EtOAc. The resulting solution was washed with saturated NaHCOs, dried (MgS0y), and
concentrated. The residue was purified by flash chromatography on silica gel (EtOAc to
EtOAc/MeOH/Et3N=9:1:0.5) to give 14 mg of desired product as a mixture of two isomers.
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washed with saturated Na CO3. The aqueous | ayer was
extracted with Et OAc three tinmes. The conbi ned organic

wo agpensteser e dried (MgSO4), concentrated and peeT/UEmds/022793
by flash chromat ography on silica gel (EtQAc to 1%

The t3iNght1AGrE Serfabbtéd BNEEEDNPLC @ dive/FeakQladihedk 2. MS calculated for
roduct. The product was further separated by chi ra(i

CasHepip4@p QAW 483ofend #838d i somer 2. MS cal cuiated for
C25H37F3NA2 ( M+l ) 483; found 483. 2. Exanple 9
Preparation of 3-ethyl-N-[(lif,3

Exam®pled1i sopropyl -3-({4-[4-(trifluoronethyl)pyridiii-2-

[ 1pi in-1-yl bonyl I tyl]tetrahydro-2H
Prepyrifor R AL 558 eapoN - (riBparestetbspgrdins3-

S G I e T R T

497. 2. Exanpl e 18 Prgparatign of

N-[(1i7?,39)-3-isoproNyl =3-({4-[5-(trifluoronethyl)pyri
di n- 3-yl ] pi perafi nl- z NJ]
yl }carbonyl ) cycP ntyl ‘)/%u'e'(\hy ety abgeEly o- 2H pyran-4
-ami ne Step A-l 3-Brono-5-iodopyri ¢ To a solution
of 3, 5-di bronopyridine (48 g, 200 mg@t) in THF (200
m.) was added a 2 M solution of isopropyl magnesi um

chloride in THF (80 nlL). After being stirred at room

t ermRaitR dYnfHJuBl s gyr%ﬁaP@d Y #é%r%g gﬁ%@g&%qlo (%Hatgtg{ ﬁggr?%li 10. MS

0OC. To it was adde precoo on of i
calculgted2fon Coalbd BNy @2 TME-H)I4S0; fdund 49RE. mi xture was di | ut ed
with ether and washed with a saturated sol ution of

ammoni um chl oride, a 2 Msolution of sodium
Exaniple @3ul fate, and brine. The resulting organic |ayer
was dried over MgpSO4, filtered and concentrat ed.

Prepagagion of N {{il Re}$)13-isoprenpyk e (4-phenyl-3%-8ihyd5&p9ridin-1(2H)-
' H,N CDA3) d.8.75 (IH s), 8.60
yDeaiiy g et Nl R a0 | )

4- (5- Bronopyri di n- 3-yly pi per 8zi ne-| - car boxyl ate A
sol ution of 3-bro Ldixne (13.0 g, 45.8 mol)
, t -butyl piperdzine-1- £ N |

/S

Step A
O
\OE/MN |
/\

tert-Butyl {(I1R,3S)-3-Isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1 (2H)-
YDcarbonyl]cyclopentyl}carbamate

In a dried flask, (18,3R)-3-[(tert-butoxycarbonyl )amino]-1-
isopropylcyclopentanecarboxylic acid (200 mg, 0.7 mmol) and 4-phenyl-1,2,3,6-

BocHN

tetrahydropyridine (160 mg, 0.81 mmol) were suspended in methylene chloride (4 mL) under
N;. Triethylamine (0.22 g, 2.2 mmol) was added followed by benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.36 g, 0.81 mmol). The
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carboxylate (8.53 g, 45.8 mmol) , corper(l) iodide
(0.871 g, 4.57 mol), K3PO4 (19.46 g, 9 1.68 nmol),

wa @epodesanedi ol (5.1 nL, 9 1 nmol) in isopropyPCHUS®N®22793
(80 m.) in a sealed tube was heated at 80 OC in an oi

reactivat Wad efirrédd GetBighbt Rfont @&b]{)éﬂ&uieoaﬁcp@ﬁ@ntcﬁé@ B? AqHtRn of saturated
the reaction m xture was filtered through celite. !ilhe

NaHEOp splafien e et tiog solatien ws extastes. with enatlederduehlode three times.

' C okution was washed with .

The Lo Bkt o ORI T 8 et BoneBRe G i toation by flash
chrorRaetopfaphpbh eilich gelf (gastierah 0HB%M LIRS Bh. BHIECA HBRéxanes. bottle B
_ 0% Et.0A¢/ hexanes to 30% FEt OAc/ hexanes) afforded 5. 75
= Etér%?)sff%w% 348 (SO slesieed produeiaMusaiewated dor CosHyeN,O3: (M+H)
413; RMAE29BHN3C2:  (M+H) 343; found 342.0, 344.0. Step A-S

tert-Butyl
Step B- (5- 1 odopyri di n-3-yl) pi peraztne-|-carboxylate To a

solution of rt-butyl 4-(3-hgonophenyl)pi perazine-|

-carboxylate (2.0 gN5. 9 Mpl) in THF (20 nL) was

added a 2 Msolution o magnesi um chl oride in

THF (5 nL). After bei ng—St at room tenperature

for 2 h, the solution was cool 78 OC. To it was

added a precool ed solution of iodivngA3.0 g, 12 mol)

Wh,THE (2 After i,ng stirred at -78 0C for 30
(1R 35 3 s St ey a3 b asbomileycionentanamine
M gyiwas dil ute B\ Cef at nesh ith ...
sat ur alllf%d anmmoni umgém%‘? |3§gm§p}lﬁ\}/l%§g?&$ Fon O&aglgg:m@ﬁ{ldm'l(ﬂ{)'
yDcatbpnddayclopertyBoarbbmated). 23rg, @cﬁf6|(ﬂvg1ﬁl)4x)/hasaﬁﬁlsomciﬁ ﬁt r.@desblution of
The.resid urified ash chromat ography on
HC! i FnbE o T, 2 e, s 208 omree i Adniibs wolugon vwas
concegir¥ed itbeieh 8icoRflely 80YTY0 4 | g i (B’B(M .
cal cul a{%ed for Cl5H2 L1(I NZ%) %ﬁ%lbgﬁtg;é@’g%‘ﬁ%@bﬁo. H) 313;
foundGidga- 4t ert-Butyl 4-[5-(Trib
uor onet hyl ) pyri di n- 3-yl ] pi perazi ne-| - car boxyl at e
Copper (1) i1odide (0.49 g, 2.6 mvl) and potassi um
Step @ luoride (0.15 g, 2.6 mol) in a flask were
fl ame- heat ed under gentle shki ng and at high vacuum
until a greenish col ofl appeajjed. A solution of r
“butyl 4-(3-i odopfenyT N perhzre~ | - car boxyl ate (0.5
g, 1.0 0

\ < gife

N-{(1R,3S)-3-Isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-
yl)carbonyl]cyclopentyl}tetrahydro-2H-pyran-4-amine

To a solution of (1R,3S)-3-isopropyl—3-[(4-pheny1—3,6-dihydropyridin-1(2H)-
yDcarbonyl]cyclopentanamine hydrochloride (50 mg, 0.1 mmol), tetrahydro-4H-pyran-4-one
(43 mg, 0.43 mmol), and triethylamine (0.070 mL, 0.50 mmol) in methylene chloride (2 mL)
was added sodium triacetoxyborohydride (91 mg, 0.43 mmol). After being stirred at room
temperature overnight, saturated NaHCO; was added. The solution was extracted with
methylene chloride three times. The combined extracts were dried (MgSO0y), filtered, and
concentrated. Purification by flash chromatography on silica gel (gradient: 0 - 15% B over 15
min. Bottle A = 1% NH4OH/3% MeOH/EtOAc, Bottle B = 1% NH4OH/MeOH) afforded the
desired compound. MS calculated for C,sH3¢N,O,: (M+H) 397; found 397.2.
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mol ) and (trifluoronmethyl)trinethylsilane (0.37 g,
2.6 mol) in DMF (5 nL) was added. The brown sol ution
wWoRB6m04684 ed at room t enperature overni ght. MNPET/US2005/022793
(trifluoronmethyl)trinethylsilane (0.37g) was added.
The m xture was heated at 50 OC overnight, diluted
wi th Et OAc and washed with saturated amoni um
Exampled3i ge. The aqueous | ayer was extracted with Et OAc

j j Lgani c s, were dried
Preop iR, b MR ASE SRR (A RREn S Bk e ot Bl
Yl)cal?h‘l‘ll?ﬂhiyogpaﬂy!/}-mahyli&ﬁalgﬂh'omf@idh-ig%ine
Et OAc/ hexanes) to give 12 of “desired product. M
calculated for Cl H2ORSN Q2 E§M+H_) 332; found 332.1.

StepA-5 1-[5-(TrifTugfo RyTiNdi n- 3-yl ] pi perazi ne

rt-Butyl 0 z
4-[5-(trifluoronmethyl)pyri di n-3° 1 i
ylate (0.24 g, 0.25 mml) was treated w
sqol,ution of HO in 1,4-dioxane (7 nL) "at room

t et SRBPGUSE Wasrprepried: Briag pracadends afdlegauws b dixesewlescribed for

Exa Ri ' . Jeurification. M
LS ST e bR G L B e 050
Step B tert-Butyl
Exanhgle? 3S)-3-1sopropyl -3-({4-[5-(trifluoronethyl)pyridin
-3 1‘] pi perazin-1yl} carbonyl)cycl opentyl]carbamate To
Prep:ra$ioh Wf N2(1R135)-3-i -3-[(4- ineridi
D AN N s Soisppropyl-3-[(d-phepylpiperidin 1. |
yDcaxhonyl] ey ceprendyl} wtrahgdep2H. pyoragat-amine , (1"S, 3i-)-3-[( r
- but oxycar bonyl ) am no] -1 -i sopropyl cycl o
rent anecar boxylic acid (0.18 g, 0.66 mml) in
nmet hyl ene chloride (1@ nL) wds added benzotriazol - 1-

yl oxytri s(di nethy ] 0 opd um hexaf nor ophosphat e
(0.338 g, 0.764 l) f Aved
n., 1.6 mmol). TR xt Ur'e Anas

tenperature overnight and diluted w Et OAc. The
sol ution was washed with saturated dri ed

S@4 kokaign cap i s irdley was puii fied b
(St homndacancen1 b o oS UL UL Bt 1t
yDearbesyligygersiylhiskabisisy-2Hopygan-d-:nibe (22 1061045 Dintidpin'Rethanol (2.0
mL) uREGNhvas MRied palladium (10 mg) (10% dry weight on wet activated carbon). The

reaction mixture was stirred at room temperature under H, (1 atm) overnight (22 h) and

2y azi ne-| - car box

i.at room

filtered through celite. The celite was washed with methylene chloride and the filtrate was
concentrated to give 20 mg of desired product after lyophilization. MS calculated for
CysH3sN,0,: (M+H) 399; found 399.2.

Example 15

Preparation of 1-[((1S,3R)-1-isopropyl-3-{[3-methyltetrahydro-2H-pyran-4-
yl] amino}cyclopentyl)carbonyl]-4-[3-(triﬂuoromethyl)phenyl]piperidin-4-ol
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cal cul ated for C24H35F3N4O3: (M+H) 485; found 485. 2.
Step C

W@ bRsBE8B- | sopropyl -3-({4-[5-(trifluoronethyl pEyUSI0F022793
3-yl ] piperazin-lyl} carbonyl)cyclopentananine r -Butyl

[(II
, 36) - 3-i sopropy] - tr
yI]pl per azi n- m@ﬂﬁ\
(190 ng, 0.14
of HO in 1, 4-di oxane (5 m_) for 1 t room
tenperature. The m xture was concen ted and purified
by HPLC to provide 35 ng of desired product. M5
calculated for C1 H 27F3NAOQ, (M+H) 385; found 385. 1.
Step D
(IR 3S)-3-1sopropyl-3-({4-[5-(trifluoromethyl)pyrid
Stepy_‘ls yl ] pi perazin-1yl}

| uor onet hyl ) pyri di n- 3-
ycliamentyl ] carbamate
F® M sol ution

car bonyl ) cycl opent yl - Oe | t et rahydro- 2H pyr an- 4- am
ine To a sol uti onBaiN
(I R, 3S)-3-isopropyl - 14- (trifluoronethyl)pyridin-

3- yI ] pi perazin-1-yl }cariygnyl ) cycl opent anami ne

trt- B DT A TR S e per i catp e
anth 4 kblatibey bﬂWbB@m&-Q @2Audbme By BedyBRd Q 181%% ?Qng;ﬁflél THF (20

chloride (0 was added sodi Umtri acet ox
mL) gognfechiy —78. @oszbppwwwédqah a1.60 d1 vedstion of n-bdtyﬂlrttiﬂlm Mhexane (3.4

) Shob O RS Bl SRR Chet Bt et

(1.0 g>laﬂ-®3613nol§i iri FEIF( (SBOf was aﬂ@bdcéiﬂctﬁstsbﬁh@ﬁl snEB@ f6ep h% €78 °C. The
purified by flash chromatograp h% on silica ge

reactipl W, ENGRCAY oS Mngnpmgms)c ddgi The 1r¢s1dgng)fsoluuon was

Th
excul8, i PAFUIE LR S, T B0 TEER LV i s
filterealp dnpearicetrdi cagice Dﬂﬂ@oﬁ OWhitR SO ARSI %s ubddHid) 18Rt reaction
1 Preparatlon of 3-ethyl-N

witho‘;ggx;‘r_‘i’fgcf‘ 1§B§\A§§X9ﬁ:ﬁ‘gxltet%{fér CoHataNOs QY SR 6 fowd 246, o G Boct),

yl ] pi perazi n-1-yl }carbonyl)cycl opentyl]tetrahydro-2H p

yran-4-am ne
OH
OF )

Step A-2
FsC

4-[2-(Trifluoromethyl)phenyl]piperidin-4-ol

tert-Butyl 4-hydroxy-4-[2-(trifluoromethyl)phenyl]piperidine-1-carboxylate (0.40 ¢,
1.0 mmol) was dissolved in a 2.0 M solution of HCI in ether (5 mkL). After being stirred at
room temperature overnight, the solution was diluted with ether. The white solid was filtered
and washed with ether to give 170 mg of pure product. MS calculated for Ci2H14F3NO:
(M+H) 246; found 246.1.

Step B
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The title conpound was prepared in a manner anal ogous
to that for Exanple 10. MsS cal cul ated for
W@2068868NAC2: (MHH) 497; found 497. 2. Exanpl ePdRUS2005/022793
Preparation of N-{(I
, 3S) - 3-i sopropyl - 3-[ (4- pheny®- 3, 6-di hydropyri di n-1 (2H)
- yl)carbonyl ] cycI&ssEN t hy dr o- 2H pyr an- 4- am ne
Step Atert-Butyl {(1R oHGF3
3S) - 3-1sopropyl - 3-[ (4- phenyT=3~6-dihydr opyri di n- |
(2H) - yl)carbonyl]cycl opentyl }car ba In a dried
flask, (15',3i?)-3-[( r
tert-Bulsplt oX§IRad; Yol F L grRwY B i
(500 g T ) a3 BeRy T PO g I bony)-5-
ISOPTORHOKIRPErYEGebamate (160 mg, 0.81 nmoi) were suspended
i t hyl.ene c .l de (4 ) ungder. ... Triethyl an ne ]
(81.1 (gg g, 2.2 mg’]r(%)lﬁgl&\gvas aé’?éd foaSé\ﬁS%'[Wr t-butoXycarbonyl)amino]-1-
1soprépiayeiapeamoéeaiboxylioxyt meid( di neshy | agigho) plagsphong iy 4-[2-

trif] hexaf hosphate (0.36 g, 0.81 mmol). Thereaction

(niftygrarmedhybetleny iigrdioncolhydresbhiride b weud.60 amdobymddtieylamine
by adgi ty of:..s 3.solption., T .

©.172%, 588 WHARIP e SHAEALEE DOURR SO bH) | S Mg ommoriaot.

yloxyptripwrrplidinephosphaniure shextifieorophdsiphsid @di1r actoseoMeRBolylr Agdy being
ted. Purification

sinef IS L B0 SR RTS8 PV B D

resultiigedolutfonWdd. exBattel Svith m i B R OAC) Lo
Ve 234 g (80%  of ﬁ;drggiihgrggg S?*Sr ﬁ%ﬁﬁ*i&ﬁlg& ﬁﬁ %ﬁ‘@amd extracts
were @AetRoNBited, (and igpnerpBatetlo TinclcradS pRdudtwis Rrried on to the next

: | -3- -nh -3, 6-dj hydr opyri di n-|
step V‘%ﬁ@“ﬁﬁ%@? 1§@W?§§8P@E@&§%ﬁéﬁ%ﬁé&‘?@ o8P nd 485 5

{(li?,35)-3-iso0

roryl -3-[(4-phenyl - 3, 6-di hydropyridin-1(2H) -
Step(;l ) car bonyl ] cycl opentyl } carbamate (0.23 g, 0.56 nmol)

was dissolved in a 1.0 Msplution of HO in ether (4

m.). After being SHINJ ajl room tenperature for 2 h,

the solution was conm@_@ﬁk ty gie® a colorless oil

(170 ng). MS cal cul ate f/BJ; QRR8MN2O  (MtH) 313;

I1-{[(18,3R)-3-Amino-1 -isopropylcyclopentyl]carbonyl}-4-[2-
(trifluoromethyl)phenyl]piperidin-4-ol

To a flask containing tert-butyl [(1R,3S)-3-({4-hydroxy-4-[2-
(triﬂuoromethyl)phenyl]piperidin—1-yl}carbonyl)-3-isopropylcyclopentyl]carbamate 0.27 g,
0.54 mmol) was added a 2.00 M solution of HCI in ether (5 mL) and the resulting mixture
stirred for 3.5 h. The solution was concentrated to give an oil which was used in the next
reaction without purification. MS calculated for Cy;HyoF 3N20,: (M+H)399; found 399.2.

Step D
I-({(18,3R)-1-Isopropyl-3-[(3 -methyltetrahydro-2H-pyran-4-
yl)amino ]cyclopentyl}carbonyl)-4—[2—(triﬂuoromethyl)phenyl]pzperidin-4-ol
To a solution of 1-{[(1S,3R)-3-amino-1-isopropylcyclopentyl]carbonyl}-4-[2-
(trifluoromethyl)phenyl]piperidin-4-ol hydrochloride (50 mg, 0.1 mmol), 3-methyltetrahydro-
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found 313.2. Step C
N-{ (1R, 3S)-3-1sopropyl -3-[(4-phenyl - 3, 6-di hydropyridin

WO R006/26H684 PCT/US2005/022793
yl ) carbonyl ] cycl opentyl } t et rahydr o- 2H pyr an-4-am ne To

4H-pgraned-ohé (B9 mg, 0.34 mmol) , and triethylamine %).ObfLSdr{l%,y %?% gl;lg?lgj}nnmethylene

chlorfded L] 426 EBRS ST et v e r 0gh0 04 patol SAttr being
sl S b AL, SR 08 BT, 0 s 1

solutivet Wyd exteactdd withdeeth@lent )ohlvaisle atiebedtied]i THE combined extracts were
dri dmg%?:e&ot)gi/bo({agﬂ%{drl de (91 g, 0.43 mmol). After being
1€ 7 cr fenpsrirated; Faridication b flashselromatogriphy on silica gel

0 - Na¥iCaB d. Ql ybj extr, it _
( net hyl g\rﬁéelscl:ﬁlqgfrﬁi' dBeO%féee ?i/é)ne%iljlm/ezzéé\@ﬁ@go&t H%og@% B =1%
NH4Q§éfﬂ\_é:(_éHD t@_ffo(dvgsﬁ?fl)d,esif]ddl %@d&d{ asag oﬁomﬂhl_btléﬂh&d- for |C27H39F3N203;

Ufd-f kcati y ash chromat ography on silica ge
(M )g{dgdukoé‘ﬁflz“ggzz 15% B over 15 min. Bottle A = 1%

NHAOH 3% MeOH Et OCAc, Bottle B = 1% NHAOHZMeOH)

af forded the desired conpound. MS cal cul ated for
Exanfpd®ie6N22: (MtH) 397; found 397. 2. Exanpl e 13

reparation of N-{(l ,3

Preparaﬁonggéf[(u(ldﬁ'lﬂﬂ}l[-f(sdpl{!lipivh%{{@*ﬁﬂ*ltw?br@ﬁﬁgizﬂ-gﬁd@w- .
R e T O TR

procedures anal ogous to those described for Exanple

12. M5 calculated for C26H38N2C2: (MtH) 4 11; found 4

11.1. Exanple 14|Prdparati of

N-{(LR 3S)-3-is0p plenyl pi peridin-1yl)

car bonyl Jcycl ogent yl } t ahy 2PHpyran-4-amne To a

sol ution of e

N-{(lIi?, 35)-3-isopropyl-3-[(4-phen 3, 6-di hydr opyri di

n-1(2H) - CF3

yirhe @b t ; ran-4-amne .

(35" Bue eQHipDEE hap SRk B PSS BB R sorived for
Examplg d & dMiSedal cudriteshfor Co7HiphsNoO9QMIFRT) 485i; Ghinda1y7eet

activated carbon). The reaction m xture was stirred at

roomtenperature under H( 1 atm overnight (22 h) and

Example 17
Preparation of N-((1R,3S)-3-isopropyl-3-{ [4-[2-(trifluoromethyl)phenyl]-3,6-
dihydropyridin-l(ZH)-yl]carbonyl}cyclopentyl)tetrahydro-ZH-pyran-4-amine

Step A-1

BOCN<:\>—©

F3C
tert-Butyl 4-[2-(trifluoromethyl)phenyl]-3, 6-dihydropyridine-1(2H)-carboxylate
To a solution of fert-butyl 4—hydroxy-4-[2-(triﬂuoromethyl)phenyl]piperidine-1-
carboxylate (0.75 g, 2.2 mmol) in pyridine (15 mL) cooled in an ice bath was slowly added
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filtered through celite. The celite was washed with
nmet hyl ene chloride and the filtrate was concentrated

wo 00giowwssL0 ng of desired product after |yophi PCES10051022793
M5 cal cul ated for C25H38N2Q2: (M+H) 399; found 399. 2.

thionfgk a]ntphde @79&39 ﬂﬂ&hm@ @ the hitture Was dt
i sopr [ 3- rrgt hyl tetraliydr OWSEE%y 0_foom temperature and

stieel qvaFigdy Do tf‘}qC}l@%Wé epehed (g o Wior et solution

e B ORD e B e i rombineropvests. vare dred
(Mg%axﬁ]terb@, ahd ca)neﬁiutatddoﬂuﬁﬁcatlon by flash chromatograpliy on sﬂ c)a gel (0 -

bro t f thyl)benzene 1.18 g,
40/0 OW—TF ?@)‘g 539 ecgnggX%es BetteBva t@A@})@ﬂ‘@eZ%@edf the desired

dlib |
prodil per Méi‘? ¥ 2??‘#1?%% Rr O D) 48 BiRgdsd Glebiocrin,
tert-batyl 4-oxo-I|-piperidi necar boxylate (1.0 g, 5.0

Step 1 ) in THF (3 nL) was added and the solution stirred
or 1 h at -78 0C. The reaction was quenched wth

saturated ammoni um chl oryda, T esulting solution
was extracted with net Hﬁ@‘?@i de three tinmes. The
conbi ned extracts were dri dé O), filtered, and
concentrated to give 0.78 gfef a white solid which was
4-12- ofSettfinR purl fication. MS
4 ({gglﬂgul at e(fh?)or@g:yl] %gttér%ym(%?&g%é found 246.0
NioBb salujion of é?mblltyl 4-[2- (tl‘lﬂuoromethyl)phenyl] 3,6-dihydropyridine-1(2H)-

carbogylkt% a(r&g?( ;}ﬂétu(?ép W %J M?rl?s g{ﬁgbﬁn}iﬂr)g‘g?; géci;é t?l?ﬂglgroacetlc
acid (ﬂcﬂ)ml)atﬁﬂélo béiﬂggstlrﬂedoamrﬂ t\é@@eﬁ?ﬁé oliogeég Wn 2 § alll\l/Juon was

sol u Si)lon of i n ether After being 'stirré
concenfate B)nglf’%ﬁ%élflaMﬁrCélcﬁlﬂéqdrﬁOgﬁqutH}N §uHEb)i208; fvasd 228.1.

diluted with ether. The white solid was filtered and

washed with ether to give 170 ng of pure product. M
Step Bcal cul ated for C12H 4F3NO. (MtH) 246; found 246. 1.

Step Btert-Butyl 0
[(IR 3S)-3-({4- hygg 4[2(trlfluoromethyl)phenyl]pl

peri di n- I-yI}carbony Fs
|sopropylcyclopentyl]c e

tert-Butyl (1R, 3S)-3lisopropyl-3-{[4-phenyl-2- (trifluoromethyl)-3,6-dihydropyridin-1 (2H)-
Yl[carbonyl}cyclopentyl)carbamate

To a solution of ( 1S,3R)-3-[(z‘ert—butoxycarbonyl)amino]-l-
isopropylcyclopentanecarboxylic  acid (115 mg, 0424 mmol) and 4-[2-
(triﬂuoromethyl)phenyl]-1,2,3,6-tetrahydropyridine trifluoroacetate (152 mg, 0.445 mmol) in
methylene chloride (2 mL) was added triethylamine (0.21 g, 2.1 mmol) followed by
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (210 mg, 0.47
mmol). After being stirred overnight at room temperature, the reaction was quenched with
saturated NaHCOj3 solution. The resulting solution was extracted with methylene chloride
three times. The combined extracts were dried (MgSO0y), filtered, and concentrated.
Purification by flash chromatography on silica gel (0 - 50% B over 15 min. Bottle A =
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To a solution of (15 ,3i-)-3-[(ter

- but oxycar bonyl ) am no] -1 i sopr opyl cycl opent anecar boxyl i
w@2@eiaicgd50 g, 0.55 mmol), 4-]2- PCT/US2005/022793

(trifluoroniethyl)phenyl]piperidin-4-ol hydrochloride

hexafids7 Bortils BJ=613t@m)I provided 174 mghmf agding ﬁx%d&c% & a Wwifite solid. MS
%fﬁoéltd] Ig; ﬁ” ene chloride was
Calctﬁég =T SINTOEE Wﬁﬂgljlgl’alfﬁb}‘ﬂ@ll i nophosphonl uni

hexaf | uor ophosphate (0.31 g, 0.60 mml). After being
stirred for 2.5 h, the reacti on was quenched by

Step €ddi ti on of a saturated NaHCO sol ution. The resulting
sol ution was extracted w th nmethylene chloride three
times. The conbi n,f;qL, extragts were dried (MySH),
filtered, and concen ,_ i) N cr@,fise product was
carried ontothe nex i purification. M
cal cuI ated for C26H37F3N2O4: 99; found 499. 2.

