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3- AM NOCYCLOPENTANECARBOXAM DES AS MODULATORS OF
CHEMOKI NE RECEPTORS FI ELD OF THE | NVENTI ON The present
WO pwefd47en rel ates to conpounds that nodul at e PEEUS2005/022909

activity of chenokine receptors such as CCR2 and CCRS.

In sonme enbodi nents, the conpounds nodul ate both CCR2

and CCR5. The conpounds can be used, for exanple, to

treat di seases associated w th chenoki ne receptor

expreSS|on or activity. BACKGROUND CF THE | NVENTI ON

They ml NOQIYt @nd(mquAgmmBoxAmnmys MODHATORNOF

vessels into diseased tis ved in the

initiation of norGRE Mpégiﬂiﬁﬁcfﬁ#ﬁg nf | ammat ory

responses. The process, also known as |eukocyte

recruitnent, is also related to the onset and

progression of lifethreatening inflamuatory, as well

as debilitating autoi mune di seases. The resulting

pat hol ogy of these diseases derives fromthe attack of
FTEI%ﬁG QQQEIN\nmvyngNsysten1defenses on normal tissues.

I ngly, preventing and bl ocki ng | eukocyte

r dite Lpretmmmvcmlqnane@éqs tpjcompeyndsnthpimpdwaist th potivity of chemokine

au to
recepfy S e PP RS (o HpapabibafS (B Bpghlhdy modulate both
CCRIhAd @CRBt Thb 35@@6urs Cb.l@ bk ogeyit foreghhplet mreaadmeasns/aﬂsv@dted with

in cellular inmne responses include nonocytes,
chempking reseptoreXpresifr B #RIYIE: eosi nophi | s and basophil s.

In nost cases, |ynphocytes are the |eukocyte class

t hat |nitiates, coordi nates, and maintains chronic
BACKGROUND OF/THESINVIENTIONd bl ockage of these cells

T_%ﬁg&%ﬁ@ng {t?a&%ﬁo%ﬁgg%qc&est o ?%oqt% %egs 1211(% diseased tissues is
1nvol$MH il heCis #aﬁ%ﬁ'o‘fq{o)‘mﬂ 8iledsy RhakY irfflammatery &sp@ms; brie process,

nost of the actual tissue danmage that occurs in
also kndvbraanmmyytdurs@agmenu a§ alse ralatedntoothe tqnset gndrprogaseign of life-

threa@mngn ?ng'lm %ysrf.’&flnév deﬁaﬁltlltﬁ%d ahﬁ)nﬁm\ﬂﬂng CAEOREE Phe resulting

2ases SO organ
pathdléBNSHRh&Rdideied Hetites frch’ﬁ @lseattack of the body's immune system defenses on

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

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

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

pemphigoid and related diseases, (e.g., Pemphigus vulgaris, P. foliacious, P. erythematosis),
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di seases include, but are not [imted to, rheumatoid

arthritis, chronic contact dermatitis, inflammtory
whowelogtisease, |upus, systemc |upus erythenap@BUS2005/022909

mul tiple sclerosis, atherosclerosis, psoriasis

sar coi dosi s, |d|opath|c pul nonar

glomeddomephtitiyess w@$c$1ht1§¢<s|, ,hepegmgh Fi@gf:tag/ aaAi@g]:agj 5%]%1‘&1081 glé% %agt-versus-

Penphi gus vulgaris, P. fallacious, P
‘ :
hm;d%?ﬁ%henatosls) glonerulonephrltldes vasculltldes

hgp@pidcess, bydwhidk l@skocytes hagvathe blewcbtreamnaccamlate at mﬂammatory

I

(1) roL gé flg%én?f%%fgcéheg%&gpazlﬁf{‘?,? gﬁhs%ﬁ@&ﬁelieﬁ nblgi'atﬁrlE[Spﬁmger T. A,

Natur¢ 336: 4@6 H3% 619908 Lasceiogand Springern{al léé§|58r§7§r{él9?1:-}5 g““ﬁef E.C,

cetl 658055809 370013ho 1) Qo slsPai Wiored v RAKERr Level by

chem@a@trm‘t ggc%ﬁfo@ WhkeimdBittachat reckptofs on th‘elshrfﬁﬂe: a0BBkdAyBH then bind

d
chem¢aéwmtarbwh@nghu§g; bt GeareR RO GReUs SRR O SEVARR( O infection.
Recep&WC%B A %gt??ag glﬁo%% ACHcRhbses vén %H%Q ek RendsB @R t Aithesion molecules

ines are secreted by cells
that nfddidté) @asdeh@otbéliall atipgeiony andrfrembies rlireRed epgmtioniof dieneglls toward

acti vat es | eukocyt i ncreases the adhesi veness of
theSQMﬁ@QidﬁéﬁWﬁﬁ“ﬁﬁW%%—?@%9 okH%t medi ate transendot heli al

m(?’{eﬁl%%a%ﬁc g@ﬂﬂ Eﬁkcocg‘ler SfchRAttHcehahdtRAtiNg fAdiers) also known

owar rce t he chenopattract ant
as chﬁﬂ@l{fﬁé@g Ao kabvenas mtencnncﬂmmﬂ&célsm@k@@k &g & group of inflammatory/

ttractant/ vat i f.act |
1mmU@H@g§R @épolgpgg%%rfa é&%?}ﬁ(‘él}l%: Isg1 fé‘t %ﬁa&gﬁgﬂa@zﬁe released by a
wide 95&?&2 l&'f'%@ﬁs sithEasanArepHaged, nhdHopetralosinygphils, neutrophils, fibroblasts,
onodul atory pol erptl de factors of | ecul
vascmm-: ?mﬂ&nﬁs ckiba srheat am@sqlslcsﬂsealdoynaét el %Taﬂf?fi?ﬂ}nﬁf’fy sites
cel l.s_suc ) r g
o SRR 295 P EPABP35s, SR0E0Y1 09 BRIl o0 505928

(199 5)10R1sb, Bhtﬁﬁélﬁn&ehé\&, besnddesesibed @ I(mpeahelmanl dmetitaby yxnnu Rev.
sltes4éreV|emed in Luste

Immarob, 463 7OI8 G879 Bngehe] i Bacel ot Gpin Jgiugsly 6:865-873 (1994)
Bagg Jﬁ%?%%%) ot &Y }ﬂd Agdlﬁﬁﬁh}uPSP ﬁ@’ﬁl@@l@ﬂﬁ%hﬁﬁﬁwb Rave the ability to

Annu. I munol
Stlmlﬂaté HiteGéB célll ﬁﬁgr)morscmpdobesa kaoBace n:hem;gtaxls whq chemokine contains

e R s BHGREE Sh, bbi,  pEBps

two sﬁBfa&ﬂﬁé’s, H%ed on whether the two amino terminal cysteine residues are immediately

adjacent (CC family) or separated by one amino acid (CXC family). These differences
correlate with the organization of the two subfamilies into separate gene clusters. Within each
gene cluster, the chemokines typically show sequence similarities between 25 to 60%. The
CXC chemokines, such as interleukin-8 (IL-8), neutrophil-activating protein-2 (NAP-2) and
melanoma growth stimulatory activity protein (MGSA) are chemotactic primarily for
neutrophils and T lymphocytes, whereas the CC chemokines, such as RANTES, MIP-la,
MIP-1B, the monocyte chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4, and MCP-5)
and the eotaxins (-1 and -2) are chemotactic for, among other cell types, macrophages, T

lymphocytes, eosinophils, dendritic cells, and basophils. There also exist the chemokines
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stinul ate directed cell mgration, a process known as
chenot axi s. Each chenpki ne contains four cysteine

wo e®sdusst (C) and two internal disul fide bondsPCT/US2005/022909
Chenoki nes can be grouped into two subf am' lies, based

whet h
e e S, SR HELEE, S MBS ermokin
that dé) g{)&t 1% {f]él?tg eﬁﬁ%r%f tglgé??g d of'@ﬂérﬂakme-rﬁ%%lﬁb; fer enc €s

gani zation of the two subfanilies
| MCP-Sepasateoganss (MOAiFe (abbrailativinn feraotactpphege Ichemetactic and

actlvaégg é@%?%é']ﬁi%%ﬁé them égs hovﬁ@ﬁ% ﬁgggorg)lﬁﬁgls/%{ac%opﬁgges smooth

muscll( :\%@5 zl?éi%blgs@ {ddLva%):ulaﬁ %Hddtﬁ’élﬁl leelge huhV BdnisBg clt (ﬁilgtanoﬁ and cell
anona grovvt sti mul at oryl%lactl Vi

adhesfonaifahemociesMee dorcexamphnValeniee Apdi gadli. 0¢119mlstry, 1988, 27, 4162;

vits SRS SEL 5. k] VHEENOEH iy, 408, SR8y 55 11 5. mmnc,

1989, W‘AEO@%GR@B&&M actdt 61 orot.aNaE A(owa:FSdl UMSPl%8 M;Fms Rollins, B.
"MCP- 4, MCP- | 5{ and the eotaxins (- %8

1, et ah o a9PE. Tioi | 124,10, B REAL-deimmmylod S eidiopRbg dpddi K., o

al., J. Eg@ﬁ%ﬁrf@’d@rzss %pf%ﬁ’éﬁ&&g Sﬁ‘gﬁ%bﬁéé:(&@%xsexaﬁﬁ{é Carr, M. W., et

er'e 'als$o exi
al., POBENDIKi Acsl SﬂpUStAaQQM; 91, 3652 pFdymphdcyte (ngcfphe)@mple Loetscher,

IS o e L wriiahbTeEsSF R R LbbReher, P. et
al,, 7. SHREA '15%66,l 1%3P 3> (150K POV ABSENCAFThRAGRSISY 1994, 08, 3233), as

‘f'or nacto ge'c eﬁmt acti ¢ and activati ng factor
well akhediating mtmhnﬂndiease byrimdondeld (sse for example Alam, et al J. Clin.

e QRGBS RIRET, TROHIRSHLS, R s o7 oo

. Exg elled M99 AL 78N 4@9)0' I Qﬁdm@@l hﬁ%ﬂ expredsidTDeRPe s h@s been‘ mported in
xanpl e Val ente, A ., Biochemstry,
disea®®, WHAI6 23cchuiGoni ¢famqn00y1@/maﬁrop age apd/gr Thicgl 115 1&93]8@}1%11" to be

1mpox%gtr§ in %@%Sitla\égﬁ P){ }grl“c')rg?éésgij of stisa?se? ’sut,Jl1:)asl ERHHR% Troé@ %s%e for example

Haye$Cl. MY al. 1 A8@rioster. TFARab. RoAsci Bsol B998 18, 9397aITakeya M.. et al.,
Bl ood, 1991, 78, 1112: Jian

Hum Babol,, 1983, Y4 534; Viadertiupla, Seet %}}, Proq] ?\'Iaﬂ, Arad O$““‘U§A 1991, 88,
5252 11%%&%1 53 C% oy 47 %k%l W@&D r159-'- 48y TRHOC Yﬁe%ﬁla(ﬁ@ %rtf&ﬁﬁss (see for example

Pr oc.
KochU3A E.1894L, D li3 aﬂ@)st - 1992; 90h et Akal(oslele T ,o¢t ax a%ﬁrréls Rheum.,

h
il S 8 RS o, S5 e e o

examz)?e ﬁbn 5§t AlmmBOﬂnvestl%@s 785804, 3%da, Al Iaaulerlaxdnéy Tntet1996, 49,
- Tmmunol 994, 24, 3233),
761; Gesualdo L et al., Kidney Int., 1997 51, 155), nephropathy (see for example Saitoh,

A., et al., 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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wel | as nedi ati ng histam ne rel ease by basophils (see

for exanple Alam R, et al., J . din. Invest, 1992,
w@206/@B3#1 Bi schoff, S. C, et al., J. Exp. I\/EdPCT/]IIQB)BS/022909

175, 1271; Kuna, P., et aI J . Exp. Med. 1992 175,

489 I dd
Sino 3o o Byt SN BB el on O N LD Bitheu, .,

al., Amh%gfa?kg E W qﬁija@g R4 REitoheGRAdhEsibS (deB %&g&tamtp% Bbe&yneloglu, H.

€ |n ‘tiation or progression of
B., ctdil.5 ERaes, Raﬂw&ucasn,atsmr d3cl BHdsiangessive Heert faikupyises for example

Aurusgi]%; et allggrgll\l/llaygn @g% 97@&3@& R]iSQ[%lceerergPSregS A&eevﬁ)%%%(%m})le Marra,
F. et lggzgm §4Patl'i_’o?l4’199@ alﬁbbﬂiiguﬁlreﬁ’me%m&ﬁé (set forFérx@mpleNadHrtz F., etal,

ken,
Eur. XCllinmunbhy 8347, 219%84),818awas_akngllseasnémaﬁobmaaraplﬁ W P%SM- et al., J.

Rheumﬁgpgst18§7,1%€w9g 8 Chasls Ast(egh oL %}(arﬁh] gal{mx%lél tAﬁr et al Infect.
TmmuR€YIR, 64, 5389). %rthzl@eore Rati- RSP ’aﬁnbod@t haa|beemrepmea>¢p show an

nnuno1 '101, 398), nephrltls (see for
1nh1b1Mry qffec‘apr a[@grapqnﬁxpegﬁfect jyggimalsmogdels of \pﬁ a qid argltrﬁis (see for

Ki dne 6 I
examﬁlle cézg}ninﬁ%( R 6}95171“‘? ?Iﬂ’%@%? 1199 1‘496 %cehgeﬁg? aJ.; J. Leukoc.
Biol.,€Po898P6E 338| O@blta A., et al., RPathdl., 1Q97i dsz LHlﬁ) mnlallple scbyesis (see for

12, 1; Yokoyans, Bi 19
exampls Karpss,, Wpih ﬁbﬁ‘a:&/ Iffi“[S?Cos‘?lQIJ K aPs AR S for xample
Lloy Sce%f%&aﬁxﬁ S MM Y7185 13781 Wedda, Tnte@faDaFASEB 3., 1996, 10,
dici’ne, 1997,°°36, 856), ast hma’ (see’ for exanp
1418 asthma, (séd for eXamqblp Gpnzalbnliest et 2, | eEypIMed. i h998|, mn]éﬁ Lukacs,

N. chgénmﬂolz ﬁ%g@%%%g%g%ilaél’efoscggosAfnkse%\fOrﬁgﬁl@ d GP%%L. A, etal,
C1rculat BS Pog3, 8@9(151|,1pﬂl@| -89 delé}%ﬂﬁltypé- ﬂypelréeil)sl.tlvtml(mepﬂoe example Rand,

GTOSIS see exa

M. Ll.\Jee;tra:h rmmn dl Pat];glg,8199§6 %’503355)'0 @gl‘npcg@pé hygeg@%glap (see for example
Klmeg,g-gp etgls iizlt.?ygstr }]%8 781 %’ﬂl)y r%l mtr%}ﬂ:‘f?&{eal &&1@5{8& @ee for example

di sease (see
Zeyn@lbgﬁplfp B3’ étran), Avh. CObsgt. Gynecdl.,. 1998UKHE 43B). oL pem%&ntagomst of
04: Rei necker ent er.ol 0

59,
MCPibQMCPiHé T6)0hyas bﬁﬁa@&meﬂopgﬂi §<éétﬂ?§?3€§z§%ﬁ% fgtse,model (see

Gong; J. el ﬁl N II_*%_%] e | H697 ]1%851313 as&%ﬁ as ﬁﬁ&i@é’fﬁi M@l-ﬂeﬁﬁ@ﬁ mice have
olicoéur, al, Am . Pat hol .

showah&a&, 1vm1 isl 28¥ntial iow mpmqylteora@alltlmjiﬁelslvm (escbuf B et al,, J. Exp.

vea 5688 185 SHLGGE. Erghedl v 2 MR 0y

fﬁ)% Mu‘ﬁ%ﬁve Rulmétiarfldiseasd (COPBYianks 309fg 8¢, most common
11 chronic liver disease (see for exanple Marr
causes of death in Western societies. It is defined by a progressive decline in ?ung 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. CCR2 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. L, Chest, 2002, 121, 209S-2185).
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F., et al., Am J. Pathol, 1998, 152, 423), viral

meningitis (see for exanple Lahrtz, F., et al., Eur.
wa200bm0arapl , 1997, 27, 2484), Kawasaki di seaseP(EHE£2005022909

exanple Wng, M; et al, J . Rheumatol, 1997, 24,1179)

and sepsis (see for exanple Sal kowski A :
I"ﬁh@dtteratmmmdlcatpgg‘@at @ggmg@ege) supimraltsh @Eﬁ%‘rlé ’angt h/ﬁi’-’loc attract

o ol B 45 R R 0 ey vt
to be [RBGhQy Qﬁvdl{?éi‘uﬁﬁﬂl@l1d1t1atlbﬁ1rprbglsss(1(§ieend orinssmpd of diseases deeply

Schi nme R. t
involvB8igh mn(moizy@ and 133&@2%‘!%0 Su"é?1 éf, atii§9§?er8§s 1605en‘l’?5g>6{‘he“mat01d

arthntgsclpéf,ntlas% thma Patdftive 11:?1%?9 ri]egﬁntlé&lﬁéphréﬁéltﬁwp hﬁlltjple sclerosis,

see’for example
pulmon@tK dibro$s,0 lmyckaitis, GBepaﬁﬁs_,) ,panephtitist i sarché@lq,oprohn‘s disease,

endoniegxgra;gsrl)sl S@;lggst%e }?e@ftlvtﬁll A%Eaé njemn%}g§6<|:\§%al e iré,)uor]' ﬁeuropathy,
Kawa@%ﬁﬁ@qfég%ﬁ & dis BXEER RaEBRZRVN, Bl HAzt,al ehnall, Kﬂdnemxs 1998,

157; Lukacs, N. .| munol

31, 10658 LIs4898),, etaﬁl h@ruuslé]pm d&@pbrqlsﬂépmﬁme)lﬁ%ﬂe Qél.zEﬁﬁﬁ "p..ctal,
Auergyeq@y%gﬁwgiéo%obgé%g 18180 atné’cﬁfas ¥ o?%g?(lla)Treﬁdsgﬁéﬂrosm 1998,

21, 1% MacDefhot®/R. PABt all, InflRatdacdry BLO@6Distdds, M) 4, 54).
pul nonary hypertenS| on_ (see for exanple Kimura

alThe chémokineseind fo sprpgic cadl-susfagy recsRgrs brlpugies iq {is ity of G-

protelmouﬁ’leg \gqsn(??al{s% necﬁ{@&o&%@%ﬁ%@%{g |(fév1e'ﬂfed3nblg§1§1|k3ﬁ“rends Pharm.

Sci., ﬁ‘ﬂtlgg-:llﬁgf(l 9% %VﬁRhlare tebiRed "dHemiokine heaptdred ©nabigding their cognate
re t

ligandsg hlgermq}e(mq.roecel:g?orls %@%s rctgr 2{3 |1rt1tlrasc’:ig@ ; shle%ag?hr%g nﬁl%eass&%ﬁ%d trimeric

G prcﬁ%a?tfégﬁlﬁﬁ if, ]ilé ottE bR, H‘Iﬁﬁdﬂﬁ&&aé‘d?m/\/[htiabdlular calcium

sént for monocyte recruitment in _viyo
concepatiod, whafyzes iatcelll shage, 1Em}gase|slzeqj<presglggg)f cgliylar @g}lemqgjmolecules

2, 275 Ch
degra%‘%%éfliiw%‘eﬂ%goﬁjﬁil HHE@EQ Le (CCP)D) raLEgl ;rmng t he

MSdnes LRARI CRUSRErsF sgestfib chémMéndseliave been eloned. anﬂtlt is known
Is defined by a progressive decline in |ung functio

that thesk yzq@amr* wer@vm’c@n@pépls@ SOICBERSHFIRTGF THaEss PreggBon various
i S char teri
S

eukogte PRI, SO B |G X ATERD rtpldy (RCR 1-CXCRS) and
elghtg(g ?gaxﬁ%mgy eéc@.[)ug% (@@Rllaﬁmommmbeemﬁenmndr &ph ramnple IL-8 is a
ligand for C?(CRQ[ :nd CXCR2, I\/CI:I% llo? is a hgétr% forrmé(thf cli%d}% 8 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, L 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, et al.,
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. Invest.,
1997, 100, 2022), and that recruitment of macrophages and formation of atherosclerotic
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airway walls, alveolar conpartnents, and vascul ar

snmoot h nmuscl e. Cytoki nes associated with COPD are
whedosewsdl t o i nclude tunor necrosis factor (TNFQFEEIIN22909

interferon (IFN)- gamma, interleukin (IL)-1 beta,

IL-6, IL-8 and MCP-1. CCR2 is_known_to be a_ receptor
lesionf decreased in CLRR-defedient miceseupoEpg. b r<b|  Rgirg by, 394, 894

. 1N ALl r del:i Nehd a i :
i, 75 U7 S AR SS9 PR W Tt .
Exp. %Ig%??%tlg@amﬂmoﬁ@g} noasthl.t o AinehapeytlPe7,t11082258NM  of

e Boer, W L, est, 2002, 121, .209S-2189),. The .

| iGemakine SePaRpTE A2 815p HAO VBN HTRIOTS fhViEd %%PS?IFa‘ﬁ% fo viral
infectMntPs'uch %s,gfo} reg&{l{nl'é}’ W88t AN IR Lyt @£ @StidOarill S1O8%E processing

Sites and nmediate their activation and thus are
are the bbisgb stepoobihe iviral hifetoytle Whivho bntizdtroviral Heerapeiiti¢ agenghare designed

o bk oSG Ra B e TS ste6) BEABEHIERY hotd promise, ter
is curfin! ?Tn%%%%ﬁtr 18 fich HESL1ERRTI0B bedn iR R dir@fdsidtante.Multiple rounds
psofiasis, asthma, ulcerative colitis, neg{hri tis
r

of vitahegplication laye required itp| gsneratecths sganetie, divessiayr that iformssthe. basis of

. myocardi,tis, hepatit.s,,. LS, ' ' :
e B Boa A oy BRIBDEAHA 5 P08, e romis o
comeir@d)ﬂelﬁf&{eﬁtthér% kviﬂ%i&@gghibﬁorspﬁ el athef afeatsc tThertargeting of multiple

neur opa awasaki dis , d ' .
steps gg@ﬁnﬁpﬁ@ foé{l, ER{ry PrOCegs is g@l(ieegi?ag to A e tgg %?)’I@Q?l‘aé.}ztgs s%%gg_y (Starr-Spires

g3l 065 , et al., Curr. in.
et al"@’ﬁ%’?zMﬁK}'pgr 2é?23?=d618é§8, 7, 281: Conti, q; et al.,
AlTI-gyeratyd iko t @D(-Pr oells #@@Bes 185 seqientidairderaotidns ¢f the viral
envelgg SRl P COAGHLR CorfchpPB AR & e sflapkine receptors CCRS
and EXTRASER, pl&?sl?l?le Zoprodth- toT BRCRMAE MY Hestely M 16 Quse small molecule

specli fic ce surface recg& ors belonging to the )
antagbaistsl of cofeceptoo faictioncBugpT AH- 8 meleckigris waeisnahantagnmst 9f CCRS

roreins (reyjewed in Tr .
v Q501 S0 A A JAVEE VS RpyBiton 4t membran
fusioh 8&8P b9 HockifgthRiindiddoh BE tHe R Baifscel dlgeupastein gp120 with CCRS.
chenoki ne receptors transduce an intracellul ar signa
The bindinggsiter frs BAR B %pm L RS rig docated peast e fxirag rt%“ﬁ%ce of the
iLn, n : i i , i .
el AT P S P RARASE s RAREES, Bhand 7 Drgi ol
ProcSNamhedcatinSyi s, 0ORIESR), 6680f cel | ul ar adhesi on

RTINS E T SRR (S —
by N GTRKH ROSicN X S) BRE Mad:OfRge-tRPR (RSY SITWOPWhains, respectively, for
entering their host cells. Propagation of R5 strains of HIV-1 on CD4 lymphocytes and
macrophages requires expression of the CCRS coreceptor on the cell surface. Individuals
lacking CCR5 (CCR5 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 CCR5 (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., 4ntivir. Chem. Chemother. 2001, 12 Suppl. 1, 19.

SCH-C (SCH 351125) is another small molecule inhibitor of HIV-1 entry via the

CCR5 coreceptor. SCH-C, an oxime-piperidine compound, is a specific CCRS5 antagonist as

6
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that these receptors are G protein-coupled
seven-transnenbrane receptors present on various
wo ewkoeyse popul ations. So far, at |east five EXX2US2005/022909
chenoki ne receptors (CXCR -CXCR5) and ei ght CC
chenoki ne receptors (CCR -CCR O have been ident L[fhl d
deterrriped gnampltipla recgpios tandingnd %}a dsanpglucling a8siikp This compoun

By AL RO CRET G su  o

effecte@frﬁ[ﬂﬂ(ﬁ}onl'@ GK€R4prEesslngtceH‘s (Stlffzim eheab 117@9 1Na2530ad Sci. USA,

1280:;
2001154823 26318 NechEhvky & ol Anipion oG8 i3 Hngdram: 2002
F., et al., Proc. Natl. Acad. Sci. USA5
46(5)%8%4?9 91, 2752 2756; Yarragam S., et al., Biochem

BiAIpHOLs. CRﬁBlCEﬂBO rrm]lated 1098CHs0?  also] Sghibits2 the entry of human

1mmv@ﬁg§.ﬁa dqlq%g; viliJgg‘cgpe 745—11\711\52%1'11‘{% ng EI }?As% %aijoun(% that AD101
1nh1bﬁ§ HIVJI eﬁ'rf lvia R6M8 madffde, C@RQW&%Q@H@%@S nSankmong the eight
Bi ochem stry, 1996, 35, 3362- 3367

rosidi rtbatydlffa' betweemiubimme ¢né masrauerTRIFIBNO Y theresyaeeptps, only one,

e H
methiZigecOR) tieshats oy I 1R Rl e Blagt RS T yTBRoh ) SCEH-C.
Positiod €08 G4 RITCRS e@ndrisabriaad(TM) héllx. 5 ﬁtd 1a|not logate@apithinvihd previously
1997, 185, 1959; Ger ard, C

defingd bipdingonie 929101 And SGHLC e Finbied Tescisa hﬁ?@aﬁgdsl 23,
and %%é HRE P hmid! %(ﬁ@% lés%ﬁﬁfdng e @'CT(S ‘i’t%%fs aRee dugdested that the

c rent mce (see Boring, L., ., Nature,
reg1oﬂ.9ﬂ&3CBSéheaB%1duKu]ﬂ8eba,n inlugnce e cathOrmatd@m;al skade [of this receptor.
4 12053; Kurihara, T., et al.