Step
| S, 3R) | - I c | ] carbonyl }-4
(IR, 3S{'%£1§‘(Hr 94”513 ?fr@%ﬁ ’MZWIQ%O 435}&@&?3 %1%%] @1])”91??@ 13(2}/11)3;13k
y]]caﬁ[jy,lls;? MRntapbbi utyl [(li?,35)-3-({4-hydroxy-4-[2-
(trifl'uoromet hyl henyl]plperldln | -yl }carbonyl)-3-iso
prf@mﬁ%ﬂd(b%@wﬂs]opmpwhﬁw[@[l arlﬂﬁo@me@hﬁ hengl-3, a()\rl]‘@ﬁydropyrldm-

th 5 nL
1(2Hf 2@%9?9@%019?%&@ 06 (47 & 03 TheD Sussudissomverkis 2 2.0 M
soluti6@HFEMCT &t @thet 722! ME,) AR} beiffp! it/@x Y}eﬁcufat 1 dt%]o%lh?en{qpee)r(gture the

reaction without puri f| cation.
solutiey wap germapizated (e 399 :mgd of idedirdd BraductStsepelBar-oil, MSealculated for

Cle%E%p{: %gﬁaf@ﬁ?@%ﬂ%% ;E\r ahydr o- 2H pyr an- 4-

-ftrifluoronethyljphenyljpiperidin®ol To a solution

f
S’eplﬁ-{[(l S, 3R) - 3-ani no- | -i sopropyl cycl opentyl ] carbonyl } - 4
-[2- (trifluoronethyl }_phenylbpl peri di n- 4- ol

hydr ochl ori de (50 bl ),
3- msthyltetrahydné\%py -o¥ie Y39 ¢y, 0.34 mmol )
and triethyl am n®<( 9. 048 /.>,\ Q. 34 Rl ) in methyl ene

chloride (5 nmL) was added sodiumtr t oxybor ohydri de
(73 mg, 0.34 nmmol ). After being sti over ni ght at

N-((1R, ggﬂk-tlﬁ)gﬁtgﬁ%u{[? 2 a(z‘r fgtto%n?ettl%(zjl)p%%%yljly-ij’,()gldi%;drlg}a?yri z'n—]v)?fl)-
yljcarbonyl}cyclopentyl)tetrahydro-2H-pyran-4-amine

To a solution of (1R,3S)—3-isopropyl-3-{[4-[2-(triﬂuoromethyl)phenyl]-3,6-
dihydropyridin-1(2H)-yl]carbonyl} cyclopentanamine hydrochloride (46 mg, 0.11 mmol),
tetrahydro-4H-pyran-4-one (33 mg, 0.33 mmol), and triethylamine (0.054 mL, 0.39 mmol) in

methylene chloride (2 mL) was added sodium triacetoxyborohydride (70 mg, 0.33 mmol).
After being stirred overnight at room temperature, a saturated NaHCOj solution was added.
The resulting solution was extracted with methylene chloride three times. The combined
extracts were dried (MgSOy), filtered, and concentrated. Purification by flash
chromatography on silica gel (0 - 20% B over 15 min. Bottle A = 1% NH,OH/2%
MeOH/EtOAc, Bottle B = 1% NH,OH/MeOH) provided the desired product. MS calculated
for CygHss5F3N,05: (M+H) 465; found 465.2.
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solution was extracted with nmethylene chloride three
times. The conbi ned extracts were dried (MgSO4),
wo 2dobe0484 and concentrated. Purification by fPernsS2005022793
chr omat ography on silica gel (0 - 20% B over 15 mn.
Examiplet18 A = 1% NHAOH 2% MeOH Et OAc, Bottle B = 1%
af forded the desired product as an oil. M5

Prepagpican ok dUFoF SO RIBreRECL4- [ s uorometihptind B, 2.
i BRI R FoA Ak Ao .

yI ] amm} cycl openfyl ) Bar bonyq)] 4-14-(trifluoronethyl)ph
enyl ] pi peridin- e e eQnmpound was prepared
usi ng procedureg anal ogouys to thpse descrlbed for
Exanpl e 15. M5 Cul at ed/Tor 39
found 497.2. Exanple 17 Preparatio j
)-3-isopropyl -3-{[4-[2-(trifluorone yI)phenyI] 3, 6-

5 di hydr opyridi n-1(2H) -yl ] carbonyl }cycl opentyl)tetrahydr

H %/ran 4- am ne Step A-l tert-Butyl

4 1[%‘2: ? 1tle ; qoppg, HBdrevasy PyapRkedyin] a3menrndir rgrxakxgpys itdi thet described for

- hy%?\gif’(g%mf‘ t??%ﬁé%?lgﬁ‘%% KI%L gﬁ’y‘ib géggdl ne-| car

boxylate (0.75 g, 2.2 mmol) in pyridine (15 nL) cool ed
Exa 'q TQ i ce bath was sl owl y addedt hi onyl chloride (0.79
TR 1 nmol ) and the m xture was warned to room
10 Pre mmﬂaﬁroat\uf The reaction
e S pra e R G T S s
dlhydmgyrggum-H@f]é-d’l]\mtboﬂyl’}ﬂ’lﬂbpe'n?tyl)m-mthi@tetﬂﬁh?&d—ﬂﬂ%mﬂ%amme
conmbi ned extracts were dried (MgSO4), filtered,
concentrated. Purification by flash chronatography on
silica gel (0 - 40%B over 25 mn. Bottle A = hexanes,
Bottle B = Et the desired product as
a solid. M callcul (MtH) 328;
found 228.0 (MW L EPA CF3
4-1 2- (Trlfluoronethyl)phenyl]-l
2,3, 6-tetrahydropyridi ne

The title compound was prepared in a manner analogous to that described for
15  Example 17. MS calculated for C27H37F3N,0,: (M+H) 479; found 479.2.

Example 20

Preparation of 3-ethyl-N-((1R,3S5)-3-isopropyl-3-{ [4-[3-(trifluoromethyl)phenyl]-3,6-
dihydropyridin-1(2H)-yl] carbonyl}cyclopentyl)tetrahydro-2H-pyran-4-amine

20

/\ CF3

The title compound was prepared in a manner analogous to that described for

Example 17. MS calculated for Ca8H30F3N,0,: (M-+H) 492; found 492.2.

25  Example 21
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To a solution of tert-butyl
4-12-(trifluoronethyl)phenyl]-3, 6-di hydropyridi ne-1(2H

W0 2006@0408Ky| ate (200 ng, 0.61 nmol) in nethyl eP@r/US2005/022793
chloride (5 nL) was added trifluoroacetic acid (2.5

Preputatmn%mr((1bessygs-s§opmlgd a4 (ﬁ@ﬂ&&%&ﬁ%‘?ﬁgﬁgﬁf 8- (ilﬁﬁiro-

e sol ution was concentrated to
bmy’é‘&!‘bb @tﬂs)tyl}céfb@NﬂHIQFBWW()M*@etM&terP@-ZHZﬁyrhn Shfiine
B tert-Butyl ((1R
3S) -3l i sopropyl -3-{[ 4- phenyl -2-(trifl uoronethyl)-3,
O

6- di hydr opyridin-|l (8H) -
e To a solution of

yl ] car bonyl } cycl N a
(\S,3R)-3-[(terft-b . N
\\ oxyc&xbony\) \-lisggrop @necar boxyl i c

acid (115 ng, 0.424 nmol) and 4-[ 2

(trifluoromethyl)phenyl]-1,2,3,6-t ahydropyri di ne
trifluoroacetate (152 ng, 0.445 mmol) in nethyl ene
loride (2 m) was added triethylamne (0.21 g, 2.1
S’el"%ﬂm) fol | owed by

benzotri azol -1 -yl oxytri r@le am no) phosphoni um
hexaf | uor ophosphat e (210 47 nol ). After being
stirred overnight at roo erature, the reaction

t t ed NaHCC3 | ut Th
2-Bro¥%@)szﬁ?1??ﬁ mg'%ﬁt%ﬁl}lp&f (%ﬁgrgxfr acted wi tsﬁ :Jrelt g;l enee
o ﬁ)d@r t by N " S
bt ey SBT3 o
bromqtpglgﬂly réd- 8¢ mslph%P @mmol) iic promiheriftile (5NOONE. PWAE hdfed under
. = ded

L L OSSR N B o AT b a5
© afne it GG RIFAR OB thib M

ot e, A o Ry L
Calculﬁi‘ie Wré%{zgf@%@flﬂ(@% yiopeh2BoHPRT.8y cl opent anami ne r

Step 4-But Y| _
((li7?,36)-3-isopropyl-3-{[4-[2-(trifluoromethyl)phenyl

] -3, 6-di hydr opyri dinl ( CF4
2H) -yl ] car bonyl } cycl og Wt e (0.17 g, 0.00035
nol) was dissolved in lytion of HC in ether
(2.2 m). After being stitred 2 h at room

rerr-BazpmHyamyarm@ﬂﬂmlomteth@t)py%n@ﬁ géﬁ&k@?'-c %(%gl\é?e 144

SI red product as cl ear” oi
P’gg a shg tly cloudy solution of 2 bromo-4- -(trifluoromethyl)pyridine (4.0 g, 14.2

mmol) in dry methylene chloride (52.7 mL) cooled at -78 °C was added a 1.6 M solution of
n-butyllithium in hexanes (9.65 mL). After being stirred for 40 min at -78 °C, a solution of
tert-butyl 4-oxo-1-piperidinecarboxylate (2.59 g, 12.9 mmol) in dry methylene chloride (10.0
mlL) was added dropwise. The reaction was stirred at -78 °C for 1 h and quenched with
aqueous NHyCl. THF was removed by rotary evaporation. The aqueous layer was extracted
with methylene chloride three times. The combined organic layers were dried, filtered and
concentrated. The residue was purified by column chromatography on silica gel (30:70
EtOAc/hexanes) to give 2.63 g (59%) of desired product as a brown oil. LC-MS calculated
for C16Hy1F3N,O5: (M+H) 347; found 247.0 (M-Boc+1).

Step A-3
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C2 1H27F3N2O (M+H) 381; found 381.1. Step D N-((1R
3S)-3-1sopropyl-3-{[4-[2-(trifluoronethyl)phenyl]-3, 6-

walrdvgmowpyri di n-1  ( 2H) - PCT/US2005/022793
yl ] carbonyl } cycl opentyl )t etrahydro-2H pyran-4-amn ne To

a sol ution of Fa
(1i?,35)-3-isopropyl -3-{ 2- f1 uoronet hyl) phenyl ]
-3, 6- di hydropyri di n-BgeNH) - garponyl }cycl o

rent anam ne hydrochl orid 46 0. 11 mmol ),

. v 3
fert Jfﬁzﬁgyfggnf@?y Sl bzggmfz? %E(Z@Dc{%:)‘ w3
ch Q)?.|Sq]éltl()2 ofr¢egr z‘-limiyl é;ild’émxysﬂ[4dmlﬂnd)mmgtl@d()pbﬁdlﬁ;wﬁljp1§§r1d1ne 1-
Al
s BT3B BB e S0 e Ao e sty
addechddenlyl afﬂ@ﬂdee@()JM iilg BOhi#hdIPTHE R ekt dal %ﬁa\\%& By warm to room

net hyl ene, chl oride three tines. The conbl ned extrac
temp%éplée and @W@W@@l@t {7 Inp.eFhecbrowndeanting emmxtlmé B,ds quenched with ice

WaterF> el-Hd' é}dtl%@tteli Qﬂtﬂi@etﬂyﬁ%g Ig%rot %&{o%&%ﬁﬁ% A SI E{r@g&é were dried

% B over
(MgSQa),tﬂil@rBl and %okttt et Oh) révidue 6 Fgﬁﬂi‘ﬁecﬁ@ﬁ g chrgmatography on

Sili Eﬁd&; i I\g cal cul ated for C26H35
cafgg By frEn 1@0@@@313@@@%, @ptt}q.]@(# EtOAc) to glve 404 mg
(53%) 8§He§reusls}8&19o%s Tt b ofl! LEINOLRIRLOY WPEER P A (v

329; foved AropyM-@Burtl).( 2H) - y1 ] car bonyl } cycl opent yl )tet r ahydr
0- 2H pyran-4-anm ne The title conpound was prepared in
a manner anal ogous to that described for Exanple 17.
Step AVB cal cul ated for C26H35F3N2Q2: (M+H) 465; found

465. 2. Exanple 19 Preparation of N | - -isopropyl- -
- - trifluoromethy plienylJ- - fFs

di hydropyri di n-1 (2H) - |¥| c rb cycl opentyl) - 3- et hyl
t et rahydro- 2H pyr an- 4- epitle conpound was

prepared in a manner anal ogod§ to that described for
4—(Trzﬁg(@mmeé’1yd)71 \2VB, C-ddroatydtoed] 4L bipyRREBTF3N2CR:  (MFH)  479;

f ?eli!f-]ﬂutyz %—(%nﬂuoro rTE‘Ehyl)-%c’),6'-d1hyd1ro-2,4'-b1py1r1d1ne-1'(2'H)-carboxyla’[e (380.0
mg, 1.157 mmol) was dissolved in a 4 M solution of HCI in 1,4-dioxane (12.0 mL) to form a
light yellow clear (then cloudy) solution. After being stirred at room temperature for 1 h, the
reaction mixture was concentrated in vacuo to afford 389 mg of product as a yellow gum.
LC-MS calculated for Cy;H;;FsN,: (M-+H) 229; found 229.1.

Step B
0]
BocHN
:— N
S

tert-Butyl (1R, 3S)-3-isopropyl-3-{[4-(trifluor omethyl)-3',6'"-dihydro-2,4'-bipyridin-1 '(2'H)-
yl[carbonyl}cyclopentyl)carbamate

To a solution of (1S,3R)-3-[(tert—butoxycarbonyl)amino]-1-
isopropylcyclopentanecarboxylic acid (0288 g, 1.06 mmol) and 4-(trifluoromethyl)-
1',2',3',6'-tetrahydro-2,4"-bipyridine dihydrochloride (0.320 g, 1.06 mmol) in dry methylene
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Preparation of -ethyl-N- |
SJ-S-isopropyl -S-1~-p-Cirifluoronmet hyQohenyl J- SM-
waledvgdowpyri di n-1 (2H) -yl ] car bonyl } cycl opent yl ) P€t/Dstvy£1022793
0- 2H pyran-4-anmine The title conmpound was prepared in
chlofdd BMDS" nANAlwEoud affECT 7
I\/ISdTgaI cul ated for %gzcgl—tlif;’lQFgl CO%@Q 492%”%1201% followed by
benzgtypzol-1- MWIS@IQIEWMna)phowhomum hexaﬂuorophosphate (0.517 g, 1.17

mmolﬂ' (4(#6(5 i?fjfsg&lr?’edgﬁpts{){%g‘%{quraﬂre o(rterrnkghlt ut%r %?gxgvrq r!: ctlgn rr?lxture was
washied %vﬂﬂ) NyHTOg 288 ying %d@@%@b)ﬁl@e‘réﬂ% Y lcbfdenAbd! Phitidsidue was

fp yran-4-am ne Step
purt Eedé?Yo?ﬁiumn(th‘?fflﬂgﬁﬁﬁﬁhbéph)Sﬂ)Cp)gei BNY EtQdshexanes) to provide a light

f ridi-ne (2.7
vellodt SICERRE s PeT) B ARLCpEIg8aTiEr Cooiralicho oy 42
found B8D2 gaBectyr il e (15.0 nL) was heated under reflux
for 22 h. The product (very volatile) was carefully
rotary evaporated to give 4.07 g (propanenitrile
Step eont ai ned) of thick light brown suspension w o further
purification. LC M cal cuI ated for C6H3Br F3N ( M+H)

226.9; found 225.9/227.8.9StepA-2 tert-Butyl
4-Hydroxy-4-[4-(t% )pyridin-2-yl]piperidin
e-1-carboxylate To a ght]y @l oudy sol ution of

2-brono-4-(trifluoronetHylp @@)g, 14. 2 nmmol)
in dry nethylene chloride (52.7 gl) Jcooled at -78 0OC
was added a 1.6 Msolution of n-butyllithiumin
(1R, 38R dvars o9~ 36 5 4rtinifludkbinethyh e’ ﬁgdzhydr’br?;ﬂ’ Hipyridih- In2 18y at
a solution of tert-h \

yl]ca’&b%%g@fd%eﬁ@“’@?’??ecar boxyl ate (2.59 g, 12.9 mml) in
drayre Ry | @R, %lﬁfsbﬁ%ggllgt{fh (}11%1%%\%?1 ﬁ'E/T) ﬂ 62 ﬁ%@/&f'osfll'-blpyndm-

The reaction was stirr

1'2HhadIvethodyicy ¢lopentd nasbanitC(260 XHRgNAS 4 emole dabylisselved 3h a 4 M

N e S .
stirredl @y ®&¥otn WeHpRroAhire F8ly 1 Tl {He%eﬁﬁzﬁoﬁ RO RPOGAE Eélﬁ:teﬁﬁatea- B8 vacuo to afford

resi due was purified col utm chr omat ogr ap
300 mg pf prodyed aS(cgd-I@bsalt The solid was treated with a 1 M solutlon of NaOH. The

free base was extracted with methylene chloride three times. The combined extracts were

dried, filtered and concentrated to provide 194 mg (94%) of product as a light yellow gum,
LC-MS calculated for CaoHpsF3N30 (M+H) 382; found 382.1.

Step D
N-((1R,35)-3-Isopropyl-3-{[4-(trifluoromethyl)-3',6 -dihydro-2,4'-bipyridin-1'(2'H)-
Yl]carbonyl}cyclopentyl)-3-methyltetrahydro-2H-pyran-4-amine

To a solution of (IR,3S)-3-isopropyl-3-{[4-(trifluoromethyl)-3',6'-dihydro-2,4'-
bipyridin-1'(2'H)-yl]carbonyl}cyclopentanamine (51 mg, 0.13 mmol), 3-methyltetrahydro-
4H-pyran-4-one (46 mg, 0.4 mmol) and triethylamine (0.037 mL, 0.27 mmol) in dry
methylene chloride (5 mL) was treated with sodium triacetoxyborohydride (85 mg, 0.40
mmol) at room temperature under N, overnight. The reaction was quenched with aqueous
NaHCO; and diluted with methylene chloride. The organic layer was separated and the

aqueous layer was extracted with methylene chloride three times. The combined extracts
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Et OAc/ hexanes) to give 2.63 g (59% of desired product
as a brown oil. LC-M cal cul ated for Cl6H2 1F3N2CB:
W@ hobipo4d7; found 247.0 (M Boc+1l). StepA- 3tertP@uUg1005/022793
4-(trifluoronethyl)-3",6" -di hydro-2,4'-bipyridi ne~r(2'
were"ﬁné%l%%?’l\lé%ﬁ filtered a?ﬂ' é’litab&ﬁteﬁfuntdelr fedQ Z}Bressure The crude product
4- hydr oxy-4 {u@ (trifluoronethy peridin
(90 mg) MS kp@mdé uglp agthoy, SIQcasaelmadl(jiOﬁﬁ My@HéEtﬁ)eﬁc() 1The® filtrate was

concittosi e Loty Tiy) S RELO B Ui sofis sk SRR espnd isomer.

MS ctaax;umedrfdr@zmmmenp@\naﬂyum a‘@lﬂldsatsorlr@&ib@thawﬁl@bt (17
h). The brown reaction m xture was quenched with ice

wat er and extracted with methyl ene chloride three
Exa#*) The conbi ned extracts were dried (MgSH),
tered, and concentrated. The residue was purified

Preﬂ;yaﬁ¢msf8-efhy®-ﬂ]®%®ﬂf;ﬂ4’$yismo@%l—3-({lfﬂ gléiﬂl(ogonézﬂ@‘lﬁ-ﬁ ,0\dekydro-2,4'-

. 25.mnpn, BO = hexanes ottle = EtOAc) to give

blPYﬁ%AH-ABZ 6533@3035?0@&%@&% D&t&ahya'gw%nyrwwn@m
LC-Ms cal cul ated for C1L6H1I9F3N2Q2: (M H) 329; found
273.1 (MtBu+l), StepA-4 4-(Trifluoromethyl)-I
',2',3,6" -tetra drpr2,4'-bipyndine t r t-Butyl
4-(trifluorometh - 8 hydro- 2, 4' - bi pyridine-r(2
H) - car boxyl ate (380} O 1. Tv7 ) was dissolved in
a 4 Msolution in @FY nL) to form
a light yellow clear (then cIoudy)IsBTution After
belng stirred at roomtenperature t he

5048 3 S SRR e s o

Exarﬁple 2C]MH]chEﬁNfed i(oMEbﬁHgﬁgmg% C(MH—I)Z% foun&t40p.2Bor both isomers.
tert-Butyl
((IR 3S)-3-isopropyl -3-{[4-(trifluoronethyl)-3,6"-dih

Exaliipfe(k?yz 4' -bipyridin-r(2'H)-
] car bonyl } cycl opentyl ) carbamate To a sol uti on of

Prep@raig}leoﬂﬁ-((y{,i@@%-1sopropyl-3 -{[S-(trifluoromethyl)-3',6'- dlhydr0-3 4'-

o A RS BBt R AR BB SR

H O
N
é( O
O /\%/CF;;
N/

®
N

HO
3-Nitro-5-(trifluoromethyl)pyridin-2-ol

Step A-1

5-(Trifluoromethyl)pyridin-2-ol (10.0 g, 61.31 mmol) was added to a stirring
concentrated sulfuric acid (50.0 mL) at room temperature. The resulting clear solution was
placed in an ice water bath, and potassium nitrate (12.4 g, 123 mmol) was added slowly while
maintaining the temperature at 0 °C. The resulting mixture was heated at 65 °C for 4 h before
pouring onto ice and treated carefully with 50% NaOH (83 mL) until pH=8. The aqueous

solution was extracted with EtOAc three times. The combined extracts were dried, filtered
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r ' ' '-tetrahydro®*' -bipyridine dihydrochloride
(0.320 g, 1.06 mmol) in dry nethylenechloride (11.5
workgosmasssadded tri et hyl amne (0.592 L, 4.25 nmp@l/PS2005/022793

fol | oned by

d befventrite@z6!give YI78XyH70A)SEdLAmE 0 b 1l lid.
o hexaf | uor ophg(;se hat ew‘(’]O )517 ?(gb %?Rgﬁ % ¥‘e oW SO
Further ppﬁﬁ@gt@p byd@ga\rqtmﬁ]a{ig@éc gw& 814@ Btof ptlﬂeqarbdlmerC-MS calculated

ed with NaHCC3 and bri ne,
fordéqu? édz Né&%ﬂ@i’%ﬁl%ﬂand concentrated. The residue
was purified by columm chromat ography on silica gel

30: 70 Et QAc/ hexanes) to provide a light yellow solid
S’ep% %duct: 265 nmgy (52% . LC-MB cal cul ated for

C25H34F3N3C3:  ( MtH) 482@,\1‘ d 3%2.2 (MBoc+1) Step C
(IR, 3S)-3-1sopropyl - 2[4 (ﬁ‘lfluoromsthyl)

6' -di hydro-2, 4' - hi pyrldlé] NE2

] carbonyl } cycl opent anam ne -Butyl ((Ii

2- Chyor%é)m@r)rgGfuflwwwgty{)pme(zne| f1 uoronmet hyl )-3', 6' - di hydr

> 19 & SPBLREE LbHbni hlord 2 0Pl phemimobind gignolipedd 30 mL,
10.8 nmnd>l) wissadiied ssolltlepbwdér @-ﬁnMﬁ@hﬂhbl‘éﬁleﬂTylei'nrQ ol (4.00 g, 18.3
to forma |ight yellow Cl ear

mmo];j 613%? IPg‘)ﬁ(l%eA? g% Fesplting glagk bromeath Imgf]( suspsmsioa nyesrheateddo freffux for 4 h
and gladihglrl? Iﬂﬁ‘nédsﬁl% h%rarrélgﬁ%r &armgl \%ﬁ&fﬂ arlrl ?AgefhcéogVa%U?%;Qc water
(11 nllr)é’mséde\b’talddal b the sckiré whlohfwd\daiﬁ'ﬂher'rdwlefdf@ Qo&_?_ﬁt&nﬁ‘@iﬁture and

h t
neutraﬁf(z ] ?:%%e g’xwtgcl{@td% g’ﬂa % ?nrglf gq?gtté(;i)ggfg%ﬁlgtgec?ed with EtOAc three

times C’Dlﬁ&@ﬂ!iabi%tv%ile tOmBMEY| FRd br at g dﬁ&er@ci &%gg%’ﬁ%?\t&%” vacuo. The

ght yellow gum LC M5 cal cu
remdup,wz}q) pudEd ‘tfyo&aslj chgmatdgraghyepn Eilica gel (EtOAc/hexanes 30: 70) to afford

2.28 g’#%((%lst%(g&%dg%l sopropyl -3-{[4-(trifluoronethyl)-3

i pyridin-r(2'H)-
yl ] carbonyl } cycl opentyl ) - 3- met hyl t et r ahydr o- 2E- pyr an- 4
-amne To a solution of (IR, 3S)-3-isopro
Step‘4r'3l-3-{[4-(trifluororrethyl) 3 , 6' -di hydro-2, 4
| bi pyridin- r(2 H)- yl]g?m cI opent anam ne (51
ng, 0.13 nmol), 3-nethylt ydro- 4H pyr an- 4-one (46
nmg, 0.4 mmol) and triethyl e (0.037 nL, 0.27 mol)

5-(Th rzﬂuor%%%thyl)pyrzdm—.? -amine

To a solution of 2~chloro-3-nitro-5-(trifluoromethyl)pyridine (1.25 g, 5.518 mmol) in
methanol (25.0 mL) under N, was added palladium (1.17 g, 1.10 mmol) (10% dry weight on
wet activated carbon). The reaction mixture was placed on a Parr apparatus and hydrogenated
at 50 psi for 90 min. The catalyst was filtered off through a celite pad. The filtrate was
concentrated to give a crude product (1.08 g) which was pure (>98% by HPLC) enough
without further purification. LC-MS calculated for CsHsF3N,: (M+H) 163; found 163.1.

Step A-4

Br CF3

3-Bromo-5-(trifluoromethyl)pyridine
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nmet hyl ene chloride (5 nL) was treated with sodi um
triacet oxyborohydride (85 ng, 0.40 mmol) at room

wao eqopeo@msur e under N2 overni ght. The reacti on M&EBUS2005/022793
guenched wi th aqueous NaHCO and diluted with nethyl ene

chAcsoluﬂmn of bediomgdmnite 403y, VESmERPARIRL ( @?qrxt?%as added slowly

ueous | er was extracted with nethyl ene

to ats ﬂg:@mpp g3- (Wo%hﬂ@r@m}aml@m\é? thg, édbSowmmol) in hydrogen
bronﬁ%@%% etp())rﬁ% ?5'1? 9185’"?91?;") %? p\g% glgg t[‘lhggt ﬂelgr ess?c{ for 10 min,

The cru

the resultingaorayede chamb io&ﬁloﬁ&wéd&ﬁ}déffy %@@lowﬁ*@aﬁsféﬂeﬂ% 9 sWhtth \%Ommture of

o trda ? and separated by chiral HPLC to give
PP?@Q?P&?@ ef(g Qg éolr%éPmOBé@émdmsnbromldW%aqu¢caxsed1uuon 0.38
mL).fDlie ¢2QHH3H F&Wm&rl}%%aé $0ated %lt'o%?) ?3?%9 I?N:X?ltﬂ cooling to room

I SONers. anpl e 22 Preparation

temperg@)re 3h¢ BdgEpyis- cﬁlu@e{détw(th rietHylevie@iiiriag| Washed Svithd0% Na®H (until

PH = 71"t SR, 1t Ao dsp v sk exanisdimitiomebylean chicside. The

combinedeorplagict bxthaRtsC WFRO LREFNES §ENE$
anal -g@?)us to that descri bedcé}gcr%ﬁfgt ﬁ%%ﬁa@?% provide crude
prodycp 839%1@&1 ficationc2 7H38F3N3CR:  ( MFH) 494 found 494.2
for both isoners. Exanple 23 Preparation of N-((I ,3
)-3-isopropyl-3-{[5-(trifluoronethyl)-3,6"-dihydro-3,

Step A4'5-
bi pyridin-1' (2" H)-yl]carbonyl }cycllgpentyl )-3-nethyltet

rahydr o- 2H pyr an- 4- am ne St%l')_' l,~"3
3N|tr05(tr|fluororget yl I/ITdN\n- 2- ol
5(Trif|uororrethy|)pyr°? in/2-& (10.0 g, 61.31 nmol)

added to a stirring concentrated sulfuric acid
fer t'B(‘@é‘/d’yﬁ’i‘ opey-4af5- fl‘ﬁﬂmmemim‘)mmdzeﬁ ﬂlyyeperaéué-tl Lc@@b(ﬁdyﬁ‘z@d
b th,
paras SRR EERLN £70-b e S Einons ndiuidineoiap 6. 30%

PurltywﬁlSIZemmfmlht fi ﬂmgletﬁwenteamﬁ{@t 58 ﬁ{L {063
m xtuyre was heat ed ? aor 4E29v€gfadded aléM

SOlutl?fbaff?ﬁP O g hevacy ol e@)céﬂet b¢1hg stiired) f&r0B6 Wikt -78 °C, a

solutu(r?@f %Angf bl logig zzﬁiper}mﬁec?.ﬁn%?{gfé?%@o % % ?%rg% 31%} r%%thylene
chlondﬁ (33@ ;mE) Intas raeldech drapovisee Mhicade@elidnowad ¥8r& 48- 1877@/%1;"‘1 5h and

quencﬁetﬂ:J Yvﬁp gélt?q%glgtl\g—gq(ﬁ O’]l/ltelﬁ%tglt %1%% sq%?qlqan %g&&%;%&ga ﬁgg}g'lecmﬁ chloride
three {és? TheQHfbined-Sralic ER)fMv@kilied, filtered and concentrated. The residue
was purified by column chromatography on silica gel (50:50 EtOAc/hexanes) to give 330 mg
(25%) of desired product as a yellow oil. LC-MS calculated for C16H21F3N203: (M+H) 347;
found 247.1 (M-Boc+1).

Step A-6
CF3

o} \ N/

tert-Butyl 5-(trifluoromethyl)-3',6'-dihydro-3,4" -bipyridine-1'(2'H)-carboxylate

To a solution of fert-butyl 4-hydroxy-4-[5-(trifluoromethyl)pyridin-3 3-yl]piperidine-1-
carboxylate (300 mg, 0.433 mmol) in pyridine (3.00 mL) cooled in an ice bath was added
thionyl chloride (0.158 mlL., 2.16 mmol). After being stirred at room temperature overnight
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for COH3F3N2GB: (M+H) 209; found 209.0. StepA-2
2-Chloro-3-nitro-5-(trtfluoronethyl)pyridine To a
waoloawiwsd of phosphoryl chloride (2.0 nL, 21. 2Pemb2005/022793
and quinoline (1.30 nL, 10.8 mmvl) was added solid
(16 hpmierbrawmu kda0tibn (hixirb uwasoq_?_ bfttied PVt b0 %ol ahd” Qracted with
3 mol) (95% purity) he resulting dar
meth’b’]ﬁpé I@hlsocﬁléisethéqeotﬂfnmSThﬁBefatD@andoextmctmwefeodnefﬂ (Mag0,), filtered, and

conc GRS ERAaRHIArEy TP Bl Y sl et (611249 Byaasr 35 min
Bottls IAow{}yexadad,eEolttl@ B BeE10 AJ) pidviddd 65 m 66/ olf |?1%§1r&ﬂ%1]ﬁﬁ-%§ as a light
rature and neutralize arefu
vellopasl. DM GlHated: o £ bl R Ou@/EER) 72 Feuhd@doH] Et Onc
three tinmes. The extracts were conbi ned, dried over
MpSH4, filtered, and evaporated in vacuo. The residue
Step 4mls purified by flash chromatography on silica gel

( Et OAc/ hexanes 30:70) to afford 28 g of desired
product. StepAS 5-(Trifluoronethyt§pyridin-3-amne To

a sol ution of HN o
2-chloro-3-nitro-5-(tri yl)pyridine (1.25 g,
net hanol (25.0 under N2 was added

- QTR 2 34 e ooy r y wei ght o et
d k tur ac
A OB GG ALPEGH S o
mg, O 52. med) wat disydtediiasa ﬁlMt@IanfffH@hanP@mlékaﬁgl(Q tnﬁ;) to form a

ted t e acru
light g?l%avu Far((ﬁueag:rl d?@m%ﬂ&ﬁ%f?e&%&g?&ﬂg@&&b%@L@)pW@br 1 h, the

reactith bli@ute Whd EQREntHEd T GRLL %11 g&fbng Ng? %%&t?l/% & proguct as a yellow

C6HS5F3N2: (M+H) 163; found
gum. BCEYIS ploglatad fof C{uﬂilﬁiﬁzh@ﬂﬂﬁymﬁjlfmdlm ol ution of
sodiumnitrite (402 ng, 5.83 nmmol) in water (6.8 rnL)

was added slowy to a suspension of
Step B5- (trifluoromethyl)pyridin-3-amne (947 ng, 5.55 mol)

i n hydrogen o
BocHN\O)L
2 N
S~ ~CF
»
N

tert-Butyl (1R, 35)-3-isopropyl-3-{[5-(trif] uoromethyl)-3',6'-dihydro-3,4'-bipyridin-1'(2 'H)-
Yl]carbonyl}cyclopentyl)carbamate

_'1

To a solution of (18,3R)-3-[(tert-butoxycarbonyl)amino]-1-
isopropylcyclopentanecarboxylic acid (40.0 mg, 0.147 mmol) and S5-(trifluoromethyl)-
1',2',3',6"-tetrahydro-3,4'-bipyridine dihydrochloride (44.4 mg, 0.147 mmol) in dry methylene
chloride (2.5 mL) was added triethylamine (0.103 mL, 0.737 mmol) followed by
benzotriazol-l-yloxytris(dimethylamino)phosphonium hexafluorophosphate (71.7 mg, 0.162
mmol). After being stirred at room temperature overnight, the reaction was quenched with
aqueous NaHCO;. The resulting solution was extracted with methylene chloride three times.
The combined extracts were dried, filtered, concentrated. The residue was purified by silica
gel column (30:70 EtOAc/hexanes, then gradient elution up to 50:50 EtOAc/hexanes) to

78



10

15

20

25

30

brom de (48% aqueous solution, 1.57 nL) in ice-water
bath. After being stirred for 10 mn, the resulting
wWor@agelssi azo sol ution was directly but sl ow yPCT/US2005/022793
transferred to a stirring nixtureq?f iﬁppz%éé) brgnhgf
ovi , yé@lold genproduscR4hwddr poley). RIeM e, g :
o V((%Imtp?%n?] (?.1%8 mL dd The rleﬁs%lrjl ting brown m xt ur€%§% 34F3N303
(M+ﬁ§ﬁ¥%é°‘ﬁld @@-Q)@/If]%ﬂﬁi)-h. After cooling to room
tenperature, the mixture was diluted with nmethylene
chloride, washed with 50% NaOH (until pH = 11), and
Step Gat er . The aqueous | ayer was back extracted with
met hyl ene chl oride. The cgnbi ned organic extracts were
careful ly concentygf ed unger vacuumto provide crude
product w t hout pdﬁl tepA-5 tert-Butyl
4- hydroxy-4-[5-(trifl fme pyrldbE-3-y|]pl peridin
e-l-carboxylate To a sl4ghtly chgu Sot ution of
3-brono-5-(trifluoronethyl)pyridinel(2.20 g, 30%
purity, 2.92 mmol) in dry nethyled® chloride (15.0 ni)

(]R:3&'3J?%770p3/lt@a£[5a(d%d7ram&thﬁl)hﬂ’,SDJiilder@IB.,Mbipgerz'ﬁ-ygbiH)Di um

M))D xanes (1.99 nL). After being stirred for 30 mn

yijealh n-@@’c@@mé”g’&f’ﬁti on of tert-butyl ; .
it KIS ASAER SRty B2 W bivrian

nmet hyl ene ¢
1'(2'%@0%@%} erelopentydlcarbamdtead24.078gDCOAE nind) hva?@‘i’qsolved ina4M
sol ution

. i 1 h C . The resultin i )
solu ST R A R R L) o et tiony e fafuon. Tisr being
stirred etrbdame dempagatnieC foraly @ sheMRR&idH hBehure! Jghi)%&%fl&&tgd in vacuo. The

..concentrated. The residue was purifie y colum .
remd@h?’@?‘rﬁ"@@ﬁ?l WY 20h Mj sqlationgef NaSi 50d EhOaolutiexawes kxtiasted with

| o ' a yellow oil . .
oty e ARleTohes i, he Bl Vel B iR find oncopisiagto provide
28 m@ 4 profu¢thdsBok -CHSbVe@)ﬁdﬁLCeKdS'(ﬁqudted for CooHz6F3N30: +H) 382;

%— {)lri ffuoron%l?%};/l )-3",6"-di hydro-3, 4" -bi pyridi ne-I(N([ZH)
found, éé'—tar boxyl ate To a solution of er -butyl _ o

4- hydroxy-4-[5-(trifluoronethyl)pyridin-3-yl]piperidin

e-|1 carboxylate (300 ng, 0.433 mml) in pyridine (3.00
SfePDrL) cooled in an ice bath was added

N-((1R,3S)-3-Isopropyl-3-{[5- (trifluoromethyl)-3',6'-dihydro-3,4 “bipyridin-1'(2'H)-
yl]carbonyl}cyclopenlyl)-3-methyltetrahydro-2H-pyran—4-amz'ne

To a solution of (1R,3S)-3-isopropy1-3-{[5-(triﬂuoromethy1)—3',6'-dihydro-3,4'—
bipyridin—l'(2'H)-yl]carbonyl}cyclopentanamine (9.0 mg, 0.024 mmol), 3-methyltetrahydro-
4H-pyran-4-one (8.1 mg, 0.071 mmol) and triethylamine (0.0066 mL, 0.047 mmol) in dry
methylene chloride (2.0 mL) was added sodium triacetoxyborohydride (15.0 mg, 0.071

-

mmol). After being stirred at room temperature overnight, the reaction was quenched with
aqueous NaHCOj3 and diluted with methylene chloride. The organic layer was separated and
the aqueous layer was extracted with methylene chloride three times. The organic layers were
combined, dried over MgSO,, filtered and evaporated under reduced pressure. The crude
product was purified by silica gel column (30:70 MeOH/EtOAc) to provide pure product. MS
calculated for C,sH36F3N30,: (M+H) 480; found 480.1.

Example 24
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thionyl chloride (0.158 niL, 2.16 nmmol). After being
stirred at roomtenperature overnight(16 h), the brown

WO e@eNe84 M Xt ure was quenched with ice water BEMUS2005/022793
extracted with nmethylene chloride three tines. The

Prepasatiornetl3-eti @c((mmr)s-igéﬂ&g)y/(-%/\ll;{%}iﬂufo%ﬁl@{hg L3'ﬁ63—%8]hydro-3,4'-

. cancentrated. Purification chr omat ograp

bipyxidin-1'42'&bryljearbomyibey opertyl) s8ratiydro 25t-py manid-antiax anes,
Bottle B = Et OAs), provided 65 ng (46% of desired
product as a ligh ygllowo |. LC-MS cal cul ated for
C16HI9F3N2O2: ( 9.1. StepA-7
5-(TrtfluoronetRlyl J-1 ' z 3
6' -t et rahydr o- 3,4~ bi pyriAdine
5-(trifluoronethyl)-3",6"-di hydro-8, 4J1-bi pyri di ne-|
| (2' H)-carboxyl ate (50.0 ng, 0.152 mol) was di ssol ved
in a4 Msolution of HO in 1,4-dioxane (2 nmL) to form

aefi hﬁetﬁyel | ow cl ear (then cloudy) solution. After
b 'hﬁgl’f OFRoYnd tvas proRited wping atsaqesnte analognus tdthat described for

Exanti | ' S tr LA vac afford
TS TSR SR [P o, B Tek2s
calculated for ClI 1H11F3N2: (MtH) 229; found 229.0.

Fxa Stleg{sB tert-Butyl

m(p(F > 3S) - 34sopropyl -3-{[5-(trifluoronmethyl)-3",6"-dihy

Prep4iation .of N-[{11LR)3)-3LiSs viB | openty|

l.) car bamat e o}g;sb-gollgﬂ%li(%%r%f({%tiéﬁmgp%ﬁd%tg&é%’rlﬁ’dﬁé"%'
ylpingwazin:l-yl} carbonyeysldpen tyl s antthylect paly@yl3-p 4 (hdng
mg, 0.147 mol) and p-(trif uoronethyl)-

r,2',3,6" -tetra drﬂz-s 4' {[bi pyri di ne di hydrochl ori de
(44.4 ny, 0.147 I )WN%ﬁhyl ene chloride (2.5
nm.) was added taJ et hyl ; 0. 303 , @ 737 mmol )
fol | oned by S d\/wj/m\_ ¥,
benzotri azol -1 -yl oxytri s(di net hyl Bgigo) phosphoni um
hexaf | uor ophosphate (71.7 ng, 0.162 mmol). After being
stirred at roomtenperature overnight, the reaction
Step Avas quenched wi th aqueous NaHCC3. The resulting
solution was extracted with nmethyl ene chloride three
times. The conbined extracts wereadried, filtered,
concentrated. The residue\wag pirified by silica gel
columm (30: 70 Et QAc/ M, N hgn gradi ent elution up
~to 50:50 Et OAc/ hexanes) topr Nide a pal e yel | ow gel
2-Pipepaziihd etl=4- @riflong o p@d8A)pyrintidife cal cul ated for C2 H34F N3O

“A solution of 2-chloro-4-(trifluoromethyl)pyrimidine (2.0 g, 11 mmol), piperazine
(2.8 g, 33 mmol) and triethylamine (3.0 mL, 22 mmol) in DMF (10 mL) was stirred at 100 °C
in a sealed tube overnight. After removal of most of the solvent, the residue was purified by
column chromatography on silica gel (EtOAc to EtOAc/MeOH/NEt; 9/1/0.5) to give 1.48 g
(56%) of desired product. MS calculated for CoH11F3Ny: (M+H) 233; found 233.1.

Step B
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(MtH) 482; found 382.0 (MBoc+l). Step C

(IR, 3S)-3-Isopropyl -3-{[5-(trifluoronethyl)-3",6"-dihy
wW@le@e/80484 bi pyridin-r(2' H- yl] PCT/US2005/022793

car bonyl j cycl opent anam ne tert - Butyl

tert-Blej/dll ; 3?2) [gI-R WW—%@}#@%—&% Bt [4—(ﬂﬁ‘l&bﬂﬁ&%ﬁ)ﬁy}ﬂnzcgn-'Z@l]pzperazm 1-
yl}c"ltéow)]fki‘d?%ﬁglﬁ%%ﬁ@ﬁent yl )carbamate (24.0 ng, 0.0498

'm:PJ) élsﬁﬁgﬂgl fgg%lye? 1111-'1- ?42' trﬁhz(%ﬂli%h}y% ﬁng(ﬁ'x%(?ggrmg, 1.08 mmol),

(18, 3§0-I3uﬂ(iert|=buté§f}tcefbob§]l)aﬁgln6] LHispeoBlicycRPRhaRERESAYHE Cadi®' (300 meg,
e, re ct L on _m xture was concentrat ed i n”vacuo.

1.1 e s FiH rine (0 s o2 i) 31 mestoienei bl (1AGHE) vwes added
A SR AL DB 250
mmoboAfienbeing stirr¢boyrmmights ¢he28adtign Gfas rqmemlea vith @nlrhed NaHC03 The
resul‘%%gZSqu\{és O}Iya% g}ﬁtrafte’%?fgg I]:‘ﬂgk'g Ete%thl?I{eS C%I?ech?nﬁgllr\llgc(l) org(all\ﬂz'_})ayers were
dr1edfﬂ$1g83)4) glfrllgl_icﬁﬁ}éhtr@ted [P?lrlg'lﬁ:%ﬁcfnl W&&ﬁiﬁ}_&l Ia)ﬂolna%ography on silica gel (20%-
40% §p%g{hw$)}m9@d@® aﬁe ;nlg) of Blepipechytotledtr Mychlaiaed fiyrGEHAR;N;O;:

(M+Iplat§6g§@§-3%g§8¢)f Q?Q@ {[5-(trifluoronethyl)-3",6"-dihy

Step @ro-3,4"' - bipyridin-r(2
H) -yl ] car bonyl } cycl opent agam ne (9.0 ng, 0.024 mol),
3- et hyl t et r ahydr, N 4H—pyﬁan 4-one (8.1 ng, 0.071

mmol ) and triethyl?a rrL 0.047 mmol ) in dry
kﬁg ed '§od|um
n%*rol)

nmet hyl ene chl ori de (
tri acet oxyborohydri de (/f\ After
be| ng stirred at roomten‘peraturre erni ght, the
eacti on was guenched w th agueous NaHCO3 and dil uted
(1R 385§ apgem St [ thonemeryiipyoimgin 2 aperasivs
aqueous | ayer was extracted with
yl}ca&%ﬂﬁ%@éﬁgem rng e three tines. The organic | ayers

weare Baoifi( hRds)- suimebpwer({wﬁ@ﬁﬂusfdn&&nﬁybﬁm&idm-z yl]Plperazm-l-
I &8 ﬁ ed u der reduced pressure. The CrUd@J/O
yl}cathgn S“Q’F Olpp’étéf Byrbampte (39 &g, &10unmol)3eas diss e it OAO)M solution
of HC1Gn RI4i088nePH DG EY. RS hein¥Rtirred at room temperature for 1 h, the mixture
was concentrated to give 270 mg of desired product. MS calculated for C;5HasFsN;O: (M+H)
386; found 386.1.

D\-

Step D

O

0
éj )~ K/NTN\ CF3
o I
N-[(1R,35)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyrim idin-2-yl]piperazin-1-
yljcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

To a solution of (1R,38)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-

yllpiperazin-1-yl}carbonyl)cyclopentanamine dihydrochloride (135.0 mg, 0.29 mmol), 3-
methyltetrahydro-4H-pyran-4-one (100 mg, 0.88 mmol) and triethylamine (0.16 mL, 1.2
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cal cul ated for C26H36F3N3Q2: (M+H) 480; found 480. 1.
Exanpl e 24Preparation of S-ethyl-NCO - -isopropyl- -
W®2006/004684 uor omet hy - ' ' -di hydro- - bipyri dmPCT/BS3405/022793
)-yl]carbonyl}cycl opentyl)tetrahydro-2H pyran-4-aini ne
mmoljén inethydeneoshdarided(\0as PRI YSdiash ﬁla%@tayf%ﬁ&lydnde (190 mg,

anal gég% %o that described for Exanple
0.88 mamel)i” After  beigg stippel36 Fons demperame ovesuight, dha teadBdn as quenched

i AL PSR SR S ltnipnp et i 5100y Th

combingdinrg@nic layers were drled (MgSOy), concentrated. The residue was plI.}]I‘lﬁed by

ﬂashy%l%n%er S@ygwll ﬁl g%rgaégggéb %ﬁ‘%,fc/EuNy 1%) :0. l)r{gtg?velc{e(seltrgdaproduct as
a mixufy WlbéhlérsYThéff\&J fsbfnleféC\? O%}%&fﬁ%%ﬁ%% ol ﬁﬁldé tg give isomer 1

sol ution of 2-chloro-4-(tri Py ri
and iganer 2y M3 ¢alemtatiell ,fOl]CﬁngEﬁZNJQQ (M:+H) ¢84;F3und$4.1.and
triethylamne (3.0 niL, 22 mmol) in DVF (10 nlL) was
stirred at 100 OC in a seal ed tube overnight. After
ExamplRéal of nost of the solvent, the residue was
purified by colum chronatography on silica gel (EtQAc

Prepapationyf3- WNEl&m-ifnspmpyles ~(fdvld-(trifl8orpni &H 9 pyrfimidin-2-
I d.f COH1 F3N4; ( M+
yl]pl@%%h ozﬁag’%’g’%&biy ' Efﬁ'raﬁ ‘é’[ﬂ%ﬁ[ LS f‘?("i%@}"‘l?( i sgb p

"opyl -3-({4-[4-(tri fI uororret hyl ) pyri m di n- 2-yl ] pi peraz
in-lyl} carbonyl)cycl opentyl]carbamate To a sol ution
of 2-piperazin-I-lyl- ﬁ (triffuoronethyl)pyrimdine (250
ng, 1.08 nmol),
(1" "Sh-S-fCtert-HQut gxyc canyﬁq\/1 0J-|-i sopr opyl cycl ope
nt anecar boxylic acid (300 nrg §Fsand
triethylamne (0.45 ni, 32rm0|) t hyl ene
chloride (10 nm) was added
belheditld earopoundywaxptepirsd dlbmgtdﬁsdqaaﬁdeodrﬁmﬂh e ithadescribed for

Examg 7 S OBTRRERG: Cotiaf s (Y AN hin i
saturated NaHCO3. The resulting solution was extracted

with Et OAc three tines. The conbi ned organic | ayers
Examjpde 87 dri ed (MySO ) and concentrated. Purification by

Prep:ﬁ%ltlﬂmf T‘ﬁ (?ﬁ?&’s?%’-%%‘%pyﬂs-s( -[k-?g'ltigueoro&leighyl)pyrldln-z-yl]plperazin-

1-ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

0] CF4
H 7\ N=—
0] N N N \
% \__/

CF3

¥y
HN\__/N \ /

I-[6-(Trifluoromethyl)pyridin-2-yl]piperazine

Step A4

A solution of 2-chloro-6-(trifluoromethyl)pyridine (1.0 g, 5.5 mmol), piperazine (1.4
g, 16.0 mmol), and triethylamine (1.5 mL, 11.0 mmol) were mixed in DMF (10 mL) in a
dealed tube. The mixture was heated at 100 °C overnight. The reaction mixture was
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40% Et OAc/ hexanes) provided 290 ng of desired product.
M5 cal cul ated for C23H34F3N5(O3: (M+H) 486; found 386.1
W@ hoBoetsd . Step C PCT/US2005/022793
(IR 3S)-3-1sopropyl-3-({4-[4-(trifluoronethyl)pyrinmndi
concentated drpl gheomaioprablidd orc &ilieD ol By CARRRMABANMEGHAN=9: 1 :0.5) to

. =Butyl [(l ?,3S)
gtve l-ggingfﬁL%ﬁ r-eg prqdact. MY ealeylpted fornfwHyF) Ny (VD232 fund 232.1.
pi perazin- | - yl}carbonyl)cyclopentyl] carbamate (290
ng, 0.60 nmol) was dissolved in a 4.0 Msol ution of
Step BCl in 1,4-dioxane (10 nlL). After being stirred at
roomtenperature for 1 h, the m xture was concentrated
to give 270 ng of dgsired praduct. M5 calrgul ated for
C18H2 F3N5O, /%@f}; ougd 2806\ 1. NStep D
N[(IR 3S)-3-1sopropyl - ;,4-[‘l - (T ypr omet hyl ) pyrim
i di n-2-yl]piperazin-lyl}
car bonyl ) cycl opentyl ] - 3- et hyl t et r ahydr o- 2H pyr an- 4- am
tert-Bugd [ yf]d%f ég‘)g%;ysgpw@ﬁl-m-[ 6-(trifluoromethyl)pyridin-2-yl]piperazin-1-
=3 ] -3-({4-[4-(trifluoronethyl)pyrim di
charéér?_l}%alj) pelnlgzpcgzpﬁﬁpy te

_ ) razin-1-yl}carbonyl)cycl opentanam ne
diToy esolutibo oif def 6¢(k3Puddomethy Dp R 1Ay )pipedazine §249 mg, 1.08 mmol),
100 ny, 0.88 nmof)

| t et rahydr o- 4H pyr.an-4-one ( ngy
(15’3'3%% Wf%*m%#w1m1&®-MS,Oprppz}@wglppemmmnbnyyl@w ecid (300 mg,
1.10 &My, itd i a i ;

L) atet %Eg%glﬁ%%odﬁg% ’ %%glﬁn%i? i Hstiiens) shloride; (10 8L wgs added
benzog,moaécyl@f]ym(quthmmmophogplﬁuami ]gix?_ﬂuchbphé B&tei G024 mg, 1.18
uenched. w t sat urate . eresuylng
mmolfE A FREGE Rt PuBiaht o 1ot e GBenobpath Rerated sodium
NaHQOyYbiThe CreilHAR is6lutid 8Fa ¥atRted Wafl ]?tg%ﬁl?;f/ﬂrﬁ giérhes. The combined

concentrated. The residue was purif
organichr e ogvephydrisd M%) gend ( Ro@kmttated.  Purification by column

t 10: 0. 1)-,4:.0 Qi ye_desj 1 roduct as.a
chronfRAAS' a1 5t el lpbR MR SR Berncik pv it m of e
desiredypradict. aMSHRLGl @l fo €s,H 0;: AS0ITE
calcul ated for C2ArGEEarEC Z@H) h484; Roukt 4635, |
Exanpl e 26 Preparation of

Step (3-ethyl -N-[ (11 7?,3S)-3-isopropyl -3-({4-[4-(trifluoromet
hyl ) pyri m di n- 2-

HCl 0  HCI CF3
N .  N=
2 5 N N \ /
/’/\ __/

(1R,3S)-3lisopropyl-3-(4-[6- (trifluoromethyl)pyridin-2-yl]piperazin-1-
Yicarbonyl)cyclopentanamine dihydrochloride

tert-Butyl [(1R,3S)-3-isopropyl-3-(4-[6-(triﬂuoromethyl)pyridin-2-yl]piperazin-1—
ylearbonyl)cyclopentyl]carbamate (300 mg, 0.62 mmol) was dissoved in a 4.0 M solution of
HCl in 1,4-dioxane (10 mL). After being stirred at room temperature for 1 h, the solution
was concentrated to give 260 mg of desired product. MS calculated for C;oH,,F 3N4O: (M+H)
385.2; found 385.2.

Step D
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yl ] pi perazin-I-yl}carbonyl)cycl opentyl]tetrahydro-2Hp
yran-4-amne The title conpound was prepared using a

WG eweemsed anal ogous to that described for ExanpdEBUH05/022793
M5 cal cul ated for C25H38F3NSQ2: (M+H) 498; found 498.