9
(Billigk e@!p‘zg%cf §A?Z§’91‘2g(g)lég 39)1757; Boring, L., et al., J
Gty JldlaﬂtYi?éahon ¥ Lompbilds #habbduleheRkicieity ¢ ehémosine receptors

are a known as coreceptors for viral entry | eading
represantya dedirablef drog idesigs approagh for dhe psedad dayelepmyent of pharmacologlcal
Rever tr ansc

agentﬁr%% gltﬁeétra?rg ?i §158?S§§S| %ocsa:tée(ggq onglgﬁﬁ&{lllﬁér gfcep 1oF Activity. The

componadEofhé ?fes@ﬂﬁmxfegtlb@nelp&hlfulhnmraaabﬂrer agelst s are
designed to bl ock. Although many new drugs that are
bel i eved to bl ock viral entry hold prom se, there is

QGTW ch H V-1 has not been able to
SU@&W? resis ancerItI tiple rounds of viral

r €phd Hrascnoinvatition gquideecompoupdnef Barendhk geneti c
diversity that forns the basis of registance.

Combi nation therapy in which replic ion is maximally
suppressed remains a cgknerstof tment with

entry inhibitors, asgm h othe a nt . The targeting
of multiple Qj

or pharmaceutically acceptable salts or prodrugs thereof, wherein constituent members are
provided herein.

The present invention further provides compositions comprising a compound of
Formula I and a pharmaceutically acceptable carrier.

The present invention further provides methods of modulating activity of a chemokine

receptor comprising contacting the chemokine receptor with a compound of Formula I,
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steps within the viral entry process is believed to

have the potential for synergy (Starr-Spires et al.,
w@kivs/obgain  Med., 2002, 22(3), 681.) HI V-1 entrBCT/ON8m05/022909

CD4(+) cells requires the sequential interactions of

the viral envel op | ycoprotein ith CD4 and a . .

cOPecREpEBt TS GENOTR G ORE PEH RS P AR Sl preOPe A pfociated with
expregg%?%r a@ti\quabllls%, Qh&?ﬁﬁﬂ pachiot o RIpRGKINGnipHstgPd@EiRBEring to the

i's to use small nol ecul e ahtagonists of coreceptor
patiefittantheiapeuticaie efféutive agonnt eadomposnd néFemwia hnt agoni st

of .CCRS5 that acts.t revent H V-1 i.nfectign,.TAK:77 .

ey PeR PRy metins o HSTELTY 4 GRicH i a patient

sion
15BNl OG K kd16hid Btidnd b ShedaiduBBalBf effdative hahntsfTaf @afpound of
°°m%| ycopr o?leien gpl 20 \?VI th CCRS%; The Igllf nding site for
FormTaL 779 on CCR5 is | ocated near the extracell ul ar

sulface of the rec VI A o LBy d : :
bet fie BFFSEH ol F A g%éh%ﬁ éfr%g\éélgég % @021%90 g’%uaa%%e@%grgelmc for ‘use in
theraBV. @l ., Proc. Natl. Acad. Sci. USA, 2000, 97(10),
639). The chenoki ne receptaors CXCR4 and CCR5.are .
beThea\psesento ipeentien dfuather Jrewdes o cempguid glegeribed “herein for the
1 - ' ] age-tropic (R5) H V-1
prepéé%%%%%?@%%éﬁifve f/ﬁ?%%&t ering their host cells.
Propagation of R5 strains of HV-1 on CD4 | ynphocytes
and _macr opha requi res expression of the CCR5
DET@JL@&B@F%‘%}%‘E%H surface. Individuals |acking
<(CCR5 Delta 32 honpbzygous genotype) are
enotypically normal and resistant to infection with
HI Thd preddnt aiventian grovidlas, berer alid. lsompaunsyofifpsmyla kir al
l'igands for CXCR4 (the CXC chenokine ggDF-1) and CCR5
(the CC chenoki nes RANTES, M P-1 al rgg and M P-1| beta).
The first non-peptidic jqqrrpoundot hat" Tyt eracts with

CCR5, and not with C is_a fluatBrngry amoni um
7 %Wals?b has potent but
Kty ercqg et al., Antivir.

derivative, called g8AK-
variable anti-HV _gct}
Chem Chenot her. OA, 12 Suppl. 1, 19. SCH C (SCH
351125) is anot herR% nol ecul e i nhibitor of H V-1
entry via the CCRS coreceptof. SCHC, an
oxi me- pi peridi ne conpound, is a specific CCR5

or planhagaticaly ascisstde siltseu provdrags thengpl wherediit or  bi ndi ng

and _si | transductian says. This conpound
sp%e’r‘slh%gfl?yldil S@Pt‘)?%%e@-%f’n nfecti on medi ated by CCR5
I N'Wks87 astroglioma cells but has no

Com

RA TB
/- N\ /
N —Q—E g_N\_|JN_§
(\_)TJ/ RM  or RET
V is N, NO or CR’;
Xis N, NO or CRZ;

Y is N, NO or CR’;

Z is N, NO or CR* wherein no more than one of V, X, Y and Z is NO;

RA, R*! RBand RB! are each, independently, H, OH, halo, Cy. alkyl, C1.¢ alkenyl, C16
alkynyl, Ci. haloalkyl, C,¢ alkoxy, Ci.¢ haloalkoxy, heterocyclyl, carbocyclyl, NRR?,
NR°CO,R"; NRICONRR™, NRI’SO,NR’R"?, NR*-80,-R"!, CN, CONR'’R", COR",
NO;, SR', SOR™, SO,R'Y; or SO,-NR'RY;

8
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effect on infection of CXCR4-expressing cells.

(Strizki et al, Proc. Natl. Acad. Sci. USA, 2001,
wW@3(08A)474112718 or Trenblay et al., Anti m crobi BCT/B§®N$/622909

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

chemcally related to SCH C, also inhibits the entr)i

oR s dlkvhuGodbiloaiksh Grehydraxyelh -(Cqaalkpl)-P-g alkyD, -(Co-s

h n . h n f A b byd1s 10 11
o [ OB SR, 4o PRUBTET GBI TS, O B s, cor”
cozmhbtcom?m”,t babedyshi, haﬁfddydfyl,t(gm NRUPREr NRHs@Ri’t NR'°COR",
umap and, macague yersions, of _the,co gptor, only
NRIO@Q@RB»‘@R%QQNRQ’ Cl}é’gl GLoRoudt GRT Br Q(Jr:@%i ﬁsensi tivity
ofp2mRe 5 6t.0. LRI ik - hd19.5¢ £ J 001 188, haloalkyl,
[ SB ?% ’%3 %}gﬁ{s rfag?‘l%r ahgfd%#%aeﬁg}ll’i x’1 51(1:’a1r11iﬁ> s (’:qaglt& 10?6 i O?O }1,2
Ci¢ dlReat, el yithlalkokie Cos etticalkeky, dR'TREI NRNGONY 5iNR €ONR R,
ADI O ,and SCH G i.Gh inyol ves residues in,TM hel i,ces
NR§ONR R’ ’andCHi?‘. '@@2& >0n g"?tﬁ’ﬁﬂ“@%ly& aFﬁ‘rﬁfﬁcyé’bde carbocyclyloxy,
Ly |, CORERCONR ' IRéS °,N@$ggﬂ‘§@0w&,tso RE; or SO,-
heter%ﬁ%%&%?l\fé&'ﬁ%ﬁ,near resi due 198 can influence the ’ ’
NR'“BYnf or mati onal state of this receptor. (Billick et
al7. 2004 J irol, .78 4134),. J dent jqfj '
o i b e P Bt iR B3 B RS e ER o halo, O
COH, PO KED bES £dIRoxgy; desi rabl e drug desi gn approach
for, the needed devel opment of pharnacol ogi cal agents
f ¥ is Kes elkexy.fenthaloplkexkdaseyclaakglon e P t h
cllgfni)k' ne receptor activity. The conpounds of the
present’invention help fulfill these and ot her needs.
SUNARYR ORareTtdich) MIEPERdENIYTHE @r.ealleylt haloy €ng allnxy, Ci.; haloalkoxy,
provi des conpounds. of E a lo: § . . .
Crs BisiatHete 6o CHPIOPSIeLp Ol b BRI OBPRE oclbBgein i e al i
optiomgf SR GRRAP WithUSH o RIFRE kebsBhRnR! QYdcHU BRI Bl T; Tk@xy, OH or
present 1 nvention further provides conpositions
CO,R¥nprising a conpound of Fornula | and a

phO%rIEmgfdJ f{b’ct%}gétﬁerav%ﬁﬁ %tleact:)a{r ot atom 5 which they are attached form a 3-7

membered spirocyclyl group;

RY is H, Ci.salkyl, benzyl, phenyl, or Cs.¢cycloalkyl, wherein said Ci. alkyl, benzyl,
phenyl, or Cs. cycloalkyl is optionally substituted with 1-3 selected from halo, OH, Ci
alkyl, C.3 haloalkyl, Cy.; alkoxy, C;.3 haloalkoxy, CO,H, and CO,-(Cy.6 alkyl);

RY is H, OH, Cys alkyl, Cy.¢ alkoxy, benzyl, phenyl, benzyloxy, phenyloxy, Cs.s
cycloalkyl or Cs¢ cycloalkyloxy, wherein said Ci¢ alkyl, C¢ alkoxy, benzyl, phenyl,
benzyloxy, phenyloxy, Cs.¢ cycloalkyl or Cs cycloalkyloxy, is optionally substituted with 1-
3 substituents selected from halo, OH, Cy.; alkyl, Cy.; alkoxy, CO,H, CO»~(Cy.6 alkyl) and
CF3;

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

pisOorl.

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

nmodul ating activity of a chenokine receptor conprising
w@omwbaetsng t he chenoki ne receptor with a conppCmtswhs/022909

Formula | .The present invention further provides

nmet hods of treating a di sease associ@ted Wi th

expression or activity of a chenokife receptor in a

patient conprising adnlnlsterkpg patient a

t herapeutically effecthe anmoyn a{conpound of
Formula | . The p mng#mf her provides
nmet hods of treatl cRPon in a patient
conpri sing adm rR ri g to said patient a

t herapeutically g¢ ve anmount of a conpound of
Formula |I. The present invention further provides a

conpound descri bed herein f use in therapy. The
or phiife&ftica é{ﬂ\.!l&régta% alt§ BP&Bdﬁ'}g@ﬂie@&ﬁ whé&empound
escri be In for the préeparation of a medi canent
f(mdmﬁmdlum1n&@mapyHOEWE¥ﬂbgﬂ§ DESCRI PTI ON Conpounds The
present invention provides, inter alia, conpound of

Fo*Miila | : | or pharmaceutically acceptable salts or
prodrugs thereof, wherein: a dashed R% ne indicates an
opti onal bond, VV|;. Vis N NO or ; Xis N NO or
CR2; Y is N, ~OK| 'Z|SN§N@JorNER§4; wherein no
nore than one o \ and Z is NGI-/RA RA1, RBand
RB1 are each i nd pé%w@entlyor H OH Ralo; Cl-6 al kyl,

Cl; 6 -al «C1-6 al kynyl, C1-6 hal oal kyl, C1-6
al%ﬁ&gs ﬁ@ al oal koxy, het erocyclyl, car bocycl yl, NR

10RiI2N, NO or CR

Z is N, NO or CR*: wherein no more than one of X, Y and Z is NO;

R4 RAL RBand RB! are each, independently, H, OH, halo, Cy.s alkyl, Cy.¢ alkenyl, C;.¢
alkynyl, Cy.¢ haloalkyl, Ci.¢ alkoxy, Ci.¢ haloalkoxy, heterocyclyl, carbocyclyl, NRIR™,
NRCO,R!; NR’CONRR'?, NR’SO,NR°R'?, NR!%-S0,-R"", CN, CONR'’R"?, CO,R",
NO,, SR', SOR?, SO,R™, or SO,-NR"R";

R! is C1. alkyl, C1.¢ haloalkyl, (Co.¢ alkyl)-O-(C.6 alkyl), (Co.¢ alkyl)-S-(C1.¢ alkyD),
(Co.6 alky])-(Cs.7 cycloalkyl)-(Co. alkyl), OH, OR™, SR', COR", CO,R", CONR'’R",
carbocyelyl, heterocyclyl, CN, NR'*R'2, NR'’SO,R'’, NR'’COR™®, NR'°CO,R ",
NR'’CONR'", CR*R!'CO;R" or CRR"OCOR";

R2 R}, R4, R and RS are each, independently, H, OH, halo, C;.¢ alkyl, Ci.¢ haloalkyl, -
C ¢ alkoxy, Ci.¢ haloalkoxy, Cy.¢ thioalkoxy, NRI°R'?, NR'*CO,R""; NR’CONR "R,
NR°SO,NRR?, NR'-S0,-R!!, heterocyclyl, carbocyclyl, carbocyclyloxy,
heterocyclyloxy, CN, NO,, COR'!, CONR'R'2, CO,R®, NO,, SR'’, SOR"’, SO,R"; or SO,-
NRIR™2

R7 is H or Ci.¢ alkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO,H, CO,-(Cy- alkyl), or Cy_3 alkoxy;

R? is Cy3 alkoxy, C1.3 haloalkoxy, Cs. cycloalkyloxy or OH;

RY isH;

R’ and R” are each, independently, H, C1.¢ alkyl, halo, C;.3 alkoxy, C.3 haloalkoxy,
Cs.¢ cycloalkyl, Cs.6 cycloalkyloxy, OH, CO,R'®, OCOR' , wherein said Ci.¢ alkyl is

10
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NR 10CO2R11; NR1IOCONR 10R12, NR1IOSO2NR10R12, NR10- Sq
2-Rp , CN, CONR 10R12 , CO2R10, N2, SR10, SOR 10,
wEEDR0731 or SO2- NR 10R12 ; Rl is Cl1-6 al kyl, Ql€BUS2005/022909
hal oal kyl, Cl-6 hydroxyal kyl, -(C0-6 al kyI) O(Cl 6
al kyl) (Q)6a|ky|)8—(C16aIk ?
opuoaallowujasteta@dmﬂy@nm|wp puly seoleet8§ﬁiéy el frw @Rl%kOXYsﬁfbor
Cco 10.COR11, CO2R10, CONR10OR12, carbocyclyl, heterocyclyl,
RN, NRIOR12, NRLOSCRR10, NRLOCORLO, NRLOCOZRIO
M?Iﬁ@wm 2togethbr O He@aRbA atvm ERIVBIRh 1YCRE BttachRd forRBs 3-7
R4 R5 and R6 are each, independently, H OH, halo,
memb,er%smmeyw ZPUB; hal oal kyl, Cl1-6 al koxy, Cl1-6

naj gl Koy aSh bl 9BLIE C.NBMIRIRy, WHREACRREL; oy, beny!,

phenylebeCopyycloplkyl saptionslty spbstitoted kmtlbe;sbbmyd from halo, OH, C.3

alkyl s eﬁa%‘f@{l?y'l y@gg{l@ Cg&%bau%g& é&ﬁmﬁﬁgﬁgci SAIRRLC,

orR'Cls §, ebkyl,. 691!&91 @@bl'k}éxy% %@ﬁiyltpﬂeogfl Bé/nz?{}o?(y, phenylox%f, Cisg

substituenfs sel ected
cycloalklyi/ b Cs- mycmllefl@lykwiayrelrﬁailckcczslalbylacko@éiﬁoxxsbelgzy phenyl,

al oal ko 6 ith 1-
v 8BRS o 8, iy
3 subslitaenty seledeBfrbal ladd, [AHLYC . GBed, CyadliaadykgD,HOB06-(Cy.¢ alkyl) and
cycl oal kyl oxy, OH, CO2R10, OCOR10 , wherein said Cl-6
CFs;al kyl is opt| onal |y substituted with one or nore

Cum e AL T i A EOC, ty, bomo

phenyhbr@s.§ dyejoatiryd isadttimakitdsubstituied vaitlv 1 Feriveted drom halo, OH Cis

I TR T N L TIN

3%{5}@ or Phenyl, or C3-6 cycloal kyl is optionally
Sstituted with 1-3 selected from hal o, OH C1-3

al lnysome@int®dina¢ss Wy , C1-3 al koxy, C1-3 hal oal koxy,
CO2H, and CO2- (Cl-6 alkyl); g&11 is H OH Cl 6 alkyl,

Cl- 6 al koxy, benzyl, phenyI/L .
-6 =N
(\_)_p/ RAT

In some embodiments, W is

RB
% /"l_\ §

\_l_/

RB'I

In some embodiments, V is CR’.
In some embodiments, X is CR%
In some embodiments, Y is CR®.
In some embodiments, Z is CR*
In some embodiments, X is N.
In some embodiments, Z is N.

In some embodiments, both X and Z are N.

11
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alkyl 2C kgalkengll Ci.s alkiyayly Cy.c elogke) Kyeal

cycl oal kyl or C3-6 cycl oal kyl oxy, wherein said Cl-6
al kyl, Cl-6 al koxy, benzyl, phenyl, benzyl oxy,

w@b@eapboxy, C3-6 cycloal kyl or C3-6 cycl oal kyl BXS1085/022909

optionally substituted with 1- 3 substituents sel ected
fromhalo, OH C1-3 alkyl, Cl:3 al koxy,, CO2H,
cmscqmembaqhny:nys rigl Y iRCRS ad 798 @R al kyl . benzyl

bE %ﬁxé egﬁg&%egts(:%@é,kﬁéb% oaflei % @%{2 %og tzlc%n 4l kyI

SURSbE vinbadinichty, Ao tosethas Red Vi, 30, had &, ar©N, 01 3
al kyl, Ci1-3_hal oal kyl, Cl-3.a

odp ppme eebedimentss aigeast RE Vs Xahfkox Zsa(r:qué 0 loﬁtgr%&
Pﬁﬁ‘ss&ﬂé gfn%g@%h%“ @w c%fh@ rx Py anlu%ea&e N &tﬁo alia,

npoun ~or fru or pharmaceutically
adﬁemhabinboémidnﬂs dbof pr, é{dPYugBd ZheNeof , wherein: a

dashed i i ndi cat naI bond Ws: Xis N

R GpmeRpBoniAatng ofgs, & omad 23 N "o or - R

WHR 6B eRBolits! RanR@n RPaid K@Yar@e&hzmda mntBAH lm;, halo, Ci.6
RBand RB1 are each, |nde endentli O—F hal o, -

XYoL 1. hhal%lkww

T 8 SRR ke b R SR sy, . OF o Cu

alko%OSOZNRlOMZ NR10- SO2- Ru , CN, CONR 10R12, CO2R10,

, SRI10 , SORIO , of, SCO2- NRLORL2 i
cingome kyrbodigents, Ra) B%Z Rypnd Rooar El Be%ﬂhkRgzk}d)‘f‘P@de@% Hor OH.

T e

or hefetdtiytyl. CONR 1OR12 car bocycl yl, heterocyclyl,

il SIS paa0 . Nocomo |
ﬁngﬁ%le%ﬁfi),oﬁ%ié}% r}}{i?%g}r)glmependent ly, H OH, hal o,
In some embodlments R® and R® s other than H.
In some embodiments, R® and R%is Ci4 haloalkyl.
In some embodiments, R®is Ci4 haloalkyl.
In some embodiments, R® is CF3.
In some embodiments, R’ is H.
In some embodiments, R® is Cy.3 alkoxy or Cy.3 haloalkoxy.
In some embodiments, R%is Ci.3 alkoxy.
In some embodiments, R® is methoxy.
In some embodiments, R® is ethoxy.
In some embodiments, R® and R” are both H.
In some embodiments, p is 0.

In some embodiments, p is 1.

In some embodiments, compounds of the invention have Formula Ia:

ol O

12
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C -6 al koxy, Cl-6 hal oal koxy, Cl-6 thioal koxy, NRLOR12
, NRLIOCO2R1 1; NRIOCONR1OR12, NR10SC2NR10R12 ,

WORDOA®D2: Rp , heterocyclyl, carbocyclyl, PCT/US2005/022909

car bocycl yl oxy, heterocyclyl oxy, CN, NO2, CORl1,
CONR1OR12 , CO2R10, NO2, SR10 , SOR10, SO2R10 ; or
S2- NRIOR12 ; R7 is Hor CR6 alkyl optionally
substituted by 1-3 substituents sel ected from hal o,
OH, CO2H, C2-(C 1-6 al kyl), or Cl1-3 al koxy; R8 is
Ciln 3ot k@bydinfshts3 chrapaaldk ok the ifSnGon haveodriplpbby Ioor Id:
CH R8' is H R9 and ﬁ9 areoeach i ndependently, H,
Cl1-6 al kyl, hal o, g:lRS al koxy, Cl-3 hal oal koxy, C3-6
cycl oal kyl, C3- Be cll\pg@ggyh] CO2R10, OCOR 10 ,
wherei n said CLF6vz opt i pnal I')?/‘\substltuted with
one or nore s

5 R°C1- 3 al koxy,
9 /and RO toget%err%vi tjthe car bon
atomto which they are attached forfa 3R nenber ed
spirocyclyl group; R10 is HI Cl-6 al kyl, benzyl,

phenyl, or C3-6 cycl oal kyl, %erel n sai d Cl-6 aI kyl ,
benzyl, phenyl, or C3-6 cycl oal kyl is optionally
substituted with 1-3 selected fromhalo, OH C1-3

al kyl, C1-3 hal oal ky®’, Cl 3 | koxy, C1-3 hal oal koxy,
C2H, and C2- (C}+8 ks H OH C1-6 al kyl,
Cl- 6 al koxy, beR R'bgnzyl oxy, phenyl oxy,
C3-6 cycl oal kym® -6 cycl odl vz ein said
Cl-6 al kyl, Clg Xy, benzyl’P phenyl|, benzyl oxy,
phenyl oxy, C3-6 cycloalkyl or C3-6 c)§re(| Oahkyl oxy, is
optionally substituted with_1- 3 substituents sel ected
fromhalo, OH Ci1-3 alkyl, -3 al koxy, CO2H,
C2-(Cl-6 alkyl) and CF3; R12 is H, Cl-6 alkyl,

benzyl, phenyl, or C3-6 cycl oal kyl, wherein said Cl-6
al kyl, benzyl, phenylk7 or u’ cycl oal kyl is

opt i onal | y subst [ IR§t el ected from hal o,

OH, C1-3 alkyl, |,Nc 3 al koxy, CI-3

hal oal koxy, nd CO2 (Cl 6 ~al ) .z aneP

, ’
R¥0 X~I

Y~ RS

Id.

In some embodiments, compounds of the invention have Formula Ie or If:
o

\/ \r
L I

Ie

R7 0]

R8 |\
SeRule
R® K/N
RY O

If.
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enbodi nents, Wis In sone enbodiments, Vis CR. In
wa@ows/oetthbdi nents, X is CR2. I n sone enbodi menPGI/UN2005022909

CR3. In sone enmbodinents, Zis CR4. |In sone

embodi nents, X is N In some enbodinents, Zis N In

sone enbodi ments both X and Z are N. I n sone

D R e

In some enbodi ments, no nore t&Bm 2 of V, X Y,
and Z are N. In sone errbodi ment.s, | east 2 of V, X

Y, and Z are other than N or ) slomre enbodi nent s,
none of V, X, Y, agmdR Vl)l(g\xl’ﬁ sonme

enbodi nents, 1 of % Y, dﬂZ is N. In sone
enbodi nents, 2 of Xy Y, and Z are N. I n sone
_errbodi ments, RA, RA2~RBand RB1 are each,

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

Cl1-6 al kynyl, Ci1-6 hal oal kyI Ci1-6 al koxy, or Cl-6
hal oal koxy. In some enbodi Ménts, RA, RAl, RBand RB1

> i Soine hmpoé‘ﬂgﬁ%”gﬁﬁ%%g Bkthggi aFléHgg%eql'&%Ya Thlgp 180N

i ndependently, H or OH InorreR@nbodl ments, Rl is
Clli(Glgalkyl,hCl-F@m%/cq g /\/(CO6aIkyI) O(C16
al kyl), or eterpﬁcy 1 embodi rent s, i's
Cl-6 al kyl . RS\\/TE nJ% &'E

0 RB! ]/
Y
 Re R®
R1
RA1

Ii.

2T

>

At various places in the present specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is specifically intended that the invention
include each and every individual subcombination of the members of such groups and ranges.
For example, the term “Cy.¢ alkyl” is specifically intended to individually disclose methyl,
ethyl, C; alkyl, Cs4 alkyl, Cs alkyl, and Cg alkyl.

For compounds of the invention in which a variable appears more than once, each
variable can be a different moiety selected from the Markush group defining the variable. For
example, where a structure is described having two R groups that are simultaneously present
on the same compound; the two R groups can represent different moieties selected from the
Markush group defined for R.

It is further appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, can also be provided in combination in a

single embodiment. Conversely, various features of the invention which are, for brevity,
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In sone enbodi nents, RL is prop-2-yl. In sone

enbodi nents, R5 and R6 is other than H In sone
werwoedi4ment s, RS and R6 is Cl-4 hal oal kyl. | n BONES2005/022909

enbodi nents, Ris Cl-4 haloal kyl. In sone enbodi nents,

R6 is CF3. In sonme enbodinents, R7 is H In

doscriber oulimosnge LR 4 St egbaiesny, sh A be REvHieksRyatepnor in any

nents, Ris Cl-3 al koxy. In sone
Sultabj%nlgb&f)%malonl? i s net hoxy. In sone enbodi ments, Ris

etA¥ouded Hefeif Ot 1@ alkyit i smeafStoarefer RS aasaeurhted Ihy&tocanbon group
sonme enbodiments, p.i

i S i i o SR ST Tl b e,

pop 05 Bk BRSO, FIPIITERb ) SRR a0l By . o
pentygribetntyd nicopephpandnitis lik. tArealkyl groupean h:an@m:fjpmul g) about 20,
from prip ahestci el oAt SOMLEEM 1 G0 Spoptdo ROt b AL G om 1 (o abou
4, or ﬁgfﬁppmupj cdB6n kRNt i on have Fornula Ih or li: Ii.
At various places i n t he present specification,
s thstset] hereirg “alkylsoerstarsto zodlvah@t alkyl group.

As used herein, “Cy.4 alkylene” refers to an alkylene group 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 CF3, CoFs, CHF, CCl3, 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,
phenanthrenyl, indanyl, indenyl, and the like. In some embodiments, aryl groups have from 6
to about 20 carbon atoms.

As used herein, “carbocyclyl” groups are saturated (i.e., containing no double or triple
bonds) or unsaturated (i.e., containing one or more double or triple bonds) cyclic hydrocarbon
moieties. Carbocyclyl groups can be mono- , poly- (e.g., 2, 3 or 4 fused rings). Example
carbocyclyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclopentenyl, 1,3-cyclopentadienyl, cyclohexenyl, norbornyl, norpinyl, norcarnyl,
adamantyl, phenyl, and the like. Carbocyclyl groups can be aromatic (e.g., “aryl”) or non-
aromatic (e.g., “cycloalkyl”). In some embodiments, carbocyclyl groups can have from about
3 to about 30 carbon atoms, about 3 to about 20, about 3 to about 10, or about 3 to about 7
ring-forming carbon atoms.

As used herein, “cycloalkyl” refers to non-aromatic carbocycles including cyclized
alkyl, alkenyl, and alkynyl 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
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invention are disclosed in groups or in ranges. It is
specifically intended that the invention include each
w@anwemwsny i ndi vi dual subconbi nati on of the nePdEDS200$/022909

such groups and ranges. For exanple, the term"Cl-6

al kyl" is specifically intended to individu?lly
groupdiisdtidsseychasrompil, cystabyiyl, eslopertyl, cyelaheilygyclabspiyl. igyplopentenyl,

nd aE , L vV [ i j1C

eyelofoa i Heragieait, ERTRRPNTGRY, dobborklh RO, cPebiyts ety
and tielile. Nifd ReRided imihetdefinioactf egiclbaloph arb endidtieds ubdt hgvoape or more

o L I 0L o 8 AR S BB LS e,
benzcééléﬂ“aﬁ@&%hﬁén&ggﬁﬁﬁ& HeRardeN 8n P BRBIKE OFRSHREM BB ML) chcloalkyl

roups can-represent differéent noieties selected from .
grougtshoan Mavk fisin gisamt 3 tdefbowet, fabputFd td abdug 19uer #hout 3 to about 7 ring-

appreci ated that certai,n features, o he i nyention,
formigfcemon Aoy of serg S Rt s oRho] REuRHE B G 2.3, 4 or S
doubRER Ak BRI Odli yeB Airfher 6@BodineAtsDendsraMbathg-fdrmaing carbon atoms
conbination in’a single enbodi nent. Conversely,
ofa ogaluoalkuhgrbeamn bassubbtitutes hyraneaxoi s suliidoiowr e, for
revit v, described in.the G £ [
erésoa? oty a}he%egf)%l 1e%|5r ggtlglg)égdg e 6§F§tt§?‘iy§dgrﬂ ated Ognlilnsaturated
cycli® %F'E@Fliﬂboﬁwﬁfb@a’ﬂidiﬁt d)roifihore%f e dnpdomiing caitent atoms of the cyclic
"alkyl" is neant to refer to a saturated dr ocar.bon
hydrogadhop inmeripcedsbys g rhé’Fe&PﬂtQIE IFaFh ey Cbrslf kﬂréﬁc ‘?m@!f"iwgups can be
L Kyl o O | 3 : ) »
o AR 545 R A0 SR, B Ot o
can aBobubrydspond biot Ylydirogpeated/ | ande partiallyp bpdrppenaiteslo grstergdryl - groups.
neopentyl ), and the |like. An alkyl group c cont.ain . .
Hete P LB LBBRCIE RSP VAl £ 2B TR an 3§ gioed sings) ring
systeAROWetetoyciyl %FBL%)S toh BOracBerizell @9 hdvih® 3 ABWH3-PringFSrhidg atoms.
to about "4,” or from1l to about 3 carbon atons, As used
In sémee e¢mbodimbity) datetooyelybrgours ganli eoataimt im| gditiogr dumt least one

used herej " C2- 4, al kylene; r I
e R AL Lp 5% L ISHERShelELER g2 0 3ghon woms
and dagmeiaftached!th@yh a cafo@ragorh Or Aeteatonh. Igfotigeriembodgnans any ring-

or nore doubl e carboncarbgon bonds. Exanpl e aIFSnyI )
formingnaphen; as dieteaeatemitan e ,oxﬁiﬁgéﬁﬂ,’hag? an §Ke Kb ﬁlg} 1do Spbstituent), or a

nitroéé}leaﬂohlkgan be quaternized. Examples of heterocyclyl groups include morpholino,

thiomorpholino, piperazinyl, tetrahydrofuranyl, tetrahydrothienyl, 2,3-dihydrobenzofuryl,
1,3-benzodioxole,  benzo-1,4-dioxane,  piperidinyl,  pyrrolidinyl,  isoxazolidinyl,
isothiazolidinyl, pyrazolidinyl, oxazolidinyl, thiazolidinyl, imidazolidinyl, and the like, as
well as any of the groups listed below for “heteroaryl” and “heterocycloalkyl.” Further
example heterocycles include pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, 3,6-
dihydropyridyl, 1,2,3,6-tetrahydropyridyl, 1,2,5,6-tetrahydropyridyl, piperidonyl, 4-
piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl,
pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl,  pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thia-diazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-
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As used herein, "alkynyl" refers to an al kyl group

havi ng one or nore triple carboncarbon bonds. Exanple
wabdoglgd74gr oups i ncl ude et hynyl , propynyl , andr€®S2005/022909

i ke. As used herein, "haloal kyl" refers to an al kyl

oup having one or nore hal ogen substjtu nts
winzchul) SR AZEBbL ST Heralte 1 NEDISY, e R g gnolinyL
oxad%oﬁjg Cyé%o%irlﬁaéo }he 1 ?% &%ﬁﬁzgﬁ[ ei 1n2 5 ﬁﬁ&lhzolfflef qr354 BQadlazolyl
oxazdlidigs) omollyﬁtdxazd‘lyﬁh}a Cqtitaningy qimnahnyl;‘ ‘ﬁﬂ qtal«wﬂnpine'l qu1noxa11ny1

Ny LN TN T R TN
thlopﬂérgrg,psbe Car%lgp mb@nitﬁiaﬁﬁ?lm bétGRoBRIN l%h@t'éfrazo?ﬁ UB&fisoxazolyl,

éycl'yl™ grolps are saturated (i.e
benzisathtaablyl, n gemndiamiirafl,o methylenedidxyplbisyl,o mayphalinyhanaphthyridinyl,

T

furaz carbd%@iyl’ AaBl-Ehrbazdlyl 3 Qfbdtinkl)s @Broangk ) chlﬁmﬁiﬁpl e cinnolinyl,
carb gr oups i ncl’ude gyclo propyl, cycl obuty

1m1dazphdmpé nmdazobyyj, ohdstazolylcy mﬁ@@lxll in @qyépépf{oélﬁyj 1ndohzmy1
indorf, S5 o LRGSO s DR iy, i,

isoquisd1ROL ys‘dthrihzcgylmmﬁiscﬁ@ﬂolbﬁ F&f’thémd)dampdes o. hﬁtef(myy]eﬁ )nodude azetidin-
nonaf onmat i ¢

| oal kyl ") .
1-y1, 30 BowrOr Yi-piale L. caper e T BIPEEaI B PYEOR o Bgauinol-2
QN 1a t 2.
. R4 B0 At 10, B0 R0 DO 13 4 i
yl, As mmd[mmhjymm-éyhl oal 13y4,10,1 ed-tatishydsoridhpynazimat li,2-alindol-2-yl,
1

r cl e ncl uydi 1 l k
AR BT 2B oL i EE YR epen-
1-yl, Pol y104/ §'6Ltetr£1{%/d90 PHEHF]isbquihofih-Hylf used 442!1516)1 0bihegahydro-2H-
y errs as wel as spirorin st ens. Exa

benz«z[yhd;ocolamoyn@rﬁu ps 3,3'@8;8@@@}@@3@;3 yaza-cfyyl@p@ﬁ@&aynden—%yl and

y¢l oheptyl, cycl opentenyl,
234C7y,[€ gﬁ%ﬁ%ﬁkﬂ ~aze %fé’ﬁé'%éj&nglng'l cycl ohept atrienyl,
nOAP Qﬁd&/herelﬁoﬂﬁﬂtﬁbhryl’ﬂgﬂ’o@pi fafér, tocdhadraiayit he‘artd:yt:ladlaving at least

like. Also included in the deflnltlon of cycl oa
ome BtesoHEMERRCTTRAT SiFie VHHEE, SRR & TSP Hete gt groups inchude

monc(c&%ﬁ(g al‘IE y;Fal%gc;Jaﬁc\! '(E%r ah% I2I R GPAMRAReMAdYy) sPstEB€ Examples of

I'ng,
heteroaryl groups include without limitation, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,

triazinyl, furyl (furanyl), quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrryl,
oxazolyl, benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl,
indazolyl, 1,2,4-thiadiazolyl, isothiazolyl, benzothienyl, purinyl, carbazolyl, benzimidazolyl,
indolinyl, and the like. In some embodiments, the heteroaryl group has from 1 to about 20
carbon atoms, and in further embodiments from about 3 to about 20 carbon atoms. In some
embodiments, the heteroaryl group contains 3 to about 14, 3 to about 7, or 5 to 6 ring-forming
atoms. In some embodiments, the heteroaryl group has 1 to about 4, 1 to about 3, or 1 to 2
heteroatoms.

As used herein, “heterocycloalkyl” refers to non-aromatic heterocycles including
cyclized alkyl, alkenyl, and alkynyl groups where one or more of the ring-forming carbon
atoms is replaced by a heteroatom such as an O, N, or S atom. Example “heterocycloalkyl”

groups  include  morpholino,  thiomorpholino,  piperazinyl,  tetrahydrofuranyl,
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benzo derivatives of pentane, pentene, hexane, and the
like. I'n some enbodi nents, cycl oal kyl groups can have

wo e@aeseut 3 to about 10, about 3 to about 10PCDDS2005/022909
about 3 to about 7 ringform ng carbon atons. In sone
enbodi nents, the cycl oal kyl group can have

o 1 2 3 .
tetrahgdithisnydo2Btdhystrobenzefueylb dideenzodioxele, bapzpHed-dioxane, piperidinyl,

bodi nent s,..one or [ e i mng- ' C 0f 13 d;
roroRERGE) TR GPD, IR AR SLRA i
imidas®hidih@0 af SiéfikeARldosiaclublet &i the defiitienafheteydcyclonlkyl are moieties

"heterocycle"” refers, to a saturated or ungaturat ed . h
that heye |dne dryEescHPBGHC Wies dPtedoi&-» d1avingr & bgpd iy gommon with) to the

LA ! ) . i . nzo
nonar%'m%ﬁg Cg%%g%éﬁﬁg{ﬂg? 2} O%nﬁ%%tﬁ}ﬁha‘}i)ﬁﬁh c o?%ﬁ&ﬁtﬁﬁ{ AN drdl be

rep oatom's as O S, )
derivitiice of Gyetoclclgs sughsasciadolore andivatnidolepe ggoups. In some embodiments,
"het eroa

the hetﬁ@t;gql%g%l: %‘é&‘l‘ﬂ?{}é}sn onrﬁ aégggt%{ll;?&( %%F%‘,r a&ﬁlag, aélgﬁn gﬁnglber embodiments
from %Béﬁtejs%oﬂﬁ)& 00 RuHoRGENA. eth itk BAbbdialehis, ﬂ%ﬁ[dﬂﬁ@?gﬂ&iﬂ(yl group

heteroaryl groups. Heterocyclyl groups can inclu )
contaimsrioto aboutpll, Pdy ebous 7 er §iq 6 Wagifpuning apmes: 1y spigegbodiments, the

ri ngs i ng syst . .Hererocycl.yl r S, C
neter Rl gL R A 5 56ChMs 9 A hllcoms. T some
embodlRéHs, tHe HeRFocsblbaltyBibsy dvatdiodyadyd @ublpsondn In some
contain, in addition to at | east one hetero,a[om from

embodiroents, the keterpenrloalle)l g roninsd Brbdqubloor iplehagds: 2
t o, ab 7. carhb ) c t -
SO0, T T, O, P g o >
meml(Sérékgf Béteiovgclealkdorgroup hebhengaomm atem bveittoxa dfiziber cycloalkyl or
e.g., have an 0xqQ or sulfido substituent), or a
hetef?ﬁth?Q?H@h SEQUBIP E‘g]#?ﬁé_lscf\ﬁté?@dni zed. Exanpl es of
P ﬁz&@ﬁé&ﬁ%}%k‘%ﬂ, 1518 BS R AN el 8 e IRIeP AAbidNBhloro, bromo, and iodo.

i onor phol'i'no, piperazinyl, tetrahydrofuranyl, )
t eAs adeydentihi“elkpky” ®f@s th dry«P-elkehgofpr Fkample alkoxy groups include
1, 3-henzodi oxol e, benzo- 1, 4-.di oxane iperid nyl .
et B HGPOI0] G5B PRI STHR T kBT R ghd Mt
PYA £8RUiIHdEMY 1“thi QMRS irelfetyto ant 8L Ak drélipny |
i mdazolidinyl, and the like, as well as any of the
graupssed i arei, Fhploalkpsy” Tefetseitdany HO-baleplkyl group.  An example

"het erocycl kyl ." Further exanple heterocycles
haloail]ﬁo@(lyug&%u%&?r@%i nyl, phenanthridinyl, phenanthrolinyl,
phg§agdmgtein, Pogboéulyatyikferploer®eabbeychyl!

oty e P IS SEb g, P T
1, Rs R Heftlit, 26 QRYVIAEY ] re R PSR SYbstin Bl BREArBE Ly,

As used herein, “aralkyl” or “arylalkyl” refers to an alkyl group substituted by an aryl
group.

As used herein, “cycloalkylalkyl” refers to an alkyl group substituted by an cycloalkyl
group.

As used herein, “heterocyclylalkyl” refers to an alkyl moiety substituted by a
heterocarbocyclyl group. Example heterocyclylalkyl groups include “heteroarylalkyl” (alkyl
substituted by heteroaryl) and “heterocycloalkylalkyl” (alkyl substituted by
heterocycloalkyl). In some embodiments, heterocyclylalkyl groups have from 3 to 24 carbon
atoms in addition to at least one ring-forming heteroatom.

As used herein “oxo” refers to =0.
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pi peronyl, pteridinyl, purinyl, pyranyl, pyrazinyl,

pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
wWegnsdooxazol e, pyridoi m dazol e, pyridothi azol BCT/US2005/022909

pyrld:nylI pyridyl, pyrimdinyl, pyrrolidinyl,

pyrroliny ZFprrronI pyrronI tetrahydrofuran

t dthe a¢oyepainds qleshited nlwrelnt @ﬁlr h*hfdylaa\?##o (§-By | having ¥n¢ or more

tetra
stereotcmtgrgf éilg Ft’efe%i_s"fhifgs’ gltu{] az gcﬁﬁef}ll Iaxid éra%&féﬁlm grzeoln§/ended unless
otherwis@, ﬂadtc}ateadlcaﬁmbcyhlds tdfi ﬂiet bfeeemtl invehticaw ohat| contztmewmmetrlcally

t hi enot hi l'yl, thi
substifpd ﬁﬁ@ﬁlg faa%o%psr pgkp%;q%na(%# azmt{cia}lgtflg’%n{eﬁn 8} ge}cgl%%cof(}/rms. Methods on

how tl) P Sart o fEYa, 1V(]: 8 FrbmBFRichlly adtivd: darkih 3db¥dls are known in
ot ah |

eny ahydr o-1 soqui nol i nyl, oxadi azol yl,
the aft Quc]i— a:sx‘a}d irespbitiph, of1ra@emicoxdiray @r>b|y stereoselective synthesis. Many

5- oxadi 3, 4: d
geomg‘qlgzléppyprs Q)ta élghf\fq 0(; ?_]%d’ou‘ﬁ]% éllgg,lz?o *h lgi?aﬁagq: alﬁé %\él present in the
compBthdduiiddelibdd Rtbin, QHE REXdlch Nydble SHakibae htedd:dﬁstémplated in the present
acrl di nyl, azoci nyl, benzim dazolyl, benzofuranyl,
inventiemzGishangf ’umrx;ngdomebw zsgmrso@ﬂﬁ‘@qe}yqomp@@ﬁg}so b s gqesent invention are

descrg)gﬁ 2p i}%ﬁ%g?{iﬂlatei ¢ t r ' : ééflzlsoqn?ei?p 51{) etnsrgﬁgrgﬁg 1sqmer1;: forms.

MR RYEBL S @aemlitemyiuuemf adsmpmmyils camB@birkiyd odi by hny of numerous
deca- hydroqui nol i nyl, 2H, 6H |

dj t |
methlisiaongt O Op 215, B eEmAIe BRI [Hcagﬁgwﬁ rbepysialiggion using &
“chlrglafeggl%ﬂ{%y L1C1d’4%?}§r1? %%ﬁf cgllg a{cﬁ% ' Mtl fonﬁ fidg Hi%‘&i:ﬁ'c, acid. Suitable
di'nyl azol i nyl
resolvifig cigemtk yfbr fﬂabhcbrraﬁ amygtzhlhzatwdohetﬂlyﬂs afen d@tj gxanple, optically active

acs] S5Bifp GHabyin Ty COT AL 1 it R T s Gy araric acid

mandeﬁ@%‘sldn Rali Pﬂcld gk HeRZ & e vaRdud spitaanelactive E&kﬁplﬁtﬁﬁulfomc acids
exanpl és of heferocycles include azetidin- 1-yl

such s B-dinipyxdrsu}fblh:ie pyidr Olthdr rgdo]ving p@m&qmltab]eyﬂor frag‘uonal crystallization
pi perazin-1-y pyrrolidin-1-yl, i
meth@c}q'ling],uﬁe gtequsoglegg%ﬁyr%ia é?ﬂ;}sl l%mets}y;ﬂ)enzﬁamme (e g., S and R forms,
n h -
&?&er?%lﬁérﬁ%a?lg %JT p'féfllm §pﬂ71%1%1§&ﬁé! y%gé%tﬁée(??lael ggﬁ‘ée_drme N
methylldpmdrmz; m[oh]:xﬁem}llandmé -12—§hlam1nocyclohexane and the like

4.4a,5, 6-h hyd
pylf‘%?? uﬁ]gmo gacg%(g Y %ﬁ %%n 3]%' Bca %%&186 thg&%*lon ol a%lolumn packed
with :lln %pécaqrgt a?cttﬁ/@ ri'é’s‘?i&[xf?ngz bbde (@ghﬁﬂh@&%ﬂkéﬂbhéﬁy@%lm) Suitable elution
Ob- hexahydr o- 2Hbenzo [f]i soqui noli n-3-yl,
solveat @mmsqsaam cambg ligtroint by -oag skitlyd insihe 8tta[ a)
2,3.4, 7-tetr. ah
BQTE&?I Ota,glg, Tyt Ay, it ]fY1et gardé%%@ﬁce %ﬁ%"l pg{JCh e jeeto-enol
tautobferdnN aromati c heterocycl e haV|ng at | east

Compounds of the invention can also include all isotopes of atoms occurring in the
intermediates or final compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. For example, isotopes of hydrogen include tritium and
deuterium.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of human beings and
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one heteroatomring nmenber such as sulfur, oxygen, or
nitrogen. Heteroaryl groups include nonocyclic and
w@oiogoywhi c (e.g., having 2, 3 or 4 fused ri ngBQT/US2005/022909
systenms. Exanpl es of heteroaryl groups include without
limtation, pyridyl, pyrimdinyl, pyrazinyl
animgdy r wiflonit ngtcessive at@mnw itigatipn, (ailerga%wewonq%. AB| §ther problem or

compb%%} i ’nol %gg%ﬁr{}' SV reh ngﬂ%%%éﬁt/rfsﬁﬁfoo' yl, indolyl,

; enzorury enzo
berket hraaes yﬂlventlsﬂxélz@ Mbl.udasy rlmanh@deutlctaﬂlyaaodepta,ble salts of the
tetrazolyl, | ndazol yl, 1,2, 4- tBl adi azol "
comppg@dshdﬁg@bgﬂ eTBiBA 25t qtﬁe@ }reln,pl}j) pq;mce {lg a?ff)‘frﬂ}fl‘ble salts" refers to

derlvgcﬁgzg & dazal int osed Qg&?bﬂﬂds’ whBid e | ai‘e%t doth f)%ﬁﬂ@ is modified by

di ment s roaryl group has from1 to about
onvé?:ﬁng anhmstmgmmi onhakei mofetM tohts satrifadi. rféml”&)ltfsr ofhphasmaeeutically
bqut, 20 car bon g n. So

cccerRe ORI G E gt HHES 1BngL o ST O el S s residues

such 95 amidél; §lk511%9 Jré’e[rﬁ@ E‘Qtsaéfoa[&dw E&l&ﬁ%uﬁﬂbﬁdaﬂ%‘ﬂ}tlﬁ; adidlf,‘ and the
heteroaryl group has to about 4, 1 to about_ 3, 1

like. The ﬁhdmtaeemmaﬂyraccembmbﬁs kEthsi mesenhgrvgmgzgy@pblgp pglgq oonventional

- t h
o e BRGS0 Tt o
exam®le, {dgh hoP@xiCMblgasicCrioBghi Pdcds The phz&ﬂiaaetﬁd:aby aeceptable salts of

ef eroatom such as an O, N, or S atom
the prelyentanveaiion ean h@,sy-nt}@qsggé ﬁoph@p @a@nmwnﬁﬁgnch contains a basic or
a01d1% gl%oci)e f h0| lvgﬁ)ti 11%1 ?ﬁe{n‘ﬁ% ln%letho n]erally, such salts can be prepared by

r OF U any r ot
reactibg3hél ﬁ’ey deidhe vasd formk of iheSe b@npmdldsmthea stoichiometric amount of the
benzo: |, 4- di oxane, piper.idin

di
B T T T
gene zzl%d&ﬁ‘h&%ls méd dﬁffoe}th&' 841 ackited @ﬁlﬁhd)ldisﬁidﬂopalﬁﬂ dortdeetonitrile are

so I nclu the'definition of
prefeheﬂ eImstsyxflsumulq baltsrage froindtin @emingian hBhermaseutinal Sejerces, 17th ed.,

viac SRR el 5 5, o5 RS Plarmacia

Sczerfcé a8 b g 191 harlch BF Ghlich 18 aebigdadtedrheiin, by&Bﬂ:rebﬁB ZlDlts entirety.
erlvatlves of heterocycles such as_indol ene, and

i sBhanpreban dnvgntion also [ipcladnseredrBguphibs cempopeds described herein. As
s ST UL Y S T 8 PRSP 3E08 e aive

parerﬁbdmg "A’rﬁerlp aﬂ%i’%ﬁlstafednm al mamontiae mbb}écméfrbdl;ugs foan be prepared by
gt er ocycl oa ro nt
modiA¥ag tfun;c¥103@l go%}g,s ]%eﬁel i rq%lfr{]péugc}sglglss%g]i? ﬁt\g%ﬁ%lat the Todifications

e GRS, SIS B 0 0 i s
include compounds wherein hydroxyl, amino, sulfhydryl, or carboxyl groups are bonded to
any group that, when administered to a mammalian subject, cleaves to form a free hydroxyl,
amino, sulfhydryl, or carboxyl group respectively. Examples of prodrugs include, but are not
limited to, acetate, formate and benzoate derivatives of alcohol and amine functional groups
in the compounds of the invention. Preparation and use of prodrugs is discussed in T. Higuchi
and V. Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S. Symposium
Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American

Pharmaceutical Association and Pergamon Press, 1987, both of which are hereby

incorporated by reference in their entirety.
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enbodi nents, the heterocycl oal kyl group contains 0 to
3 doubl e bonds. hi sone enbodi nents, the
whedoenorycl| oal kyl group contains 0 to 2 doubl eP@F/US2005/022909

triple bonds. As used herein, "spirocyclyl" refers to

a 3-14 nmenbered cycl oal kyl or 3-14 nmenbered

het erocycl oal kyl group sharing one atomwi th a further

cycl oal kyl or heterocycl oal kyl group to which it is

attached. As used herein, "hal o" or "hal ogen"” includes
ynﬂﬁhyoro chloro, brono, and iodo. As used herein,

g?(lagggoxlndé E% gé;ﬁé’gw&aﬁr;‘y _lr%@lhgg;?a r oug@ ??Ig{)@o%vgtlesk i e¥eof can be
prepatredo lés%{f%?%cl)vgl? gr%aﬁ%psgfi@%ﬁwgecrhfé eZF,gS Qx%%lyo caél‘;’]%_ ghgﬁm?é&( g?cgﬁgng to any

ofnuﬂ&rdiﬁ@dsdﬁlﬁleeyrﬁhendmhml koxy" refers to an - O hal oal kyl
group. An e

| e hal oal kox OCE3., As
hethe rﬁactloea?%g’éemrw&wm%? e Brvegi b BrRE S suitae
solve%ts%% Be reality L&@ét&yﬁf&y oﬂ' s%lﬂrﬁth%%rt'@cﬁgeﬁﬁ@@rkhésm Suitable
erei n, ™carbocyclylalkyl" refers to al ky
solveatshsan tbﬂ esdbsbgnttaﬂybnclgrcaqﬂve withy ged stasting rmateraaﬂm @gﬁctants) the

e Vot UGBt aPe o Yoy BB, LRt e,
tempE@hiRésSwhieh 3Bn ?dr% ¥ fropd ﬂié%oﬁvléﬁﬁst frédﬁrtgdte eﬁt’ure yetheabloght's boiling
group. As used herein, "heterocyclyl al " refers_to

tempenatuag-ky given |r@qcyog s be earriediowyin Ane 9 é?l‘é@é pEwiyee f more than one
solve:%l{1 3?%)}68(5)}(1% n‘ﬁl t%/ P&ﬁ?{ﬂ%ﬁ %lct\fé)rg Ltﬁf . ?25@9 %élv!ﬁfeﬁ% lefylgg Ipy]l'tscular reaction

mepéwybeshﬁk@ﬂocycloalkyIaIkyI (al kyl substituted by
enbodi.nent s,

het er ocycl oal kyl In s .
hREPEEHR VO aICRV‘IPOEJIPQ:?uﬁg v RO 354 1BYPIEG, g protection and
depr(ﬁ&?ﬂﬁ el Eh&ﬂlc%]o% %é 98 tneBd $or' ffn@&bﬁ@ﬁ Hhd'de T%rotecnon and the

eroatom As use 0X0' ers to =
selectionpdapydeprites protdmeldg tweoupis waic hey rdadllmslyminﬁd by (oex@ gkilled in the art.

The ¢ ae\l{l‘lllgt y 8 Sro?ectlrr{g 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.

Reactions can be monitored according to any suitable method known in the art. For
example, product formation can be monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (€.g., 1 or *C) infrared spectroscopy, spectrophotometry
(e.g., UV-visible), or mass spectrometry, or by chromatography such as high performance
liquid chromatography (HPLC) or thin layer chromatography.

Examplary synthetic routes to compounds of the invention are provided in Schemes 1-
13 below, where constituent members of the depicted formulae are defined herein.