1. Exanple 27 Pr rati on ofo CF3
N-[ (I R 3S)-3-isppr - 3-( 45 6/‘(‘t\r|f omethyl)pyr|d|

n-2-yl ] pi perazi /
yI car bonyl )cycl opentyl ] - ym\h%‘r/ dr o- 2H pyr an- 4-

N-[(I, {@ %vapffqpmb%ﬁﬁmmpmm@hﬂ)pw w7 Biyppimeazne 1 A
ylcarﬁ&%jé)ﬂ:%&?#{%{jslf 39[‘42‘9 rlz(;eérla@%c}r g]-zggrra%l Ez%}(r‘%myr | dlaﬂg (1.0
t rTcet yhusioh g ([11 35)-611s0p1=(3p}@ 30006} (1 ﬁ&omeﬁﬁgg%ﬁ%@fyupiperazm-

The m xture was

l%é )gg in a deal ed _t ube.
1-ylearhanyj €y PRiApATRINe ﬂa{yd,r@éa&;qﬂd@n(lﬁﬂ Xxngyr @26\/amnoh,cé4mtdﬂa)ﬂwahydro-

4H-p%?—40$}{e0g§ %%r: @q ‘ii%rﬂgp k:leeﬂ%ﬁ égfgj ¥rgr af ﬁtegﬁygg)t ?%dnethylene

chloride ¢8 lmIL) wb,Saddﬂdcamldame dlefcefoxﬁi&bﬂﬂﬁmo 10N R, 79 R oly. After being

1. Step B tert-Buty
stlrre{ (a#] F5° gmega(ggp ocm;rmght( 4hg sea@flplp fi¥sre rash S}ilqtpcjfrmm water and
extracted/ {Vltﬁleﬂﬁjl %éétﬁ‘te i€ BEROW O Wi LORGRI N f]af:eafiﬁergg S’ conentrated

sol uti on

in vaquof ghe pmdm rgs;dmmfah piifisd byliflasi? egliinpi qhesraziopRphy (fhTthcetate to

EtOA&fE%%{ oxyc o yqlci ih? r‘%g]qud Ig@gﬂ?toﬂyppc%I dp&nit hddSrasloxdated for
C25H3k]F3N4®g|(M{gmmmgfmﬁadh% pnol ), triethylamne (0.45 ni,
2 mol) in nmethylene chloride (10 nL) was added
benzot riazol -1-yl oxytris(di net hyl am no) phosphom ' um
Exam? f#§ | uor ophosphate (524 ng, 1.18 nmol). After being
tirred overnight, the reaction was quenched with
Prepagation ﬂfH@[(m,GS)*mﬁW-S “4255- (t?ﬁlﬂoﬁ'blﬂ%hg%y dingS
1 extracted with Et OAc three tines organlc
y JPIPFWEP' “Xhetrbonyh) eyelopenisdia3- nsnﬁhylé@nderdrpeﬂb@yran-4 -amine
Purification by colum chrogat ography on silica gel

(20% EA/ hex to 4 provi ded 310 ng of the
desired product. tel” for C24H36F3NAC3: ( MtH)

485. 3; found 485/3. N Ny
B
~N
CF3
Step A
Cl
N
FaC N/)

4-Chloro-6-(trifluoromethyl)pyrimidine

A solution of 6-(trifluoromethyl)pyrimidin-4-ol (5.0 g, 30.5 mmol), phosphoryl
chloride (3.41 mL, 36.6 mmol), and quinoline (2.16 mL, 18.3 mmol) in toluene (50 mL) was
stitred at 100 °C for 5 h. The reaction was diluted with water and extracted with ethyl acetate
three times, dried with sodium sulfate, filtered, and concentrated in vacuo. The crude residue
was purified by flash column chromatography (10% EtOAc/Hexane) to yield the desired
product (1.20 g, 21.6%). 'H NMR (400 MHz, CDCI3): 9.21 ppm (1H, s), 7.78 (1H, s).
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Step C
(IR 3S)-3lisopropyl-3-(4-[6-(trtfluoronethyl)pyridin-2
WO 200pp04e8¢ azi n- 1yl carbonyl ) cycl opent anan ne PCT/US2005/022793
di hydrochloride er t-Butyl [(IR 3S)-3 -isopropyl -
-(4-[6-(trifluoronethyl)pyridin-2-yl]piperazin- 1-
| carbonyl') cycl opentyl ] carbamate (300 ng, 0.62 nmol)
StepRas di ssoved in a 4.0 Msolution of HJ in 1,4-di oxane
(10 nmL). After being stj d at roomtenperature for 1
h, the solution was concgntrlated to give 260 ng of
desired product. M calc Ngr Cl H27F3NAO  (M+H)
385.2; found 385.2. Step
DN-[(IR 3S) - 3- 1 sopropyl - 3- (4-]
2-yl ] pi perazin-1yl carbonyl) Cr,

4—Pzp CZL(?’??%’Z} }(%Jwgorggl%}%yb}gﬁtmzs}wydr 0- 2H- pyran-4-amne To a
( |B s3ftiod df&p@rﬂ&@@i ﬂﬁéroﬁn@ﬂ%‘l}?gﬁhﬁ@iﬁlg::{?bhé' |9 By Hn%l? Piperazine

%plpera2|n -yl c rbony”cy ent an
Q2. 36(g, Ry drrowieDpandiietiyyRoning (2.29 84., rhoel mmol) in DMF (20 mL) Was stirred at

100 Ot%rfl:re gh}%// tr%]azgctc1 grsglgtlﬂp_ a dg gq.ﬁ.ayl % tgqqged Wlth e yl acetate
three ind e drikel ‘fvﬁh @b&luﬁﬁﬁllfﬂ%d S [ERY:) ddddm&lﬁérﬁﬁ?édo%mgﬁ@ I iR residue

(0,17 79 mmol ). After b being stirred at room
was P‘érhfﬁf‘é’f gy (flash crpdymin gromathgraplsa ¢10%Me@B6 UL NIELOAC) to yield the

sl DA, 0SB RIS G S VS St o

233.1concentrated i n vacuo. The crude residue was purified
by flash colum chronat ography (ethyl acetate to
Et OAc/ Et 3N=10:0.1) to yield the desired product (100
Step @0, 79% . LOMS cal cul ated for C25H38F3NACR2: (Mt )
483. 2; found 483.2. Exanple 28 Preparation of
N[(IR 3S)-3- |soprQQy<l/-3 (4-[6-(trifluoronethyl)pyrim

rtfluoronmethyl)pyrid

di n- 4-
yl ] pi perazin-1 -yl nyl ) c@cl opentyl ] -3-net hyl tetrahy
dr o- 2H pyr an- 4- am nge\ St
4Ch|or06(tr|flqu'H ﬂ‘brl dlne
CF3

tert-Butyl [(IR,3S)-3-Isopropyl-3-(4-[t 6—(z‘riﬂuoromethyl)pyrimidin-4—yl_7piperazz‘n-1 -
Ylcarbonyl)cyclopentyl]carbamate

A solution of 4-piperazin-1-yl-6-(trifluoromethyl)pyrimidine (1.0 g, 4.31 mmol),
(1S,3R)—3-[(z‘ert—butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid (1.75 g,
6.46 mmol), benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate
(2.86 g, 6.46 mmol), and triethylamine (1.20 mL, 8.61 mmol) in methylene chloride (10 mL)
was stirred at room temperature overnight. The reaction mixture was diluted with methylene
chloride, washed with brine, dried with sodium sulfate, filtered, and concentrated in vacuo.
The crude residue was purified by flash column chromatography to yield the desired product
(800 mg, 38.3%). LCMS calculated for C,3H35F3N5O03: (M+1) 486.2; found 486.2.

Step D
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A solution of 6-(trifluoronethyl)pyrimdin-4-ol (5.0

g, 30.5 mmol), phosphoryl chloride (3.41 nL, 36.6
worwbpo468nd qui noline (2.16 nL, 18.3 muol) i n POI/USWE5/022793

(50 m.) was stirred at 100 C for 5 h. The reaction was

diluted with water and extr@Qcted with ethyl acetate

three tines, dried w,th sodiu ulfate, filtered, and
concentrated in va@@vﬁ. 1 crN?d\:ﬁ resi due was purified
by flash colum chronat h§\4m 9 QAc/ Hexane) to

yield the desired product (1.20 g,{21)/6% . 1H NWR (400

WMHz, CDCl13): 9.21 ppm (IH, s), 7.7 NH, sj.Step B
4-Piperazin-l1-yl-6-(trifluoronethyl)jpyrimdine A

sg&ution of 4-chloro-6-(trifluoronmethyl)pyrimdine

(¥ Osoél’ltlog_ a8 l‘?ﬁtré)pyy’l [61 %38 k3 tisaprgy]l-36(4¢f 6-(@flvbrommethy])pyrimidin-4-

[pi R i 6 mol i.n .20 ).
sRag AL AN Geb ik Pmel® yTRLL oo RBD R i 4 M o
HCI ipak4-didxate 6l OninTh40vaiee]) avad stited actoBeh Whipdra@th¥br 2 h. The reaction
cet at re with sodium sul f ate,

mixtRy Way f‘ﬁaffeg P %isfgg’th? ?’Q{Ogge. Weshad with swiveated DBl GQusiodivien, dried

ith Ve .y f t . .
it MBSO LRI QB s s e vy

flash Sqlgmnn@romgt_og%)hy %@IY?I@ Hhecddsotd qer(fdtnb‘? @?6&4%%9% LAWK )calculated
RS 1. St tert-Bu ,
for C‘ﬁ%ﬁ@“ﬁ@ﬁ%@%ﬁé%& f%—nflggégrt fluor orrgt hyl ) pyri m di n-4-y

| ] pi perazi n-1yl carbonyl) cycl opentyl]carbanate A
ol ution of

Step -pi perazin-1l-yl-6-(trifluoronethyl)pyrimdine (1.0 g,
4.31 mmol ),

(15, 3i ?)-3-[ (fer”put gxyc rbC)yI am no] -1 -i sopropyl cycl
opent anecar boxyl i § a '%ﬁii?!%gNg}\p.46 mol ),
benzotri azol -1 -yl OXW ri /ﬁnﬁt yINum _§O) phosphoni um
hexaf | uor ophosphgat e {2.867g, 6.46 ), and

triethylamne (1.20 ni, 8.61 mmol) Net hyl ene

chloride (10 nL) was stirred at rooanenperature
overnight. The reaction mxture was difuted with

N-[(JlﬁéS}_ﬁillimpeolz?thdm[qurer?ﬁdhwgiﬁiﬁﬂimﬁyygﬁg%iwi-t h
icars G PR St neto i gy dmash ool um

cito oMt OgglaRY Ler ViEh%shNGsef5iSh108 R4 Loromethylpyrimidin4-
yllpiperazin-1-ylcarbonyl)cyclopentanamine (120 mg, 0.30 mmol), 3-methyltetrahydro-4H-
pyran-4-one (120 mg, 0.90 mmol), and triethylamine (0.12 mL, 0.90 mmol) in methylene
chloride (20 mL) was added sodium triacetoxyborohydride (0.19 g, 0.90 mmol). After being
stirred at room temperature overnight, the reaction mixture was diluted with methylene
chloride, washed with brine, dried over sodium sulfate, filtered and concentrated. The residue

was purified by flash chromatography to provide the desired product as a mixture of four
isomers. LCMS calculated for C24H36F3N50,: (M+1) 484.2; found 484.2 for four isomers.

Example 29

Preparation of N-[(1R,3S)-3-is0propyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-Z-
yl]piperazin-l-ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine
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(800 ng, 38.3% . LCMS cal culated for C23H35F3N5CB:
(M) 486.2; found 486.2. Step DA solution of
WO 2006401684/ | PCT/US2005/022793
[ (IR 3S)-3-isopropyl-3-(4-[6-(trifluoronethyl)pyrimdi
n-4- yljpiperazin-|-ylcarbo "cycl opentyl] carbamate
(800 ng, 1.65 mmol) 4 Mof HO in
1, 4-di oxane (10 ) tirred at room
tenperature for : /e”aet' was dil uted
wi th et hyl ene clg , washed wit|h saturated NaHCOB
solution, dried with sodiumsulfate™1ltered, and
concentrated in vacuo. The crude resiggue was purified
by flash col umm chronat ography to yield the desired
Step 4y oduct (0.6 g, 99% . LCVS calcul ated for CL8H27F3N50
(M) 386.2; found 38 ~Step E
N[ (IR 3S)-3lisopropyl«3-(4-[6-(trifluoromethyl)pyrim
di n-4-yl ] pi perazin-lylc sopentyl JS-
nmet hyl t et r ahydr o- | H pyran”- To a solution of
(IR 3S)-3-isopropyl-3-(4-[6-(¢Tifluoronethyl)pyrimdin
-4- yljpiperazin-1-ylcarbonyrjcycl opentanam ne (120
-[6-ﬂ@z‘h 4 zmwb;)zerh Loy ot ¥she- 4Hpyran- 4-one (120
y@-;’(@ )C f’b]gﬁtrletjﬁ}]fl%ﬁne(o 12 m., 0.90 mol)
i rAnsahH}qne 73 mlm@me@mmﬂmgmaduégym@ue Wiho g, 5.11 mmol),

v AP oSN 0 gty B A ST i 1.

dioxant Xt umé ) waerditikitigeat 100t°0 fGES hy tHeReactioh @blutlen wa@ahﬁt‘éd with water
ri nts at?lyired over sodiumsul fate, filtered and
e

th
and gﬁw&@ﬁt P Reetplesthacre times. et with sadivin agifate, filtered, and
conc&%&%%c@?hﬂ"hé Qnﬂfeofé'sﬁ'ﬁﬁék@ gﬁ?t; Jucf ¥§{Oa%? ks cfiromatography

m xture our I sonmers
(10%SRAHYE FENENIELO ARt yism fhe fdesired @&;uuzt f(880 fagr 70.2%). LCMS

N P I

yl) pyri din-2-
I ] pi perazi n-1-yl carbonyl ) cycl opentyl]-3-nethyltetrahy
Sfep%r 0- 2H pyr an- 4- ami neStep A
1-[6-Methyl -4-(trif{uoromethyl)pyridin-2-yl]piperazi ne
A sol ution of A(O
2-chl oro-6-nethyl -4-¢gtrifl gor omet hyl ) pyridine (1.0 g,

5.11 mol ), Omﬁmﬁ/
®

CF3
tert-Butyl [(1R,3S)-3-Isopropyl-3-(4-[6-methyl-4-( trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]carbamate

To a sulotion of 1-[6-methyl-4~(trifluoromethyl)pyridin-2-yl]piperazine (280 mg, 1.1
mmol), (1S,3R)-3-[(tert—butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid
(460 mg, 1.7 mmol) in methylene chloride (30 mL) was added benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.60 g, 1.4 mmol), and
triethylamine (0.20 g, 2.0 mmol). After being stirred overnight, the reaction mixture was

diluted with methylene chloride, washed with brine, dried over sodium sulfate, filtered and

87



pi perazine (1.32 g, 15.3 mmol ), and triethylam ne
(0.71 m, 5.1 mmol) were mxed in 1,4- dioxane (10
worgos/ofnfeser stirring at 100 C for 5 h, the reart /082005022793
solution was diluted with water and extracted with
ethyl acetate three tinmes, dried wt odi um sul fat e,
concentrafed, ap e ea%d@o‘ﬁwﬁgéé& fﬁj%hx?alé‘%l qtm'@af@g{?@ BY fo ioyife the

s 3G A4 WSS ! FODRCEIMIS TP 01 503 v

499.2. product (880 ng, 70. 20 . LCWVS cal cul ated for
C11H15F3N3: (M+ 1) 246 1; found 246.1. Step B
tert-Butyl [(1R

Step C 3S)-3-1sopropyl -3-(4-[6-nmethyl -4-(trifluoronethyl)pyri
di n-2-yl ] pi perazin-1yl cgr bonyl ) cycl opentyl] carbamate

To a sul otion of
I-[6-rrethy|-4-(}_§2Ni_f@Vgﬂ@ ) pyridin-2-yl]piperazine
(280 ng, 1.1 mmol), 5, 3%)?%— N
[ (tert-butoxycarbonyl Yanr n X

-1-i sopropyl cycl opent anecar boxy| i g acid (460 ng, 1.7
nmol ) in nethylene chloride (30 ) was added
benzotriazol 1- yl oxytris(di met lyffsanmi no) phosphoni um

(1R,3S)- 3t P eoﬁ’?jzOjr %E@ﬁ%@%g(ﬁr%@?ﬂ%%@ mﬁ?)é’r]p%%?%ns]t irred

ylcarbonyd\e@Elop@hdnaniihe reaction mxture was diluted with
met hyl ene chl or| de, washed with brine, dried over

godi oS at & |tP’ftéW§)é antéBrgent r arisepronHe3-(-{krmethyl-4-

i L) g h 0.
crinuorof 34 SHE 2 AUSHEAST Yo Dy ROl RSO0 e L.
mmol) dissdlead ai édVif of I—K&ﬁﬂSVW@ie (10/MehD), 40 9iBol)f wamstivd@D al room

St . . . . .
temperatyrg gjre@) ‘Theyreastion yyas.daluted. wigh mewiane chlopide; washe! st siprated
NaHCO; lsgmggllq gﬁlegfwittﬂé r@?dﬂﬁﬁﬁétﬂfa{e{ Iﬁ@@feaoayyd SorfckRtrABE D IR tBSrévide
the desire@-preduct (0.y5 £394%).[ NS qullcu]Ated for CooH30F3N,0: (M+1) 399.2; found
3999 (trifiuoronethyl)pyridin-2-yl]piperazin-I|-ylcarbonyl)c

=+ yclopentyl]carbamate (200 ng, 1.65 nmol) dissolved in
4 Mof HO in 1,4-dioxane (10 m., 40 mmol) was stirred

at roomtenperature for 1 h. The reaction was dil uted
Step D with nethyl ene chloride, washed with saturated

CF,
N-[(1R,35)-3-Isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
yicarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

To a solution of (1R,3S)-3-isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentanamine (120 mg, 0.30 mmol), 3-methyltetrahydro-4H-
pyran-4-one (100mg, 0.90 mmol), and triethylamine (0.12 mL, 0.90 mmol) in methylene
chloride (20 mL) was added sodium triacetoxyborohydride (0.19 g, 0.90 mmol). After being
stirred at room temperature overnight, the reaction mixture was diluted with methylene

chloride, washed with brine, dried over sodium sulfate, filtered and concentrated. The residue
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NaHCO 3 solution, dried with sodiumsulfate, filtered,

and concentrated in vacuo to provide the desired
w@emdoetes{ 0. 15 g, 94% . LCMS cal cul ated for PCT/US2005/022793

C20H30F3N4AO  (MHl) 399.2; found 399.2. Step D

was ﬁhn[lﬁéd?bﬁ HasB -chﬁﬁxﬁk[t@@h(}bh}gto( ?ﬂ)k/ﬁienfﬁé Rgkiredt prlotiidt! 4404 ARG of four
gérldln 2-yl erazin
1som91[sc Mohsalgulgied &iéf%ﬁ”f%ﬂre@ﬁﬂ)t L] lf?'mdo492’ﬂ foy feur-isbmers.

amine To a solution of (i
, 35) - 3-isopropyl -3-(4-[6-nmethyl -4-(trifluoronethyl)py
Examphbi:m 2- yl]piperazin-I| -yl carbonyl)cycl opent anam ne

120 .30 3-net hyl t et rahydr o- 4Hpyr an- 4-one
Pfepg’r%ﬁt&%gf Qﬁé‘é‘ %5‘)‘SOPéiﬁWI't?'r(‘éF”hWﬁ'#PF\@IQ@YEI)EK?HYHI@P@ﬁﬂln-l-
lcarB¥aY ey clo 2 Q was added sodi um
ycat ri gcgj{ ox@gﬂlﬁﬁﬂﬁYW %‘g %aﬁ% ?fﬂ% mol ). After being

:5 stirred at roomt eratre overni ght, the reaction

m xture was dil WI . ; ene chl oride, washed

with brine, drle er ' sulffate, filtered and

concentrated. The resi due)a@s ' 9F¢I ash

chromat ography to provi de the desi product as a
m xture of four isomers. LCMS cal cuMated for
C26H39F3N4A2: (MH) 497. 3; found 497 2 for four

e 30 Preparat on
NQ?CU R 3%)%@11 s8br ShIRFS)4- IF@JIPPY1r3'[4JE§f'6ﬁﬂt1¢Wnl)eﬁtyé)@h¢nyl] -3,6-

dihydrBhyRRlih- d

il cgﬂc):}?oplnen yl% 1t r a(ﬁ&g%ﬂ:l)ogﬁ%l)tre gﬁhylfl r%r%Hn%yr 15 4aan§18? Lg $ 8r{n g 0.026
mmobfin methanol (1.0 mL) under N, was added palladium (5.5 mg) (10% dry weight on wet
act1v:1'¥éé %%rbog) )The %egcqc%rnolg}lxmr% xLas gtlriedt a[tI r%l)rlglotre?nrlgg;atclgrle )u%geern |2 (1 atm)

overrﬁi%ﬁi)(gﬂ P ¥hd @i‘lt@reld(tgf&lgﬂ lcbgRr 't["ﬁ’@ )félﬁé’ Glag Rfa@flé’d Q}&n@?%ﬁg}?ﬁgﬁ@ chloride

ran-4-am ne
and tbqﬁbrmyvaa geiagenixte ng dkmdqzmietl aododmt (8.BmEgPO%).AUS calculated

i vat carbon). The reaction
forc?ﬁ%‘imé@ %/ﬂgp%éa d?‘gg%‘ten'perature under H2 ( 1
arm overnight (22 h) and filtered through celite. The

celite was washed with nethylene chloride and the
ExampleBlat e was concentrated to give the desired product

Prepé@%lfl)g;gof ;ﬂg-&(%g%@:;-%p%}gf gl(ﬁt[g itl‘lﬁ ror(()\’lznp I_E)%:p en% plp(erldm-l-

ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amme

H 0
O%)/ D;LO\Q/CF

The title compound was prepared using procedures analogous to those described for
Example 30. MS calculated for Cy7H30F3N,05: (M+H) 481.3; found 481.3.

Example 32
Preparation of 2-[(1R,38)-3-[(3-methyltetrahydro-2H-pyran-4-yl)amino]-1-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl] propan-2-ol

bis(trifluoroacetate)
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Preparation of
N[(IR 3S)-3-isopropyl-3-(4-[3-(trifluoronethyl)phenyl
W@ piopee468i n- | yl car bonyl ) PCT/US2005/022793

cycl opentyl]-3-nethyltetrahydro-2H pyran-4-am ne The

title conpound was preparedusing procedures anal ogous

to those descnbdf@g@cﬁm 0. MS cal cul ated for

C27H39F3N2C2: : f d 481. 3. Exanple 32

Prepar ati on of ; S CF3

2-[(IR 39)-3-[ (D thyltetql'hhydro'JZI-I- yran-4-yl ) ani no]

-1-(4-[4-

(trifluoromethy”pyridi nq 3yIJ pi per azi n-1-yl carbony”~cycl
Step dpent yl | pr opan™-ol bis(trifluoroacetate)Step A Mt hyl

(IR 485)-4-[(tert-butoxycarbonyl)anino]-I -(I

- hydr oxy- 1- net hyl B¢ )cycl pent - 2- ene- 1-carboxyl ate
To a 1.00 Msolution g [ um hexanet hyl di si | azi de
in tetrahydrofuran (4 tq”lng at -78 0C was

added a sol ution of rreth
(IR 4S)-4-[ (tertbutoxycar bo?]'i;l ) am no] cycl opent - 2- ene-

Methyl @& 4504y/(eriebit&xy@axhonl) dminopl (1 +hydtzﬁyrlaﬁiyﬂzyléfiyﬂ)@ﬁb1&1%t-2 -ene-
7. {ZL)cZThe resulting golden mxture was warned to -2
cargies ¢ (ca 4/dry ice) and stirred for 30 min. The

r ep& i P00 32! sekitoR Wﬁth?lﬁﬂllﬁgmﬂ%dgsﬂazﬁg g J@t?dﬁygﬁﬁlran (45 mL)

anhydrous acetone (1.8 , was a
stirtinghe &ddi-7§ on’C t heay eaa:ddmbn ai x‘scnlumaon/vasoﬂ<epnethyi a (1R,4S)-4-[(tert-
rmt

/
butor oAb B YEb e BB R Pl o B, ey drofuran
(40 L. lThs atsultaigesbl N RlixtaRowaxiviaed el 2Rl Bt JQ@ rocd g’l‘@l‘z?/dry ice) and

tinmes., The conbi ned extracts were dried, filt

stirred Spic it Ehe, reauiioncsolieion s ehokedydesvipter 178 °€dart§1yalﬂiydlsms acetone

(1.8 ﬂégls%%gfo'y %@e{c@g{l a@ﬁ% tﬁ?&@ﬁ@ﬁﬁ(a”e B)nén%%ﬁﬁ )y&fas kept in a CCly/dry
ice b@ﬂS)méB aﬂl@%dttoswmymafdgany@gmﬂnwﬁ ﬁbe&ﬁ%gy¢2@mmk Blfion was
quem%if:? aﬂ\ﬁg@%ﬁ%{ﬁ%ﬁé %ﬂtie(dlerﬁ £ gtxr}z‘s The combined extracts
were 1dﬁ@%1t hﬂfté’r&éi‘ylc%ﬁééﬁ{r e cx%rcl dﬁ? ngg(y;gu?ff%d( %}_z,gﬂ?sh column

mol ) Was di SSo ve | n et anol
chronﬁataghplar@tOAc/Hexane) to yield the desired product (1.4 g, 22.6%).

Step B

Methyl (35)-3-[(tert-Butoxycarbonyl)amino]-1-(1-hydroxy-1-
methylethyl)cyclopentanecarboxylate

Methyl (4S)-4-[(tert-butoxycarbonyl)amino]-1-(1-hydroxy-1-methylethyl)cyclopent-
2-ene-1-carboxylate (1.4 g, 4.7 mmol) was dissolved in ethanol (30 mL) in a Parr flask and
purged with N,. 10% Palladium on carbon (0.14 g) was added and the mixture was shaken
overnight under nitrogen at 50 psi. The mixture was filtered through celite, washed with

methylene chloride and concentrated to give the desired product (1.06g, 86%).
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purged with N . 10% Pal | adi um on carbon (0.14 g) was

added and the m xture was shaken overni ght under
woRasogess at 50 psi. The m xture was filtered pe¢F/OsYN5/022793
celite, washed with nethylene chloride and

ncentrated to give the desired product ( 1.06g,

6% .Step C
(3S)-3-[(tert-But oxycadedNyl ) anitho] -1 - (I - hydroxy-| - net
hyIethyl)cyclopentanecarho%:t&g)bghd To a solution of
met hyl
(3S)-3-[(tert-butoxycarbonyl )a/fk_ ]-1-(lI-hydroxy-Ineth
yl ethyl) cycl opent anecar boxyl at 1.0 g, 3.3 nmol) in
a mxture of tetrahydrofuran (30 nL), nethanol (30 ni)
and water (6 nL) was added Lithium hydroxi de
nmonohydrate (0.22 g, 5.3 mol) and the m xture
refluxed overnight (110 0C). The organic solvents were
evaporated and the aqueous | ayer was washed with ether
(3S)-Grigtett-BatoxyEineh capileroins] 11 af] etydvaxs- k-methy &t Yichdleneniinepardoxylic
N HC to about pH 4 and extracted with nethyl ene
chloride three tinmes. The conbined extracts were
drrgd,a fdoldtRmedof- afﬁéithyp n@sgtst[@tfeﬁdmﬁ@; a@wnﬂ?ﬁm] -1-(1-hydroxy-1-
desired roduct 0.4 Ste tert fy
meth[ykﬂqyl)cmy poxgnaca mytee(ﬂr%/g) ém(lmOan @ mifmg s geealygrofuran (30

py.I

mL) CI¥IC hglll(ﬂ n(§0 ﬁLC) §ﬂe@%¥§i%§g Eggé’ndsll)d%hlumfhydromde monohydrate (0.22

g, 5(33§)méi) [ad ehé Ibbthﬁayr@ﬂﬁmny{férﬁi@ﬂ(ﬂ td °€y.l Thehmlgamm/ solients were

nmet h Iethyl)cyclopentanecarngyl|c acid (150 , %
evapainigd) anghfie|dquious layer was washed with ether one time. The aqueous ayer was

then Qnd f;éd%ﬁl? @?ﬁﬁﬂl \P¥8 u]g Bﬁ'@aﬂd éé(@ﬂrarlLE’s@H 3 nélgrﬁeti(\lél%ge @Hogg% g'Zree times.

yl ene c ride was a
The t:d)mbtnhgl! leatracte wetk. dified) filtered, mel yoraaoirated foprovadeothe Hesired product
r| s(di nmet hyl am no) phosphoni um
(0'4% ‘@%‘P)uorophosphate (0.25 g, 0.57 mml ). After being
stirred at roomtenperature overnight, the reaction
was quenched by saturated NaHCO3 sol ution and
Stepéxtracted with nethylene chloride three tines. The
conbi ned extracts were dried(MySO ), filtered,

concentrated and purified flash col um
chr omat ogr aphy t BooH ?ii red product (76 ng,
299%) .