3-Aminopentanecarboxylic acids of formula 1-5 can be prepared using the protocol
described in Scheme 1. The commercially available carboxylic acid 1-1 can be converted to
an ester such as a methyl ester by treatment with iodomethane/potassium carbonate in DMF.
The resulting ester 1-2 can be subjected to an alkylation with a halide such as an iodide R'D
using a base such as lithium hexamethyldisilazide (LHMDS) to provide the alkylated product
1-3 as a mixture of cis and trans diastereomers (4:1 ratio). The minor trans diastereomer can

be removed by crystallization following hydrolysis of the ester to an acid. The resulting
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10

stereocenters). Al stereoisonmers, such as enantioners
and di astereoners, are intended unless otherw se
w0 pabsoet7ed. Conpounds of the present inventi onP@TTES2005/022909
contain asymmetrically substituted carbon atonms can be
isolated in optically active or racemc forns. Methods
enantimputeoavid d-praphe subiptipd & pyhydeagenaiononsiag f icafplyst such as "Pd-C to
ticall rit ng materials are known in the
afforcg Sa%lrat‘%d &%%yﬁféélgllu jon of racenic mixtures or by
stereosel ective synthesis. Many geonetric isoners of
ol efins, C=N double bondg and he |i ke can al so be
present in the conmpounds 8@ ed herein, and all
such stable isoners are contenplated in the present
invention. Cs and trans geonetric isqyers of the

conpounds @f the t |nvent|on are descrlb

%%@ra |sonen(:ﬁmpns Resolutl of racenlc R

m xtures, of conpounds can be carriyed out by any of

nuner ous! met hods known in the art. An exanpl e net hod

i ncludes fractional recrystallizaion using a "chira

resol ving acid" which is an optically active,

salt-form ng organic acid. Suitable resolving agents

for fractidhal recrystallization net hod® are, for

exanpl e I | yLi@tWNeH aci ds, g)gle Bgla’mt:/EtOH
§ ¢ ag |,_§ (gllaceBWH € arf

tartaric acid,>nandelic aci\, lic aC|d,

|l acticiacid or the various opticallyactive

canmphor sul foni ¢ aci ds such as b-canphorsul foni c acid.

O her resolving agents suitable for fractional

crystal lization nethods include stereoisonerically

pure fornms pf a-nethyl benzylamne (e.g., S and R

QQJEE ereonerically pure forns)

phen Rélnol nor ephedri ne, ephedrine,
NnethyLﬁfhedrlne cycl ohexyl et hyl am ne,

1, 2-di am nocycl ohexane, and the |ike. Resolution of

racem c m xtures can also be carried out by elution on

a colum packed with, an 0 tlcaII active res Ivinq
ag@yqloge@ta@ecar@(pwﬂlp rasists rrp gqap&eng)apar upigg|the procedures

oun vention al'so
be convehedle hmditémmchcasfmeﬂ’lyl, esl;&tc Thakeloat of dmotesuléing ester 2-2 can be

protected by treatment with trimethyl orthoformate in the presence of an acidic catlyst such as

outlnge{glluifqis‘é):gerlﬁgb a&}qm%gdrrg aQrgl o ?'tb?‘ﬁ%%? eﬂaﬂ@&r@ky‘ﬁ@ @cid 2-1 can

paratoluenesulfonic acid. Alkylation of the resulting ketal 2-3 with an alkyl iodide R'D) can
be accomplished using a base such as LHMDS. Hydrolysis of the alkylated ester 2-4 using a
base such as LiOH, NaOH or KOH provides the carboxylic acids of formula 2-5.
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Conmpounds of the invention can al so include al
i sotopes of atons occurring in the internedi ates or

wo pevalbogmenpounds. | sotopes include those at onsPEIEUE2995/022909
the same atom c nunber but different mass nunbers. For
exanpl e, isotopes of hydrogen include tritium and
deuterium The phrase "pﬁ%%ﬁﬁ@%%tically acceptable" is
enpl oyed herein to refer to those conpounds,
materi al s, gonpositions, and/or dos@age forns which
are, wthinlthe soavg,ed; sound dikal | udgmembrsa

Sui t@or Qﬂée—l—rwah @c@//hg‘?'\ﬂ%sumf—htrmn
bei ngs anrdani nal s wit'hout exces e toxicity,

irritatizen, allergic response, or d2her problem or
conplication, conmensurate with a reasonabl e
benefit/risk gatio. The present inventiQon al so
includeg{bhar ceutigahbgnﬂpceptaBYe S

conpou Crome d—hereiti—7~As

" phar rac cally accepﬁgble saﬂ?s'
derivativess@f the disclosed conpoundsswherein the
parent conpound is nodified by converting an existing
acid or base noiety to its salt form Exanples of

phar maceuti cahly acceptable salts include, but are not
limtedd o, neral or organic acid salts of basic
resi dug &Ham nes; alkali or organic salts of
acidid re s such as carboxylic acids; and the

i ke. The pkaéarmaceutically acceptable salts of the
present invention include the conventional non-toxic
salts or the quaternary ammoni um salts of the parent

COHpGHALe efiBes tal be piepakedl udifi® teprocédutéscdépieed amiScheme 3.
or organi c acids. ThejpharnaceutlcalLy accept abl e

Coupling pfa piperarinepfesiyatine offounilp 3r2 with apdodoperzcag dedyptive offormula

t he pare ofelegale j&h.C ' i r Woll : -
-1 ol BOPED . SRIRE RS pAPls Gt POPHAR AuBETAE 0 g plfiediate 3.3,
Rem&Mt of 38 tBoccgoupaispigepaned fuchraatiCl rig ditveankraeTBAI provides the
. or, base forns_of these conpounds with a stoichionetric
Plpermﬁ‘ffﬂiﬁw?qﬁffﬁ%‘l‘%ér‘}' ate base or acid in water or in

an organic solvent, or in a mxture of the two;

general |y, nonaqueous nedia |ike ether, ethyl acetate,

et hanol, isopropanol, or ac&chemMa 3l e are preferred.

Lists of suitable_galgs are found in Remi ngton's

Phar nacBhiti cal Sclenges, 17th ed., phck Publishing
Conpan RSt OngodRA. . NHPGS, pBodN4’1\81 ang*Jour nal of
Phar i cal N/ . L<¢/N R6
R2 Cul/K3P0O4 RB1
R3 R? R®
3
3-1 33 R
B
HN/\/R R4
L, ?\1 RE
RB‘l\/
R? R®
34 R
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Sci ence, 66, 2 (1977), each of which is incorporated
herein by reference in its entirety. The present
w0 pwenod47en al so i ncl udes prodrugs of the conpoRemES2005/022909
descri bed herein. As used herein, "prodrugs" refer to
any coval ently bonded carriers which rel ease the )
achliareatiyslye pipedazing derisiativemifoinatie ded) @8 be prapgrad by fisplacement
ubj ect . . Prodr : o4 AY, A% i i i
of P bIIAME Fb AR AAE OR ERyETe RIRLN 1 v g piperasine
derivivaye dfffatmiilhe-210di fi cati ons are cl eaved, either in
routine mani pulation or in vivo, to the parent
conmpounds. Prodrugs include conpounds wherein
hydr oxyl, am no, sulfhydrydghepie gar boxyl groups are
bonded to any group that, when adm nistered to a
manmel i an subj ect, cleayesgto forma fr hydr oxyl ,
am no, sulfhydryl, or Rac oxyl groupy ectively.
Exanpl escrf prodsugs i,.r,& u 4BUt arg n I'm't@d to,
acetate, fdrmafe and behzoate derj vakive ~gf'Ccohol
and am ne iggnal gemoRs in the corrpou?p@s/ f J he
i nvention. Ppgparation and use of prodrugs IJs R

di scussed in"T. Higuchi and V. Stella, "ProRdrugs as
5 Novel Delivet+y Systens,” Vol. 14 of the*A.C. S.

Sry é)r&ifﬁg\{r%ﬁ%ﬁpigﬁa.szirggﬁa%irvi @@%ic% g% g%:e%ig\%csiﬁlls@g]ar 463{1&1&: Qs illustrated in
SchefBas. "EEE Ubmedthcidisy ahigible B, 5adibrdisupyeidine Frless bd Wiyerted to 3-

both of which are hereby incorporated by refe enc%hi n_. ..
brometieiodopyridipetiy2 Syntirresna Cip o PRISPYMagRESTYR Biopyidh, and iodine.
Cou liggl geing @dlﬁﬁ% 18{@ "R Sa dﬁ]ﬁ@aﬁﬁ% VRLOST Y CRimuf@B-2 can be
e-prepared using known ordani c synthesis techniques
10  accomplishedrusing ppedledodide amt potaskivrg phosghate. dbllowingrangersion of the

possi bl e synthetic routes. The reactions for preparjng.
brompopt, BsrisSuIBRE CRETReRj 1010 dSH0 HETELIPPREY [RAgFHEN biothide and
joding Ul HRP! &0l YNt Be WMHiigHlakan WRhI ed@liubdonsEhBCt B Rica@idrt with

of skill in the art of organic synthesis. "Suitable
Me;SOFyEnVEFMIbt sffbst drt irafluoyomethywatidingedsgivetive (o8 formula 5-5.

start. terials (reactant .t ' R s a2.Qr .
Rem?)Yai&’lg ctﬁ‘g E;'t% YR PR AR Sa‘ichraésﬁg% lrxll\ﬂl Oéeﬁﬂ ‘% E’é féa {e?%nglg piperazine
15  derivafi®escATéinada 94, €.9., tenperatures which can range
fromthe solvent's freezing tenperature to the

solvent's boiling tenperature. A given reaction can be
carried out in one sol vesdhetied M xture of nore than

one
RB\ }QB']
/NN
Br | B i-PrMgBr, | B BocN NH 3-2
_ —/ >
N/ \(Nj/ CU|/K3PO4
5-1 5-2
B
RB R
- BocN”™ 7
BooN™ 7 -PrMgBl; L ] MesSiCFs
RB1 \@/ R ® Cul/KF/IDMF
N7 N
. 53 5-4
RB RB
BocN/\/\I o HN" /j
RB1/\/N N CF3 —— » RB1/\/N | N CF3
I ~ s
55 N 56 N
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15

sol vent. Depending on the particular reaction step,
sui tabl e solvents for a particular reaction step can
wheoos®bedet ed. Preparation of conmpounds of the PCESL0DR2909
can invol ve the protection and deprotection of various
chem cal groups. The need for protection and i
defiperiding potetrabydopyridine flerivatives e bgopimdinsizad @s shown in Scheme
.protect.i roups. can be i ' : 0 s
6. LiioRah 4 frofice Shrae5Bihedie AERALYY oPRRRLE AT RaP R itium such
as n-BaR11RBiuk0 ¥ derr-batyllakimp felloved By \dhefshtrgnevithnal kietode Merivative of
Wits, Protective Groups_in O ganic Sgnt rﬁsi,s,é%%d . .
formulg 6-2\grpwigless tsoteatiary rdcohohedy fyara (Gragbgliowiag (ehydration using a
dehy}350% REGHE S Bch, APURUMI RHICHEL PUABEE 8 o R DIIELAH spo be reduced
by hydeddendtidmaing b oatalyst sich.as Pdronecaainpl. el repingaitiof 6-3, 6-4 and 6-5 with
formati can. be nonj.tored. spectrps i C.neans
an ackC b 48 Floh ismamagiBiA Braviss aRBR D 28 S BUBE o 7 gnd 6.
1H or 13C) infrared spectroscopy, spectrophotonetry
(e.g., WW-visible), or _nmass spectronetry, or by
chr omat ogr aphy such asS&hgMeder f or mance | qui d
chromat ography (HRLC) or thin layer chronatography.
Exanprary synt Béj/ Cc routes to comrpounds of the
i nyen iorksarB%CWSd i n SeRRMS GyRL3 bel qw,  where
con ent nemper/s of®fhe depi ctléd for sl a&@ Y
dgg' 8rei g Hem nopent ar&car ba fc acids of
f rrruI%\ -5 can be prepared using, t ocol
descrRbed in Scheme 1. The conmefci ally avail abl e
carbo®yl ic acid 1-1 can be conv&rt edRto an ester such
as x=methyl ester by treatnment with
i odoret hane/ pot assi um carbonate in DMF. Thewesuhting
ester/\ﬁAZ can be subjected {® an  al kylation wts a

heedNde wsucR*as an igdi ddiN Ril) Ring a baseduchous’
IitI‘Li/u 5i: L Si az,&1 MNDSK® t o prov R®
al R at ed| product 1-3 afa nixfurd of cis aRd tra

di ast ereonefSg4: 1 ratio). THPE WFNORS trans R2 R®
di ast&nueo g6 can be renoved by gpystallizationgg R3
follow'ng hydrolysis of the ester to an acid. The

resul tingeppgid opure acid 1-4 can be subjected to a
hydr ogenation using a catal yst such as Pd-C to afford
the satufated carboxylic aci oL 1-5. Schene 1

A
BocN” 7 4 R e HN" 7 § R*
RAL(Jj;j:Re W RAL1/ Jﬁw
R2TY RS R R
6-5 RS 6-8 R®

Alternatively, piperidine or tetrahydropyridine derivatives can be synthesized as
illustrated in Scheme 7. A commercially available 2-chloropyridine or 2-chloropyrilidine
derivative of formula 4-1 can be converted to 2-bromopyridine derivative of formula 7-1 by
treatment with BrSiMe;. Using similar procedures described in Scheme 6, piperidine and

tetrahydropyridine derivatives of formula 7-5 and 7-6 can be obtained from 7-1.
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LHVDS/ THF 1-3 1-4 1-5 Cycl opent anecar boxylic acids of

formula 2-5 can be prepared using the procedures
wo@uiokioeusdl i n Scheme 2, The commerci al | y avai | abCEUS2005/022909

3- oxocycl opent anecar boxylic acid 2-1 can be converted

to an ester such as mgqnél e_?ter. The ketone of the

resulting ester 2-2 ¢ B®f ot ected by treatnent with

trimethyl orthoformate in the presencgsoR?an acidic

catlyst such as parat ol uenesul fonic acid~\ Al kyl ati on
of dihe zeswbtingketal B3 wi tJR%n BII!CNXI E 8 de (R1l)
can b abconpuﬁﬁﬁf_u;' Susi ng Ja base s

Hydr oNygfs _ef the al kyl at £ 2- BulHpg>a base
such asili OH NaOH or KOH ppgvi des the carboxylic
acids df formula 2-5.Schene 2 2-1 2-2 2-3 2-4 2-5

Pi per azine derivatives can bBé& prepared using the
procedurgg depicted in Scheme 3. geupling of a

pi g&g@@yﬁ derivative of forggia’3-r2 with an

I 0do Q&der%yatig@;@fayfor mil a 18- 1,usigsg copper (1)
i odi si um-phosphat gAgirvey rge to the
gj{-as Renoval

i nt er medi , of the Bo® using an
acid such asf HR® i n di oxane or TFA prdyi des the
pi per azjpe ®8rivatives of formul a.8- 4R’ Sghene

3Alternatively, piperazine detrlvatives (fgrnula 4-3)

can be prepargd by displ ment of -a 2-chl or}lpiﬁi di ne

or 2-chlgy.ppy m di ne dérivative of fornul ijhv(vitha
e

pi perazine (derj vati vessof formula 4-2. Sche Z R®
Al ternati gely, i p&razi ne derivatives canR6E pr é\Far d
using a sequencw% | ustrated in Scheme 5. Th ZES
commerci al ly avai abl® 3, 5-di br onopyridine 5-1 cagsbe
converted td-8- R° 7-5

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 wusing 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(I)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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br ono- 5-i odopyridine 5-2 by treatnent with

i sopropyl magnesi um brom de and i odi ne. Coupling of the
WO e®alo47my i odo with a pi perazine derivative oPCT/USI005/622909

3-2 can be acconplished using copper(l) iodide and

pot assi um phosphate. Foll Qw n onversion of the brono

of the resulting inter msog‘\:%%ﬂg% to iodo using

i sopr opyl nagnesi um broni de and i odi ne, the iodo can be

di spl aced WL .CRs t ri fl uor O"EU%' teeat ment with

Me3Si CF | | KF/ MRO4/8,S50,f O |hé POCly/quinoline
trifly t hyl pyridine dErhé ' of formula 5-5.
Renoval the Boc using an''dcid such as HO in

di oxane of TFA yields the piper#&Zne derivatives of
formula 5-6. Schene 5Piperidine or tetrahydropyridine

deri wagi v be synt hesi,zed as 0 in Sche 6.
Li t hi at | {72 DrdC orﬁ%%mz?emgpﬂ@f’%@g@
formJIC with an al kyllithium such as
r-butyllithiumor t r -butylli¥hium followed by
quenchi ng®Wi th a ketone deriva#ve of fornula 6-2
provides the terti AyRahcohoI of formula 6-3.

Fol | owi ng dehydratioijusi ng a dehydr@ating agent such
as t Bt Eprg&@@{}g@ g_?, 5H“é‘}/re : ;
can be ffeduyced by hydrogenation éj(s

Hi ngg‘gl eézd(ﬂ lﬁ_ 4
as Pd o rbon. Tgg@atmwent of 6-

6-5 with an
acid sucF_ as HO in dioxane or TFAggroviNles conpounds
of fornulag 6-6, 6-1 and 6-8. Schene 6 H2/Pd-C

Al ternatifel y, piperidine or tetrgNydropyridine

der iBP& iv)gs can be synt hesi zedd /\9Tﬁlustrat ed in
Scheme o4, el alHy—avei | a - E£6pyri di ne or
2-chl & opyril) i d ne derivative Bt for 4-1 can be
converte 0 ~R<br onopyri di ne derié_’Pltl of fornmula 7-1

by treat rré;t with BrSi Me3. Using m | ar procedures

descri bed ijn Schenme 6, piperidine and
tetrahydropyri di ne derivatives of fornula 7-5 and 7-6
can be ohtRi ned from 7-1. Scheme IS Me3 4-1 7-1
BocN™ 7 H* Hl\ﬂ
e < CF

8-8

b

A
b
N g-10 N
Tetrahydropyrane derivatives can be obtained as illustrated in Scheme 9 (where R%is,
e.g., alkyl). The commercially available 4-methoxy-3,6-dihydro-2H-pyran 9-1 can be
converted to 4,4-dimethoxytetrahydro-2H-pyran-2-ol by treatment with m-chloroperbenzoic
acid in methanol. Alkylation of 9-2 with an alkyl halide using NaH gives rise to the trialkoxy
intermediate 9-3. Treatment of 9-3 using an acid such as aqueous HCI affords the ketone
products of formula 9-4. The ketone 9-4 can be converted to an amine of formula 9-6 by

reductive amination with aminodiphenylmethane followed by hydrogenation.
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Al ternatively, piperidine or tetrahydropyridine

derivatives can be synthesized as outlined in Schene
W@20080M781 0- 5-tri f |l uoronet hyl pyri di n-2-ol can PE&I/US2005/022909

obtained by nitration of the commercially avail abl e

5-trifluoronethyl pyridi 2 ol (8-1). Follow ng

conversi on of the hydr Q?eogp in 82 to chloro, the

resulting chloro compound 8-3 is subjected to a

hydrogenat| on using a cateHyst such as Pd carbon to
gi ve 3:anjyo- MNO t eyl pyrgdl n 4

Di azgf i Z@tion S sifhg Bsence
of CO(l)YBr provivdesi 3-b 5|-tr|fluororret yl Pl d| ne

8-5. Folglpwi ng the proceduggs described in

8-5 can be converted to piperidine or

t et rahydr opyri R ng derivatives of Bﬁgr mul ae 8-9 and

8- 10. Seiengo 8 POC 3/(bu nd‘I’zNﬁé'PFQ/ Pd C N. _Ph
NaNO2/HBr-+-Cut ) 4 Tetrany gg a‘qé deri vaf Pves
can be obt ai ned IIus'ﬁ( mepf (where R a
is, e.g., alkyl). The connerC|aIIy avallable

4- rrethoxy 3, 6-di I?Sfblro 2H pyran 9-1 %4an be converted to
4, 4- di_gpt hoxyt et rahydro- 2H pyran-2-ol by treat ment

Wi th ﬁr*@l oroper benzoic acid in nmethanol. Alkylation
of 9-2 thyagh al kyl halide using NaH gives rise to
the trial Roxy i nternedi ate 9-3. Treatnent of 9-3 using
an acid_sdch as aqueous HC affords the ketone
products of formula 9-4. The ketone 9-4 can be
convert@® to an amne of fornmula 9-6 by reductive

ani mati on wi th am nodi phenyl met hane fol | owed by

hydr ogenati on. Schene 9 HCl ZH20 H2 9-6 Fi nal conpounds
of for nEihal dongatndeofaeaenbilesh bis hsmgmbhfl wsiighbelmethod described in

descri bed in Schene 10, A carboxy |d of, formul a
Sehagne: i 2b EIDORY AFEORIOTRUR -5 AFHEE EANCRBRANY D ipane of formula

1@)5/1I pg?‘?is:&)azig n%mg@fg&ieftﬁﬁrgﬁhtoﬁwﬁ%‘é‘ OB 4¢ PyBsoP{ddupling agent).
Following removal of the Boc using an acid such as HC1 or TFA, the resulting amine 10-
3 is subjected to a reductive amination with a ketone of formula 10-4 using a reducing

agent such as sodium triacetoxyborohydride to provide final compounds of formula 10-5.

Scheme 10
0 RS
7— coupling agent
BocHN . OH + HW—<\ )—RS
R X—Y
1-5 10-1
Rs R6
R5 R5
ZH\/ H* Q j:%/
Y —_— =Y
BocHN ad H,N WX
R1 R
102 10-3
Rg RB' 8 R6

\} R .
Rg R5
o 104 ° %)\(

-

WX
Na(OAc);BH R%Zj
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Fol  owi ng renoval of the Boc using an acid such as HC
or TFA, the resulting amne 10- 3 is subjected to a
w0 eeoo47¥e ani mati on with a ketone of fornul a ROFUS2005/022909
usi ng a reduci ng agent such as sodi um
tri acet oxyborohydride to provide final conpounds of
f avterdativd®; ®mSehdsref the insupen ean beyessembled preardipg|tg Scheme 11.

conpounds of. t he inventi c C | dard
Coupliy Gop e e B TP A o Al e S RERGORRP LeEH standar
amide2foPm¥id n@th&Thrvaueds the atidesoflBriulasl 17y Bolkidngl acwiersion of the
am de formati om net hod produces the a &g of . formil a

ketal th1a Keforaisingnrasueoasids resicve smmaiion af the sesylting kefone 11-2 with
usin n 0 [ C ; dride
an anjife OF Py T Ao as . S reh FREGEHCSER S34dn Biatixsborohy
providisicgpauidddicomgilagbAt such as sodi um
triacertoxyborohydride péa_‘vé"q?% conmpounds of fornul a
11-4. Schenme 11 coupling agen thods In sone
enbodi nents, conpounds of the invention can nodul ate
activity of e or nore chenokingéreceptors. The term
" modul a(t)/e" i g meant to refer an abi | i tgupting a0eiEr ease
or d%fg@%&o‘m ty +of aangﬁgsw;awccordl noly,
conpouRd Rt he invention cax-tye used i n nethods of

nodul ati zg a chenoki ne receptao-tby contacting thg
receptor with anyR8ne or nore of the conpounds RS

conposirtt?{i onsodeslujggéﬁ herein. In some enbadi /l
conpounds of [t hefjprésent invEntion can act Jas Y
' \«mjémfki ne receptors. |® o‘%eW X

i nhi kjt

enbodi @e ,R%t he conmpounds of the inve ﬁ be
used to nodul atteg activity of a chenokine rec1%?or in
an individual in need of nodul ation of the receptor by

admi mdst 8rl:é'sng a nodul ati ng amount df a conpound of
For rast . Chepgokine receptors tg i8h the present
conpo@ndsyHtked and/ or, gmpdul at g i n@l ude any chenoki ne
rec - dN 7 ~wHe xhenoki ne recept or
bel ongda(Pe)sBie CRo R!

o

R™o 11-4

Methods

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

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, CCRS,
CCR6, CCR7, CCRS, and CCR10. In some embodiments, the chemokine receptor is CCR2.
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famly of chenokine receptors including, for exanple,
CCRI, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, and
WESRb@47kNn sone enbodi nents, the chenoki ne reckPEL/U§2005022909
CCR2.1n sone enbodi nents, the chenokine receptor is
CCR5. I n sonme enbodi ments, the chenokine receptor
In sofak nesbalidéus, ﬂmdahan@gnmmpm ek&SccHs. SOPPFe embodiments, the

onpounds .of | nve a ve.
Chem9 rggqgtqfeb mqssalﬁ{eo ?S%é’ ggpﬁguang g n%ls to or
| fhd RbfPodnds NEMBK | iRGentiof arh e Wilddiver a3y EseladtivieNiid ;neant that a
potency, respectively, conpared to at, | east on
compcmmdnbindh gor eic gpulkits, a@mﬁﬁsreﬁﬁpﬁ)h Vith, \ZEedtsT ﬁt%@gp{ g Dotency,

i nhi bi £ CCR5, neanin
reSpe“?leS y> ?cﬁlépacf% oo%rlle st %4 'I}Ciﬁérsclh%em | on 26 bind to or )
i Uﬂtah@bhndkoéﬂnhél@i%?enalbd c@iCRE dunt h:hgntem er biafléis mift GCR?Z and CCRS,
ot en t
meaning (o SOBRORE! Aidn BT 10 e Do CCRagend CCRS
t
with nveﬁ%ﬁon havg&gﬁ(ﬁd ?%gg@&h@ﬁn than FdCothOMBikeneOfectptOrs such as

iI'Ahi bition selectivity for
CCRICCWRaﬂ@Gm%CM GOR7,0 0GRS, candnBIGRI&. rlac eqmerembodiments, the

compg%iggt%tflﬁ]g : P‘Hlonéi‘avfc 3&&415@%%@3%8@&} % eactlg t? K eas#gaaglg GERS over

any o%xgpcé 9}(%11’1681%0& RS BeRRHty A Gefapledst abbul HRfId,alb tuatt about 20-fold,
| east about 1000-fol d. Binding aff

at leagtrathontr0-frild, ot lqast showy 10Qrfoldent denst et 200 deldaitrlgast agou’f 500-fold

o o485 SRR, A YSRGS ! B s

accor@hQ Yo ARSineRefds i thetai aichng aecarﬂnﬁgmcktheeassays provided herein.
recept orassoci at ed di sease or dlsord

i dievireieal ipeengon Thrlagr aprpYides, metha (gtté?aiuﬁg n"} ghempkine receptor-
assoc a?e?le\é Jual of Ny ?@éil B aff Uﬁxﬁ ([U%iit(g%nt patich ebﬁpﬂﬁhhﬁwﬂng to the

|Ve amoun d4se of a conpounhd o e present
individayle it ineed asf mchh&eertmeamal thetapewinqadlyi efifeptive amewtt  oradose of a

compgELAL I MG QTGRS BoRANETERORAL oD ULl F, X themokine

recep{cﬁ%ﬁ Red Y aisé 43 %gn R 1 8ePAS SdbdABe, Alisor€dri ot dohdﬁlfontthzﬁ is directly or
ki ne receptor. A chenokine receptorassoci ated

indiretily dinked traexpadssionioneriindty efrfhe gheraeldes regeriar. gdchgmokine receptor-
o8 b SN PSR 5hr QR S e v,
amelioRREN R T RSB MRl Aing chsRokime reeoptdredctivity. utti&hamykme receptor-
di sease, disorder or condition that, is characterj (iil
associated disease can further include any disease, disorder or condition that & Characterized
by binding of an infectious agent such as a virus or viral protein with a chemokine receptor.
In some embodiments, the chemokine receptor-associated disease is a CCR5-associated
disease such as HIV infection.

Example chemokine receptor-associated diseases, disorders and conditions include
inflammation and inflammatory diseases, immune disorders, cancer, and viral infections.
Example inflammatory diseases include diseases having an inflammatory 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, multiple sclerosis, Crohn's disease,

ulcerative colitis, hypersensitivity lung diseases, drug-induced pulmonary fibrosis, chronic
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by bi nding of an infectious agent such as a virus or

viral protein with a chenokine receptor. In sone
weeiodo4ament s, the chenokine receptor-associ at eBCTHUSHaS€22909

Is a CCR5-associ ated di sease such as H V infection.

Exanpl e chenpki ne recg&tor-a3300|ated di sease

obstrusttls@ bulercranidisesn i OF Dhs P woG LA FHE IR BF i tocrative colits,
atoplc d M%@é e, g&lﬁg g a Flgf@ﬁ??lghﬁg{hgﬁitﬁgl grggbglgegpioﬁ’sn eeuropathic
pain, hiigdrseaeitigits qmsaaoimaw Gtglrﬁuphllmfprﬁmmamas,yded:mpﬁmpmhylgqmﬂnsmwty,

1nters‘g‘§s1ﬂ321}1g ?dgsea@oaﬁgﬂ 2§ |g$ Ina}oga %Eﬁl%n%{yéﬁ&%&%u {)12? tdsSociated with
rheunf I8N SRBHAO N syshAE HguR" StheHEABREO] ﬁk?l@'s ?n lspéhdylitis, systemic

psoriasis, urticaria, pruritus, eczems, | ammaf or )
sclerdsxsy\ﬁjognm&ea@dromd; rpolmmqsmsd)rs;bag@tompsms)s epe disgrders é@ retinal

BT PR OTEE TR LT a——
dlsord%‘?é ShA8AeS rhdanfidid SarghrRRaSRoriatlcC aFthitisy &sy@’@hﬂé il8pus erythematosus,

hypersensitivity |ung di seases, drug-induced pul nona y
myastepiar gravis, Juﬁﬁlllf?r@llﬁsbélab@téft,lgl@n%‘ﬂ%ﬁ@ﬂt}s apiosggng Gﬁo}ﬁgl 15, organ

transp&%lﬁ ] egﬁorg tl%(g u@m% llé,g'fa‘ﬁ' geg Q&B?r %1{(& &a%%%fsﬁiedrsg Qisease. Example
cancekdlindlide caetOiudRab Sreabt&ﬁﬁédrl brian caometmultplesnyeloma and the like

neur opat hi ¢ pain er t t
that aé@g;har@gﬁ;l:pqdcg mﬁ}% p ? %#@%s¥§%geﬁn%?lagsoc1ated macrophages,

TAM%V&% ﬁﬁﬂ@l s UVl e)ésed' %sﬁésStExtah@he lzi‘ﬂzﬁﬁnﬁcﬁ&?ssﬁcfddb Blerpes infection,
I'opat hi ¢ pul nmonar | brosis,
HIV mﬁe&ﬁonatﬂﬂ)&a th rheumatoid arthritis, syst em c |l upus

e gt hen gr‘;’]%? 61&??%%’ 83l ??gF‘E%O % té/ :‘@d gﬁ%g@g n1:1.F>§:,rether of indicated
moie&iBh TV &k orSi8n @iv@%&ﬁ@xﬁs Fof efhmplé.Slcbfi@bting” the chemokine
neur odegener ati on, choroi dal neovascul ari zation, etc.

recepam dmﬂhe C¢>mk@und8xfath® inventionineludes thedpuinistiationgef 2 compou)nd of the
presep 13)?1;}8 ﬁ%r t? lIJJ,gISOr né/)a%% f ?ﬁéh asH ltuﬂﬁérf Ehﬁvm?éls h%fﬂoﬁme receptor,

eni a graV| uve

as well a%b eiresxam@lep Rfodueing phyontpoand adtiei 1ﬁvmment1hlbca zdllntpls pontammg a
organ transplant rejection including allograft
cellulppprapirifid pamraéwafcpn\ml%%l@ [fBemoking EeeeRior Ex anpl e

CAUCHed he teﬁﬂ n‘f‘rr&iﬁdﬁﬂe tRh©8%ded ‘Eﬁt@&ﬁﬁngeglﬂ@'r }e@&s to any
* e

cancer, ke that are
animaih &fcﬁﬁlﬁﬁg’ lnaﬁﬁlnabiy, preﬁerdbly’ nilceo mat&yf otherciodgiis,grebbifse dggs, cats, swine,

tunor associ at ed macrophages into tunors or
caitlegshegp.drogses; rdyrisnates-augdmogt WP#&Q-%}\E%‘E@W ons i ncl ude
Het e diHafSE [ thO Bhrakl ¥hbAbegicaly efftctiMeldhount” refers to the amount of

active compound or pharmaceutical agent that elicits the biological or medicinal response that

is being sought in a tissue, system, animal, individual or human by a researcher, veterinarian,
medical doctor or other clinician, which includes one or more of the following:

(1) preventing the disease; for example, preventing a disease, condition or disorder in
an individual who may be predisposed to the disease, condition or disorder but does not yet
experience or display the pathology or symptomatology of the disease (non-limiting
examples are preventing hypersensitivity lung diseases, drug-induced pulmonary fibrosis,
chronic obstructive pulmonary disease (COPD), graft-versus-host disease and/or allograft
rejection after transplantation, or preventing allergic reactions such as atopic dermatitis, or

seasonal or perennial allergic rhinitis);
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As used herein, the term"contacting"” refers to the

bringi ng together of indicated noieties in an in vitro
wW@®bem7ar an in vivo system For exanple, "coPCEHUS$1008022909

t he chenoki ne receptor with a conmpound of the

i nvention includes the adnm njistration of a conpoun

of , .
t Ha) phédpg the hisenter 61 examals. Inhihitingie disease, %’in}t’é’ﬁtor %lsorder m ain

1nd1v§cfﬂ13{1¥vﬂ§ 1saex§rrp b m%h@r %%a&lg?%gx@ gﬁc o&%gu T gﬁgﬁ)%aéﬁégw the disease,

conditioviet i disoidet o(ia.,s am‘,ﬂtmgc dtlaer nidengleproait | of athe opathology and/or

purifj ed pr epar n.contai ni ng the chenoki.ne
SympiIpp &Y) sheh @gelal!hﬁ: e ARPIIEURE EESRANST d aﬁlype&rﬁensnwny lung

dlseas&ahkl%'ﬁklgucﬁgmgﬂ rf?di'@tﬁﬂ%?érﬂe ob&fRfiSe bﬁln@d’ﬁér}aﬂis%% (COPD),

Irnclu preferablg m ce, rats, other
rheumatdigharthritisaloping er psdvigsis, ar anhibitiogiteaor grawth er stebiligipg viral load in
and nost preferably humans. As

thecﬁ@é%aH@PEW#%“Pﬂﬁnghrase "t herapeutical ly effective

any idmelio@4tRigS tHeO disBse 8 TOL RkapleaGlricViOrati@APo Uiskase, condition or
phar maceuti cal agent that elicits the biological or

disord@rdn@nn@dwxd@glp\@hm Wmenicmgb@.d@l%mggw prtho gﬁ/.<§§m1@ptomatology

o ST, R g P HEL RIS R oaFRt egpoion)

such Iaﬂ ab%témngame a}uton!imﬁme Qiéspbhsb indlylpersemsitivifylling diveaset, j drgg-induced
the disease; for exanple, preventing a dj se . .

pulmepa KPoHSof AP oR RIERCHYE BIIORATS, FiEase mfhﬁ%na’wld arthritis,

lupusgéxe@oﬁaﬁg' est dnPinki d’ﬂuﬁ%?%@soc&%fth QB of 'lo'i&rrﬂ@rwﬁll”load in the

ot yet experience or display the pathol ogy or
case sfyapirdrinfeotimgy of the di sease (non-limting exanpl es
ases

HT T eE VR - e ——

1nﬂa18H1a'f6}9 3l¥ntd] HeAEFosuppreidhntsgElRiniotH@hSdSics @8l bdiBEASE combination
/of allograft rejection after transplantation, or

with p;heem;mqungs af tb@rm]esgn‘v @agrmqglnfgr ggetmeatohehpmakine receptor-associated
dlsearsW ﬁ'a 5s ?r ond1 1%%% égr%tﬁ R ﬁ@@dﬁ%m@# lv?tﬁqjl&%rﬁent compounds in

sease,;

a singRhdd¥agd fgng diltﬁeagé‘hts cande tadminiseredi Smulateoisly am sequentially as
I ndi vi dual who is experiencing or displaying the
separgte JRspEGAPTBE- synpt omat ol ogy of the disease, condition

or . .
0 L PR i pRAESELNRD {5t el SRR i aors,

ant1b|odies barﬁu—mgamhmtcaytagBmelnesq@mhwgues imdosamnsitiaetist $evimylipid and
llpldlélHlPr a S S]EIE @g?r; glj,%ns&g Etgﬁ]glp sut{g)ggoeg%;%s {alé%rg%fsleg in combination with
the compounds of the present invention for treatment of chemoki’ne receptor-associated
diseases, disorders or conditions. The agents can be combined with the present compounds in
a single or continuous dosage form, or the agents can be administered simultaneously or
sequentially as separate dosage forms.

Suitable antiviral agents contemplated for use in combination with the compounds of
the present invention can comprise nucleoside and nucleotide reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors and
other antiviral drugs.

Suitable antiviral agents contemplated for use in combination with the compounds of

the present invention can comprise nucleoside and nucleotide reverse transcriptase inhibitors
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rheumatoid arthritis, |lupus or psoriasis, or
inhibiting tunor gromh or stabilizing viral load in

wo b@ooessel of a viral infection; and (3) aneli oPEL/USIP05/022909
the disease; for exanple, aneliorating a di sease
condition or disorder in an jndividual

(NREsp api-anelporgdoreverise p‘pwpﬁ‘@sq H@ll};@g%@ﬁg@yk@ﬂprotease inhibitors, entry
1nhb§¥r@p}ugf5%tl%ggé{rs oh %Fh‘?loﬂ' ?c?rs 83) | iRl dfu or der
(el o eVer st gt gy and/ or synpt on® oI ogy)
SLE)hmqﬂe @&ﬁﬁtﬂﬁiﬂﬂ"@lst imeluaelmdcmmdme (25D nidaniopine (ddl); zalcitabine

@dcy Bisadias. tion emonRine,deros shr al DA BRA BBVE ipivoxil
[blsaﬁ@ﬂi’@mm%ﬂﬁéa%%m g0 1ol ’Bdﬂﬂ@gsﬁrenﬁﬁﬁﬁﬂaﬁ% $¢-)-PTC]; beta-L-

nki ng~a tunpr ‘associ at ed W th cancer or | oweri ng
FD4 (dlsoadalled helta+1r+]14ﬁ?emdammedfoe’at-krm al- dnc}ebwsrfbmromd@e) DAPD, ((-

R

| MT03 WRRAS mﬂs lﬁbl@ﬂ@hbﬁf@mw(BICRGW) b@elaxa@dmer(BHAP U-
conbi nation with r%ﬁunds of the pre

901521 eéaviicon (PYP- 26@3{%@1& 1 AsTbII % MKC- 442 (1 (ethoxy-methyl)-5-(1-

e S IR L PR S0 By Sopsage s

67545 galdsB ngl eddosage form or the agents can be
m ni stered sinul tanequsly or, sequenti ; .
seBml%a suiRhlaprotqase ROt g R SPQBAYAR @%%%a@”)' ritonavir (ABT-
p e a f b4 -
539 DUBRACHIKCRlo\S AEMAIoHED. 1383 . Bho@AD (R41 1RO, 1akidiadle (BMS
2344§é): MB@dQ;BMSaZﬁQQﬁ@RsABTé@BsandS&GMH pid and

nodul .at ents

i.d
| R B SEFIS HHIR dTOBBU I ORI Moy W tfe pafuside,

enﬁnﬁﬁméo unda Qhe tdiRloRNLAGRAIFAUENS | OADAOT PAERTTRAd Vissum Project
chenbki ne’ recept or - associ at ed di seases, disorders or

No. 1&1;6@17d|t| ons. The agents can be conbined with the

0, OB, R gL B SRR AR e

comlﬁﬁatﬁﬁlqwﬂﬁtth@|cbiﬂhp@ﬁnc&e<§laﬂ1%t1ﬁeﬁﬁ6 agenfion Fan c&mptlafblfer example an
antiviral agents cont enﬁl ated for use  in conbi ng

opiatgj egenitte & JieEHERIEsOfNRIREOD WER NS 4Ry dRIPHOT ©dn lipoxygenase,

cyclc%%%ggésﬂg?? prfti]l%fgié)? Sﬁﬂga ?ggcég&@g%%b BEnhHWEE, 38 interleukin inhibitor such

as an interleukin-1 inhibitor, a TNF inhibitor such as infliximab, etanercept, or adalimumab

an NNMA antagonist, an inhibitor of nitric oxide or an inhibitor of the synthesis of nitric
oxide, a non-steroidal antiinflammatory agent, or a cytokine-suppressing antiinflammatory
agent, for example, such as acetaminophen, aspirin, codeine, | fentanyl, ibuprofen,
indomethacin, ketodolac, morphine, naproxen, phenacetin, piroxicam, a steroidal analgesic,
sufentanyl, sunlindac, tenidap, and the like. Similarly, the instant compounds can be
administered with a pain reliever; a potentiator such as caffeine, an H2-antagonist,
simethicone, aluminum or magnesium hydroxide; a decongestant such as phenylephrine,
phenylpropanolamine, —pseudophedrine, —oxymetazoline, ephinephrine, naphazoline,
xylometazoline, propylhexedfine, or levo-desoxyephedrine; an antfitussive such as codeine,
hydrocodone, caramiphen, carbetapentane, or dextramethorphan; a diuretic; and a sedating or

non-sedating antihistamine.
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i nhibitors (NNRTIs), protease inhibitors and other
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f
trlproﬁqll?l%/,gtr:lggé g%@é}e,‘n}lgirg}l}%g ﬁlw%g%lﬂy %165 4g’ipei\é|§rcl:amln% hydroxyzme
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e EfAEETILIR B i el pemtng ot
g

phenipntdhe apgrilamineyi asicmlzotml trafenadiogi d@r@taidn{eRoC%IﬂZg%9§exofenadme

desea{b:gté ggﬁllggateg@% I,agﬁi@e? pke( gdil%ﬁ%tgroﬁdggg ﬁtz \9;1% er{ﬁgk/%ﬂﬁz‘ﬁ' ds terbutaline,

metap%é%fgxép ferlMPo¥ BethBIME:, 2BARHA3bitARTel3pBbutarnd, th€dphyBig®, cromolyn
her antiviral agents include_ hydroxyurea,, ribavirin
SodlumL 2fropine, 1ipratpaiumar (Epwide, e bavisotticns d@ntagonists (fg. zafirlukast,

mont ﬁ]gls Einla%o&%l %@&Eﬁ%{“ ggblﬁlﬁgﬁ 41%% 288 YdukS#Bhe biosynthesis

one enbodi nent's,
inhibiddt | (elgfdiR0T0R BAY-A00EK) a(f)gmmsmr@gdnarrtunﬂmlllemlr)atag@nw GNSAIDs)

such {33 BTN A CATDRISS, Gy URURFACL JoRpRRIGL  Biloxic. acid
carpr@tgﬁ nfeﬁﬁufeﬁ‘ fehB Yegle ’fﬁ?ﬁ)fér{‘ HRbipRiters l&Eﬁ'}:ﬁ@ﬁena 'ihdo@fbféh ti@foprofen,

I poxygenas ycl ooxygenase in i bi tor such as
mlropiofeylp heproyee rmeaprdzln, rpiftsofenr pranapiofine rsupiafet fapspisnicorcid, and

tloxapro(f:en), acetic acid derivatives (e.g., indomethacin, acernetacin, alclofenac, clidanac,

diclofenac, fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, oxpinac,
sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenarnic acid derivatives
(flufenarnic acid, meclofenamic acid, rnefenamic acid, niflumic acid and tolfenarnic acid),
biphenylearboxylic acid derivatives (diflunisal and flufenisal), oxicarns (isoxicarn,
piroxicam, sudoxicam and tenoxican), salicylates (acetyl salicylic acid, sulfasalazine) and the
pyrazolones (apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone,
phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors; (h) inhibitors of
phosphodiesterase type IV (PDE-IV); (i) other antagonists of the chemokine receptors,
especially CXCR-4, CCR1, CCR2, CCR3 and CCRS5 ; (j) cholesterol lowering agents such as
HMG-CoA reductase inhibitors (lovastatin, sitrivastatin and pravastatin, fluvastatin,
atorvastatin, and other statins), sequestrants (cholestyramine and colestipol), nicotinic acid,
fenofibric acid derivatives (gemfibrozil, clofibrat, fenofibrate and benzafibrate), and

probucol; (k) anti-inflammatory biologic agents such as anti-TNF therapies, anti-IL-1
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as an interleukin- 1 inhibitor, a TNF inhibitor such
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to thé mespomseote thenthespputios agdnt talance without exfcerhatiop qfgifs toxic effects.

i A IRAEIS S4 RGRESE E wite ccns
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W97/ 030941, W97/ 022897 WO 98/ 426567 W98/ 5381
cells NEBNB3BALY 2s JPTGIEREACAMRSTSY 5 ‘}P%‘aea?m%/‘%’é%ﬁcm and/or

[ | or net hasone,
CCR%%%%%%%#ggg%ﬁg%%g%@?mﬁgﬁénethasone, predni sone,
dexamet hasone, and hydrocortisone; (c)
I MuNOSs ressants ch as,.cyclosporin , tacrolinus,
f%a”ﬁ&ﬁﬂﬁﬁylﬁ%mg fO@fﬂ@?E?ﬂ§5§%V?ﬁe i Munosuppr essant s;
A hdDErhPlo§tPss pRsmbddubibAs,ame dsnpdtindgeNFarufila e beaiministered

(
_ bronophehi f am ne, chl or pheni ram ne, i
in thedfexro loif phaivenewtical eaapasitions.oltiess pRINPRSIEGRESAR he prepared in a manner

.well %5&%%}%&% Zprﬂa%?cf?glhgaggﬁgﬁﬁ "élllﬂ & a(ﬁﬂihﬁ?érﬁ]:% n, RRriety of routes

_ e, promet hazine, prazi ne,
depertfiid i'agbﬁl Gvhe@eRrohs mrasaylstemic aRhmIol iin eesipiiemd apdméhe area to be
pyrilarnine, asternizole, terfenadjne, . oratadine,
treatedet Administeationesess bhdenisal (ingluding BBJI@PPJ&W@& APaPps membranes

inclu {é}g i Lr{ﬂ%a%%ﬁﬁ;{%é’iﬁal BR8- Rb&l O&e‘ﬂi%ryinﬁohhﬂﬁ{at“ﬁ%i.g@,s byu ¢thalation or
insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), oral or parenteral. Parenteral administration includes
intravenous, intraarterial, subcutaneous, intraperitoneal intramuscular or injection or infusion;
or intracranial, e.g., intrathecal or intraventricular, administration. Parenteral administration
can be in the form of a single bolus dose, or can be, for example, by a continuous perfusion
pump. Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners

and the like may be necessary or desirable. Coated condoms, gloves and the like may also be
useful.
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ni flum id d ' ' . bi ' .
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., owner,i . . , . e
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The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 to about 1000 mg (1 g), more usually about 100 to about 500 mg, of the active
ingredient. The term "unit dosage forms" refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient.

In some embodiments, the compounds or compositions of the invention contain from
about 5 to about 50 mg of the active ingredient. One having ordinary skill in the art will

appreciate that this embodies compounds or compositions containing from about 5 to about
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according to the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response of
the individual patient, the severity of the patient's symptoms, and the like.

For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, the active ingredient is typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the type described above
containing from, for example, 0.1 to about 1000 mg of the active ingredient of the present

invention.
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punp. Pharmaceuti cal conpositions and formnul ations for
topi cal adm nistration can include transder nal
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depending upon what is being administered, the purpose of the administration, such as

prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be administered to a patient already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the disease, the age, weight and general condition of the patient, and the like.
The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional

sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
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SR 5ok At S0P 90545 Blion o e
excififay %nd1 119 rofite 041 /RGHIstrdtloh. IEHfedB08!tdogddOsant B BxtedpUite ?@Om dose-

to about 225, from about 225 to about 250, from about
resp@B curyesdrsivied #m irf wieon beiotal mpgelitest spBems-300, from

about 300 ta about. 325, from u . a . -
Fr o Bt ds BT ingSitionatrR ity BhroupS i EisE N DinglR with one o
moreA Q@ditibnia0 nacahe Uhgréfients owhidh Udan4ibludé rapfn piizembcetifibalt sgent such as

about 450,
antibodies, immune suppressants, anti-inflammatory agents, chemotherapeutics, lipid

lowering agents, HDL elevating agents, insulin secretagogues or sensitizers, drugs used for

the treatment of rheumatoid arthritis and the like.

Rheumatoid Arthritis (RA) Treatment Regimen

Rheumatoid arthritis (RA) patients, treated aggressively with disease modifying
agents (methotrexate, antimalarials, gold, penicillamine, sulfasalazine, dapsone, leflunamide,
or biologicals), can achieve varying degrees of disease control, including complete
remissions. These clinical responses are associated with improvement in standardized scores
of disease activity, specifically the ACR criteria which includes: pain, function, number of

tender joints, number of swollen joints, patient global assessment, physician global
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from about 450 to about 475, or from about 475 to
about 500 ng of the active ingredient. In sone
wepdvemd4Tent s, t he conmpounds or conpositions of PETIES2005/022909
i nvention contain from about 500 to about 1000 ng of
the active ingredient. One having ordinary skil] in
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ug%gll@flts %'lttl hg ﬁ@ﬁRU&@%&ﬁé Ug| llﬂtl G300 ﬂie@é;ﬁ’ése inffilinab, etanercept,
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the patient’ ssrrptorrs and the |ike. For_ preparing
with wubdtanmﬁ@é mhlbjtsse@y@qswasaqdém astigity ©of &%f weglydipg, for example,

acti ngr e
nuclefe 8c1é§ (e85 ta%‘a eglgén 05 SR ﬁ goﬂc@%?mat s 1 g n%lglgtcm antibodies),
smallC @idleduld fghibitde n@geN ﬁmJ Sompamlnds edisélogedc begeinuadd ofthethehemokine
present invention. Wien referring to these

recepé?féfl@bﬁﬁqsﬁ WA IR B3 ti ons as hompgeneous, the active
' nl%s%ﬂie%bddﬁn&%?'tﬁ@ hlllﬁéta%é BRE SthiR\RPlksibA bRYEP Qéﬁvr?' of CCR2

he COITpOSItI on SO he COITpOSItI on can be readi
isa smaﬂidn(vledﬂei COHQanhxh)uat (oy apfagemst) VB1eUPCR2 dotsgerdstican ips dosed orally

B T TEANE 3 MR N e

fromf R e AfdebRBsd MPBe @%&%’e' JTeHeiR By ent GRAhFY Md golldobe mbiitained on
exanple, 0.1 to about 1000 m% of the active ingredent

treatipéntt wethpﬂ@s@ﬁmu mgﬂmﬁn Tiestingbpasieatsopithi p | epniringtipe of CCR2
o PSR PRFER 5 820554 8 01155 MBRle gt ane o s
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antag%rnist.

Advantages of substituting traditional DMARDS with CCR2 antagonists are
numerous. Traditional DMARDs have serious cumulative dose-limiting side effects, the
most common being damage to the liver, as well as immunosuppressive actions. CCR2
antagonism is expected to have an improved long-term safety profile and will not have
similar immunosuppressive liabilities associated with traditional DMARDs. Additionally,
the half-life of the biologicals is typically days or weeks, which is an issue when dealing with
adverse reactions. The half-life of an orally bioavailable CCR2 antagonist is expected to be
on the order of hours so the risk of continued exposure to the drug after an adverse event is

very minimal as compared to biological agents. Also, the current biologic agents (infliximab,

etanercept, adalimumab, kinaret) are typically given either i.v. or s.c., requiring doctor’s
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pill can conprise an inner dosage and an outer dosage
conponent, the latter being in the formof an envel ope
wW@y®e/0041@¢1 f or ner. The two conponents can be seper/E8m™ds5/022909
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I ncl ude, sol.uti ons an spensi ons | har mac [ Y2y
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ocon 2 bR e B e G g ecesry
o mERTPREG Y pEAEICELAR, L UeOE G gy ok
highly prabeteveatf disvescathsetrindtis assooiatedsuidhamincespytha xisk obdeveloping
e S EERRL R g b, BN et e o of

One of the strongest correlates of impaired glucose tolerance and of the progression
from an insulin resistant state to type 2 diabetes is the presence of central obesity. Most
patients with type 2 diabetes are obese and obesity itself is associated with insulin resistance.
Tt is clear that central adiposity is a major risk factor for the development of insulin resistance
leading to type 2 diabetes, suggesting that signals from visceral fat contribute to the
development of insulin resistant and progression to disease. In addition to the secreted
protein factors, obesity induces a cellular inflammatory response in which bone-marrow
derived macrophages accumulate in adipose depots, becoming adipose tissue macrophages.
Adipose tissue macrophages accumulate in adipose tissue in proportion to measures of
adiposity. Tissue infiltrating macrophages are a source of many of the inflammatory
cytokines that have been demonstrated to induce insulin resistance in adipocytes.