CF3
“n \O/

tert-Butyl [3-(1-Hydroxy-1-methylethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-

Step

acid

ylcarbonyl)cyclopentyl]carbamate

To a suspension of  (3S)-3-[(tert-butoxycarbonyl)amino]-1-(1-hydroxy-1-
methylethyl)cyclopentanecarboxylic acid (150 mg, 0. 52 mmol) and 1-[4-
(trifluoromethyl)pyridin-2-yl]piperazine (130 mg, 0.57 mmol) in methylene chloride (3 mL)
under N, was added triethylamine (0.16 g, 1.6 mol) and benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.25 g, 0.57 mmol). After
being stirred at room temperature overnight, the reaction was quenched by saturated NaHCO;

solution and extracted with methylene chloride three times. The combined extracts were dried
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Step E
2-[ (IR 3S)-3-Am no-| -(4-[4-(trifluoronethyl)pyridin-2-

wQ kjopiopesazi n- 1yl car bonyl ) cycl opent yl ] pr opan-PeDUS2005/022793
di hydrochl oride ter -Buty

(MgS(%(% ter%d (éo&ggrﬁ&a%@’ ahd B’&ltlﬁgd % %Sﬁ eOTufk Ll%roﬁltafdgfréﬂlwrtgrgﬁeld the

desired/bﬂoﬂuaqvamgmi)%yl car bonyl ) cycl opentyl]carbarnate (75
ng, 0.15 nmol) was mixed with a 2.00 M sol ution of
hydrogen chloride in ether (2 niL) and tetrahydrofuran

StepE( 1 nm). After being stirred for 1 h at room
tenperature, the reaction solution was concentrated to

provi de the desired prodtct (70 ng, 98.7%. LCMVMS

cal cul ated for C,)_”,HZ /\SMFH) 473.2; found 473. 2.
Step F
2-1(1 R 3S)-3-[(3- I\/EthyMI\trkahy Syr an- 4-yl ) ani no]

-1-(4-[4-(trifluoromet h9|") pyr i dNn- -yl Jpi perazin-|
-yI car bonyl )cycl opentyl }zploopan 2- I

-[(IRQ (f%'nfgﬂ'g'; Z‘faﬁ((: %’W%’%@’ i M@?%:%%{ZIH;?‘) Sg/r. di n- 2-

i spentyl ] propan-2- ol
ylcarbgh)]ﬁﬁg?fg%%ﬁjgﬁmpﬁ o] é!m)?;()c%%ﬁmm 0. s

ntettFB'llltylet r a[()i&)é -@ I-hy;dymsaznl mednéethﬁ}%@ [4gtrtfluaromethy)pyridin-2-

i B e oS s 0 et i 020
M soh(lt?o% 8f ARdrofer? ¢hibH® In efbi € nl¥19i did tSrhtyideskuin goﬁ’ﬂlﬁ) After being

enperature overnight, the reaction was quenched wth
stlrreds%rr Ur ek doqua Fezaperatvee, dhe reastion so&utlnn RS Hepneerdragad r prgeide the

desived Bt {8 Thg BT ol SHPS B TO0 P RRFRUDE M PhLy found

4732then converted to the desired product TFA salts (33.6

ng, 29% . LCMS cal cul ated for C25H37F3NAC3: ( MtH)

499. 3; found 499. 3. Exanpl e 33 Preparati on of

F2 [(I'S, 3R -3-[(4R) -3-net hyl tetrahydro-2H pyran-4-yl]am
0-1-(4-[4

(tr| fl uororret hy” pyrl m dm I1Q yl | pi perazm | -yl car bony”cyc
| opent yl | propai _{ﬁ)ﬁ f/r\u]or oacet at e)

éj CF3

o

Step

/c’): S
N_.=

2 CF3COOH
2-[(1R, 3S)-3-[(3-Methyltetrahydro-2H-pyran-4-yl)amino - I -(4-[4- (trifluoromethyl)pyridin-
2-yl]piperazin-1-ylcarbonyl)cyclopentylJpropan-2-ol bis(trifluoroacetate) (salt)

To a solution of 2-[(1R,3S)-3-amino-1-(4-[4-(triftuoromethyl)pyridin-2-yl]piperazin-
1-ylcarbonyl)cyclopentyl]propan-2-ol ~ dihydrochloride (80 mg, 0.16 mmol), 3-
methyltetrahydro-4H-pyran-4-one (54 mg, 0.47 mmol), and triethylamine (88 uL, 0.63 mmol)
in methylene chloride (6 mL) was added sodium triacetoxyborohydride (99.8 mg, 0.47
mmol). After being stirred at room temperature overnight, the reaction was quenched with
saturated NaHCO; and extracted with methylene chloride three times. The combined extracts
were dried (MgSOy), filtered, concentrated, purified by chromatography and then converted
to the desired product TFA salts (33.6 mg, 29%). LCMS calculated for CysHi7F3N4Os:
(M+H) 499.3; found 499.3.
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The title conpound was prepared using procedures
anal ogouss to those described for Exanple 32. M
w@aosb@msed for C24H36F3NSC3: (M+H) 500. 3; f ourdI/BS03022793

Exanpl e 34
2-[(1S,3S)-3-[(3-net hyl tetrahydro-2H pyran-4-yl)am no]
-1-(4-[6-

Exampler33f | uor onet hy”pyri di n"-ylj pi peraziii-|-ylcarbony”cyc

prepariling. bR e D bt bR G Sy 7 g1t
(trlﬂuggggggwq%&lh@%]ﬁ% ﬁmwarggn%lg@sﬁ?fﬁl’ylﬁ{rﬁgaﬁ&fol

found 4
bis(triflmepmcetake)n of
N-[ (IS, 3S)-3-ethyl-3-(4-[4 (trifluoronmethyl)pyridm2-y
| ] pi perazin-1ylcarienyl ) cl gpentyl ]

- 3-net hyl t et rahydr raN—4 m ne Step AMet hyl

(IR 4S)-4-[(terf-Duto ani oelif3 et hyl cycl open
t-2-ene-1I-carbayyl teT o 1. O\l\(so uition of lithium
hexanet hyl di si l/azi de in tetrahyd an (61.5 nL, 61.5

mmol ) was added a sold@€F6R0H et hyl

; hﬁﬁ glﬁ% 39{31{11&}%@1%{ $Vgsu t@%éxq%g ilglggi)l}z%ﬁeg?rgs fl%aflggoua? tozt}l_og: described for
Exampl88b.) MIcdl@il&ed @I BINOLONH Y 50@8; fodsd So@yer 10

mn. The resulted |ight brown solution was stirred at

-78 0C for 30 min before iodoethane (2.67 nL, 33.4
ExamningJ“) was added in one portion. The m xture was then

Rgpt at -25 C overnight. The reaction was quenched

2- [(ISYSSI)JS W@t“kﬂ@dro'ﬁlﬁpyf@ﬁmy@ahﬂue]u A#$6-separ at ed
and

e aqueous | ayer was further_extracted with ether
(trnﬂupmm@hyl)mdmfmdlemamﬂ -YeghonyDexplepentylipropap2rol

pi ne, dried over Na2SM™, filtered,
blS(tl‘l\fﬁﬁp(ﬁl% : a(%)rt d?ha? L e

concen nd purified by flash col um
chromat ography to yield t desired product as a 7:1

cis/trans m xtute (. A)?\?I\/S cal cul ated for
Cl4H23NO4: (I . -ound 0. Boc). Step B
( Jound 470. 1, ( i+ Boc) p
o OH
2 CF3COOH

Z

The title compound was prepared using procedures analogs to those described for
Example 32. MS calculated for CsH37F3N4O3: (M+H) 499.3; found 499.3

Example 35

Preparation of N-[(1S,3S)-3-ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

o)
H
N 7 "N
HOUOL

Step A
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(IR 4S)-4-[(tert-Butoxycarbonyl)am no]-1-ethyl cycl open
t-2-ene-|-carboxylicAcid To a solution of nethyl

W@ bReOG84- [ (t ert - but oxycar bonyl ) am no] - | - et hyPCHUEpEOR2793
t-2- ene-1-carboxylate (4.80 g, 17.8 mmol) ) in a
m xture of tetrahydrofuran (100 ni), nethanol (100 ni)
and water (20 nlL) was added | Gpi@m hydr oxi de
nonohydrate (1.2 g, 28.6 mmol) ¢ the m xture was
refl uxed overni ght. I;Z~oﬂgan' sol vents were

evapor ated. The aqueo I s then acidified with
6 NHO to about pH 4 artti e§tracted w th net hyl ene
chloride three times. The cqnbined extracts were

Methyd (i RedS) -4 (ter&batoxyaaheors Daway ra Bylcy Sorgri-é-exeri sar b et

cis/t . : o .

Sy FUNSRIPof i e BSHEN: R85 .
61.5 mhmailf h heatvang addedli | at edsobitidn hexfinesndtiyl0 nUR,48)-4-[(tert-
A N T N Y AT T
(10.0 BBH Rk 37%“@ oPér I(%l'i_‘xg? iqglg\f@é'uﬂb@ fbht ng%n%‘Mdtﬁ)ﬁrde S#Rd at -78 °C for

crystallized an to provide the desired
30 mipbefiue iqdbethdng (2.6 ML, 33.4ammiDtwassoided in M8 pertionl Brearlixture was

then kfgg{aﬁc%g t%i o%gﬁtw:ﬁg re%gt‘?dnzw;zié qlge%% gd %faﬁ'a:clluéol\l/lhsf I_NI-'I%&CI) The organic
layer (hscbRtatédt hild et aqBb@igarrRRniitthand ekt veith ythey th&p@fies. The

t anecar boxylic Acid To a sol uti on of

combifip® argynia - fayewsr wersutlesty swshrdhyiftadirie] -driedt Ayarc MepYpenfiltered,

t-2-eneql i ' 41 1 i N
concetz@ B piRERE BY oot Olta shihsdhrp i, JIPR!the dPhised product as o
7:1 ci$/208 mtkture T S35 6594 MS\adciddtak fr CigHeNOy dvietn7aL; fifind 170.1

si for 18 h and filtered through celite. The filtrate

M+ @C)evaporat ed in vacuo to afford the desired product

(1.5 g). M5 calculated for CL3H23NO4: (M+H) 258. 2;

found 158.1 (MtH Boc). Step D tert-Butyl [(1S,
Step BR) - 3- Et hyl -3-(4-[4-(trifluoronethyl)pyridin-2-yl]pipe
r?zi n-1yl carbonyl) cycl opentyld ca{)barmt e To a solution
0
(IR 3S)-3-[(tert-but oxycabbon
anecar boxylic acid ( , 1
[ -[4-(trifluoronethyl) | ﬁ

‘%lTn'\ noj] - I et hyl cycl opent
) and

(1R, 4S)-4-[(tert-Butoxycarbonyl)amino]-1-ethylcyclopent-2-ene-1-carboxylic Acid

To a solution of methyl (1R,48)-4-[(tert-butoxycarbonyl)amino]-1-ethylcyclopent-2-
ene-1-carboxylate (4.80 g, 17.8 mmol) ) in a mixture of tetrahydrofuran (100 mL), methanol
(100 mL) and water (20 mL) was added lithium hydroxide monohydrate (1.2 g, 28.6 mmol)
and the mixture was refluxed overnight. The organic solvents were evaporated. The aqueous
layer was then acidified with 6 N HCI to about pH 4 and extracted with methylene chloride
three times. The combined extracts were dried, filtered, and concentrated to give a mixture of
cis/trans isomers (2.93 g, cis/trans = 7:1) as a light yellow solid. This solid was dissolved in
EtOAc (4.0 mL) with heating and diluted with hexanes (100 mL) to give a clear solution.
This solution was allowed to cool to room temperature slowly over 1 h and then maintained

at -25 °C overnight. The cis-isomer was crystallized and dried to provide the desired product
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yl ] pi perazi ne di hydrochloride (0.39 g, 1.3 nmmol) in
DMF (10 nL) under N was added triethylamne (0.65 niL,
wa 2006000889 and PCT/US2005/022793
O (benzotriazol-1-yl)-N,N, N, N -tetramethyl uroni um
t L t [
(.40 LT3 4 FRRESAE S GUGRAS 1ot 5, N a9 05 DB 5 1561
(M-+Hw).quenched with saturated NaHCO 3 and extracted with
nmet hyl ene chloride three tinmes. The conbi ned extracts
were dried (MgSO ), filtered, concentrated and
Step cphurified by flash colum chronmatography to yield the
desi red product (400 ny, 72. 9% M5 cal cul ated for
C23H34F3N4AC3: (MrH) 471 . 3; 371 .2 (MrH Boc) .
St ep S

E(lS, 3R) - 3- Et hyl - 3- (4- -j‘%;l or onet hyl ) pyri di n- 2-yl
] pi perazi n-1yl car bon;@& t anam ne
Ahydrochl oride tert yI I
et hyl I.fl.uorone -yl
R e R L B
gTo Q sS3tismf) (l\l’la@S)dl &@ﬂ-m&ydart@nﬁl)&ﬂlﬁi_@[l-lltdtlﬁ)_;flcﬂﬂopent-Z-ene -1-
ro]%en chloride in 4-di oxane (3.1 nilL) andt
£

carboxs%p aciddi-3Res Sili mmed) inethapelfAp arpvas added dO‘e’éf Pﬁ”@ﬁwm on carbon

o0 IS SIHLEE P e %%p%gfogiwav@%h?ﬁg%rgg st

celite. FThe filtrate was evaporated in vacuo to afford the desued product (1.5 g). MS

calculalél_y; {‘plﬁi g?éy%ﬂlzl\g ?ié,%}lpt)md( §8 hyI ) pyridi ne-2

cycl opentyl] - 3-nmet hyl t et rahydr o- 2H pyran-4-am ne To a
sol ution of

Step (| S, 3S) - 3-ethyl -3-(4-[4-(trifluoromethyl)pyridin-2-yl]
pi perazi n-1yl carbonyl) cygl opent anam ne

di hydrochl ori de (100 .20 nmol ),
3-net hyl t et r ahyB n> Nf-\qne (96 ng, 0.71 mol),
and triethylam ne (0. =l _O.N(9 CF;i n met hyl ene

chloride (3 nL) was added so um|tF|\ cet oxybor ohydri de
(96 nmg, 0.45 mmol ). After bei ng red at room

te ratur Ve t he r tlon, uenched wth
rert B g RN el a0 T BRI A S PERE R o 1 e
lcarbbil ' 1carBgm&RMPi ned organics were dried (MSH4),
yeedr %P’fﬁz? gmgﬁ%ent rated, purified by flash col um
cBo omat cgr aphypoXuhipl OH/ VedH/ Et AR, 3%)e3- (tert-butoxycarbonyl)amino]-1-
ethylcyclopentanecarboxylic acid (0.30 g, 1.2 mmol) and 1-[4-(trifluoromethyl)pyridin-2-
yl]piperazine dihydrochloride (0.39 g, 1.3 mmol) in DMF (10 mL) under N, was added

triethylamine (0.65 mL, 4.7 mmol) and O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium

hexafluorophosphate (0.663 g, 1.75 mmol). After being stirred at room temperature
overnight, the reaction was quenched with saturated NaHCO3 and extracted with methylene
chloride three times. The combined extracts were dried (MgSOy), filtered, concentrated and
purified by flash column chromatography to yield the desired product (400 mg, 72.9%). MS
calculated for Cp3H3F3NyO3: (M+H) 471.3; found 371.2 (M+H-Boc).

Step E
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yield the desired product (38 ng, 40%. M cal cul ated

for C24H35F3NAC2: (MtH) 469. 3; found 469.3. Exanple 36
wee@paomsd on of (4R)-N-[ (I R 3S)-3-ethyl -3-(4- PCT/US2005/022793

[4-(trifluoromethyl)pyrimdin-2-

yl ] pi perazm| -yl car bonyl pcycl opentyl ] -3-nethyltetrahyd

ro-2H pyran-4-am neThe titl e _conpound was prepared

usi ng procedur et gbusNt ot hose descri bed for

Exanpl e 35. MS cal cule éel\fxqr/ AEFREOR:  ( MH)
470. 3; found 470.3. Exanple 37 [(]S
s39) - 3- ethyl 3- (4-[6-(trd'f%luoro vyl )pyridin-2-yl]pip

(15, 3R2 E}é’%l'k ty@]?? (g%ﬁ%{% LA ﬁlilndr gljﬁﬁe’é‘flzfnén- 4-ami ne The

ylcarbbnﬁl)cﬁcl@pm@kmﬂnm&yﬂfoebmﬂd usi ng procedures anal ogous
to those described for MS cal cul at.ed

CoBEPENICS . (Ve 368 oGl su0rae ER BTG 238 piperazin- -
sieay L RSREPPRRIGE e 9 e 3 $3.9900 ot dsebinddhgh § By viion of

hydrogeai abd@tide in 1,4-dioxane (3.1 mL) and the solution was stirred at room temperature

vl R, el cebenubhcXEhopent Y . St L et

powdeg;@@rpggngg%\@s prepared using procedures anal ogous to
hose“descri bed for Exanple 35. MS cal cul ated for

C22H32F3N502 (MrH) 456. 3; found 456. 3. Exanple 39
Sie FPrepar ation of
PY(4AR) - 3-met hyl -N-[ (I R 3S) - 3- ( 2- met hoxyet hyl ) - 3- (4-[ 4-
(trifluoromethyOpyridin”-yIpiperazin-| -yI car bony”cycl
opent yl Jt etrahyro Py m neStep A
| - 1 odo- 2- net hoxy—et o o ution of

| - br ono- 2- et hgq " hane A in acetone

(40 niL) was aay sodi um | od| d 72 mmol ) and

the resulting solution was refl uxe (70 C) under
N-[(18,3S)-3-Ethyl-3-(4-[4-(trifluoromethyl)pyridine-2-ylpiperazin-1-

ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2 H-pyran-4-amine
To a solution of (18,35)-3-ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-

ylcarbonyl)cyclopentanamine dihydrochloride (100 mg, 0.20 mmol), 3-methyltetrahydro-4H-
pyran-4-one (96 mg, 0.71 mmol), and triethylamine (0.11 mL, 0.79 mmol) in methylene
chloride (3 mL) was added sodium triacetoxyborohydride (96 mg, 0.45 mmol). After being
stirred at room temperature overnight, the reaction was quenched with saturated NaHCO; and
extracted with methylene chloride three times. The combined organics were dried (MgSOy),
filtered, concentrated, purified by flash column chromatography (NH4OH/MeOH/EtOAc) to
yield the desired product (38 mg, 40%). MS calculated for Cp4H3sF3N4O,: (M+H) 469.3;
found 469.3.

Example 36

Preparation of (4R)-N-[(1R,3S)-3-ethyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine
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N2 for 3 hours. The m xture was cool ed and filtered.
Upon further cooling in the refrigerator, additional
W@ 006064684 ashed out and were filtered of f bef oP€T/US2005/022793
concentrating to give an orange residue. The residue
was taken up in ether andONashed wi th Na2S20 , which
rendered a near|y ¢bl g |ution. The sol ution was
dried (MgSOH4), ed,f /gancentrat ed to give a
yellow oil (1.¢ . CH 3. 70-3. 60
(2H, t, J =5 I 3.40 (3H, s), B.3-3.20(2H, t, J
5Hz). Step B Methy I
(
(R R8s BRI AR Sk TRLE XA o
Examp)é 35.1 tNi§ umlbhlatealfeﬁ (D;)gHgiﬂFst@tz (lie-H)d 708t faulng d708ur an
(9.1 niLk, 9.1 mmol) under N2 at -78 0C was added a
solution of nethyl (IR 4S)-4-[(tertbutoxycarbonyl)
1kA0] cycl opent - 2- ene-1| -carboxylate (1.0 g 4.1 mol)
Examﬁ?s?etrahydrofuran (2.0 nmL). The resulted |ight brown
N-[(1Ss38)+R-ethyl-3&(4- [ 6 1(tnifledontethyl pydidin-ryljdiperagib &f or e

teart g DA PR bR BT A Fhe  m i ur e vas

stirred for an hour at -78% C then kept in a freezer

readi ng at -20 QC ' ./Il%e reacti on was quenched
with saturated ehl @ri The | ayers were
separated and the us—e MwwiGfa ether three

times. The conlp d orgam cs wergl then washed with
brine, dried (magnesium sulfate), |tered and

PR tﬁtlee&nﬁibumi 38 p %Eﬁﬁ&fsﬂ%rﬁmﬂufeghﬁﬁégdiﬁﬁé Bfkse Héscribed for
provi de the desir eﬂbgr odu

ExampieB .UM & calgulatad fon 6+PBEN O M 32f01mdd1|68 3.
300.2.Step C
(1S,4S)-4-[(tert-Butoxycarbonyl)am no]-1-(2-nethoxyeth
yl )cycl opent - 2-ene-1 -carboxylic Acid To a stirred
sol ution of nethyl

Example384S) - 4-[ (tert - but oxycar bonyl ) ami no] -1 - ( 2-

rrns B FOA PSS RS S
yl]plpé’ﬂahn-B-lyltaMM)cQ&oﬁeﬂty)] 3Aﬁ&tlﬁdtbeﬂ1hlydt'6¥l2Hn])jfmdF4}nndme

ohydrate (0.
bls(trlﬂuoroacetate)

The title compound was prepared using procedures analogous to those described for
Example 35. MS calculated for C;3H3:F3NsO,: (M+H) 456.3; found 456.3.

Example 39
Preparation of (4R)-3-methyl-N-[(1R,3S)-3-(2-methoxyethyl)-3-(4-[4-
(triftuoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-

4-amine
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13 mmol) and the resulting orange m xture was stirred
at 80 C overnight. The sol vents were evaporated and

W@ b@enisssure was acidified with 6 N HO to a ppCDUS2005/022793
about 4. The aqueous was then extracted wth nethyl ene
chloride three tiimegy The gombined organic layers were
dried (MgSO), d concentrat ed in vacuo to
give the desir p od (O 47 g, 63. 29 .

LCVS cal cul ate r Cl ; found
286.2. Step D
(1S, 3R) - 3- [(tert- But oxycarbonyl )a -1 -(2-met hoxyeth

yl ) cycl opent anecar boxyl fcAcid To a sol ution of
Step A 1S, 4S) - 4-[ (tert-butoxycarbonyl)am no] -1 -(2-

met hoxyet hyl ) cycl opent/%r/ e-1-carboxylic acid (1.56
g, 5.47 mmol) in nethéno ?B’O m.) was added 10%

I1-1 dJ)Q Bahe carbon (150 ng). The mi xture was shaken
0 gll ﬂw’drogeen at 50 psi overnight and filtered

t o aughutoal aft lebromve2-ethaxyethana&. @ gapbmat@dpin avetoae (40 mL) was

added s ey (13 £ SR mSanERd tis tostbing SGruipE i reBeed (70 °C) under

N, fox(%é‘ﬁr@oljﬁ m R v@s%bbl’e@%& lﬁltered Upon further cooling in the refngerator
R 3S) - 3- (2- met hoxyet hyl 4 4-(trifluoronethyl)p

addltlgnad dphd&cgasl}qﬁ parandi wete ltered oif before concentrating to give an orange

residu gr )kr)gs:rgéﬁte) Fé? ttﬁ%(f}tnlbtil% S&'ﬁ{) ﬁ{} )v(yaaﬁ,fa with NayS,03, which rendered a

nearlylco(lcﬁie{)s"ﬁgdil@ﬁ(ﬂﬁt'fh@ S)Oﬁlﬂ“oh%ﬁrﬁﬂ%wﬁggm}( Yﬁlte(r‘e(ﬁféhd cbrcktrited to give
ni ol

a yellow Pll (t Bei 64%br %Hr%l(?@@a)@l 17034001 (8Hpbaz b M), 3.40 GH, s), 3.30-

h Iorlde(322 ng, 1.06 nmol) , triethylamne
320(?’3 ¢f- gﬁ{ 3.85 rmol) and O (benzotriazol -1-yl)-
N

N, N, N -tet met hyl uroni uni hexaf | uor ophosphate (547.6
, 1. 44 nmmol) (HBTU) were nmixed in dry DVF (6.6 nl)
SfePBand the resultanting brown solution was stirred at
room tenperature under N2 for tdhree days. The reaction

m xture was diluted with CH.C gad washed wth
saturated Na2CO . Thé&o er was extracted with
CH2Cl 2 four times. The co ed—\prganl c layers were

dri ed (I\/gSO4) filtered, concent@ated and purified by

Methyl] t é@%ﬁ%@%&?@%mﬁé&%%ﬂ@%@%o&ﬂtw 1Y L185er Bene-1-
car. boxylate

To a 1.00 M solution of lithium hexamethyldisilazide in tetrahydrofuran (9.1 mL, 9.1
mmmol) under N, at -78 °C was added a solution of methyl (1R,4S5)-4-[(tert-
butoxycarbonyl)amino]cyclopent-2-ene-1-carboxylate (1.0 g, 4.1 mmol) in tetrahydrofuran
(2.0 mL). The resulted light brown solution was stirred at -78 °C for 30 min before adding a
solution of 1-iodo-2-methoxyethane (0.93 g, 5.0 mmol) in tetrahydrofuran (2.0 mL). The
mixture was stirred for an hour at -78 °C then kept in a freezer reading at -20 °C overnight.
The reaction was quenched with saturated ammonium chloride. The layers were separated
and the aqueous extracted with ether three times. The combined organics were then washed
with brine, dried (magnesium sulfate), filtered and purified by flash chromatography
(EtOAc/Hexane) to provide the desired product (0.28 g, 23%). LCMS calculated for

C1sHy6NOs: (M-+H) 300.2; found 300.2.
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cal cul ated for C24H36F3NAO4 (MtH) 501. 3; found 401.3
(MrH Boc). Step F

W@ bRsBE8B- ( 2- Met hoxyet hyl )-3-(4-[4-(trifl uor oPet/byi0pFg22793
ridi n-2-yl]piperazin-lylcarbonyfycycl opentanamn ne
di hydrochl oride rt-Butyl
[(I R 3S)-3-(2-nmethoxyethyl)-3-(4-[4-(trifluoronethyl)

Step Gyridin-2- yl]piperazin-Il-ylcarbonyl)cycl opentyl]
carbamate (252 ng, 0.503 mmol ) gvas dissolved ina 2 M
solution of hydrogen chloride iln ether (8 nL) and
stirred at roomt errpépd‘t\br-@ﬁlj\?"h. The reaction
sol uti on was concentrat ed éi—b\e the desird product
as a yellow powder (0.36 g, 96% OB cal cul ated for

s IR AR R B RS e
Acid 11 uoronet hyl)pyridin-2-

P e soibipn op oA Jy‘fy%1's°,§§)'35?f&tgr_tt-%ﬁ{o?ggga‘%'{;&fyﬁa%ﬁo]-1-(2-
metho%#%ﬁ%:c?b})% -ﬂ‘éﬁ@@%ﬁkﬁyﬁ%@jgﬁ% g/zfg folndd1f inUefaRkdiEahRY.5 mL),

pi per azi cyclopent ariam ne
methaddlh§idrmE} | andi vketer( G0 nL)rmgs Bld2d Sithimoml Dy dr@<ide monohydrate (0.55 g,

neyl t et r ahydr o- 4H pyr an- 4- one .(9 Q. 824. and
13 ol e A AHOng A R ) B0 o gy TR e ents were
evapoftkPidiBe hiZufd-Wa¥'88dARE SHeth 6 RAHEMo a pH of about 4. The aqueous was
triacet oxyborohydride (174.6 ng, 0.824 nmmol). After

then estriigl sithrmestylanel ehlondathreeyémes. dihgeontbined ergatinilahrs, were dried

e Leaction was enched with.sat.urated.Na and .
vesy FRERE ] enfraPHE R dteat b BE Y oSy pRUEP 488 ol 047 &
63.2%6) O TOIMIS FalBHi1aRA If6SC WEL, ANOY: (e H) YB&Mounfi 2B6 1 ed,

concentrated, purified by flash col utmm chromat ography

(MeOH EtQAc) to yield the desired product (52 ng,
Ste q’)8°/() . M5 calculated for C25H37F3NAC3: (M+-H) 499. 3;

P ound 499. 4. Exanpl e 40 Preparation of

3-nmethyl -N-[ (I S, 3S)-3-(2-net hoyet hyl)-3-(4-[4-

(trifluoronethy”pyri Eﬁﬂj”\lﬂ/\_ azin-1-yl carbony”cy

cl opentyl Jt et rahydr o"Hpyr a 4- am ne

A\
O—.
(18, 3R)-3-[(tert-Butoxycarbonyl)amino]-1-(2-methoxyethyl)cyclopentanecarboxylic Acid
To a solution of (18,4S)-4-[(tert-butoxycarbonyl)amino]-1-(2-

methoxyethyl)cyclopent-2-ene-1-carboxylic acid (1.56 g, 5.47 mmol) in methanol (30 mL)
was added 10% palladium on carbon (150 mg). The mixture was shaken under hydrogen at
50 psi overnight and filtered through celite. The filtrate was evaporated in vacuo to afford
the desired product (1.57g, 99.9%). MS calculated for C;4H;6NOs (M+H) 288.2; found 188.2

(M-+H-Boc).