Adipose tissue produces MCP-1 in proportion to adiposity, suggesting that its activity
by signaling through CCR2 also might play an important role in the accumulation of
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t herapeutic applications, conpositions can be
adm nistered to a patient already suffering froma
waele®@eass4i n an anount sufficient to cure or atPCEHS1005/022909
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on such variables as the type and extent of
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Atherosclerosis Treatment Regimen

Atherosclerosis is a condition characterized by the deposition of fatty substances in
arterial walls. Plaque encompasses such deposits of fatty substances, cholesterol, cellular
waste products, calcium and other substances that build up in the inner lining of an artery.
Plaques can grow large enough to significantly reduce the blood's flow through an artery.
However, more significant damage occurs when the plaque becomes unstable and ruptures.
Plaques that rupture cause blood clots to form that can block blood flow or break off and
travel to other parts of the body. If the clot blocks a blood vessel that feeds the heart, it causes

a heart attack. If it blocks a blood vessel that feeds the brain, it causes a stroke.
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patient, the relative biological efficacy of the
conpound sel ected, fornulation of the excipient, and
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that .@QB}’ i @u Pl raechensg thas %s?}tq% )1 BB Hsase Siragression and
progt386h & PhyudRpakE s of inflammtion (CRP and ESR), and
radi ol ogi ¢ assessnent of joint structural damage.
Cunttemeschiresinde tymehllyy acegmupruigd yDRARIDsarr islainmetory response in

nt i nuedamn trati,on to maintain tima nefjit.
whichlibgk Aoy O b et BB E 8 S0 4f¥Rke PR 1 vessel wall
becoﬁh%l ifdant 6lls. t Podnt icklls @80 $vasde sfehems 6f gRnNpflgmidtory cytokines that
tionally, ?atl ents often beconme refractory to a
havegheen idemoastraterk foainduemplageaypriogeessian and of fha ¢enzemes dhahean promote
plaql'l:eio rd(e)%/’\[glﬁ%%t{] g?;\?\\g ero ?clé}?%(g érss%f %)%&F&S}s‘ Eﬁg@%ﬁl,\é\éﬂg%&tmg that its
actm:dylbyi @@ialmg itrpogh GOR2adsoamipht pRstaneinipsrtittrble in the accumulation of
ni fi capt res onse to antj - TNF t herapi es
macr@p 9654 m eslls iy p Pes a R#lrfﬁlff haygt lpeemcten;onstrated to have
' fyi
Ul i Sl b o i o e
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ngi mal ari.a
a i’at%%tsa who emonstrate high circulating cholesterol, low HDL, or elevated

circulating CRP or present with vessel wall plaque by imaging, or any other evidence of the
presence of atherosclerosis could 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) such as a compound of the invention. 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 supplement their current therapy to enhance its effectiveness in, for
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penicillam ne or |eflunam de, who have achieved
clinical rem ssion of disease can be treated with a
wanpseater t hat inhibits expression and/or actPi/U§2005$/022909

CCR2 including, for exanple, nucleic acids (e.qg.,

antisense or si RNA nolecules% proteins .,
exampls} ipr@EREng Placve dpregiessiena spOilisgcPguS ﬁll*ﬁtbg%so plgeady formed or
. t he conpounds di scl osed herein and ot her
mduc{%e‘ﬂ%%eﬁ%gr?asé%og‘gtor i nhibitors known in the art). In
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DMARDS wi th CCR2 antagoni sts are nunerous. Traditional
DMARDs have serious cunul ative dose-limting side
Labe@ﬂf@wuﬂdWWﬂY%fWﬁ being darmge to the liver, as
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metaBéiGatiollhbeied cdrap@nss of Fanmularirﬂmbwpm essgiefid not only in lmaglng but
l[iabilities associated with trﬁdltlonw

also my@seyorRath yn ke ad) 1. piveefQst lopalizing 8?%&“8155%?% the chemokine
recep&‘i&ﬁb‘%%gﬁey $ ?rﬂﬂés HelWESK Bum¥f) 1268 fbﬁld@ﬂuﬂy ewdRhe receptor ligands

ing wth adverse teactions. The -life of an
by inhitdtibry binidomyvef 4 dbetedGORBOENG. agémpstmgls, thg weseat inventipn includes
t he or der SO t tinued
chemggglsgﬁq,eg qr8sia%th&? %{Plslécfh gplelg‘?j(\;/%réelﬁl Eei\E/]ent is very

M ThdBlesch® iRERGH @Lﬂtﬁeﬁ ikl @le GtspicAlyeabeled Abmpourtds@f Formula L.
current biol ogic a ents (infliximab, eta

An “'@Qtﬂpiqaﬂymgr “1R dphq §d” goypql & pcgm@qu‘pé é{l ngnt]lor\,where one or
moreoaretplfrs Gre E& 'op %Jﬁl?sgﬁft 9? shwlﬁé& Lbit?)rﬁlcplﬁﬁése&tmass number

e po Ity of
diffetent lﬂﬁjnpl’ﬂhd e@ﬁht @iassrori masacﬁumirerstyplealbeﬁmmdomsnatﬁmeéle naturally
are_avoi dabl e using an orally adm ni st

ocCcugig)goniigble radionuclides that may %e 1ncorporate§lr1n compounds of the present
invention include but are not limited to *H (also written as D for deuterium), *H (also written
as T for tritium), 'C, 3C, c, PN, PN, 0, V"0, '*0, '*F, **s, *Cl, ¥Br, "Br, "Br, "'Br,
1237 1241 1251 and B, The radionuclide that is incorporated in the instant radio-labeled
compounds will depend on the specific appliéation' of that radio-labeled compound. For
example, for in vitro chemokine receptor labeling and competition assays, compounds that
incorporate 3y, ¢, ¥Br, 121, P, 358 or will generally be most useful. For radio-imaging
applications e, By, 1257 1231 1241 131y TRy, 7'6Br or ""Br will generally be most useful.

It is understood that a “radio-labeled ” or “labeled compound” is a compound that has
incorporated at least one radionuclide. In some embodiments the radionuclide is selected

from the group consisting of SH, ¢, 1251 35S and g,
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D abetes and Insulin Resistance Treatnent Regi nen Type
2 diabetes is one of the | eading causes of norbidity
wanenot7srl ity in western societies. In the vaRCT/US2005/022909
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and/digaRRIAS Bf KR BR RRfHoABEAS, da alsbBelifcludedds siackiat ed
with insulin resistance. It is clear that central
adThsoisiventiqnswill hajdescribied Hn fezeetesrdefask by meay qehvspeeibigesyamples. The
of insulin resi d ' j : limit th
g, B3P0 FRSRLECES, NGRS ACpbIRal a2 o it e
invedtiont e age \nednPpIETlosef ofl sl inntheesit swidinteadilyl recognize a variety of

rogression to disease;, |In_additj to,the secreted
noncrpitica parameters which can be changed or modlf&:r& to YIGHCP essentially tﬁe same results.

Kits

EXAMPLES
Example 1
Preparation of N-[(1R,3S5)-3-isopropyl-3-({4-[3-(trifluoromethyl)phenyl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

~

0O y 0
N

Cr
)

Step A-1
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protein factors, obesity induces a cellular
i nfl ammat ory response in which bone-nmarrow derived
wore@sopdtages accunul ate i n adi pose depots, becPei/ngR005/022909

adi pose tissue macrophages. Adipose tissue macrophages

accunul ate in adi pose tlssue |n proportion to neasures

of adiposity. Tissue inM Ep macr ophages are a

source of many of the infl ry cytokines that have

been denonstrated to induce insulin resistance in

adi pocyt es. Adi pose tissue Produces MCP-1 in
4,4-DRh&nexléeahy - 26 pemi-3 1 suggestl ng that its activity

i %?3' A oMU e BpriRg00 4 S yBR if Hethanol
(100 &Lﬁ{i@ Was tifbp k&gl "RMeg %&hﬁ@ﬁ omf‘chﬁ(%’ Fb&IFB% acid (15.1 g, 87.6

erac y responsible for nonocyt e
mmol) &¢ mgtHaneintl 5 Mhmnbﬁng stersadefor \ﬁ/ﬂnemdxanp]eﬁ@mmoved in vacuo and

e TS 2 D26 BLARERe R PORGobl HRR: MRSt

K,CaYf Th@%és@l@fﬂ@%@lﬁﬁoﬁ%@ Stitr&RBof Mo M gtiRedd thiigh celite. The filtrate was

proi nflamatory nol ecul e production is directly |inked
evapdrwted s wdun to pividedhe desired prasiictwhish vens wperkdiregtly for the next

nre ance, either prediabetic (nornoglycenic)
reacu8?“8*h88rel?‘fr?w€h%er gl ycenmic), could be treated with a

substance that inhibits the expression and/or activity
of CCR2 including, for exanple, nucleic acids (e.qg.,
Step 4nt i sense or si RNA nol ecul es), proteins (e.g.,
anti-CCR2 anti bodies), gasllovel ecule inhibitors
(e.g., the conpounds discld§edokmerei n and ot her
chenoki ne receptor inhibi $ known in the art). In
sonme enbodi nents, the subst{gnce that inhibits
expression and/or activity of CCR2 is a small nolecul e
3,4, 4-erpethopiadialpdroci-prrdtagoni st) . The CCR2 ant agoni st

cap, ?gol‘&g ?f g,égchh%th%xgratr%y#% b@ﬁ&nﬁ -A198680 %57.0%mol) in THE

excee trents can
(100 ‘MH)W 0@AWwhy alted rsodlﬁmdly@lrldettl‘ é&gﬁBV A rhinel) dAfegeeing stirred at 0 °C

eir current thera a ul d | nt ai gﬁd on,. llowed
for 1th|s asthyi pedidg £4h61twé %ﬂzn%lﬁ S Lol diprase, B [Gpcpgyas allowe
to wiHt ﬁ}%%‘ Iaﬁl?]Z)lJ‘IlE ?éhtl @f‘en@ﬁ&ﬂuéﬁ’g S4RRLE MED/CIL Tﬁé product was
curr t her apy o enhanc Its effectiveness or
extrapicévwith gihergthesss itiorest d'he uednlgned restrhétn mpedmein @@er NaSO; and

concé/_r\)(rtjégqrglt afgﬁﬁ'}cgg%ﬁ: by: t]i“ﬁ'h{%é%grsé}% Ioenmz“‘m fich gel (10% ether to 60%
ether/hexanes) provided the desired product. 'H NMR (CDCl;) & 4.05-3.95 (1H, m), 3.80-

3.70 (1H, m), 3.60-3.50 (3H, m), 3.50 (3H, 5), 3.30 (3H, 5), 3.10 (3H, 5), 2.00-1.70 (2H, m).

fﬁ/o\

@)

Step A-3

3-Methoxytetrahydro-4H-pyran-4-one
To a solution of 3,4,4-trimethoxytetrahydro-2H-pyran (4 g, 20 mmol) in THF/H,O
(60 mL/10mL) was added concentrated HCl (6 mL). After being stirred for 1 h, THF was

removed in vacuo. The aqueous solution was extracted with ether (3 x 100 mL). The extracts
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ant agoni sts are nunerous. Such agents nmay be useful,

for exanple, to preclude progression froma
wee@dioatset i c, insulin resistant state to a di aP€r/U82005/022909

state. Such agents may reduce or replace the need for

the use of insulin sensitizers, with their atgendant
were tdoigd eind icopcenBatsd zag\@zntas tovpyovides ther degired: pradeici eHgNME: (CDCL)

130-8ip8 108,45 578 5, YL 0 RG2S ML 20250 ot .

Step BYjeat ment Regi men At herosclerosis is a condition
characterized by the deposition,of fatty substances in
arterial walls. PI aque enconpastes such deposits of
fatty substances, ? $fr Mall ar waste
products, cal ci um an gﬁ bstances that build up

in the inner lining of an arteré Pl aques can gzrow

B &

Mefhﬂa( ¢ @éSkﬁcﬂd@rf Bzdowelrﬂonympgpyf ¢tie- Y’We] BB IEter | ow
OCC u?‘ gorlv\ﬁ 8‘{@ }_B e b@{’:t% b%ngp Aino c?%brlﬁgitrgl%eé -carboxylic

acid (ﬁ’b@%ﬁ& rhihal) ifi ED’NIEI(ES ma) ses Iaﬂdmlcboldmium tarbcﬁmmétfkﬁag 45.8 mmol)
bl ock bl ood fl| ow orﬁ%reak of f a d.travel  to ot

follo\ﬁ%df 1b§ wethyhiodidry(A-0 L+ e reipgh- AisE leing B Is%ba%(?%ﬁemperme
overnb E?@a@ OE@X&%& dlltfgecpaiﬁﬁ%?o%ch’?ﬁé%lﬁi&rﬁﬁgs whdhell twith water

vesse feeds the brain, it causes
four thmed maklmriét drertosg |deied Mz SO3) aldsctompntra(oerdp Tog refidisanas dried under

high :ygglt&nté)é&ggl?%}lgy StB%rvt g{hgvﬁ@? :ﬂzgl%%ggpcﬂ Qgh ed\?g/f’) &\AS calculated for

cuﬂgﬂ‘éh g@rﬁng*ezw fhivRl M?P(MLEO&HWJ lor NS kcHath) &75.80 (m, 2H), 4.90

art "di sease. Based 6n chol esterol "as a
(m, 1H|),|4mgm,cﬁﬂr);as7|2t(s @H)o3.5p(ag ), 2t He(nad¥Bnt.86 Gh, piadue (s, 9H).
formati on has been managed by the reduction of
circulating chol esterol or by el evation of
Step phol esterol -carrying high density |ipoproteins (HDL).
Crcul ating chol esterol can be reduced, for exanple,
by inhibiting its synthesis in Yhe |iver using or by

reduci ng update from foqgd. canents that act
t hrough t hese rrechani%’ﬁﬁ'gra

de nedicines that are
used to | ower high cholesterol/ | evels: bile acid

e RS P RO B URIEE B0 B BELPER Lo
deTd ¥ 2100\ SoluGiion ofl lithium Gexibhethyidisdaldd¢ inoHAF I@OQme) at —78 °C was
or ex

addecglr S \I;S‘%lﬁgﬂ‘gg@ dlg:p% a@%isgﬁﬁﬁfe‘g@ utoxycar onySamPno?cycfopentQ-ene 1-
carboxylate (22.10 g, 91.59 mmol) in THF (36.2 mL) over 10 min. The solution was stirred at
-78 °C for 30 min before isopropyl iodide (10.0 mL, 100 mmol) was added in one portion.
The mixture was then moved to a freezer reading at -24 °C and kept overnight. The reaction
was quenched with aqueous ammonium chloride and the resulting solution was extracted
with ether three times. The ether layers were dried over sodium sulfate and evaporated in
vacuo. The residue was purified by flash chromatography on silica eluting with 10% ethyl
acetate/hexane to give the title compound (20.2 g). MS calculated for CisHasNOa: M+H)"
284; found 184.2 (M-Boc+H)".

Step B-3
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that addresses nultiple nechanisns has been shown to
sl ow di sease progressi on and progression to plaque

WO ab004541 At heroscl erosis is typically acconpaPtBUSIHY5/622909
cellular inflammtory response in which bone-marrow
deri ved macrophages accunul ate in fatty streaks al ong
the vessel wall, becom ng foam gells. Foamcells are a
source of many of the |3_L ®HCYt oki nes that have

been denonstrated to ce e progression and of
the enzynes that can pronDte que destabilization.

(IS, 4@%9?&9&2&@0 IE{zl;f%toFyl%ﬁMﬁoﬁ P r%e%zgu%ﬁ%&dg@&d
pl @y ana| mpohttiant rof e trrretlu}ﬂe aﬁé‘;ﬁ:ﬁ)rl%[t(ﬁedrbmoxycarbonyl)ammo] -1-

oo RS54 LS 5T g By mgene 50

mL) ﬁﬁ% Q%%nwwﬁsaéddvéd ﬁﬁiﬁﬁﬂﬁrdﬁﬁcﬁ&fﬁbﬂhﬂﬁa‘c@(i @54l 119ghmol). The

diet” or genetic alteration in |ipid
mixture vab rhbatsdrto Rﬂux @ncmlghhd\mrmmf%ﬂéqﬂmgwa@ﬂ RoEratagEpmount of
start1ﬁ$ % %% ?V\f fﬁ,‘ 0{}%%%: eﬁ r elegr\é%}é)%gc)l/ g)lz né&oﬁ%ﬁcpglrquﬁlegﬁs layer was
extrab SfitlE¥thee Roemdf) tb h&n@f@ﬂﬁﬂﬁﬂea@fedaithﬁh@imdtaﬁaisﬁ“he aqueous layer
could be treated wiith a substance .that E I bits

was @@bﬁ@c@,g@t@@om@ﬁr&ed atel tg pklr4gvhntecheng ¢Ral 78, icg Bq,tﬁ Ihe resultmg
I e

B FyEL 54 4 Oy St 30 o 18 Sy v i v

MgSonahd comieatraté to piviela dodidg17 @). gThe ¢ofhid wasndissatsatd in hot ethyl acetate

0 RGeS S0 TSt TRCEhen s sy oo
dow%é%%ﬁp&ﬁlp%@r 'H@Fdr@ hﬁm@iﬁt’be&sﬁb&@r felar atags iy L by °of After two

Is a's CCR2 i nhibitor (or
days,aﬂtagwtalst\)/ers utmoasd affcmwnhlqluﬂ waseevapotad dhvacpeeto give the

s SR RRL SRR 050 3609361 4 Moyl ey o oy

270; %dq%wmo@myfrom or have a decrease in the dosage
of their current therapy and woul d be mai ntai ned on

treatment with the CCR2 antagonist. Alternately CCR2
Ste %nj agoni st treatnment nmay be used to supplenment their
P Bur r ent therapy to enhance its effectiveness in,
forexanpl e, preventing plaque pripgression, stab|I|2|ng
pl aque that has already for i nduci ng pl aque
regression. BocHN %, OH’

(18, 3R)-3-[(tert-Butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic Acid

To a solution of (15,4S)-4-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopent-2-ene-
1-carboxylic acid (9.78 g, 36.3 mmol) in ethanol (250 mL) was added 10% palladium on
carbon (550 mg). The mixture was shaken under hydrogen at 55 psi overnight and filtered
through celite. The filtrate was evaporated in vacuo to afford the title compound (9.45 g,
96%). MS calculated for C14HasNOy: (M+H)" 272; found 172.1 (M-Boc+H)".

Step C

BocHNﬁkNﬁ
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Advant ages of substituting or suppl enmenting
traditional agents with CCR2 antagoni sts are nunerous.
weomb/oagent s may be useful, for exanple, to prECI/US®05/022909
progression of the plaque to a stage of instability
with its associated risk of plaque rupture. Such
tert-Bagé fitIR, 13- (effutiflveromelylpkenyheinseesdn-for the use of

hol est er ol ng drugs or HDL el evating drugs,
ylca’”é\?”cy cy%%qepwﬁ&quﬁﬁ toxicities including, but not

ll(ms Bﬁ}i3i[gertiﬂm@1yc%onyma@hopwm@m@mcwem@ecdﬂamghc acid

such nmyopat Such agents_may al so redu g t he ngd I
(0.10f g, 06? mmolé,ng}\ylt [P risoraeethidiphenylpiperetiy é r S mmol),
meth?’@m?equ Al d q§sed 74}/\6 amrr@g &' lpeHsftriol- Wli»?ﬁﬂ&ﬁ fdthamino)-

o’li ue to potential “pl aqu
phospHépiuti Bexalﬂ&bﬁipﬁdspﬁaféﬂouﬁcgs Oéﬁdnmsbayer&/mm@ﬂm mﬂh’yhm chloride (5

mL) W%l%é%;rc}oggreg{p%%g%évgz\éf . 'lgl}e rlreg%}%g}etﬁ]é%}gF fg\'@llsJ QAR S it EtOAC
and WRIBQYRHS s g&gra{:e‘ar H@dg t[’ﬁé‘taqﬁ&iﬂsqa WeLbrtrach@t wathl BtOAc three

I'n 1 magl n SO i N assays, invitro and in
timesvi Vhe domibihert adriganin g layad (mamt dltl@d |Gh@&@né «ioapesiiated and flash

rec tor |ncI 0
chrorfGHBPRGH (7 FEIRERE BIRBbLLRTF B RIL P AIsERrG P 3300 Ms
calculitdifior @, 81 AN, ebahve a1 L8R Yohd }Mcpmmgﬂaoc) t he

present 1 nvention |ncludes chenoki ne receptor assays

that contain such | abel ed conpounds. The present

T@nventi on further includes i sot opi cal I y-I abel ed

onpounds of Formula | . An "isotopically" or

“radi o- | abel ed” conpound Ps a conpound of the

i nventi on where RPE atQns are repl aced or
t

substituted by a avilﬁg n atom_.¢ nass or nass
nunber different from e atem 5 £ mass nunber

typically found in nature (i.e., urally occurring).
Sui t abl e radi onucl i d@§F¢RPHMRY be™i ncorporated in

on B g D BB SRS iy e

bls(tr(lﬂdtdi*@adwat&)t en as T for tritiun), 11C, 13C, 14C, 13N,
U N WOV M O S

cyclo?@%&hc%ﬂﬁ { fl& Jﬂ%@lﬂ ﬁ‘m{ é@ﬁéa@é& Wftﬁ@ﬁﬂhdr@ekb@ﬁ@@md (3 mL, 0.04

yend on e specific ap? |Cat|on of
mol)t mametidérs- Ichk»alde d(3c aripo ah @oorEotemperature for
concentrated to provide the desired product (98 mg, 93%). MS calculated for CaoHasF3N30:

(M-+H) 384.3; found 384.2.

O

h. The mixture was

Step E

N-[(IR,3S)-3-Isopropyl-3-({4-[3-(trifluoromethyl)phenylpiperazin-1-
yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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exanpl e, for in vitro chenokine receptor |abeling and
conpetition assays, conpounds that incorporate 3H,
wQ@2is/082Br, 1251 , 1311, 35S or will general | yPOBUSIE$/022909
useful. For radio-inmaging applications 1 1C, 18F,
1251, 12315 1241, 1311, 75Br, 76Br or 77Br L}I . .
gélive rabalytione ofid R, 353 Stigppropyl-3- Slnld&iByseRetyhpbepylIpiperazin-1-
or ou [ c u -
s1ycapfeBDR SRR inest iR @RRRECFARRC E g, P3P MmoD, 3
meth&OE BNt pRian-4-bee (F0ingn 016[9|1dmol)meheﬂ:nybt¢hlﬁe ()(M)?fh aL, 0.69

o pe RS RAT h 8RS 2K Sp m ARSIy borohydride (97 me, 0.46
mmo{)ag'ﬂ%r béﬁ% gﬂﬁg' L} Rnd EHA SufcOTRAHBELS 1R Ra@R he@@eBwas diluted

e Invention and are well known in
with Eh@Aar and Washedi mth abpirgdd MNP Oandhofaquemisi layemnwes exiragted with
to ident,.f

oA D PSRBT BRIkt MFDULEY ST gpent an

purified %ﬁtshﬁda?él eﬁma Wiﬂl EﬂOAib to 1B Hi;0BDAY raﬁ)ardmgl 108 mg (92%) of the
eval uate sal ity to reduce binding of the

desir¢capiodudtabbe grpd@m@mma@;edt biechiral FRLG e giye itye major isomers. MS

r C I t Is of a test

calcuﬁa%d;%a ?36%3 ﬁgﬁﬁb%{ Hé) Aﬁg ? %‘@grépaég v 158 s elléed %%n’pound

for binding to the chenokine receptor directly

correlates to its binding affinity. Kits The present
Exampl¢ant i on al so i ncl udes pharmaceutical kits useful,

for exanple, in the treatnment or prevention of

chenoki ne- assockat ed dlseases whi ch i ncl ude one or

nore contai ners ontﬁlnlng phar maceuti ca

conposition co tically effective

amount of a co ou 'arWULﬁ/ . Suc klts can
further include, Yf deS| 6d, oné re %f various
conventional pharmaceutical kit co ents, such as,

for exanple, containers with one or nore
pharmaceutical Iy acceptable carriers, additiona

t ai be r _apparent to those
Prepgﬁqfq“e@e:{ ﬁthf’ﬁ%‘%él(ilﬂw&lls%'ia%ﬁgq efther as inserts or
(trlﬂasrdxﬁaﬁyﬁphédngq%rmﬂ -GyREdrbohghcyelopeheyltesphyhat 2H {pyran-4-

be adm nistere gui del i nes for adm nistration, and/or

aml@w delines for mxing the conponents, can also be
SteplApf'l uded in the kit.

3-Ethoxy-4,4-dimethoxytetrahydro-2H-pyran

To a solution of 4,4-dimethoxytetrahydro-2H-pyran-3-ol (2.0 g, 12 mmol) in THF (20
mL) cooled in an ice bath was slowly added sodium hydride (0.60 g, 15 mmol) and the
resulting slurry was stirred for 1 h. Iodoethane (1.5 mL, 19 mmol) was added and the
mixture was stirred at room temperature overnight. More sodium hydride (0.6 g) and
iodoethane (3 mL) were added and stirring was continued another overnight. The reaction
was quenched with water. The resulting solution was extracted with EtOAc twice and ether

twice. The combined extracts were dried, concentrated and purified on silica gel (20%
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The invention will be described in greater detail by

way of specific exanples. The follow ng exanples are
w@bdoened4f or illustrative purposes, and are noPCT/US2005/022909

intended to limt the invention in any manner. Those

of skill in the art will readily rec nlzeavarle?/
EtOAcfhenanes) fat givaR. mmmmmm @rpd@afn H (edlsbp 3-32-4.00 (7H,

), 3k B3 2l 0 255 el Ik AP 1R 53“' -

?,3*8)-3-isopropyl -3-({4-[3- (trlfluoronethyl)phenyl]pi
pera2|n lyl}

Swpi&irbonyl)cyclopentyl] 3- met hoxyt et r ahydr o- 2H pyran- 4-a
mne Step A-14,4-Di netho tetrahydro 2H pyran- 3-ol To
a solution of 4-nethoxy 3 6 @&_hydro-2H pyran (5.00 g,
43.8 mmol ) in net hanol nm.y at 0 OC was dropw se
added a solution of r-c operben20|c acid (15.1 g,
87.6 mmol ) in nmethanol (fg After being stirred

3JthwmﬁWMMMﬂmﬂh@mmh4wws reaned in vacuo and the white

ot RSOLET o Ry A O OHE LRy By g | & T mmol) in

THF/%%HI”(S@ thIVee nﬂ)'xﬁafs%dé&&orkeﬂtré%@dj HiA1(6 ef1ed Atrlat Beiglb stirred at room
celite. The filtrate was evaporated in vacuo to

empqzmtnm tﬂcer k h,eﬂmmxnuerd w:asablmd with dHOves The eegaicr layey yas separated

for ext reactio t '
and t%e QHUEOLH, {Aﬁ%rt‘ﬁ%sx% Epgﬁh\(’/lmc it qg%&\%;{gﬁé%s .GFgE g&gg o~ %%n?c layers were
drled‘bvér Nigves, hansee h@bysbeatrdbt Ry sige-13550¢ (47606 the d8sired product. 'H
In THF (100 nL) at O OC was added sodiumh drl de

NMR((13 310 430-300 Tl ), APLESHethgst BP+lel) @GH. b Joe
Sten B nmet hyl iodide (4.61 niL, 74.0 mol) was added

P @ropwi se. The reaction was allowed to warmup to
anbi ent tenperature and gquenched using aqueous NH4C .
The product was tracted vith ether three tines. The

conbi ned extract meHe ori.- over Na2SO4 and
concentrated. Pgfi |ca‘l> ”?F?sh chr omat ogr aphy on
silica gel (10%etHer ﬁO\A)K/ : CF;3

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

To a solution of (1R,3S)-3-isopropyl-3-({4-[3-(trifluoromethyl)phenyl]piperazin-1-
yl}carbonyl)cyclopentanamine dihydrochloride (200 mg, 0.438 mmol), 3-ethoxytetrahydro-
4H-pyran-4-one (130 mg, 0.88 mmol) and triethylamine (0.18 mL, 1.3 mmol) in methylene
chloride (10 mL) was added sodium triacetoxyborohydride (180 mg, 0.88 mmol). After being
stirred at room temperature 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 (MgSOy), concentrated and purified on silica gel
(EtOAc to 1% EtsN/EtOAc to 5% Et;N/EtOAc) affording 230 mg of product. The product
was separated by chiral HPLC to gix‘re two major isomers: isomer 1 (110 mg) and isomer 2
(77 mg). MS calculated for Cp7HsoF3N303: (M+H) 512; found 512.2.