Step E
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The title conpound was prepared using procedures
anal ogous to those described for Exanple 27. M
w@aosb@msed for C24H36F3NSC3: (M+H) 500. 3; f ourdI/BS03022793
Exanpl e 41 Preparation of _
terl‘—R;]ﬂl'ﬂ) f(m,B?-R(%aa&xyahﬂqumwmu&o&ém}zﬂpﬁtdihfztﬁﬁﬁ%}m-z-
yl ) pyri di n-2-
yicar§anyhicycdengppW chrbgmeae bony| ) cycl opent yl | - 3- net hyl t et r ahy

B3R A Bl B RS RSB T Dhirvesborvettalssslomsatanspaborytic

acid 2066.8p@ap} 0.96 1embhH3r LpxythiatierohtisybyAdM 59| pipkRimef dihydrochloride
i t hi um hexanet hyl dlmsci | azi de ilﬁl)t]a(}e’t rahygr]g%ur an (363.’7 ©

(322.0rime, 350G mmpb) ol triefhybamigedB-54 mbi dt8Somnist) ard KY{(benzotriazol-1-yl)-
1| - - i 2.

N,N,Tg ,%‘gft %n&é%%l%q%g%né Q‘té&g%%&gﬁl%%%é E%%T? ]nlg%ci.%) %‘ﬁloﬁ (HBTU) were

mixed an rdxiyBIMIT (6.6nmLP.adnthy @bultanfng.brdhe Jobglont wag stitglitat room
brown sol yti gn s stirred at -78 0C for 3Q mn before

tempeggtiten s o ) Bick s Tieacition gnigtiee, was vilsiastio ¢ HoCle, and

wash@N&itA QatirtBd Neheo 1d! L 08 I%If nwé‘g %xﬂ%\%'gg %Véﬁl Lol Rur times.

and then kept 1n a freezer re
The combingfl grganicTlayers want droad WeS QN ilteyeds cotedtratet land purified by flash

sat urate 50, nL). The organic. | ayer o
chron3 gttt kg, RetsreviteyBr ks et [Bame 520 mis
calculetdd Gbr CHHEE ; N} OBM+HNS0 COBIMES) 103 % fCBb@yers were

washed with brine, dried over Na2SO4, filtered,

concentrated, and purified by flash chromat ography (0

Srepﬁ‘o 15% Et OAC i n hexanes) to provide the desired
product (3.29 g, 6699 as a cis/trans (3:2) mxture

everse phase HPLC. M5

cal cul ated for H26 ﬂ Mkljl) 300. 2; found 200.2

(M+H Boc). St epcég\l

(IR 4S)-4-[(tert-But oXyc bLanW ' 3 - (et hoxynet hyl

)cycl opent - 2- ene- | - car boxyl i c aq\] d/ o a solution of

methyl (IR 4S)-4-[(t e%tH-(guI\oxycar nyl ) am no] -1 -

(et hoxynet hyl ) cycl opeft-2-ene-| -carboxylate (3.25 g,
(1R, 39)Q3-@2-Methoyéthy )-8t daythiionomexhi B il Jowdrhangl

(58,7 mL) and water (12.6 nlL) was added [ithium
ylcarwalr)ﬁ’ﬂoﬂéntmmdif}ﬁ%@c(@ﬁfﬁl g, 17.42 nmol). The pink

Mesh B Was heatiedr 8503 bk RYSM I H4- (4T A8 88 SRS ) pyridin-2-
yllpiperazin-1-ylcarbonyl)cyclopentyljcarbamate (252 mg, 0.503 mmol) was dissolved in a 2

based on the anal ysis on

-
-

M solution of hydrogen chioride in ether (8 mL) and stirred at room temperature for 2 h. The
reaction solution was concentrated to give the desird product as a yellow powder (0.36 g,
96%). MS calculated for Ci9H7F3N4,O, (M+H) 401.3; found 401.3.

Step G

l\
0] N~

b/ \,:>(:)\NK/)“ CF3

(4R)-3-Methyl-N-[(1R, 35)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
Yl[piperazin-1-ylcarbonyl)cyclopentylJtetrahydro-2 H-pyran-4-amine
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solvents were renoved in vacuo and the aqueous | ayer
was washed once with ether and then acidified slowy
wawndboewscentrated HC until the pH reached 4.prdies2005/022793
resul ting suspension was extracted with nethylene
C*Pbogl qgluheﬁ e@ft (1'I®§S) enfeHEReasl) 3L L@nﬂwsﬁl@thwpﬁldm-z-
dried over I'tered and concentrate
yl]plptmaneueshca@dnqdb@dl@@@ntawmnm ddhmrecldorldmlftq %/mg,agé’,ﬁ mmol), 3-

meyleiiros .%gza%fzg%e W, glgg/% £21 Sl %%gftgéth LR %53 wL, 1.10
mmol)qd &ﬁﬁ%thﬁeﬁé tiabidBURONYY arab @a&éd)iasasuﬁml trﬁacé‘@k?wwﬁ'ﬁirmjé (174.6

| )cycl opent anecar boxylic acid To a solution o
mg, 0(8% rgpl)4Aftex being i3tieresk yadar Bbngll tpami WaIperatyra oNesnjghbt thy |reaction
was QlEFLORARL soiaB oI eat R Gords vlul ficfidhe, idifle guce dmes
The caxabined ofgahids We@ dn&h@flg@m)uﬂherea,&oslbakﬁredu pdﬁﬁed by flash column

chromgihgragRE AP PHO AEY KIS e Hpin gBocieh 54 L Piop. DG calulated
£ f d d product (2.87 g).
for CofRAR AT ATED P27 RUPLENEE Cwty 288, 2: found 188, 2

(MtH-Boc). Step D tert-Butyl

L] 3 -3-(ethoxynmethyl )-3-(4-[4-(trifluoronethyl)pyridi
Exam | ] pi perazin-lyl carbonyl) cycl opentyl]carbanate
Prepa%@n af i-&ﬁ&ﬁyrﬁl{(mss)@tmﬁﬁem@im@b 3.(4- _hoxymet hyl ) cy

cl opent anecar boxylic "acrd (42 )
(trlﬂubr?mei(lwl)pyrluudm%wﬂpmepa}mndrylc:Zrbpln}'bcmtvmtylktetrahydPO-ZH-

hydrochl ori de (500.0 ng, 1.644 nmmol) , triethylam ne

pyran(%- éﬂ% m., 5.98 nmol) and O (benzotriazol-I-yl)-

N, N, N , N -tetrangt hy uroni gm hexaf i uor ophosphat e

(850.3 ng, 2.2 { re m xed in dry DW

(10.2 nmL). Thelresplti qutlon was stirred at

room tenperatur nder BE; reaction

mixture was diluted vith CH 02 r\)é hed with

saturated Na CO3. The ag@eous Iay@ Avas extracted with

CH2C 2 four tines. The conbi ned organic |ayers were

dThetitl¢ MysEnd wasmeenaredausing pradeduuesi anplogows tofthessilescribed for

xamfig 27 OV RN B PPl RD 0L B8 T 501,

f ound

Example 41
Preparation of (4R)-N-[(1R,3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine

b/N\O})LU X3
g T

Step A
O

v
BocHN;(jJ\O
~

(@)

N
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501.3. Step
E(I R 3S)-3-(Ethoxynethyl)-3-(4-[4-(trifl uoronethyl)pyr
WO cion/@s694 | pi perazm | yl carbonyl ) cycl opent ananP€EUS2005/022793
di hydrochl ori de ferf-Butyl
Methﬂz (ﬁ@s&{@émd@&mwyiﬁnﬁﬁoﬁA(ézh(s rvmeﬂﬂil)@ﬂi%ﬁbﬁl‘ -pRyiEi1di
riperazin-|lylcarbonyl) cyclopentyl]carbamate
carbomeyg rrg, 0. 589 m)l) vvas di ssolved in a 2 Msolution of

dr Qr 1 Al e
P PARERLFN B ik st Bl el BERR (6.7 mr, 367
mmma&l) Xal h&dé@@scﬁ@ﬂitqemxﬁahﬁctlam$914 K@Wiﬁaﬂfoﬁﬂ?ﬁﬂmb clopent-2-
desi red product (330 as h 'l ow so
ene-1-¢aubexylateed-00cg. lca®prsHs mtgﬂrahxdw&v 0 sib)fasupd *¢oThgresulting

ight WG sRipiop A it ek, R R o ORI s 088 &
19.9 ninyl) hpy ad@hdmnmnelﬂomqaeﬂaz infixtuyd oas bied at -78 °C for 1 h and then kept

cycl op t Itetrah dr o- 2H pyr an- 4- am ne
in a fge(epe& l,’eg ngfat _2g'e (p %vemlght he reactlon Was then quenched Wlth saturated

NH4C kf@) §1§b y’Fl?e( S%E%Mgférr%{s)se d(tflé ok f 04k bRYEdted with

erazin-| - ony Cyc pent am ne
CHzCHI ﬂny@r timiek.or Tlke c¢rhdied m'ga,m@ layets wend )wasBed with brine, dried over

oS G e PPN 0 ROy e uReioptaphy df o TS0 BOAC in
hexanHtHYr&Nge Gl Qsirél€ p fo@u&‘?-%df @4@}9'55 §9f§{%if$nﬂk )(3 :2) mlxture based on

tri acet oxyborohydride (
the anglyisisgors teverse hase HBO&: tMSpealwlameé fgln @eﬂ{zm@sfe@\fﬁﬂghBOO 2; found
t| on was quenched with aqueous NaHCC3 and
2002&&1&5]{& d“wi th met hyl ene chl oride. The organic | ayer was
separated and the aqueous |ayer was extracted with
met hyl ene chloride three tinmes. The organics were
Step Boonbi ned, dried over MySH4, filtered, purified by
silica geI Combi - Fl ash system (cgradi ent, 0 to 40% MeCH

in EtOAc, 12 gram col um) t g| he desired product
(34 mg , 34% . N5 calBeshl or S5H37F3N4CB: ( M+H)
499. 3; found 499. 3. Exanpl - 2\Rreparation of

(4R -N[ (I R, 3S) - 3- (ethoxyrrethyl ks (4-[4-(trifluoronet
hyl ) pyri di n- 2-

R BT B AL S i

ufong procetltions aofl ogmlsylt 0 (1Ry4$%)-4HfGat-bhedydanbonyl)amino]-1-
(ethoxymethyl)cyclopent-2-ene-1-carboxylate (3.25 g, 10.8 mmol) in tetrahydrofuran (58.7
mL), methanol (58.7 mL) and water (12.6 mL) was added lithium hydroxide monohydrate
(0.731 g, 17.42 mmol). The pink mixture was heated to reflux overnight. The organic
solvents were removed in vacuo and the aqueous layer was washed once with ether and then
acidified slowly with concentrated HC] until the pH reached 4. The resulting suspension was
extracted with methylene chloride three times. The combined organic layers were dried over
MgSO0q, filtered and concentrated to give the desired product as a mixture of two cis/trans
isomers (2.75 g, 89%). MS calculated for C14H24NOs: (M+H) 286.2; found 186.2 (M-+H-

Boc).

Step C
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Exanpl e 41. MS cal cul ated for C26H39F3NSC3: ( MtH)
513.3; found 513.3. Exanple 43 Preparation of
W@ 200500684 | R, 3S) - 3- (et hoxynet hyl ) - 3- (4-[ 4- (t ri PCTIOSINE022793

hyl ) pyri m di n- 2-
yl ] pi perazm| -yl car bonyl )cycl ogentyl ] -3-nethyltetrahyd
ro~2H pyran- 4-anmme The copqund was prepar ed
usi ng procedures anal 88%]" -t hose descri bed for
Exanple 4 1. M5 cal cul ated f'or S34H36F3NSC3: ( MrH)
500. 3 ; found 500.3 . Exanple 44 Preparation of
(4R)-3-nethyl - N-[ (I R 3S) - 3- (et hoxynet hyl ) - 3- (4-[ 4-

(18, 3K)L3-, (ftérﬂghﬁbﬁﬁéﬁymi}w&hﬁﬁﬁﬁf— Bthox; ymethylgcyclopentanecarboxylzc acid
pi perazin-1-yl carbony”Cy openty et rahydr o*H- pyr an-

ATanisabitivheft (1RL48)cb bmomgrhﬁnﬁlp@m@@] “ds(pihgxymethyl)cyclopent-

2ene JARRYIERRANEVEE V3 Rabl OB RARAREI ity Vi 18| Bp gyt

on carbBh- (350 BANTIR Aktlcepay siaken ubder hydrogen at 50 ps1 for 18 h, filtered
g(h(R 3-nethyl -N-[ (I R 39) - 3- rrethoxyrret él) 3-
through eqlitq arst wehedywih metindenechjonds. Jhe filfrafe| was W%‘Wdc‘;@ afford
the dds rga’g;ﬂéaﬂc g%&g)ydm iRy f: AASTRS Mg AR 1852
was prepar ed roce Ures anafogs to'thosé
(M+HdBs®r i bed for Exanpl e 41. MS cal cuI ated for
C23H34F3N5(03: (MtH) 586. 3; found 586. 3. Exanpl e 46
Preparati on of
StepligR)( 3[mathyl N[(IR 3S)-3-[(3R)-tetrahydrofuran-3-yl]
- 4-1 4-
(trifluoromethy” pyrl dnt- qu p| perazin-1 -yl carbony”cycl o
pentylltetrahyd /a{ﬁ]ne Step A O
(3R) - 3- 1 odot etra o an CFs

N/

tert-Butyl [(3S)-3-(ethoxymethyl)-3-(4-[4- (trzﬂuoromethyl)pyrzdzn-Z-yl]piperazin-] -
yilcarbonyl)cyclopentyl]carbamate

(18)-3-[(tert-Butoxycarbonyl)amino]-1-(ethoxymethyl)cyclopentanecarboxylic  acid
(429.4 mg, 1.494 mmol) , 1-[4-(trifluvoromethyl)pyridin-2-yl]piperazine dihydrochloride
(500.0 mg, 1.644 mmol) , triethylamine (0.833 mL, 5.98 mmol) and O-(benzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (850.3 mg, 2.242 mol) (HBTU) were
mixed in dry DMF (10.2 mL). The resulting brown solution was stirred at room temperature
under N, overnight. The reaction mixture was diluted with CH,Cl, and washed with saturated
Na,CO;. The aqueous layer was extracted with CH,Cly four times. The combined organic
layers were dried (MgSOy), concentrated and purified by flash chromatography to provide the
desired product (304.4 mg, 40%). MS calculated for CysH36F3N4O04: (M+H) 501.3; found
501.3.

Step E
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To a a solution of (S)-(+)-3-hydroxytetrahydrofuran

(0.50 g, 5.7 mmol) in nethylene chloride (50 nL) was
w@cdwemo4684 phenyl phosphine (3.0 g, 1 1 mmol), PCT/US2005/022793

| Himdazole (0.75 g, 11 mvol ), and iodine (2.9 g, 11

nmol ) sequentially. AfteoO being refluxed under N

overni ght, the reacti-n as_quenched with 0.2 M

Na2S203 (60 nL) ganNgqﬁayer was separated and

t he aqueous | ayer was—ext Gret hyl ene

chloride three tines. The conbi ned prgani cs were dried

(MgSHM), filtered, 2@ entr to give a wet,
yell ow solid. To th 31ids was added pentane (100 ni)

(IR, 3$l’Ed(lﬁhbﬂyi&ﬂzyf)%—(ﬂ[ﬁQH;VZ&oroTMﬂ}phmdﬁz »plpipkidzteied of f
trate was concentrated to give the desired
ylcarbpnﬂtnyélopergamrwge difydvoghlogidey el | ow oi | . 1H NVR (CDCl 3)

4 B, e oy R e AU i

ylcarbdﬁ}dﬁd%ﬁipex&y}]bdrbmdtte {295 i, Oef'rS@ thel) awdsodiysodted illca 2 M .s0Dition of
M sol ution of Ij.thium hexanethyl disil azide i
hydrogen FUSRA Bt herr IDFALE e Dee BFRHoRY OGHJGFPRA P ovggisht, the

t fg@&%%qgﬁdc Accttlatdd P dﬁﬁﬁlnhﬁbl rovide the desired product (330 mg) as
raw1§ﬁ 4 -4-[(}grt€Utoxygar%ony ) prov P ( &)

a lightayellow]sojid! dffecelcudated &1l CigldrbdduatMd+1i3401.8; found AhbB)
in tetrahydrofuran (20 nmL). The resulting brown
solution was stirred at -78 C for 30 m n before adding
Step PR solution of (3R)-3-iodotetrahydrofuran (3.75 g, 17.4
mml) in THF (3 ni). The m xture was stirred for 10

mn at -78 0C thgn inOa freezer reading at -25 C
overni ght. The (e ﬁﬂz;%ﬁLﬁueﬂched with saturated
amoni um chl origde, ) ext 1 ed h ether three tines.
The conbi ned extracts /e d f? filtered,
concentrated and purlfl by flasft col um

chr omat ogr aphy ( Et OAc/ ane) to provide the desired

(4R) iﬁ&?@é@&:&@ﬁ%é%ﬁ@\@-?t%]ﬂégrlo%ge hdyl)pyrzdm:-lfs-'fﬁ 1p Uzin-1-
el bl amos panaty | (90, (e o

To a solut1on of (1 ,35)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentanamine dihydrochloride (100.0 mg, 0.211 mmol), 3-
methyltetrahydro-4H-pyran-4-one (72.3 mg, 0.634 mmol) and triethylamine (0.118 mL,
0.845 mmol) in dry methylene chloride (5 mL) was added sodium triacetoxyborohydride
(134.3 mg, 0.634 mmol). After being stirred at room temperature under N, overnight, the
reaction was quenched with aqueous NaHCO; and diluted with methylene chloride. The
organic layer was separated and the aqueous layer was extracted with methylene chloride
three times. The organics were combined, dried over MgSOQy, filtered, purified by silica gel
Combi-Flash system (gradient, 0 to 40% MeOH in EtOAc, 12 gram column) to give the

desired product (34 mg , 34%). MS calculated for CysHz7F3N4O3: (M+H) 499.3; found 499.3.
Example 42

Preparation of (4R)-N-[(1R,3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]-3-ethyltetrahydro-2H-pyran-4-amine
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To a solution of nethyl
(IR 4S)-4-[(tert-butoxycarbonyl)am no]-I-[(3R)-

wao edosamesly of ur an- 3-yl ] cycl opent - 2- ene- | - car boxRCHUS2005/022793
(1.60 g, 5.14 mml) in tetrahydrofuran (27.8 ni),

met hanol (27.8 and water (6.0 nL) was added
[ithium hydrOX|d ohydrte (0.346 g, 8.25 mmol).
The pink m xtur cH eflux for 18 h. The

vacuo and t he aqueous
Fehen acidified

organi ¢ sol ven -ve
| ayer was extracted onc Amt
slowly with 6 M HC unt| the pH leaghed 3-4. The

resul ting suspenS|on extracte th CHd2 three

The conhi ned organi.c |layers were drige .
M BERte Frp il e R Bt BB e betin i dsesived for
Exam 344 Wis<éaldiat@d folr HEPSES, fodnb91 1), as a
i ght yel |l ow sol |\d@6}%§§%\go?$gt e}d for Cl5H24NCB: ( M+H)
298.2; found 198.2 (M+HBoc). Step D(lI S, 3R) -3
Exan*}tiﬁt But oxycarbony |) amno] | -[(3R) -tetrahydrof
ran-3- yljcycl opentanecarboxylic acid
Prepathfiont 6§ (44&)|§N-t[ﬁfll 358- Qétli@@ﬁi@&ﬂyl))ﬁ(ﬂ [doﬂtrlﬂubftﬁﬁ%)thyl@ yﬂhﬁdln-Z-
dr of ur an ]cycl opent - 2- ene carboxylic acid
yllpipgrazjn-4- Wl})Om&yal%em&m«hﬁttﬁa#wdreéélwmw 4'antin
degassed- purged with No, follomed by the addition of
pl ati num di oxi dey (O 15( .528 nol). The reaction
m xture was pl -a arr apparatus and
hydr ogenat ed

ﬁ - CFThe mi xture was
gh cellte pad shdvvlth MeCH,

filtered thgp
concentrated to provide he d¥siFed product (730 ng,

9’%’8@%@1«2 R}Ef&ﬁ%%d%ﬁ)&%ﬁé : eS}r '5'%&1&% agl%'é%us?’tgqm?se de?clrlf%gd for

Examplé UR, 18IS) caBulat&Hjor Ueﬂﬁaﬂ@@@gﬁ(hﬁ&m)ﬁ)()ﬂ Jouhd 3DO[H- (triflu
or onet hyl ) pyri di n- 2-
yl ] pi perazin-1 -yl carbonytycycl opentyl]' carbamate
Examfd)ieSMgR) 3-[(tert-Butoxycarbonyl)am no]-I-[(3R)-tetrahy
rofuran-3- yl]cycl opentanecarboxylic acid (350.0 nyg,

Prepatati@dohé#i))3-mietl{yd-N-{(1 R{IN)3-ouethhyy hpthyDed-(4- Rt
(trlﬂu%gp;lgptﬁny )ﬁﬁlﬁg-?—{gh g%ggﬁ% s de %f)fycggﬂent)]ﬂ]te?rahggo o-iH-pyran-

4-amifd (benzotriazol -1-yl)-N, N N N -tetramet hyl uroni um

hexaf | uor ophosphat e (665. ]Orrg,
CF3
o

gjﬁf*

The title compound was prepared using procedures analogous to those described for
Example 41. MS calculated for Cy4H35F3N4O3: (M+H) 485.3; found 485.3.

Example 45
Preparation of (4R)-3-methyl-N-[(1R,3S)-3-(methoxymethyl)-3-(4-[4-
(trifluoromethyl)pyrimidin-2-yl]piperazin-1-ylcarbonyl)cyclopentyljtetrahydro-2H-

pyran-4-amine
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1.754 nol) (HBTU) were mxed in dry DVF (8.0 nL).

After being stirred at roomtenperature overni ght, the
WO e@edwsd M xture was diluted with CH2CA and weshes2005/022793
wi th saturated Na2C0O3. The aqueous | ayer was extracted

with CH2A 2 four tines. THE conmbi ned organic |ayers

were dried (MyS®4),Hco d and purified by flash
chr omat ogr aphy ys em 0-50% Et OQAC in
hexanes, gradi eht &l ut n\ N Negldha) to provide
the desired prog (270 mg 45% cal cul ated for
C25H36F3NAO4 ( M+H) 513. 3 found ~3. Step

Fﬁ"h&lﬁ c[»r? d&ﬁ%&sﬁﬁ’% é'éh‘lﬁeéfdnk o% (c?’fhroée §dstiibddSor
or onet Byrl di n-2 rlpera2|n [ 'yl car bonyl)

Examply éil opiSntadaveatedfor Oy 0605 oiM-tid) §84.3;-1Bumd/$86.3.
[(IR 3S)-3-[(3R)-tetrahydxofuran-3-yl]-3-(4-[4-(triflu
or onet hyl ) pyri di n- 2-
Exampld £ perazin-1-yl carbonyl)cycl opentyl ] carbamate (260
n%b 0.51 nmmol) was dissolved in a 2 Msolution of of
Prepargtion gE MR -oretiayd-N-i (1R, 39r3- [(SRhﬂytradefummgllﬁﬂrHed

(rifo DR A2 TR e et Pt PRy m-pyran-
4-amigeoduct (290 ng) as a light yellow solid. M

cal cul ated for CZOH27F3N4C8 (M+H) 413.2; found 413.0.
Step G
(4R) - 3- Met hyl - [(I M@Rﬁ t et r ahydr of ur an- 3- y! |
-3-(4-[4-(trifl KF/
yl ] pi perazin-1-ylc rbony@ ope|t te:f rahydr o- 2H py
ran-4-am ne To olutio
(IR 39)-3-[(3R)-tetrahydrofuran- 3 yI] 3-(4-[ 4-

Step A tri fl uoronet hyl ) pyridi n-2-yl ] pi perazi n-
1-yl carbonyl ) cycl opent anam ne di hydrochl oride (73.8

nmg, 0.152 mmol), 3-nethyltefrahydro-4H pyran-4-one
(52.1 ng, 0.456 mmol) and (iDEthylanine (0.0848 i,
0. 608 nmmol) in dry nmethyl eoe’chloride (4.1 nL) was

di,um tri acet oxyborohydride (96.7 ng, 0.456
(BR)-3 ?err%c?' r@?] Urgi ng stirred at roomtenperature under

NZ‘o atehgolﬁ@@ilbf @)-(WRS-hydenRehadhydrbfur&n@esng, NAHERS) anthethylene
CthI‘ldé I(SUOt mL) Was added triphenylphosphine (3.0 g, 11 mmol), 1H-imidazole (0.75 g, 11
mmol), and iodine (2.9 g, 11 mmol) sequentially. After being refluxed under N, overnight,
the reaction was quenched with 0.2 M Na;S;03 (60 mL). The organic layer was separated and
the aqueous layer was exiracted with methylene chloride three times. The combined organics
were dried (MgSOy), filtered, and concentrated to give a wet, yellow solid. To the solids was
added pentane (100 mL) and stirred for 2 hours. The solids were filtered off and the filtrate
was concentrated to give the desired product (970 mg, 79.4%) as yellow oil. 'H NMR

(CDCI;) & 4.30-3.85 (5H, m), 2.50-2.20 (2H, m).