Example 3
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et her/ hexanes) provided the desired product. 1H NWR

(CDA3) d 4.05-3.95 (IH, m, 3.80- 3.70 (IH, m,
w@206/0617%0 (3H, m), 3.50 (3H, s), 3.30 (3H, s)PCBUID05/022909

(3H, s), 2.00-1.70 (2H, m. StepA-3

3- Met hoxyt et r ahydr o- 4H pyr an- 4-one To a sol ution of

3, 4, 4-tri met hoxyit rghydr o-@H-pyran (4 g, 20 nmol) in

THFVH2O (60 ni/ | EriLNwes gdd concentrated HCO (6
m.). After bei ngjgﬁ‘rr;_or M h] THF was renoved in
vacuo. The aque sol ut ueih\v\gas/'?é €t with ether
(3 x 100 nL). The extractswere dr@;d concentrat ed
in vacuo to provide the desired prodtdct. 1H NWR
R B- 1-300(4-[R(tEHTrdrEmet in-2-yl]piperazin-
Prepg%@fﬁ'[él i 4%@5%51 (355)5 Dt L op{gﬂ - Ipip
1-y1} Sixbonp) ¢y chagienyyl]-3 e thoxytetrahydro-2H-pyran-4-amine
S)-4-[(tert-Butoxycarbonyl)am no] cycl opent -2-ene-|-ca
boxyl ate To a solution of (li?,45)-4-[(f
t - but oxycar bonyl ) am no] cycl opent CFsene-| - car boxylic

Step

acid (10.0 g, 44 mol) T DW nm.) was added
pot assi um car bonate (633 ¢ —%5.8 mmol) foll owed by
met hyl iodide (4.0 ni, molN~ After being stirred

1-[4-2Er il QRS U6 Ryight , the reaction m xture
[ \;\?géﬂdi | ut egpl\?\}/l;t h Et%)C&:Iﬁer The sol uti on was washed w th

wah splution rof 2 ¢hieroshdrifineremethybpytidiae (3Piged | (vgSupirgidgine (3 g,
ted. Th ' X : .
30 50F AR R RS C (E Sphie M i D8 HhsfGhaRe 100 -

overny t‘-'éﬁﬂ‘édh@nﬁdtfgqf"z\l m@@l‘ﬂﬁ&?@idgé g@agipmriﬂé&by talumah chddndtography on
+
slica g4) (B /BDIyHOAYYEOBVTBN(S 0/ 140§ oz 0 PRk (4350 olopuse broduct. M
. . 9H) .. Step B-2 Met hyl
Calc‘é% {A‘ngclﬁl[z?&# {N/IEU o%%/?:fg‘?%do%%'&am noj - | E)i sopr opyl %:/ycl

opent - 2- ene-| ~car boxyl ate To a 1.00 M sol ution of

| i thi um hexanet hyl disilazide in THF (202 nL) at -78 0C
Step fas added a sol ution of methyl (1i?,4S)-4-[( er

- but oxycar bonyl ) am no] cycl ©Opent - 2- ene-| car boxyl at e

(22.10 g, 91.59 BoembIN\_in_ TH 6.2 nmL) over 10 mn.

The sol ution was stirred/at “é(?ﬁ OC for 30 mn before

i sopropyl iodide (10.0 mi~1 E3added in one
porti on. NI P

tert-Butyl [(1R,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
by triethylamine (0.156 mL, 1.12 mmol). After being stirred overnight, the reaction mixture
was diluted with EtOAc and washed with saturated NaHCO;. The aqueous layer was
extracted with EtOAc three times. The combined organic layers were dried (MgSOy),
concentrated and purified by flash chromatography on silica gel (20% EtOAc/hexanes to
40%EtOAc/hexanes) to give 0.15 g of desired product. MS calculated for Cy4H3sF3N4Os:
(M+H) 485; found 385.2 (M-Boc+H).
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The m xture was then noved to a freezer reading at -24
OC and kept overnight. The reaction was quenched with
waeowenus4amoni um chl ori de and the resulting sPCT/USINS/022909

was extracted with ether three tines. The ether |ayers
were dried over sodiumsulfate and evaporated in

vacuo. The residue was purified by flash
(ghr omat ography on silica eluting with 10% et hyl

cetate/ hexane to give the title conpound (20.2 g). M
cal cul ated for C15H 5NO4: 0(MH—I)+ 284; found 184.2

(M Boc+H) +. Step @Nm
(1S,4S)-4-[(tert-But ar bonyl ) am no I-|sopropyl cycl
opent - 2- ene- | - car hoxyl |,C’N:| F3 on of net hyl
(15r 545)-4-[( r

yI

%
- but oxycar bonyl ) am no] - | i sopr opyl ¢ycl opent -

(IR, 33) Sffﬁaﬁroﬁﬁfﬁmy[wqtﬁﬂz(olwéﬂylg)yrﬁﬁn -0ydipipdraziiti- (500
iL), methanol (500 nmL) and water (100 nmL) was added

yl}wrhcwb%watﬁa(wa@ monohydrate (5.00 g, 119 nmol). The
hour slﬁu%il (hg,% ?-1%)%1‘ FBYE I‘fﬂ %ﬁmugmmetﬁyfd?@'hdﬁﬁ}yl]plperazm-1-

a‘very trace amount of ‘startin
yl}caft&ingt)bﬁilopeﬁt}é]oarbgmatec(ﬁﬁImgrﬁ 31 wand) mme@dlmtlvaédbM solution

or oF, LIRSS Y oSSR e Dk e

press{u%%s WA fe priddbd Waidh Wak Ris&PdE Aokt sBpasithdt phﬂﬁ&iﬁ%ﬁ MS calculated
eg being cooled in an ice bath. "The resulting

forCs;bIztEsN@@ @MtHéiSi dowwt384.2.n et hyl ene chloride three
times. The extracts were dried over MgSO4 and
concentrated to give a solid (17 g). The solid was

Step B ssol ved in hot ethyl acetate (22 nL) and hexanes
(550 nmL) were aned to the solution. The sol ution was

slowy cool ed do room®@enperature before putting
into a freezer - 24 0C. After two
days, the cryst Is ff and the liquid was

evaporated in ve to gl)lé\t p?roduct as a
white foany solid (9.78 g, 56%. cal cul ated for
Cl4H23NO4: (M+H) + 270; found 170.1 Boc+H) +.

N-[(1R,3S)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyridin-2-yl|piperazin-1-
yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2 H-pyran-4-amine

To a solution of (1R,3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-
1-yl}carbonyl)cyclopentanamine  dihydrochloride (140 mg, 031 mmol), 3-
methoxytetrahydro-4H-pyran-4-one (80 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;COj3. 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 (55 mg) and
isomer 2 (37 mg). LCMS calculated for CpsH37FsN4O3 (M+1) 499; found 499.2 for both

isomers.

Example 4
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Step B-4 (IS,
3R)-3-[(tert-Butoxycarbonyl)am no]-1-isopropyl cycl open
wa aweped7boxyl i c Acid To a solution of (1 ',4 SpCFBSI00$/€22909
t - but oxycar bonyl ) am no] -1 -i sopr opyl cycl opent - 2- ene-
1-carboxylic acid (9.78 36.3 mmol ) in ethanol (250
Prepaniationad Mﬁwéﬂﬁwmqpabgﬂm -Bn(teiflupsrmethzbpyglin- %wélplpemm'

-yl}cgﬁﬁtt)llfj{lfcty\gﬁhgan{}ﬁlrf%z geﬁﬂ%é&etﬂﬂ#ﬁeﬂ} ?&{aﬁg ggﬂm%lgver ni ght

evaporated in vapuo to affegyd the title conmpound (9. 45

g, 96% . MS cal cd] atigd f.or [CLAH25NOA: ( MtH) + 272

found 172. 1 ( M BoG+H) 7St 8lp ert-Butyl [(I

R, 3S)-3-(4-[3-(vLifl uo 2 merazin-1 -

yl car bonyl ) cycl opentyl ] carbamate

(1S ,3/?)-3-[(tert-Butoxycarbonyl) o] -1 -isopropyl cy

cl opent anecar boxylic acid (0.10 g, 0.37 nmol),

N—[3 Trifluoromnet hyl ] phenylriperazine (85 ng, 0.37
SWP%QF) triethylamne (0.10 nL, 0.74 mmol) and

nzotrlazoI-I-onxytrls(dlnethylan1no) phosphoni um

hexaf | uor ophosphate (0.1 ~OB7 nmol ) were mixed in

met hyl ene chloride (5 nL) |and]stirred at room

gerperature overni ght. The“Néaction m xture was

i ed with Et OAc and washed wi th saturated NaHCGS.
3-Bropyps)- ﬂ%’&ﬂgnfayer was extracted with EtOAc three

t iTES soldiiéh @W@dﬂﬁém@ﬁﬁ@dih@ (483 eoe MIesIR ndTHEc(zm@sma,s added a
concentrated and fl as

chromat o hed é Eg
2 M sqdutigy of isopfioprimagaesian; shiqyids g L&QX grbging ﬁfsrred at room
temp%r%u&éjg Z)elq t&? olﬁﬁé{@gg%g&g@ to (70 T%8lf]'v\%s aﬁ&Bﬂnéjpl%gélolé’d solution
of iodif €3-¢, 200 Jar(dl) id THE (00 iy )Tlrdmniylhr]e pqu ilateidrwith gthersand washed
it R LGB 2R e oL Sl UBNGASELAL ) 50 Bl M, an
brineY 'BRY PRAM gg 1cORSRE Whds- aabd 36%% g§@4,mﬂilteﬁd1 gndmBdhgentrated.

was treat h tri'fluoroacetic Aci n%, 0. 04 nnlﬁ
Crysuanzamhrfycbm re¢hanbl gaviedds.§B(58%)) d‘tdetsucxirpt@np’rerﬂtm {@pCh) 8 8.75

am, B, s 50udt X858 1RSs).
Step A-2

ocN
NN

~

N

tert-Butyl 4-(5-bromopyridin-3-yl)piperazine-1-carboxylate

A solution of 3-bromo-5-iodopyridine (13.0 g, 45.8 mmol) , fert-butyl piperazine-1-
carboxylate (8.53 g, 45.8 mmol) , copper(l) iodide (0.871 g, 4.57 mmol), K5PO4 (19.46 g,
91.68 mmol), 1,2-ethanediol (5.1 mL, 91 mmol) in isopropyl alcohol (80 mL) in a sealed tube
was heated at 80 °C in an oil bath for 2 days. After cooling to room temperature, the reaction
mixture was filtered through celite. The filtrate was concentrated in vacuo. The residue was
taken up in EtOAc and the solution was washed with saturated NaHCOs3, dried (MgSO4) and
concentrated. Purification by flash chromatography on silica gel (20% EtOAc/hexanes to
30% FEtOAc/hexanes) afforded 5.75 g (37%) of desired product. MS calculated for
C14H0BrN;0,: (M+H) 343; found 342.0, 344.0.
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concentrated to provide the desired product (98 ng,
93% . MS cal cul ated for C20H2gF 3N3O ( MtH) 384. 3;
wo owato384. 2. Step E PCT/US2005/022909
N[ (IR 3S)-3-1sopropyl -3~({4-[3-(trifluoronethyl)pheny
| ] pi perazin-1yl Jcarbonyljcycl opentyl J-
S—nethoxytetrahydroAFprranA-anineTo a sol ution of
Sﬁ¢u4 ?,35) - 3-isopropyl -3-({4-[3-(trifluoromethyl)phenyl]
pera2|n lyl} carbonyl)cycl opentanam ne
bi s(trifluoroacetate)Bg , 0.23 mml), 3-
nmet hoxyt et r ahydr o- 4H pyr PO ng, 0.69 mol)
and triethylam ne (0.096 . nmol ) i n nethyl ene
chloride (10 nL) was added sotl
tri acet oxyborohydride (97 ny,

46 mmol ). After being

jert-&nyl #r(édodapyrzdmﬁwémemmrlec@*bemﬂatg ht, the reaction

t di Et QA
TR Sk S B DR o ¢ » 59
mmoﬁﬁl?gmt 0 Oﬁet\lvz[@eﬁidea' he MaeBhiting &f Rogrpylindgaysum ourile in THF (5

concentrated and purified on sili %o
mL). eAfieri h@glgmtmd@t R tesppYatEedNy tbdhé sglufign maﬁ goqleé Kh% C. Toit

wes 301 ol BRIV T ACHEE (980, At g ived

at -7 at corl 30 ﬁdnfaﬁd a@&ﬁ&&ﬁwiﬁre folvhaniythéH 80 nﬂmutheb mgm was diluted

for both is nmpl e 2
with sthy] ng(t?te;\w?agﬁgdsg@)h @Wé@ér @E}%&SR}%&? l%?lgg 2 M solution of sodium

tthSl(l?E&% HE b t@ﬁrf«%d) Qﬁg P]ﬁdo&grﬁéht?atéd yfl}ecﬁ%faﬁg)(ila)s%ifﬁﬂeby flash

tetra an-4- amne Step A-1 3-Ethox
chrontﬂatdgmmm «mysnhxtar gﬁy(ﬂO&f BDpgharanks ta %LEMP/@@IIC g to give the

BT A0 R BIGERG) L0 S s

390.050di um hydride (0.60 g, 15 mmol) and the resulting
slurry was stirred for 1 h. lodoethane (1.5 nL, 19
nmmol ) was added and the m xture was stirred at room

Step Lepperature overni ght. Mre sodium hydride (0.6 g) and

BocN

N
tert-Butyl 4-[5-(trifluoromethyl)pyridin-3-ylpiperazine-1-carboxylate

CF3

Copper(I) iodide (0.49 g, 2.6 mmol) and potassium fluoride (0.15 g, 2.6 mmol) in a
flask were flame-heated under gentle shaking and at high vacuum until a greenish color
appeared. A solution of fert-butyl 4-(3-iodophenyl)piperazine-1-carboxylate (0.5 g, 1.0
mmol) and (irifluoromethyl)trimethylsilane (0.37 g, 2.6 mmol) in DMF (5 mL) was added.
The brown solution was stired at room temperature overnight. More
(trifluoromethyl)trimethylsilane (0.37g) was added. The mixture was heated at 50 °C
overnight, diluted with EtOAc and washed with saturated ammonium chloride. The aqueous
layer was extracted with EtOAc three times. The combined organic layers were dried
(MgSOy), concentrated and purified by flash chromatography on silica gel (20% to 40%
EtOAc/hexanes) to give 120 mg of desired product. MS calculated for C;sH20F3N302: (M+H)
332; found 332.1.
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i odoet hane (3 nL) were added and stirring was
conti nued anot her overnight. The reaction was quenched
wowrah/ongier . The resulting sol ution was extracPerusion$022909

Et OAc twice and ether tw ce. The conbi ned extracts

were dried, concentrated and purified on silica gel
Step 4P0%Et OAc/ hexanes) to give 2.1 g (90% of desired

product. 1H NMR ( CDC éh 3.32-4.00 (7H, m, 3.30 (3H,

s), 3.20 (3H, s), 2.0541.70 (2H, , 1.25-1.22 (3H,

nm. Step A-2 3-Ethoxyte pyran-4-one To a

sol ution of 3-ethoxy-4, 4-di et poxyt et rahydr o- 2H pyr an

(2.1 g, 11 mol) in THF/ waterN(50 n/10 nl) was added
5. @Rk P : der being stirred at room
1-[5 fﬁ?e %?0‘?551?1%9[9]%))3?111 (?ﬁz’l]ﬁlizl)qeraﬁft

erature e mxture was diluted with

EtreaButFh4-[6r(gifhiororhethEdpywisin-g ep lpiperamineahgarbuylateu €bs g, 0.25

ayer S, extr i t.h e fhvet] e
mmob S L P RTED FEpUhhon B BB LS ubAReTg el room temperatu
for 1H drdeoaeerattdc ThE Ridua el used firvextlstebwih¢® tifthafputifieation. MS
desired product. 1H NMR (CDCl 3) d 4.30-3.50 (7H, m,

calcufatgbiop C5aHipBiYs: Gy H) 23y fourm2323H, t, J=5 Hz). Step B
3-Et hoxy-N-[ (I R,
3S)-3-isopropyl -3-({4-[3-(trifluoromethyl)phenyl] pi per
Step Bzi n- | ~
yl }carbonyl ) cycl opentyl ]t ebr ahydr o- 2H pyr an- 4- am ne To

a solution of (Ii{30C N

-, 35)-3-i sopropyl - 5 m f | uor orret hyl ) phenyl ] pi p

erazin-lyl} carbonyl) /‘Qge%? anine gdihydrochloride
X

(200 ng, 0.438 mmol ), 3-€tho et|ah dr o-
4H pyran-4-one (130 ng, 0.88 mol d triethylam ne
(0.18 nL, 1.3 nmol) in nethylene chloride (10 nL) was

tert-Bupled! R 38)-3nisopraput-8+(6kyHoridgbmietiy fpy8dindyyl/ pipgeizin-1-
). After bei stirred at roomtenperature
yl}c‘%%?%#%?p,en éanré]'%W? on nmixture was diluted with Et OAc
angy WaRRRbVb f‘-_[ﬁ@tﬁﬂﬁéﬂoﬁféﬂﬂﬁl)%?%i_n-ibﬁp%ta@ﬁiéstrihﬁméhloride (0.22

was extracted wwth Et OAc three tines. e conbi ned

g 033 gf@:ﬂ_(&), | @;?éﬂ_é—l%ﬁteet—@ﬁ@mal(wgﬂ@ryi,no}:éﬁm@nywéavp&ﬁ@necarboxylic
wia R LEEY oAphiyeh, Aok Brohts 00 b FOMALE Bboriaco -

yloxyEs(dspehyaineth)phosphoriam Hdkhflidroplgispleatd (@0338a¢,dY.764 mmol) followed
i.sonmers: isomer_1 (110 ng) .and i somer 2

by triethylamine (0.22 mL, 1.6 mmol). The mixture was stitred at room temperature

overnight and diluted with EtOAc. The solution was washed with saturated NaHCO;, dried

(MgSO04) and concentrated. The residue was purified by flash chromatography on silica gel

(20% EtOAc/hexanes to 40%EtOAc/hexanes) to give 0.19 g (61%) of desired product. MS

calculated for Cy4Hs35F3N4O5: (M+H) 485; found 485.2.

Step C
o
I LN~ CFs
| P

(1R, 3S)-3-Isopropyl-3-({4-[5-(trifluoromethyl)pyridin-3-yl|piperazin-1-

yl}carbonyl)cyclopentanamine
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(77 mg). MS calcul ated for C27HAOF3N3CG3: (M+H) 512;
found 512. 2. Exanpl e 3Preparation of
WOR06004248S) - 3-i sopropyl - 3- ({4-[4-(trifl uor onertmyU$1995/022909
diii-2-yl]piperazinl-
| } car bonyl entyl - met hox tet rah -
Z.témevéy S%/e[?ﬁ 1%.35’) ?—1sop¥op]yl 3- ({4 -[5- (tr1 uoromet }E{)pyrl 1n— plperazm-l—
» éh 40 M solut
sty caligDbSioispHBIeARRRAK (Y el LERAAPAFIREN G 2 1. ¥ soluion
of HW.,in 1 J-diaR4n)e, (snnp)efoaauma r0&@m gemBFatorm [I}le amgture was concentrated and

SRR LT NN R NN (R S TS

+ ]hfg esind4gswas purified by col umm chronat ography on
v+ Séa ge %?EtOAc to Et OAc/ MeOH/ Et 3N = 9/1/0.5) to

Step Bi ve 1. 099 (43% of pure product. M cal cul ated for
C1O0H12F3NS3: (I\/Hd) 232 founéjl 232.1. Step B tert-Butyl
[(1IR,

3S) - 3-i sopropyl - Qi 'I\}‘Awﬂr onmet hyl ) pyri di n- 2-yl
] pi per azi n-1vyl } carjbon éycI@/e tyl] CAL bamate To a
soI ution of /S N X T2

-[4-(trifluoronethyl)pyridin-2-yl pi erazi ne (145 ny,
0 627 mol ), (1<S,3i?)-3-[( r
ox l )28 pecar boxyl
R A B mesares o
yl}carﬂ()nyi)@zz:quweﬂ -Dewtevyletabidra-2H-pyran-4-amine

t o f\érg g@%)gﬂ(sgggggﬂgie{%lo@%nhuorp?qhg )Pgrldlg 3B§/l]piperazin-
-yl}kﬁﬂbgﬁﬁydy@mp&@caﬁ&mhéfi tHb(rifluckdacenid)) . (28f t @, bei03d mmol) , 3-
tirred overnight, the reaction m xture was di|u

methmthtr&rymﬂslrmfrmémq (W e lumeodandainethyiaming e_(8 $24 L, 0.17

ueo

1 IE%[E len 8%[%63 t1.1") g}sj‘% reagd%ll\ﬂe %Jeal\g{rliqé\%c E%@%&);ﬂ;y&@& (22 mg, 0.10
mmol)0 ke nhixaire @v&%mdrurfdeebﬂz tay rédmbmpémtme bvgmighh yn@ liluted with

silica gel. (20% Et QAc/ hexa es o 40%& xanes) t
EtOAR. vEheoropsltige Golion: Wt Mana th isreled A G S50 @880, and
1 (EtOA

conc%_l?%%e}glé)ﬁ% xieé%'ig%").%a;é%lffeﬁuﬁw ﬂ§§5 cRrotd¥h3Rspty) odlsBRRa (el (EtOAc to
EtOA d/MicDH/Et;N=Dt lu@ 6 ptreging 114 pyg pfldesizd yirddricpas aziinturs pf two isomers.
The two isomers were separated by chiral HPLC to give peak 1 (6.6 mg) and peak 2 (4.7 mg).

LCMS calculated for CpsH37F3N4O3: (M-+1) 499; found 499.2 for both isomers.

Example 5
Preparation of N-{(1R,3S)-3-isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-
yl)carbonyl]cyclopentyl}-3-methoxytetrahydro-2H-pyran-4-amine

< 0 o
N

@WLNI

o) o~

Step A
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car bonyl ) cycl opentanam ne t r -Butyl
[(1Ti7?, 35)-3-isopropyl-3-({4-[4-(trifluoronethyl)pyrid
wo2@epb47pi per azi n- 1- yl } carbonyl ) cycl opent yl | PCT/US2005/022909
carbamate (150 ng, 0.31 mvol) was treated with a 4.0 M
solution of HO in 1,4-dioxane (10 nL) at room
tenperature for 1_hr and coffcentrated at reduced
pressure to give h was used for next
step without purificati = V5| calllcul ated for
Cl9H27F3NAO  (M+H) 385; fgund ep D
N-[ (IR 3S)-3-Isopropyl -3-({4-[4- (tr oronet hyl ) pyri d
i n-2-yl]pi perazin-lyl}

tert-Bugil bdﬂyjs))dywbmppylt@/-[(jéi -fhenpt hodifvdrapaidiin- 62k pyr an- 4- a
;% To, a soéutlon ff
y’)ca"?;r’ﬁ ]@3/960199”’?/ 6%1’8’&9 3-({4-[4-(trifluoronethyl)pyridin
-3 Y| 1 pi pegagd nl - flask} Car(@SBRb Bf{Yz@}rt‘%}ly@E}@ﬁhﬂﬁmmo] -1-isopropyl-
di hydrochl oride (140 ny %
cyclopetthrexgrbexylishgeld c(2ﬁ®“mpgsr @tﬁ mm@ﬁeal( &- Hli?ﬁnylol &3:6niehplyydropyridine

(160 %I% ;j 8]% i et h B%?%?%Réndeéﬁa 'ﬁ%ﬂg& d‘fé dHiRide (4l Phiiel K CTriethylamine

(ozztrl%petozyborqﬂmdnldev@&go agded. QZbﬁuwhd Aby er baunguaoll-

stirred overni t he reacti on ur e dilu
yloxmli(ﬁlfr@[twlélﬁﬂ? ma@afmpg?@h g»Tr9e§1 mmol). The

reac’aﬁﬂ% eﬁyWe%%nl ; ﬁ’lcfe et¥leB aﬁH%n&ﬂéﬁe@EddIﬁ% of saturated

ned ayers were dried
NaHCO# @cﬂmucsrafm resulkinpsdldticndwimyexttaatst veith mnﬁxyi@uceqbbpd@ rihree times.

he Gk LSRR bR D T B e S B G by s
chrorﬁﬁ@%é?ﬁ}egn Bi¥ic& Qélr@iradié%k@ 1 95991 Bvdr 8RN, BoftﬁﬁA raegaexm bottle B
CMS cal cul ated for C25H37F

= EtQA) tp 84959?-34 mw@o%g of Zdesitnd produeti Monealaplated MzeﬂssNzoa (M+H)

tion of
413; ﬁ? §ﬁi‘5»33 S)-3-i sopropyl -3- ({4-[5-(trifluoromethyl)pyr
i di n-3-yl]pi perazm -

él }carbonyl ) cycl opent yl ] - 3-nmet hoxyt et r ahydr o- 2H pyr an-
Step B-amine Step A-1 3-Bronp- 5- | odopyri di ne

(IR, 38)-3-Isopropyl-3-[ (4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl]cyclopentanamine
tert-Butyl {(1R,3S)-3-isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl]-

cyclopentyl}carbamate (0.23 g, 0.56 mmol) was dissolved in a 1.0 M solution of HCl in ether
(4 mL). After being stirred at room temperature for 2 h, the solution was concentrated to give
a colorless oil (170 mg). MS calculated for CyoHasN,O: (M-+H) 313; found 313.2.