Step B
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CH2Cd 2. The organic | ayer was separated and the

aqueous | ayer was extracted with CH2O 2 three tines.
wab@eoogani cs were conbi ned, dried over MgSO4, PCT/US2005/022793

filtered, concentrated and purified by silica gel

chr omat ogr aphy (Conbi - Fl ash sys®tem 0 to 40% MeOH in

Et OAc, gradient, 12 P toe provide the

desi red product (9. 1%&?51,[??\I R [ M8 cal cul ated for

C26H37F3N4A(3: (MtH) 511.3; fO 511. 3. Exanpl e 47

Preparation of o)

(4R;%-3-mst hyl -N-[ (I R3S -3,-[](3R%F—tetrahydrofuran-3- l]
Methyl §1R, 49 %1 @QFFWF%F%%’MZVWﬁW r-fril dRAtetahygrafwion,3-wl evciapent-2-
ene_]%p@}%&ycl opent yyt et rahydr o- | Hpyran- 4-am ne The

tirtle conpound was prepared using procedures anal ogous

t Qotah 098 Mesmtutidneof fithiunbhaxphethybisildddde il camtahyddfifran (34.8 mL,

C25H36 F3N5(O3: 12.3; f d 512. 3. le A
348 mmqﬁ? twngera_ a9é% %apéi@?tiﬂodga weﬁﬁl&oe&‘ S [ (tert-
butox%é%%@p%ﬁﬂoﬁ&cq(g)gﬁﬂ%%ﬁgn Lafodx gl:j@ 54.0 & %%912 BFI gteﬁ’ahydrofu.ran

unct i on e determ sing a sult
(20 md9r &ba r¢smlting, biomghsalimiauylas stitredigs ajf *CHor 3@xmipbeforeaadding a

.age n. he sted.in ext.racel | ul.ar Ldi £ication
soluti GRS R ol st ot Gys g2 ams A e bty B Aure was
stirred Ro@ MOLANI & -2§ S@ythéﬁslegat ih Qrfr ¥ iehding HE SB[ B6&BIchEThe reaction

al., J Biol. Chem 273(25):15687-15692 (1998); \%D _
was quengsd emith satupgted @nuparsum . chileride, syiracipd avidls sther threeimpes. The
I ' Lch. e hS0 ] . riqved
comtE8 Sl REERaRANTESO R0 R e BRI LRSS 8 ot
chronfatspeiph MBLO A bdeaaie) tod pidvideathe dedithpadduan (1GER23 1NMES Balculated
The_specific property_can be a binding property (to,.
for CygldsN a@éﬂéﬁg?-?a@ 3b-2inhibitor), a signalling
activity (e.g., activation of a manmalian G protein,
i nduction of rapid and transient increase in the
Step Concentration of cytosolic free calcium|[Ca i cellular
response function (e.g., stimulgtion of chenotaxis or

i nfl ammat ory nedi at or rel ease by | eukocytes), and the
li ke. BocHngV\OH
Ch

(1R,4S)-4-[(tert-Butoxycarbonyl)amino]-1-[(3R)-tetrahydrofuran-3-yl]cyclopent-2-ene-1-

carboxylic acid

To a solution of methyl (1R,4S)-4-[(tert-butoxycarbonyl)amino]-1-[(3R)-
tetrahydrofuran-3-yl]cyclopent-2-ene-1-carboxylate (1.60 g, 5.14 mmol) in tetrahydrofuran
(27.8 mL), methanol (27.8 mL) and water (6.0 mlL) was added lithium hydroxide
monohydrate (0.346 g, 8.25 mmol). The pink mixture was heated to reflux for 18 h. The
organic solvents were removed in vacuo and the aqueous layer was extracted once with ether
and then acidified slowly with 6 M HCI until the pH reached 3-4. The resulting suspension
was extracted with CH,Cl, three times. The combined organic layers were dried over MgSQq,
filtered and concentrated to give the product as a mixture of two cis/trans isomers (1.59 g) as
a light yellow solid. MS calculated for C;sH24NOs: (M+H) 298.2; found 198.2 (M+H-Boc).

Step D
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In an exanpl e bi nding assay, a conposition containing
a CCR2 protein or variant thereof is naintained under

W@ o0vdio468ns suitabl e for binding. The CCR2 reckQI/U82005022793
contacted wth a conmpound to be tested, and binding is
detected or neasured. In an exahple cel |l -based assay,

cells are used which _are st or tranS|entIy
transfected with a v& 8?@N @%sion cassette
havi ng a nucl eic acid seque ich encodes the CCR2
receptor. The cells are nmaint d under conditions

ropriate for expression of the receptor and are

ap
(153@0£f(%P§W0WWﬁbWD§@W -lat(d8H-tetrshadrofisaB-Sappr opri at e
cur. Binding can be detected using
yl]cyc ?J }é %L?(g@{fgag%es For exanpl e, the extent of
b|(nld;4sg4qetﬁrttm1t@gtcammﬁnme]-at[(’;\m-tta@at@zdmﬂltaam ?I]cyclopent—Z-

ol a cellular fraction, such as a
ene- lwréewlwmct:&ﬂ%&rﬁ dgnalhwas dis Yf‘éirm@gwneg( Lgfflqga@ag-wrged
f Rk I 50
with Brat i g(;dn fﬁﬂéﬁ&ﬁégw% igllbfumbg]etg iedg?(g 5di ’eét%;mgp' The reaction
mixtutenslas adeldyon &Barr appamﬂue and hﬁdragemtedmﬁs tpsi Hakﬁm Hblh W tehmixture

itable | | . 0., fl. bel .
was GG BRIt Bty WA ety MatdF e FRACERERA 45 raid iy desired
produ@ca(‘73(93%agj ol Q4. B@Sﬂ c@])éul‘aféﬁ%i C%HzggOE U@Iﬂ—ﬁ%b 2 $oer 50022 (M+H-

/ or conpetitive binding can assessed

BOd)conpetltlon or displacenment studies, using unlabeled

agent or a ligand as a conpetitor. The CCR2 ant agoni st

activity of conpounds of the invention can be reported
Step RS the inhibitor concentration required for 50%

inhibition (1C50 values) qf specific binding in

receptor binding assays ugjing |-1labeled MCP-1, as

I i gand, and Per ggdpay: Q/Nqnonuclear Cells ( PBMCs)

prepared from nornal b OOS:FVI a density
g is
otal Nl ng (e.g., total

gradi ent centrifugation.
preferably defined as th
on filters) mnus the non-specific binding.
tert-Bmh[(é&é& -$i[63 R Treénahgdnogir ae S kd- (és[h(ﬁ‘a?@h@mﬁfzylmyrw
YU?¥ékM’%{?§EBF%%ﬁ?Cﬂwb%%Uﬁ%%aég ge of excess unl abel ed

coipe anpl e B Bi ndi ng Assay
HUrs8 R P t-BatokyteaBohyl antiss]t 1-(ORpatad gdrofurbing-

invention in_ a bjnding assa For
yl]cyclopentanecarboxylic acid (35090 mg, Y169 mmol), 1-[4-(trifluoromethyl)pyridin-2-

yl]piperazine dihydrochloride (391.1 mg, 1.286 mmol), triethylamine (0.652 mL, 4.68 mmol)

and O-(benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexafluorophosphate (665.1 mg,
1.754 mol) (HBTU) were mixed in dry DMF (8.0 mL). After being stirred at room
temperature overnight, the reaction mixture was diluted with CH,Cl, and washed with
saturated Na,CO;. The aqueous layer was extracted with CH,Cl, four times. The combined
organic layers were dried (MgSO,), concentrated and purified by flash chromatography
(Combi-flash system, 0-50% EtOAc in hexanes, gradient elution, 40 gram column) to provide
the desired product (270 mg, 45%). MS calculated for CpsH3sF3N4O4 (M-+H) 513.3; found
513.3.

Step F
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exanpl e, 200,000 to 500,000 cells were incubated with

0.1 to 0.2 nM 1251 -1abeled MCP-1, with or w thout
wapdoaloedoed conpetitor (10 nM MCP-1) or vari ousPCT/US2005/022793

concentrations of conpounds to be tested. |-1Iabeled

MCP-1, were prepared by €uitable nethods or purchased

fromcomrerci al vendgks er/k'h‘r; El mer, Boston MA). The

bi ndi ng reactio orned in 50 to 250 nL of a
bi ndi ng buffer consi Jﬁ\/l FeH 7.2, and 0. 1%
BSA (bovi ne serum al burinpp for /B0 jmn at room
tenperature. The @ HEi ng reacti were term nated by

n SR PRI JUSEBY-UE R b0 1

ylcarbbﬂyl,&yBl}ﬁpmby@ﬁzhyDihyeirmmm Phosphat e Buffered Saline
PBS). The filte were rinsed teI 600 ...
bt (1G1Tg Shf TR e B Hg DY R iporpihy Dpyridin-2-

dy; : : .
8 AR e b )
M solitianeof) of Wydicagedichipride it keiter I8 mdi)ngftas beipg ptiwed alotoont tggperature

C unds of th resent invention, have IC5
overnigRE BO8 et aB oA HB00 i SR A e ToE EBY 00 PR Lt e desired
produéégg@ intg) Rfa GAPRUBHSsONH, LIS dalt@iéd & ¢HHAFIRADAI®EH) 413.2;

function was determned in a | eukocyte chenotaxis

found 4438y usi ng human peri pheral bl ood nononucl ear cells,

in a nodified Boyden Chanber (Neuro .Probe). 500, 000

cells in serumfree DVEM nedia (In Vitrogen) were
Step @ ncubated with or without the inhibitors and warnmed to

37 0C. The chenotaxi s chanber (Neuro Probe) was al so

prewar med. 400 nL of warmeg 10 nM MCP-1 was added to

t he bottom chamher except the negative
control which h d\§/ 8 _m cg en menbr ane
filter (Neuro ob was{ pl d of p and t he chanber
lid was cl osed.© IIs were-? hen to the holes in

the chamber Iid which were associated with the chanber

(4R)- bty (61 36 ha- ({3 tleir dhpishigipeaies Vit Cubdo 16 e preomsey e din-2-
I NPE SR A PG SR Mgy, T cel|

t ire a solution of (1R,38)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentanamine dihydrochloride
(73.8 mg, 0.152 mmol), 3-methyltetrahydro-4H-pyran-4-one (52.1 mg, 0.456 mmol) and
triethylamine (0.0848 mL, 0.608 mmol) in dry methylene chloride (4.1 mL) was added
sodium triacetoxyborohydride (96.7 mg, 0.456 mmol). After being stirred at room
temperature under N,, the reaction was quenched with aqueous NaHCO; and diluted with
CH,Cl,. The organic layer was separated and the aqueous layer was extracted with CH>Cl,
three times. The organics were combined, dried over MgSOQy, filtered, concentrated and
purified by silica gel chromatography (Combi-Flash system, 0 to 40% MeOH in EtOAc,
gradient, 12 gram column) to provide the desired product (9.1 mg, 12%). MS calculated for
CoeH37F3N;O3: (M+H) 511.3; found 511.3.

Example 47
Preparation of (4R)-3-methyl-N-[(1R,38)-3-[(3R)-tetrahydrofaran-3-yl]-3-(4-[4-
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filter gently renoved. The top of the filter was
washed 3 tines with PBS and the bottomwas | eft
wainicenefsed. The filter was air dried and stai nedI/vb1005/022793

Wight CGeinsa stain (Sigm). Filters were counted by
(i R b OB ety dro-20
pyran-ﬂlnﬂmgmn st potency was determ ned by conparing the

nunber of cell that migrated to the bottom chanber in

wel I s whi ch contai ned antagoni st, to the nunber of

cells which mgrated to tige bottom chanmber in MCP-I

control wells. Accdtdi rg 4 s chenot axi s assay, the
conmpounds of the_i @ IC50 vaI ues | ess than

about 3000 nM ' 'f Fst he i nventi on,
in addition todghgse desgridbed h e}, wll be
a

apparent to those skilled in the fromthe

FRHAAR R RAE FaR bk ared W {ite8 @hi16BSusab ek Bescribed fi
| UGG ORI ol red tﬁ%% o Danded oribed for

Exampd¢ 46.7¢S cBohteddboe Catibd):Ns Qo I(VHTHG 18a% donns, 5182k ent
appl i cations, and publications, cited in the present
application is incorporated herein by reference inits
Examf@tArety.V\hat is clained is: 1. A conpound of Fornula
I or pharmaceutically acceptable salt or prodrug
CCR2tingitzomssayper ei n: a dashed line indicates an optional

nd Vq .S ' ' : ' Y .
k[glﬁob%pac of I%JI%EN%IHBS—B@& 43% %eﬁ@?@ldﬁ]l{r} toﬁ?ﬁ’rgga(rﬁké chemokine
recept@n@. ngCMYﬁmadochambd\lﬁterﬁnmal Wingsa sﬁﬁbﬂ}crmNRgE,h@Mthrough—
RA1l, RBand RB1 are each, .indep gndent lX Hﬁq—|
put aseay)e Far iFRmples 28 28eRk ﬁ@:p becipstgd m an e tracellular acﬁ‘hfo cation assay,

calcium flux assay, ligand binding assay or chemotaxis assay (see, for example, Hesselgesser
et al., J Biol. Chem. 273(25):15687-15692 (1998); WO 00/05265 and WO 98/02151).

In a suitable assay, a CCR2 protein which can be isolated or recombinantly derived is
used which has at least one property, activity or functional characteristic of a mammalian
CCR2 protein. The specific property can be a binding property (to, for example, a ligand or
inhibitor), a signalling activity (e.g., activation of a mammalian G protein, induction of rapid
and transient increase in the concentration of cytosolic free calcium [Ca*™ i, cellular response
function (e.g., stimulation of chemotaxis or inflammatory mediator release by leukocytes),
and the like.

In an example binding assay, a composition containing a CCR2 protein or variant
thereof is maintained under conditions suitable for binding. The CCR2 receptor is contacted
with a compound to be tested, and binding is detected or measured.

In an example cell-based assay, cells are used which are stably or transiently
transfected with a vector or expression cassette having a nucleic acid sequence which
encodes the CCR2 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.
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al kynyl, Cl1-6 hal oal kyl, Ci -6 al koxy, Cl-6 hal oal koxy,
het erocyclyl, carbocyclyl, NR1IOR12 , NRLOCO2R1 1;
WORDOQAERILOR12 , NRILOSO2NR1OR12, NR10- SO2- Rp , PCT/US2005/022793
CNSCONRLIOR12 , CO2R10, NO2, SR10, SOR10, SO2R10 ; or
0 R
oy e e e infnd, GSABL SorRfiln th BEABAICAIM b defdirctly or
indirectlz| Berl demmyple, Chet Mwacmlabﬁed mtbmmtyble lahel ffogyﬂugnescent label,

e, ST At L S L RO by g

of thes%eﬁls m%ﬁ@?i?%ﬁﬁvmﬂﬁ o NGB, bEREGess&@ORL0 competition or
I';eor SO -NR1OR12 , wherein said Cl-6 al kyl |§

dlsplmptemostaihley usingsmiabeled @gomtton a ligand am eoapRiite’s sel ect ed

m""g&#ﬁ %go ?’lﬁgfg}‘ 6 lolﬁ%car%sa% hgjlp\ﬁenlﬁgh%%lﬂé re&ﬂ'féd as the

1nh1b1t6ﬂrcb@@ey1€rbﬁérpwqmﬁat ﬁ)"rOSIL%thlBiti@yﬂ (IC@Jl &alues) of spe01ﬁc b1nd1ng in
carbocycl yl al kyl seach optionally substltut m%
receptar. pirgiibg1assaientsinge | Sklibeled rMARe 6 afiggnd, @yl geripheral Blood

Mono@;ﬁegp ﬂe%@ﬁ@&é@?w % Wh@%ﬂ m@é@ é)od (N;%l%%%y gradient

centrlfhEbl @)ﬂMbl}lRiﬁHed))a@ﬂiﬂBtotaIMﬂlﬁQQQ g., total cpm on
O 2R14

, S(O ) NR1 SC2,

filters)ghighk ghe ncossPE IR AHLRS INOTCopog 1 RALJE I SEfGoh A BEiktspt of cpm
till ddMEAET IRGHE bkbencE BF BREYC U AbeldddoRARUE Y& OXWICP-1
st terlocyc \ %enci F car bocfcl ylogilﬁﬁy ’r)( %Ql %

or SO2- NR10R12 vvherel n said Cl-6 al kyl |s opt i onaIIy
£ tituted with 1-5 substituents selected from
xamnt} oxyl, OH Cl1-6 al koxy, and Cl-6 hal oal kyl and
Bmdﬂ@%s% n said heterocyclyl, carbocyclyl,

car boc§cl yl oxy, het erocelcl yl al kyl , and

cHror &M@amgﬂ usgd do énst earpaungs of hernyantien inp bindingassay. For

S Ry RS B ot P oo,
with &6 Qifkbdt , urﬁKH@lﬂQmepet%D)(mlﬁiﬁlMéNR}S’&SLGJanbEh’lEﬁWﬂﬁ’hﬁons of
comp@@%erq%;ét%Rl%sI-&%%m]ﬁ ml%vepgsl()lg)ga by sgm(kéq: me&gpdg or purchased

from %?Lngﬁgliéy l’e(]%é?g‘}}klsﬁ}%%’ %lééﬂ)n a)lc%}ﬂ)ﬁfdh%g r)eac(ﬁ'oﬁg:%ve@s performed

in 50 @l A9l I (LB bihdigBudter kyhsistingof 6 VaHEPER, pHHL2 6R10 J¥8R$4, (bovine
COR11, CO2R10 , CONRIOR12 , carbocyc heterocry r¥r|1
serumcgkbunmmz(fméo INRED g@ip;iq;nm ) b1 mg reactions wete inated by

harvesting the membranes by rapid filtration through glass fiber filters (Perkin Elmer) which

was presoaked in 0.3% polyethyleneimine or Phosphate Buffered Saline (PBS). The filters
were rinsed with approximately 600 pL of binding buffer containing 0.5 M NaCl or PBS,
then dried, and the amount of bound radioactivity was determined by counting on a Gamma
Counter (Perkin Elmer).

According to this binding assay protocol, the compounds of the present invention

have ICsq values less than about 3000 nM.

Example C

Chemotaxis Assay
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NR1OCO2R10, NR1OCONR12, CR10R11CC2R10 or CR10R110COR10

7 R2, R3, R4, R5 and R6 are each, independently, H,
w@edockadess CL 6 al kyl, Cl-6 hal oal kyl, Cl-6 al ROKYS2005/022793

Cl 6 hal oal koxy, C1-6 thioal koxy, NR1IOR12 , NRLOCO2R1

W%&mpdﬁ@@ﬁ@ﬁ@lﬁ%ﬁlonw aﬁ@g@mﬁé— GCR2 function was
het er oC

car bocycl yl, carbocyclyl oxy
deterrrtmﬁden@ds‘/tddwyf@wiwm@ﬂxlsmy wemrimagaRRebrabbloodmpremclear cells,

ina mS&I(t]zé{iL @Réf:rk %hal%l B%o%e%sﬁot()?@taé Oceglﬁ%rg E%am fre%7Di\/ﬁEl\'/_1| media

(In Vlﬁrblg&i)ldzéie ﬂh&utﬁt@deﬁzitﬁdorf wumxhathe 1n1ﬁ1ﬂt01€%|d wﬁi@ec( fol3% °C. The
, or Cl-3 al koxy; R8 and R8 are each

chemotheﬁeﬁ&@nﬂ@h {Nguro Brolre) Vs giseyarewamed- {9094 f warmgd H) nM MCP-1

O
e e L
added. aIAKw misrof nﬁer@mhé filtetideduird Btcdd) wiak placed on rtopsmnda the chamber lid
substituents selected fromF, Cl1

was closegy Grils e then pdisshindhe b ?Srméheo?haagaeh éd @%‘%1 ‘gﬁfwﬁ@ﬁ@ted with
the chﬁﬁlﬁ%(\%lg, @el@\lv heitd hltgs § aéga'mé' \)J}ﬁolg Rér%és%%@ate’ir & 37°C,

together wth the carbon
5% C@i ﬁmﬁOanmimtash Tﬁeegellamraﬂteadspldatéd) pffi thehanbarisbopuied, and the

filter gqgtlljgge%é)c gﬁk;{% %ﬂcgﬁ)%tﬁg é ggwgqg W@%g 3%%%% Wéﬁ gg@%@sﬂé tgttom was
left ur%u(ﬁe&ycf&ahﬁé’ﬂ wabRi0 ST haRIstasledXwith ergm‘sa stain (Sigma).

, Wherein said Cl-6 al kyl is optional
Flltersswtrstqoumé ywhicroseery. ol herbegatiyg @Qﬂﬁ“ﬂu‘éﬂisssei@%ﬁ kagkground and

were SRYRG O A YRB o ARt MEFR Sy 4Py B9 compasing the

numbetdfash elebtfnﬁrgfﬁtéu @r the fﬁéﬁbﬁir@ﬁnﬁ)ﬁﬂ oyl whlcgrd@nmrwd dafagonist, to
and RO together with the C atops to whic the%/r ar e

the numbenefirets poich migraledbtp the hotigepisharaberdy M%%—ﬂwp ghwells- or
a%éy(ﬁﬂ{g & g}gf Qﬁé}ﬁget%é%{ %Sg?’ tg!c %lg%yc oa% ltn§ er g?ar‘{ B1Csp values

less tha@lbu€3060 aVkyl , benzyl,

Various modifications of the invention, in addition to those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims. Each reference, including
patents, patent applications, and publications, cited in the present application is incorporated

herein by reference in its entirety.
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phenyl, or C3-6 cycloalkyl is optionally substituted
wth 1-3 selected fromhalo, OH Ci1-3 alkyl, Ci1-3

whadoemb4eyd , Cl- 3 al koxy, Cl1-3 hal oal koxy, CO2HPCHENS2005/022793

CR2-(Cl-6 alkyl): RL1is H, OH Cl-6 aikyl, Cl-6

Whatds kRiMed Benzyl , phenyl, benzyl oxy, phenyl oxy, C3-6

1.

cycl oal kyl or C3-6 cycl oal kyl oxy, wherein said Cl1 6
alAspmpogrd of Bowaly I: benzyl , phenyl, benzyl oxy,

phenyl oxy, C3-6 cycloal kyl or C3-6 CN@IoaIkonxy, i's
optionally substituted with 1- 3 subsgtituents sel ected
fromhal o, OH Cil1-3 a|k1¥7|, Cl-3 al k C2H, C2-(C1
al kyl) and CF3; R12 is K, CL-6Jal kWl , Jenzyl, phenyl,
or C3-6 cycloal kyl g# i L (WC1-%" al kyl, benzyl,
phenyl, or C3-6 é%gcl yl Bpti onal Iy substituted
wth 1-3 selected fAom phal o, OH, Ci1-3 alkyl, C1-3

hal oal kyl, C1-3 afkoky? Cl-3 hal oal koxy, CRH, and
C2-(C1l-6 al kyl); R13 and R}4 are each, independently,
H, Cl-6 al kyl, Cl1-6 hal oal kyl, C2-6 al kenyl, C2-6

e

or phagmreawicallyaaogeptably shlbet prpHirugahsreef, kipkreinr

cycl gal:-kyl al kyl : R15 .and,R16 are each, independently
r%{%@egl%’ff Rﬁa"‘ﬂtﬁfﬁbop%gf‘%igoﬁgn C2-6 al kenyl, C2-6
aWkywayl , aryl, cycloal kyl, arylal kyl, or

cycl oal kyl ai kyl ; or R15 and R16 together with the N
atomto which theyPé\re attached forma 4-6 nenbered
het erocycl yl gr.ou ’ i,s OCor 1; ;and With the proviso
that when A is3iO n?digo‘rie of RS éﬁd'ﬂ\__/N— H, the other
of R8 and R8 is oftigrrathan C1-3 al k@y, C1-3

hal oal koxy, C3-6 cycl oal kyl'oxy or OH 2.°’The conpound
oV eNgINO &r GR&rein Wis 3. The conpound of claim
lwherein Ws4, The conpound of claim1 wherein Vis
cR5s N5 NGpeCRonpound of claim 1 wherein X is CR2 6.

T af claiml1l wherein Yis CR 7. The
cgﬁsg\gwgﬁéc ‘aim 1 wherein Z is CR4.

Z is N, NO or CR*; wherein no more than one of X,Y and Z is NO;

Ais O, S, CR°RP; or NRF;
RA, RAI, RPand RB! are each, independently, H, OH, halo, C;.¢ alkyl, C;.¢ alkenyl, C1.6

alkynyl, C;.¢ haloalkyl, C;¢ alkoxy, C;.¢ haloalkoxy, heterocyclyl, carbocyclyl, NRmRu,
NR'’CO,R"; NRCONR'R'2, NR’SO,NR'’R"2, NR"*-80,-R"!, CN, CONR'’R", CO,R",
NO;, SRY, SOR!. SO,R!Y; or SO,-NR!R?;

RC and RP are each, independently, H, OH, halo, C1.¢ alkyl, C;.¢ haloalkyl, C;.¢

alkoxy, Ci.¢ haloalkoxy, C,.¢ thioalkoxy, heterocyclyl, carbocyclyl, carbocyclyloxy,
heterocyclylalkyl, carbocyclylalkyl, NRYR', NR°CO,RY; NR'YCONR'R"?,
NR'’SO,NR'R'?, NR’-80,-R", CN, CONR!’R?, CO,R™’, NO,, SR, SOR?, SO,R®; or
SO,-NR!’R, wherein said Cy. alkyl is optionally substituted with 1-5 substituents selected
from hydroxyl, OH, C;.¢alkoxy, and Cj_¢ haloalkyl and wherein said heterocyclyl,
carbocyclyl, carbocyclyloxy, heterocyclylalkyl, and carbocyclylalkyl are each optionally
substituted with 1-4 substituents selected from C,.¢ alkyl, C,¢ alkenyl, Ca.¢ alkynyl, halo, C1.4
haloalkyl, CN, NO,, OR", SR®, C(O)R™, C(O)OR", C(O)NRR'®, NR"*R®,
NRCONHR®, NRPC(O)R, NRP*C(0)OR, S(O)R™, S(O),R!, S(O)NR*R'¢ or
SO,NRURS;
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8. The compound of claim1l wherein Xis CR2; Y is CR3;

and Z is CR4. 9. The conpound of claim1l wherein Vis
WERBS/O0M68s CR2; Y is CR3; and Z is CR4. 10. TheCT/US2005/022793

conpound of claim1l wherein Ais O 11. The conpound

F 1
g{a Iﬁnl? '1% g\r{\giﬁﬁﬁl Q. ﬂldé%(lz@(ﬁps alﬁ@xy, e h&l@@[ﬁ@kbn %e&focyclyl

Rc an

carbom% @tbmxylym hdﬁ@omhéalkblf, cubomlﬂbyl §Ql?<[e?? SRy ¢ py pOs-

N LRSS oL TS 1 BB s s sl o

hyd b@H Y Alksxy @he Y §HalbAIRM fali-Pherbili ¥hid Heleréryal Iyl,
Y ro% lllgnyIX}‘éhaI gﬁ@cai 4 hal oal kyIl ClN Y égﬁifdocycy

carbooglegoxy, hgtqqqmlylalky@ @pd]q;@ocyclylalkyl are optlonally substituted with 1-4

subsutﬁh% g‘@i%g%ﬁ@’l’é 5@%%31%6 ﬁg%gl’z@l 4m§%<(5%ﬁﬁfgloalkyl CN,

NO,, SRENBR! Rﬂ:@o)Rli,&:(omRI-’g QIOINRERST, NRUER ) NRW@@I@{R“RA

NR15C§€)1%”’ anf{j RBl g (@%ﬂh Smg%@@g%gm&ﬁi 1?31:6,Ey|
Cfkal m 6% @[G%O&ﬁadif) %F?KH 5’%?"“11(@4430ka§1?:@@@%®1) (Co-6

Fein
alkyl)+Sq(1hgezﬂid5é); £(Gpys aly]) e o cyaRialby [ Qeoxatkyl), SOH; TBR % SRF0GAR ",

couR PrghBhokn 450558 eecs it RGN 0 S feOR"

?{1@3'NR‘%O‘I\&IUCI@OIQ‘I@ﬂsz%%(ﬁ{IPH@O@WP kyl, -(CO-6
y|)Rg 5§c1 6 al kyl ), ‘or heterocyclyl .’17. The
cBrcdbu Ri¥and| Ry are ¢achhisdeendgutly, &, OH,thalg, ki alkys legh@loalkyl

| 1, \i8-
e S o e i R LT S ey O
NR‘°SO}NRIPR” aQRIOTM-RHnHaemdyaﬂ @Arabdycuyl VhagsRiyilylie, of R5

and is Cl-4 hal gal k Ll ompoupd. of,,cl ai
heterogyidyloRys . 1Os ORI SO IE 5305} NOorsiORy, SO § b or SOy-

NRIOR'I.IZ wherein Ris CF3. 23. The conpound of claim1
Wherein R7 is H
R’ is H or Cy.¢ alkyl optionally substituted by 1-3 substituents selected from halo, OH,

CO,H, CO3-(Cygalkyl), or Cy.3 alkoxy;

R® and RY are each, independently, H, Cy.¢ alkyl, Cy.s haloalkyl, halo, C.3 alkoxy, C;.
3 haloalkoxy, Cs.4 cycloalkyl, Cs.6 cycloalkyloxy, OH, CO,R! OCOR!; wherein said Ci.6
alkyl is optionally substituted with one or more substituents selected from F, Cy.3 alkoxy, OH
or CO,R";

or R” and R?® together form a bridging Cy.4 alkylene or —(Co., alkyl)-O-(C1.3 alkyl)-
group to form a 5-7 membered ring;

or R® and R¥ together with the carbon atom to which they are attached form a 3-7
membered spirocyclyl group;

R’ and R? are each, independently, H, C,.¢ alkyl, halo, C;.; alkoxy, C;.; haloalkoxy,
Cs.¢ cycloalkyl, Cs.¢ cycloalkyloxy, OH, COZRIO, OCOR! , wherein said C;.¢ alkyl is
optionally substituted with one or more substituents selected from F, C;.; alkoxy, OH or
CO,R";

or R® and R together with the carbon atom to which they are attached form a 3-7

membered spirocyclyl group;
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24. The conpound of claim1 wherein one of R8 and R8

is Hand the other is Cl- alkyl, Cl-6 al kyl or halo.
wQ@2006/0Ms8conpound of claim 1 wherein one of R3PENUSHE5/022793

is Hand the other is Cl-6 alkyl. 26. The conpound of

CJ)I"’IE&"%][ X e%ﬁh?r @@?tlﬁfC BoaRdo Rhich th%}a&‘é{ aﬁg&eﬁtf&% alfissed 3-7

The conpound of” claim 1 wherein
memba@daydoﬂkyhgreupot B+7merﬂl$redl‘}me1©omjmlhﬂ gybug| ai m 1

E 9. Th f. cl
BB Eos Al bpgaenil tr ey FRATGl Wherin Sef i penzyl
phenyP |0?C§ns é-yéi@a\ﬂkﬁ Gs HRdRI l? sﬁlﬁ,uﬂﬁed' With 18 deﬂecte'ﬂ]froﬁ Ih8lo, OH, C1.3

ound of claim 1l having the Forrmula 1g: 32 The

alkyl, Gombaiuaikiylo& chlkpxy, iha\halngl pxe GRethnand Q(h (6}1 6 alkﬂ)l 33.

N o PR3 Lo gl abebiat Pl BEbBloh By s

cycloal¥l bP Ch g ERAbdIk 1Mk, wherein said Ci.¢ alkyl, C1. alkoxy, benzyl phenyl
car bonyl)cycl opentyl ]tetrahydro-2H pyran-4-a

benzylqxy(nhienylosy. Gsd cyelopbiyl or Cém(C{V@rloPlAcythm ltslolBBP’éﬁJfJé’t Sﬁ%?ft)tbﬁé fvith 1-
> BASAENTtbo OF, sl o gy SO COp Gl ad
CF3; N-[(I i ? 35) 3- I sopr opy! -3-({4 [2-(tri fI uoromsthyl)

I
%ﬁl:“ ’ ﬁ‘VfaHp" %I%h?@flr Ay eloptis], ierein 53 (-6 alkyl, benzyl,
phenyi\*oi kit of b s Bofbksd 9L pGERLce hér e, DB %

car bo

alkyl, thaloqdwlc Gob alexy, \U 1] helortkhyy) @O 2Hapg Coh- (12 pikyD;

R' and R™ are each, independently, H, C,.¢ alkyl, Ci.¢ haloalkyl, C,.¢ alkenyl, Cy¢
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

RY and R'® are each, independently H, C,.¢ alkyl, C;.¢ haloalkyl, Cy.¢ alkenyl, Cs.6
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

or R' and R together with the N atom to which they are attached form a 4-6
membered heterocyclyl group;

pisOor1;and

with the proviso that when A is O and one of R® and R¥ is H, the other of R® and R®
is other than Cy.3 alkoxy, C;.; haloalkoxy, Cs.¢ cycloalkyloxy or OH.

2. The compound of claim 1 wherein W is

3. The compound of claim 1 wherein W is
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N-[(117?,35)-3-1sopropyl-3-({4-[3-(trifluoronethyl)phen
yl ] pi perazin-1yl}
W@ a0bloosBd cycl orentyl ] - 3- net hyl t et r ahydr o- 2H pRCEIS2B030M2793
|ne
4, Fﬁg dﬂ'nh@fblanﬁgl)wﬁ)brélﬁ?pfsw 3-({4-[3-(trifluoronet

ny pi perazi n- |
carbonyl)cyclopentyl]tetrahydro 2H pyran- 4- am ne;

(| | . . . 2
5. ﬁ%@@%ﬁ&ﬁ?%ll-%@w&ﬁ 8GR i £1 uor omet hyl ) phenyl ] ri
perazin-lyl}
car bonyl ) cycl orent yl nmet hoxynet hyl ) t et r ahydr o- 2H
6. yThmcm%/mznngl@f claim 1y llxerem(Y is CR?( Y y) Y P
N-[(1J?,35)-3-1sopropyl-3-({4-[4-(trifluoronethyl)pyri
di ne-2-yl ] pi perazin-1lyl}

7. cah@&ﬁsly a\ﬁml@mﬁ??tly\bﬁeranmeitsm"t et rahydr o- 2H pyr an- 4-am
i ne; t hy

, 35) - 3-1i sopropyl -3-({4-[4- (trifluoronethyl)pyridin-z-

8. yﬂkg&&@(}%@f} c% Fg%el}ﬁtlyl ]]Kirelfl r aﬁ CCF 6-2Fr Cp%/a r gnd % 1Sa?nR‘rtfe;
N-[ (]
[( ! pro yl - fluarg di n-

9. y]T ?J?(f%ﬁoﬁlgﬁ Flam 1 wherem[\?ls(éRé X is C %ll%pyrcf Z1s CR

carbonyl ) cycl opentyl ] - 3- et hyl t et rahydro 2H pyr an- 4- am
i ne;
10. 3Tkt ¢ophpoinfl O claj8 1 Syhedein Fojsr@pyl - 3- ({4-[5- (tri fl uor one

t hyl) pyridi n-3-yl ] pi perazin-lyl}
car bonyl ) cycl opentyl ]tetrahydro-2H pyran-4-amn ne;

11. '\ﬁ"llﬁe%(l:zdl_nl)?po%ﬁh'&cﬂaﬁﬁmvﬂﬂéféin% s(@&ienyl - 3, 6-di hydropyri di
n_ -
yl') carbonyl ] cycl opentyl }tetrahydro-2H pyran- 4- am ne;

| . . CpD .
12, "o sbeli L whereg ARG TR obe o Ry apy o QR G
alkoxyl'ﬁnd the other of R® and R” is heterocyclyl or carbocyclyl wherein said heterocyclyl or
carbonyl ] cycl gpentyl }-3-net hyl tetrahydro-2Hp ran 4
carboc_yg HeoptiRpglly §ubstgmed Jvith g—&rspbﬁgymet@ selected from Cy.¢ alkyl, C

alkenyl, éer aﬂgﬁ‘)?ylkflooelﬁ éﬂhlgalk}r %ﬂﬁ i @ﬁ%‘" ISRB, C(O)RM, C(O)OR13

an- 4-’am nie
C(O)NR PRE) NBERI lsca)s]@m WRISG{O)R” NRC(O)OR", S(O)RY, S(O,R™,

pet ist ghydr o- 2H pyr an- 4-
S(O)I\@*f[ ﬁ%ln%géﬁls entyl ) carbonyl]-4-[3-(trifl uoronethyl)p

henyl ] pi peridin-4-ol; |-[((15 ,3i?)-1-1so0.
rropyl - 3-{[ 3- nethyltetrahydr ZFprran 4-
13.  yThegrinmuiuog of clgamtl yherein Bé‘nw?} RPapdiRPt are fehely insfeperiveniiy H,

oH, bl Aiﬁq@é' R Reispllorav Cas paloplirh FreikareetGrohaloallorsy.

rhenyl ] -3, 6-di hydropyridin-I(2H)-

14. The compound of claim 1 wherein RA, RAI, RPand RB! are each, independently, H,
OH or C;.¢ alkoxy.

15. The compound of claim 1 wherein RA RAL RBand R®! are each, independently, H or
OH.

16. The compound of claim 1 wherein R'is Crg alkyl, C.¢ hydroxyalkyl, -(Cy.¢ alkyl)-O-
(C1 alkyl), or heterocyclyl.
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yl ] carbonyl }cycl opentyl ) tetrahydro-2H pyran-4-am ne;
N-((li7?,3S)-3-1sopropyl-3-{[4-[3-(trifluoronethyl)phen
wQ kdoeB984i hydr opyri di n-1 ( 2H) - PCT/US2005/022793

yl ] carbonyl }cycl opentyl ) tetrahydro-2H pyran-4-am ne;
N-((li?,35)-3-1sopro
ryI-3-{[4-[3-(trifIuoroneghyl)phenyl]-3,6-diIiydro

17.  r'Vhe einmpdup@ e claim 1 wherein R” is Cy.¢ alkyl.
yl ] carbonyl }cycl opentyl) - 3- et hyl t et r ahydr o- 2H pyran-4
-amne; 3-Ethyl-N-((li7?,35)-3-isopro

18.  I'Vhe GortfcAmll 3f Clafrh filwigkr@BE By pooplmegiy | | - 3, 6-
di hydr opyri di n-
1(2H) -yl ] car bonyl } cycl opentyl ) tetrahydro- 2H pyran- 4- am

[ . Li . . 5 6 -

19. | P ol of laim 1 avhepsin o pF L AU, Inhryhag E

1,6l -di hydro-2,4 1-bipyridin-r(2 1H)-

I I l) - 3- I h - 2H- -4
Y’g#cgér?;?qgl}r/@%%é%rgﬁ (e\%l;%ei%l ’oge g?ﬁbgn I%s 1rsaC1¥; 21 oalkyl.pyr an
S)-3-isoproryl-3-{[4-(trifluoronethyl)-3
t, 6t-di hydro-2, 4" -bipyridinr(

21. 2Tk eomjjaniad bbolpink d yetiengie ROyis Tiehaladiydr o- 2H pyr an- 4- ami
ne;
N-((li7?,35)-3-1sopropyl-3-{[5-(trifluoromethyl)-3",6

22. | TR Em¥Rmd of claiR i1 RyKdréth REh& 2FL)) -
yl'] carbonyl } cycl opentyl) - 3- et hyl t et r ahydr o- 2H pyr an- 4
-am ne;

23. IR %@%&kﬁflﬁflyﬁeﬁﬁﬁﬁfﬁyhj S-1tS-CtrifluoromethyO S

2' H) -yl ] carbonyl }cycl opentyl )tetrahydro-2H pyran- 4- am

ne; . . .. .

24.  NTh sqmpoysyl oS clpisn dvghsyein ong of R} and R is Hgdothe oFpr jsdyrsalkyl,

1di.n-2-yl ] pi perazin-lyl}

Cbémg%g%gﬁér)cyclopentyl]-3-nethy|tetrahydro-ZFprran-4-am
ine; and 3-Ethyl-N-[ (I

25, ibernnpu S HAB it he bR bid Y TPV Bk B i,
car bonyl ) cycl opentyl ] tetrahydro-2H pyran-4-ani ne;
N-[(lIi17?,35)-3-isopropyl-3-(4-[6-(trifluoronethyl)pyrid

26. i Th@eqmhppingef elzim-Iwhereinboayf R® and R® is H and the other is methyl or
cycl opentyl]-3-nmet hyl t et rahydro-2H pyran-4-ani ne;

ethyl. \C[ (1§ 7, 35)-3-i sopropyl - 3- (4-[6- (trifl uoromet hyl)pyrim

i di n-4-yl]piperazin-lylcarbonyl) cycl opentyl]

-3-nethy|tetrahydro-2kkp§§an-4-9niine;

27.  NI'hg ¢campamyl-ofciagn prasy¢in® (and [~ arsthofh Ha- (tri f1 uor onet
hyl ) pyri di n-2-yl ] pi perazi n-1yl carbonyl) cycl opentyl]
- 3-net hyl t et rahydr o- 2H pyr an- 4- am ne ;

28.  The compound of claim 1 having Formula Ia:

20.

R7 (@]
RB \ RA

R N iy N/\{

9 ! 6
o (SF\J,}?Z "
R® A RS

Y7 RS
Ia.

29.  The compound of claim 1 having Formula Ib, Ic or Id:
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30.

31.

32.

weywbopest yl |t et rahydr o- 2H pyr an- 4- am ne;

N-[(117?,35)-3-isopropyl-3-(4-[3-(trifluoronetliyl)plie
nyl ] pi peridi n-1yl carbonyl)

N[(1i17?,3"S)-3-isorropyl-3-(4-[3-(trifluoroniethyl)phe
nyl ] pi peridin-lyl carggonyl) O
cycl opentyl ] -3-nmeghyht et rahydr o- 2H pyr an- 4- am ne,
2-[(1i?,3S)-3-[R® uw@ kA dr -Fg.\l—|-pyran 4-yl)am no
1-1-(4-]4- RO

(trifluorometh lyrdi n- 2- ylf pper T yI car bonyl)c
ycl opent yl ] pr opa -ol;

2-[(Ii7?,3S)-3- [(4| ?) - 3- rrethyltetrahdeo fH—pyran 4-yl]
amno-1-(4-[4 Ib
(trlfluororrethyl)pyrlmdln -yl ] pi perazin-I1-yl carbonyl
) cycl opentyl]propgn- -ol; 2 (IS
r, 35) [ (3- et e

¥ n?ay

ran 4-yl)am no] -1 -(4

(trifluoronetﬁ§ pyr d|n 2- yI ylcarbonyl)c
ycl opentyl | pr qpdns2-01 ; N-[(15°P

, 35) - 3- et hyl - 3- (4 [ 4- (trlfl uororreth%y rsdi n-2-yl ] pip
era2|n | yl car bonyl)
cycl opentyl ] - 3- nethyltetrah&ﬁro 2H pyr an- 4- am ne;
(4|7) N-[(L

, 35)-3-ethyl -3-(4-[4- (tr|fluoron|ethyl)pyr|n||d|n 2-y
I]plpera2|n |yl car baiyl )
cycl opentyl ] - 3- nerhylit e 0-2H pyr an- 4- am ne;
N-[ (15", 35) - 3- et hyl -3 RULTIf uoroniethyl)pyridin-
2-yl ] pi perazi mlyf cay bonyl )
cycl opentyl ] - 3om8t h tetrahydro-ZH-%g ;E;4 ame;
(4i2)-N-[(l17?,35)-3-nethyl (4-14- psoronetliyl)p
yrimdin-2-yl]piperazin-lylcarbonyl) cyclopentyl]
- 3-net hyl t et r ahydr o- 2H pyr ald- 4- am ne;
(4i?)-3-methyl -N-[(1i?,36)-3-(2-nmet hoxyet hyl)-3-(4-][4-
(trifluoronethyl)pyridin-2-
ylﬂﬁicpmpaaidbﬂciaahmahmﬁymmm& npsiIty| ] t et rahydr o- 2H py
ran- 4- an1ne 3-nmethyl -N-[ (15,3

S) 3 -met h xyeth)QB) 3(4[4(tr|fRuoro OhyI)ryrlmd
;7?;& rR1 ér bonyl ) cycl % @2H— py

A h ﬂP( Iﬁe h E it hyl ) p dI
3-(etho t or onet r
( y?‘ - u yl)pyrg. J

n-2-yl ] pi perazin-1yl 1)
cycl opentyl ]1-63- ni et hyl tet r ahydr o- 2H pyr an- 4% am ne;

The compound of claim 1 having the Formula Ig:

CF;

O /|

. R® H oY
8
O

The compound of claim 1 having the Formula Th or Ii:
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(4i?)-N-[(l12,35)-3-(ethoxynmethyl)-3-(4-[4-(trifluorom
et hyl ) pyridin-2-yl]pi rerazin-lylcarbonyl)
W@ y@b/0ms8L yI ] - 3-et hyl tetrahydro- 2H pyr an- 4- am PET/US2005/022793
(4i-)-N[(li -
535) - 3- (et hoxynet hyl ') - 3- (49[ 4- (tglfluoronethyl)pyr|n1d
i n-2-yl]pipera bNB H
yl car bonyl ) cyc hyjtetrahydro 2H pyr an- 4-
am ne; (4i -)-3¢nmefhyl:
-, 35) - 3- (et hoxpaet'hyl ) - 3 (ﬁm[4 (i;lfrhoronethyl)
ryridin-2- yl]piperazin-
1- yIcarbonyl)cyclopentyl]tq&rahydro 2H pyr an- 4- am ne;
(4|-) 3-nmethyl -N-[ (I
, 35) - 3- (nethoxynethyl) 3- (4- [4 Ltrlfluoronethyl)ryrlm
|d|n 2- yl]pipegsrEiht

1yl car bonyl ) ot (LIRgt Vahy dr o- 2H- pyr an- 4- ani ne;
(4i ?) - 3-net hyl - | i R W i
-,35)-3-[(3i?)- ahydr of oRan- 3- H] - (4-[ 4-

(trifluoronethyl)pyridin-2-yl]pi per‘azm-l-yl carbonyl)c
ycl opentyl ] tetrahydro-2H pyt an-4- ami ne; and
(4i?)-3-methyl -N-[ (i

36) 3-[(3i7?)- tetrahydrofuran 3-yl]-3-(4-[ 4-

33. W‘ﬂﬁ" %ﬁyf dslzqrs]arl Z%Q%P%pe;?nzkg |;)¥| car bonyl
Cigﬂ;[‘ﬁﬁ,?}!ﬁ II&%%%%}-@%%%&&%E/( S’g@{e%?f]pl pa-zuﬁl_

osit1on i sing a conpound ne of cl ains
yl}carlbomsd)cS’Glopmty]atephlwdn&QHuperI-qmlac,cept abI e carrier. 35.

Aéﬁ@ngg%g%ﬁggﬁg“%dkégﬁT hﬁmgﬁﬂaﬁﬁﬂ nggh%%f%ceptor

1} carbbiyl)cclopom PR HaRidréDV-pften-dlangh@l M5 1 to 33. 36. The
y}car }h)c% ? ?lal mal%grv\her%lnn sai d chenoki ne receptor is

CNF@lR,Sﬁ) -3-Tiopropl-Bdd4d2- (@ﬁhﬁommhwwwgylihmma@n-l-

t 3 t hod of cl 35
yl}car&ﬁtgﬁtgﬁl'og%rt&ﬁtggﬁl%ungwg;rrg 4 mlg ( \r}g i (r)1h| gl tgr alo;n
C&Eiﬁt 1R,38)-3-4{ 43, B&Bis(&iﬂddf@ﬁémlgp}&ngll]p@a@mnasst}embﬁﬁ) 3-
W

expression or _activity of a chenokine receptor in
ISOPTOQYbX@IPE?W}’lBéWﬁT}’dEQ A RYE#-fia8HR%:i ng to said pat| ent a

R g Rl pypoit ] e
y1} carbbueyl iyclopaityll | Shaathiylteteahydrme it qyrdnsd -GaRR:;
3-Ethyl-N-[(1R,3S)-3-isopropyl-3-({4-[3~(trifluoromethyl)phenyl]piperazin-1-
yl}carbonyl)cyclopentyl}tetrahydro-2H-pyran-4-amine;
N-[(1R,38)-3-Isopropyl-3-({4-[3-(trifluoromethyl)phenyl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-(methoxymethyl)tetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyridine-2-yl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
3-Ethyl-N-[(1R,3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
yl}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-Isopropyl-3-({4-[5-(trifluoromethyl)pyridin-3-yl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
3-Ethyl-N-[(1R,3S)-3-isopropyl-3-({4-[5-(trifluoromethyl)pyridin-3-yl]piperazin-1-
yl}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
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41. The nethod of claim 39 wherein said conpound is a

sel ective inhibitor of CCR2. 42. The nethod of claim
WQ@D0sketsed N sai d di sease is an inflammatory di BEHES2005/022793

43. The nethod of claim 39 wherein said disease i s an

| N R, 3) SEsop A - Ahe AL NOiBidrsyaidt- BRHbher ei n

sai d disease is rheumatoid arthrltls at her oscl er osi s,

yDcarbemilsyclapéntylpietrabydrer2bbpytandeunivpat hi c pai n,

t I r 45, The
P R8P 2 G oue e L B BB e hancer 4
yl)carﬁ&ﬁyl]t%lb@@htﬂ@ ThRiéRaiyaes-eH e -a-a6aRser i s
characteri zed by tunor associ ated nacrophage 47. The
B H3 . 350- BcEsawrﬁpsalsﬁM@f@nﬂp@&ndmchmbe&rb@rsyll%wélaﬁentyl}tetrahydro—
2H- ﬁgl%nger yvarian cancer or nultiple nyeloma. 48. The
P " claim39 further conprising adm nistering an

amt[((lsnﬂebamamropm RfBainethdBetrahlydroBiifpyehnod- cl ai m 48
yl]amm?cr:yeclgpe?l%ll)%al%g%fﬂ |4n[f3l (?I‘l c}rgrglethyggl?etny glpendm-i Of)ody
1-[((1S,3R)-1-Isopropyl-3-{[3-methyltetrahydro-2H-pyran-4-
yl]amino}cyclopentyl)carbonyl]-4-[4-(trifluoromethyl)phenyl]piperidin-4-ol;
N-((1R,38)-3-Isopropyl-3-{[4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-
yl]carbonyl}cyclopentyl)tetrahydro-2H-pyran-4-amine;
N-((1R,3S)-3-Isopropyl-3-{[4-[3-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-
yljcarbonyl}cyclopentyl)tetrahydro-2H-pyran-4-amine;
N-((1R,3S)-3-Isopropyl-3-{[4-[3-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-
yl]carbonyl}cyclopentyl)-3-methyltetrahydro-2H-pyran-4-amine;
3-Ethyl-N-((1R,3S)-3-isopropyl-3-{[4-[3-(trifluoromethyl)phenyl]-3,6-
dihydropyridin-1(2H)-yl]carbonyl} cyclopentyl)tetrahydro-2H-pyran-4-amine;
N-((1R,3S)-3-Isopropyl-3-{[4-(trifluoromethyl)-3',6'-dihydro-2,4'-bipyridin-1'(2'H)-
yl]carbonyl}cyclopentyl)-3-methyltetrahydro-2H-pyran-4-amine;
3-Ethyl-N-((1R,3S)-3-isopropyl-3-{[4~(trifluoromethyl)-3',6'-dihydro-2,4'"-bipyridin-
1'(2'H)-yl]carbonyl }cyclopentyl)tetrahydro-2H-pyran-4-amine;
N-((1R,3S)-3-Isopropyl-3-{[5-(trifluoromethyl)-3',6'-dihydro-3,4'-bipyridin-1'(2'H)-
yl]carbonyl}cyclopentyl)-3-methyltetrahydro-2H-pyran-4-amine;
3-Ethyl-N-((1R,3S)-3-Isopropyl-3-{[5-(trifluoromethyl)-3',6'-dihydro-3,4"-bipyridin-
1'(2'H)-yl]carbonyl } cyclopentyl)tetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine; and
3-Ethyl-N-[(1R,3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-yl] piperazin-1

yl}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-isopropyl-3-(4-[6-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
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N-[(1R,3S)-3-isopropyl-3-(4-[6-(trifluoromethyl)pyrimidin-4-yllpiperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-isopropyl-3-(4-[6-methyl-4~(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-isopropyl-3-(4-[3-(trifluoromethyl)phenyl]piperidin-1-
ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
N-[(1R,35S)-3-isopropyl-3-(4-[ 3-(trifluoromethyl)phenyl]piperidin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
2-[(1R,35)-3-[(3-methyltetrahydro-2H-pyran-4-yl)amino]-1-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]propan-2-ol;
2-[(1R,35)-3-[(4R)-3-methyltetrahydro-2H-pyran-4-yljamino-1-(4-[4-
(trifluoromethyl)pyrimidin-2-yljpiperazin-1-ylcarbonyl)cyclopentyl]propan-2-ol;
2-[(1S,35)-3-[(3-methyltetrahydro-2H-pyran-4-yl)amino]-1-(4-[ 6-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]propan-2-ol;
N-[(1S,35)-3-ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,35)-3-ethyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
N-[(18,3S5)-3-ethyl-3~(4-[6-(trifluoromethy])pyridin-2-yl|piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,3S)-3-methyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
(4R)-3-methyl-N-[(1R,35)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-~ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
3-methyl-N-[(LS,3S)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yllpiperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,35)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,38)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-ethyltetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-
1-ylcarbonyl)cyclopentyl]-3-methyltetrahydro-2H-pyran-4-amine;
(4R)-3-methyl-N-[(1R,35)-3-(methoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
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(4R)-3-methyl-N-[(1R,3S)-3-(methoxymethyl)-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;

(4R)-3-methyl-N-[(1R,35)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl] tetrahydro-2H-pyran-4-
amine; and

(4R)-3-methyl-N-[(1R,35)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(triﬂuoromethyl)pyrimidin—2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran—4-

amine; or pharmaceutically acceptable salt thereof.

34. A composition comprising a compound of any one of claims 1 to 33 and a

pharmaceutically acceptable carrier.

35. A method of modulating activity of a chemokine receptor comprising contacting said

chemokine receptor with a compound of any one of claims 1 to 33.

36.  The method of claim 35 wherein said chemokine receptor is CCR2.

37.  The method of claim 35 wherein said modulating is inhibiting.

38.  The method of claim 35 wherein said compound is a selective inhibitor of CCR2.

39. 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 of any one of claims 1 to 33.

40.  The method of claim 39 wherein said chemokine receptor is CCR2.

41.  The method of claim 39 wherein said compound is a selective inhibitor of CCR2.

42.  The method of claim 39 wherein said disease is an inflammatory disease.

43, The method of claim 39 wherein said disease is an immune disorder.
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44.  The method of claim 39 wherein said disease is theumatoid arthritis, atherosclerosis,

lupus, multiple sclerosis, neuropathic pain, transplant rejection, diabetes, or obesity.
45.  The method of claim 39 wherein said disease is cancer.

46.  The method of claim 45 wherein said cancer is characterized by tumor associated

macrophages.

47. The method of claim 45 wherein said cancer is breast cancer, ovarian cancer or

multiple myeloma.
48.  The method of claim 39 further comprising administering an anti-inflammatory agent.

49.  The method of claim 48 wherein said anti-inflammatory agent is an antibody.
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