Step C
N-{(IR,3S)-3-Isopropyl-3-[ (4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl] -
cyclopentyl}tetrahydro-2 H-pyran-4-amine

To a solution of (1R,38)-3-isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-
yl)carbonyljcyclopentanamine hydrochloride (50 mg, 0.1 mmol), 3-methoxytetrahydro-4H-
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To a solution of 3,5-dibronopyridine (48 g, 200 nmol)
in THF (200 niL) was added a 2 M sol ution of
w0 s@proopyl magnesi um chloride in THF (80 nilL). PET/E82005/022909
being stirred at roomtenperature for 2 h, the
sol ution was cooled to -78 OC. To it was adde
pyrampd-eoodbedngol.48 i mmobs ang ctrlﬁféyl(ﬂglln@ (0. Q@Gnhneﬁ) mmpbrmr methylene

chloré% 5(2 éigll“t%’fl%;‘ré]a&ga {uﬂ{ fiaCet ﬂ%&r&ﬂﬁ?@’?f‘nﬁ Bql@ Q%})I d%{"'ter being

stirre@ # MNMofOkdhtipepatugef oﬁeirdighm @humdllﬂﬂﬂ@m aved é:ddlede Thatselution was
resulting organic |ayer was drjed over

extoapiad VetnBEWY 1o GBLoride ires Fmest 1B CoRBRRA CRaR vin wied (eSO,

A -
ﬁlter%cf‘ |_a|§18 é}ﬁge?rrg%fd ?Eﬁﬁ&?ﬂ)npﬁypgg%f Ic_lhl%gl)a%ﬂl% Slic#l g8l (Radient: 0
15% tBr bvddutl§| min. Bottle A = 1% NH4OH/3% MeOH/EtOAc Bottle B = 1%

4- (5-pbro ri,di n- 3- eraz . .
N QBIe SR B el Breiraindd {SnbiiipR M TR0 RE gty e 427
found 4378, - butyl piperazine-1- carboxylate (8.53 g, 45.8

mmol ) , copper(l) iodide (0.871 g, 4.57 mmol ), K3PO4

(19.46 g, 91.68 mmol), 1,2-ethanediol (5.1 nm, 91

l) in isopropyl alcohol (80 nL) in a sealed tube
Exmaﬁgfieated at 80 0Cin an oil bath for 2 days. After
Prepﬁ%’idlﬂﬂ' 1-Q(1S23R)- msmblaym-ﬁs -héthox@enahpdrot Hipyranvias

tered through celite. The filtrate was concentrated
yl)ammolﬁa’elweﬂtﬂ\}éaf Boephenylpipesidingd-aln £t 0Ac and the

sol ution was wash with satyrated NaHCO3, dried

(MgyS™4) and concentjr atigd. Purfl catl on by flash
chr omat ogr aphy on@ ‘ £ c/ hexanes to 30%

Et OAc/ hexanes) afforded $.-75 (37" of desired
product. MS cal cu

g
d for CIAHOBN; (M-H) 343;
found 342.0, 344.0.Step A-3 tert-But
4- (5-i odopyri di n-3-yl) pi perazi ne-1-carboxylate To a
solution of te/t-butyl
St 4- (3- bronophenyl ) pi perazi ne-1-carboxylate (2.0 g, 5.9
e ftol) in THF (20 ni) vvas added a 2 M sol ution of

\

[ sopr opyl magnesi un| I ori de0| n THF (5 nL). After
being stirred at rBs§ for 2 h, the

sol uti on was cool ed to OC ToljaH was added a
precool ed sol ution of iodiAe~(3: mol ) in THF

(2 nm.). After being stirred

tert-Butyl {(IR,3S)-3-[(4-hydroxy-4-phenylpiperidin-1-yl)carbonyl]-3-
isopropylcyclopentyl}carbamate

To a solution of (1S,3R)-3-[(fert-butoxycarbonyl)amino]-1-isopropylcyclopentane-
carboxylic acid (200 mg, 0.7 mmol), 4-phenylpiperidin-4-ol (140 mg, 0.81 mmol), and
triethylamine (0.15 g, 1.5 mmol) in methylene chloride (4 mL) was added (benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate (0.42 g, 0.81 mmol). After being
stirred overnight at room temperature, the reaction was quenched by addition of a saturated
NaHCOj; solution. The resulting solution was extracted with methylene chloride three times.
The combined extracts were dried (MgSOy), filtered, and concentrated. The crude was carried
on to the next step without purification. MS calculated for CpsH3gN2O4: (M+H) 431; found
431.2.
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at -78 0C for 30 mn and at roomtenperature for
another 30 mn, the mxture was diluted with ethyl
W@e®bao441 washed wit h saturated anmoni um chl or PAEUSD0NN22909

solution of sodiumthiosulfate and brine, dried

(MyS™) and concentrated. The residue was purified by
Step B| ash chr omat ography on silica gel (20% Et OAc/ hexanes

to 50% Et CAc/ hexanes) to gigze the disired product

(1.40 g) in 75% puH%m M5 Jcal cul ated for Cl5H2

11 N2O2: (M+H) 390; fou S90NO. “SbepA-4 tert- Butyl

4-[5-(trifluoronethyl)pyfjidi

yl ate Copper(l) iodide (0.49 g, 2. pl ) and

pot assium fluoride (0.15 g, 2.6 in a flask were

- AT eromd P A B e Blip B por ™
r t rengutlﬂ 4- ( ?(m%%t[wh&ampar@ﬁnmpxﬂendm b@byeirhbmylj( -B-i§opropyl-
. ') and (trifluoromethyl)trimethylsi
cyclop@ltmcgbaraats (9AB12) 047 ) pigs #LS}SO%%I%% Qéﬂ ?4‘1‘8015 PERGL in ether

u t r t
(10 g} Aot Bk 7533 ) 280 FERTEAMGHYE M@ o get a clea
solutiafl 0Elt mitere Wastcoheenwated he givedtnaill Fhe Omdepmdub‘gwiia used in the next
diluted with Et OAc_and wa
reactigp My Hogepurfiation; M8 aglcvlagﬁé &féﬁﬁ Mﬁ{iﬁ%ﬁ?‘m
three tines. The conbi ned organic Iayers were dried
(MgS™), concentrated and purified by flash
Step €hr omat ogr aphy on silica gel (20%to 40%
Et OAc/ hexanes) to.give 120 of desired product. M5

cal cul ated for C15 G:HBNSOZ. M+H) 332; found
332.1.Step A5 \Q)k
| -[5-(Trifluorone hyl)py En- 3-yl | BHperazine r -Butyl
4-[5-(trifluorone 1) pyri din=3> azi ne-| - carbox
ylate (0.24 g, 0.25 mmol) was treat th a 4.0 M
solution of HCO in 1,4-dioxane (7 nmL) "at room
1-({(1S:BRe 1 -Fdpi-epA-Gr [ (3-metiangtetahpkoi2iBppdn-4Fhe resi due was
used for next step wjhout further purification. M
yl)anﬁ’acr]émla?%vljfcerf@rgrﬁé’%@ ?Pe(fdiﬁ?’oészl; found 232. 1.
To a solution of 1-{[(1S,3R)-3-amino-1-isopropylcyclopentyl]carbonyl}-4-

phenylpiperidin-4-ol hydrochloride (50 mg, 0.1 mmol), 3-methoxytetrahydro-4H-pyran-4-
one (53 mg, 0.41 mmol) , and triethylamine (0.066 mL, 0.48 mmol) in methylene chloride (2
mL) was added sodium triacetoxyborohydride (0.087 g, 0.41 mmol). After being stirred
overnight at room temperature, the reaction was quenched with a saturated NaHCO; solution.
The resulting solution was extracted with methylene chloride three times. The combined
extracts were dried (MgSOg), filtered, and concentrated. Purification by flash
chromatography on silica gel (0 - 20% B over 17min. Bottle A = 1% NH;OH/2%
MeOH/EtOAc, Bottle B = 1% NH,;OH/MeOH) afforded the desired product. MS calculated
for CysHyoN2O4: (M+H) 445; found 445.2.

Example 7

Preparation of 1-({(1S,3R)-1-isopropyl-3-[(3-methoxytetrahydro-2H-pyran-4-
yl)amino]cyclopentyl}carbonyl)-4-[2-(trifluoromethyl)phenyl]piperidin-4-ol
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Step B tert-Butyl
[(IR 3S)-3-isopropyl-3-({4-[5-(trifluoronethyl)pyridin
WO eeglodpieper azi n-1yl} carbonyl ) cycl opent yl | car PErrEs®»0Ta22909

a sol ution of
| -[5-(trifluoronethyl)pyridin-3-yl]piperazine
trihydrochloride.TO.Z%ig, 0.23 mmol), (1S,3i?)-3-[( t
rt-but oxycar bonyl ) Aqi e Oﬁr yl cycl opent anecar box
ylic acid (0.18 ¢, 0]66 ) hWyFene chloride
(10 nmL) was added® zotrigzel -
yl oxytri s(di nmet hyl am no) phosphoni um
hexaf | uor ophosphate (0.338 g, 0.764 ) followed by

Swpaﬁyethylanine (0.22 nmL, 1.6 mml). The m xture was
Stirred at roomtenperature overnight and diluted with
Et OAc. The sol ution was washéth wt\h sat urat ed NaHCOB,
dried (MgSO4) and condealr at & e residue was
purified by flash chronatoc'ip y—on silica gel (20%

Et OAc/ hexanes to 40%Et OAc/ heXakes) to give 0.19 g

T

(I'R 3RYluten 6D pibeqayd-2tr{fubrdbethy)bdrizemmr Qi g;yil.i;éblylmqﬂ) m-THF (20
mL) gﬁ%ﬁ'—% r°%zvlve[]s_4rg1|)\llisg %crl(?e%ney 1 238 X/f L&Bﬁgﬁ 8P g@u{g’ﬁgth{um in hexane (3.4
mL)[éﬁgylﬁ%% Sridr &P RSO s~ §dtndir bF Frf-bMQT arobhnypipBidinedafboxylate

pT perazin-1- yljcarbony”cycl opéntyl] carbamate
(1.0 ¢,1%90 nmhol) 10 THF @noL) weaeddedeantdethe\solution stirred fersbht 8% °C. The

of HO in - di oxane niL) faor h. ,at 0 . .
reactRaieh aipicd TRURTREarS RabulRl shiofife d b lips polygon wos
extrabtéd FRBCmethyRne \thiRid3 Thidl tidhesdThE oMbk @ithcts MBre dried (MgS04),

cal culated for C1L H 27F3NAO,  (MtH) 385; found, 385, 1. )
filter@t, @pd poncentrated to give 0.78 g of a white solid which was used for the next reaction

o N (] - 3rd - | [ '
Wlth(?lﬁ Ea&r}gﬁ%%?npl’\é/lrsacia?cﬁl_ aﬁ%’ %‘O(I:’ gﬂé—é}iozﬁ%ﬁ\ﬁh( h{/I'+H) %Qg,%ﬁﬁ@ ﬂlé.ﬁw ]goc+1).
cycl opentyl JS- net hoxyt et rahydro-1 H pyran”®-am ne To a
sol ution of (Ili
SfePA,'%S) -3-isopropyl -3-({4-[5-(trifluoronethyl)pyridin-3-
yl ] pi perazinl - yl}carbony | apent anam ne
tris(trifluoroacetate) i3 34 mmol) , 3-

4-[2-(Trifluoromethyl)phenyl]piperidin-4-ol

tert-Butyl 4-hydroxy-4-[2-(trifluoromethyl)phenyl]piperidine-1-carboxylate (0.40 g,
1.0 mmol) was dissolved in a 2.0 M solution of HCI in ether (5 mL). 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 Ci2HisFsNO:
(M+H) 246; found 246.1.

Step B
O

BocHN

/\
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nmet hoxyt et r ahydr o- 4H pyran-4-one (13 ng, 0.10 mol)

and triethylamne (0.024 nL, 0.17 nmmol) in nethyl ene
wa@ekdoenodel (5 nL) was added sodi um tri acet oxyborchysoogie22909

(22 ng, 0.10 mol ). The m xture was stirred under hE

at room tenperature overnight and diluted with

Et OA
tert- Biﬂyé[(d@smwwwwweﬂ eiiaesieduDmherty lpsneidit-aljcarbonyl)-3-

E!Cgs r?)(lz é/ and concentrated. The residue
ISOProRRECYHAPS Fash chr omat ogr aphy on silica gel
(FbOAC tp Et OAphlyReH Et 8N=9: 1193R)-34{egibutdxidarbonydfamino]-1-

desired product as a mxture of two isomers, The t\/\ﬁ 42
isoprdpslsiyelopenteresabepiat edadd chit¥d HAES to GPve pdERo -[2-

(ﬂlﬂu%%rﬁm@]fﬁﬁﬁ% (4 &}d DhiorbEY05ak Wb RkReb, hd tricthylamine

0.17 E>garrp ke hmbhepar atetipderef chloride (3 mL) was added (benzotrlazol 1-

yloxy}tni)%lzqﬂ}du?osghogp}llo%?u% ol?e){(af_luorglghosgﬁate 80 3% (R)y ol oﬁyr A¥ter being

sme%lfarc Otg Iréa%ﬁ&ll QRe %ﬁé’ﬂchc@bﬁiﬁ&&i%ﬂbﬁ& Vs@tﬁbﬁ@édONEHbmg kaltion. The

tert-
resultBig) sontlo&omscmiyﬂae@d [(ith mh‘élmelne Bhlo@ldg ﬂlnryq tioyyr Tl epmbined extracts

were flp%ﬂ\dg%(bs g?rgg( %1% c%lpgé%l?ra e¥1l %ﬁea cr:r% e pro uctnwgs éjanllgdjon to the next
step vmhowf)m&%@ qmslch&ma%a] fot C%&QH%NWJ, QVEHDPEY; fvadaoDax

'tc acid (200 ng, nmol
4 phenyl -1, 2, 3, 6- tetrahydropyrldlne (160 ng, 0.81
) were suspended in nmethylene chloride (4 nl)
nder N2. Triethylamne (0.22 g, 2.2 nmmol) was added
foll owed by benzotriazol - 10
yl oxytris(di met hyl &al
hexaf | uor ophosphate (0 =g
was stirred overnight at/f\o
by addition of saturated NaHCO 3 ion. The
resulting solution was extracted w met hyl ene
I- {[(mhgtmﬁuh&lqa@ﬁr dm@cloﬁbﬁtygembbﬂﬁﬂ4q%tract s were dried
filtered and concentrated. Purification by
(try‘hfqr@mwhblmf@rwlﬂage@ Hy*@n silica gel (gradient: 0 - 45%
Bgayer 15 i g, Bot t O%t@ng%hexq %uggottl[@'\%; ﬁ(@ﬁj}droxy4

to give 234 nmg (809 sire uct cal cul at ed
(trlﬂlfo(ﬁdSméiBﬁlbﬁﬁliﬁIjﬁpeﬁMnH)-yk}da‘}boﬂﬁ)jﬁdso@i@ytcyclopentyl]carbamate 0.27 g,

0.54 mmol) was added a 2.00 M solution of HCI in ether (5 mL) and the resulting mixture

Step

F?). The reaction
ure and gquenched

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 C1HagF3NOx: (M+H)399; found 399.2.

N
o /‘\

1-({(18,3R)-1-Isopropyl-3-[(3-methoxytetrahydro-2H-pyran-4-
yl)amino]cyclopentyl}carbonyl)-4-[2-(trifluoromethyl)phenyl|piperidin-4-ol

Step D '

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-
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Step B (IR 3S)-3-Isopropyl -3-[(4-phenyl -3,
6~di hydr opyri din-1(2H)-yl)carbonyl ] cycl opent anam ne er
w0 Buwbpb4741(11 ?, 3 PCT/US2005/022909
1S) - 3-i sopropyl - 3-[ (4- phenyl - 3, 6-di hydropyri di n-1 ( 2H) -
yl)carbonyl]- cycl opentyl} carbamate (0.23 g, 0.56
methmtyahm@-ﬂul{@wnv%amp Eﬂ%mg,. @34mmgeel) a%trmhﬁmmﬁ (0.048 mL, 0.34

t.her tgr bej Iy I . : 0.34
mmofjgp ity ferlghtofie @ yACoibl 0B Hial RATOLRIRREA: W67 o,
mmoDOWBie} B&igg Glitred bYOrnighk .at Mot adrapdratiie af saturG20 s@BNAMD0f NaHCO3

MtH) 313; found 313.2. Step C (1R, . . .
was a5 AThes WPy eSS FopshaHp rohy iR fyes imge: The combined

7ofL ) GRERO trated, Purification by flash
extral ke P VISl ISty ad. gomsenatedy  Puriigion by flas
chromdtography on silica gel (0 - 20% B over 15 min. Bottle A = 1% NH4OH/2%

. 3S) -3-1 sQpropyl.- 3~ - nyl - 3,.6-di hydr.opyri di,n- |
MeOITOAR o By F Py e abe e R iRy B R s P grdduct as an
il, HAFRIGIO rabyfast $Hoyr an- 4- one (56
ol I\E‘%?alg{il%l%%(liz)v’ ?ba%g;(?‘r %ﬁ?u am"yfge (0.07 m., 0.5 mmol)
in nmethylene chloride (2 nm) was added sodi um
K tri scet oxybor ohydride (91 ng, 0.43 mmol). After being
xample B o4 "at room tenperature overni ght, saturated
Prephdtfento VAR (13311 -isbpeosyal 3-{[B anethasy tetth hpditos2ZH\pyrbn-4-
met hyl ene chloride three tinmes. The conbi ned extracts
yllanpaecyglopentypdonyll-4-[3-(silugromethybphewylinipsrigin-4-o
Purification by~f{ash chronmat ography on silica gel
(gradient: 0- 15%B Hver 157nmin. Bottle A = 1%
NHAOH 3% MeOH E . % NHACHMVeOH) af f orded
the desired co d. cal clul a f or o £26H38N2CB:
(MrH) 427; foun arati on of
l-({(l S,3
) -1 -isopropyl -3-[ (3- et hoxyt et rahydro- 2H pyr an- 4- )
y| Yizertitheodonyrsiuog avas prgpetadnsingl proeedpies apalpgqybiip #iase degcribed for
Ste tert: Buiyl . .
Exanypls ?? Igé)c_a -uta?%{ %%} gPM%I-ZBﬁe%T%)l 5ple3  fond 513 )?1 ) car bony!|

]-3- isopropyl cycl opentyl } car bamat e

Example 9
Preparation of 1-[((1S,3R)-1-isopropyl-3-{[3-methoxytetrahydro-2H-pyran-4-

yllamino}cyclopentyl)carbonyl]-4-[4-(triflucromethyl)phenyl]piperidin-4-ol
~

CF3
The title compound was prepared using procedures analogous to those described for
Example 21. MS calculated for Co7H30F3N2O4: (M+H) 513; found 513.2.

Example 10
Preparation of N-((1R,3S)-3-isopropyl-3-{[4-[2-(trifluoromethyl)phenyl]-3,6-
dihydropyridin-1(2H)-yl]carbonyl}cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-

amine
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To a solution of (15 ,3i7?)-3-[(te
- but oxycar bonyl ) ammo] - | -i sopr opyl cycl opent anecar boxyl i
we2@eiat7¢ 200 ng, 0.7 mol ), 4-phenyl pi peri di n- BEDUSZ028@®22909

ng, 0.81 nmol), and triethylamne (0.15 g, 1.5 mol)

i n nmethyl ene Ch|Q\Ide (4 nm) was added

(benzotri azol - y (0)4 rlpyF%olldlnophosphonlum

hexafluorophosph N mroLg. After being

stirred overnlght at r 00 enp radure Yt he reaction

was quenched by &Hdi'tion of & SatlUrgted NaHCO 3

solution. The resulting solution was! extracted with

net hyl ene chloride three tines. The coOnbi ned extracts
Stepxdgre dried (MgSO4), filtered, and concentrated. The

crude was carried on to t nex tep w thout

purification. M calc®OQQed\ H38N2O4: (M+H) 431;

found 431.2. Step B

I-fftIS SRJS- Ami no- I-isopropy%cyclopentyIJcarbonyIjA-p

henyl| eridin*ol r -

tert-Bugyi4s 2 WFW4Z}W§)EIFWV ﬁgﬂﬂgﬁmpﬁriﬁ’g@eﬂ(ﬁw-carboxylate
LHLIF SRR by S0 O ettt e

carbo&ﬁlla’td(IO 15ng,e2. hermél) On pimidind( 1-5emu) @polgd $1 ian ieecbdth rwas ssawly added

s e

stirred Qﬁfeﬁﬁ%l‘ﬁi dPHé ré%ﬁoﬂl%g LbhchB& WitXice vea&t ITDB resulting solution
pur| |cat|on §1culated for C OH3ON O2:

was ¢ikadied3 gith frmﬂrydbr@3thgr1d§tt@pe @imes. The combined extracts were dried

(Mgégf Ettglteréc?’ I?t)nd cohge% H.y{3ur1ﬁ£aglon %?ftiji]a%ﬁﬁneotlﬂaqggrgﬁl%' ot Hibh gel (O -

0%311_3 bdH @?hﬁﬁ cB@t@l%nAyd= herideeNBbitle4B phEOYAP) pave 20N glofothe desired
0 a solution

produyct p§ ¢ padid. M&yalgﬂatﬁd §5-G 17BN Qp MO B8 e frupd 28O Prs +HD.
-4- phenyl pi peridi n-4-ol hydrochloride (50 ng, 0.1
mol ), 3-net hoxyt etrahydro-4H pyran-4- one (53 ng,
Step 8-241 nmol ) , and triethylanmine (0.066 ni, 0.48 nmol)
in methylene chloride (2 4 sadded sodi um
tri acet oxyborohydri de @&.OQ‘ 41 mmol ). After
being stirred overnight a h-enperature, the
reaction was quenched w th afFggat urated NaHCO3
solution. The resulting so s extracted with

-L2-Fgranemimsny el 4 Hode SPREEDTIHE. conbi ned
To a solution of tert-butyl 4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridine-1(2H)-

carboxylate (200 mg, 0.61 mmol) in methylene chloride (5 mL) was added trifluoroacetic
acid (2.5 mL). After being stirred at room temperature for 45 min, the solution was

concentrated to give an oil. MS calculated for C,HioF3N: (M+H) 228; found 228.1.

Step B
0
BocHN \O)L
Z N
/S

tert-Butyl (1R, 3S)-3-isopropyl-3-{[4-phenyl-2-(trifluoromethyl)-3,6-dihydropyridin-1(2H)-
yl]carbonyl}cyclopentyl)carbamate
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extracts were dried (MgSO™4), filtered, and

concentrated. Purification by flash chronmatography on
waeloboa7gel (0 - 20% B over 17min. Bottle A = BO¥/US2005/022909

NHACH 2% MeOH Et QAc, Bottle B 1% NHAOHZMeOH) af f or ded

the desired product. M cal cul ated for C26HAON2O4:

(NBeH) 448 fouseludas. 2. Bfanpl (15,38 Spiierthusexssprbonyl)amino]-1-

soprOBloneBBprRTIe  ( oMot 4t oPliny H2bm Il 420 40

(tr1ﬂﬂ6ré1ﬁ8@h99bl€éﬁ9 om B%Yﬂeﬁrﬂ@fdb@wﬂd)ne%nﬁlao](ohwtﬁb (o5 Dnmgt By#3 mmol) in
l(ﬂ]hgxe“ Ols‘éﬂé{é tert-Buty

methquﬂhey | iflea(d znle)t M| éntéleﬂ?'ﬂ%ﬁ%r@ﬂlpgpgrli dnmaD; follgwed by

benz? %(c}i 1a§71§ % @flﬁ%y%lr?g@@%sghommn h xaﬂugroghoss)phate (210 ;ng, 0.47

rono? enzene
mmol)n ATidE beid@ sﬁm)edcmzehﬁ@taat rec?ra te@pevasire) rthe éastom e dluanched with

60 M sol utign of n hiumin
saturgtpd QYal O GO Daf TeaRlis ShlHon VeI Wi petiytbie chloride
r t 4 o d X B d.
e G etk R LR AR MIRRO) L T comni
Puriffcatiorl bly ﬂush 8o @ogipby roeafahw) gelv\@s §Q¥nBheterwi X min. Bottle A =

at h |t |
hexa%gs Léré)ﬁer %C?m%jhmprﬁg{dgé: gﬁ mgh? O{lefesirgd tﬂﬁg i ?I ;theéx%nt? solid. MS
calculREDIR €T 1t dmcmwwﬂr if@ehd(41304), filtered, and

concentrated to give 0.78 g of a white solid whi ch was
used for the next reaction wthout purification. M
| cul ated for C17H22F3NCG3: (M+H) 346; found 246.0
M Boc+1l). StepA-2

4-12-(Trifl uoronet I_f);l)phen ] pi peridin-4-ol tert-Butyl
4- hydroxy-4-[2-(tri hergg]plperldlnel-ca
rboxylate (0.40 g, 1.0\umt)) mas|disgdlved in a 2.0 M
solution of HO in ether #5™ ALty being stirred
at room tenperature overnight, t he uti on was
diluted with ether. The white solid™as filtered and
(IR, 3@53336]77\@}1‘33-?[43@3' (tkiflu@iowRtIVTPhenyl 63, 6pﬁh3elr@wmmrz(2m5

cal cul ated for Cl2H14F3NO (M+H) 246; found 246.
yl]cagh@py! ey depertnayiine

Lé}reﬁdﬁ\ﬁ%f @/{Q%@%W%{P‘?{%&lé-{[& [‘(Zt(friffdoi"&ﬁaﬁﬂt)ﬁ})éln}ﬂl?;e@kl hyBlopyridin-
1(2H)-yl]carbonyl} cyclopentyl)carbamate (0.17 g, 0.00035 mol) was dissolved in a 2.0 M

solution of HCI in ether (2.2 mL). After being stirred for 2 h at room temperature, the

Step

solution was concentrated to give 144 mg of desired product as a clear oil. MS calculated for
Co1Hy7F3N>O: (M+H) 381; found 381.1.

Step D
N-((1R,3S)-3-Isopropyl-3-{[4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-
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), 3-
methoxy-tetrahydro-4H-pyran-4-one (56 mg, 0.43 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 NaHCOj3 solution was

added. The resulting solution was extracted with methylene chloride three times. The
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i sopropyl cycl opentyl ] carbamate To a sol ution of
(15" ,3i?)-3-[( r
WO babosarerr bonyl ) am no] -1 i sopr opyl cycl opent anep@r/b8209$/022909
c acid (150 nmg, 0.55 mmol), 4-[2-
(trifluoromethyl) henyl]p| eri dm4- ol hydrochlorlde
combind Cextigets OWEE sl 1Mg§ﬂai) tfH teeqdmnémm@emt Ryrificagon by flash
in _met. d dyx = 10 OH/2%
chronpSerdafby ofzee 66 G, P01 B, P 14 5 BASESA, v NHLOH2%

MeOH@t@fAcUBbﬂE@&pf%tMﬂ(ﬁHMe@H) Pros@edrthd Yesivdfitpeoduoeiv§ calculated
stirred for the reaction was quenched by

for CaHaitsINzfPs: 63‘4+§I)§8§uﬁ08{1‘1=ﬂl NAHCOB sol ution. The resul ting
solution was extracted with nmethylene chloride three
times. The conbi ned extracts were dried (MgSOH),
fllltl red, and concentrated. The crude product was
Example fed on to the next step without purification. MS

PrepmaltionloZiNe 1Rgs%@2ﬁbﬁ%|ﬁ§w@4 -[3 M’lmloﬂ&ﬁethfyl)phdnﬂps 62.
. Step C{ - -|30{)rop y cl ﬁ\fir 4
dihydrappridin- {l )=yllcarhgnylisyelapeny i3 me ¥F§H"]Yfﬁt Ydenf’ pyran-4-

amlnTo a flask containing tert-butyl
F(1i 72, 35)-3-({4-hydroxy- 4-[ 2-
(trifluoromethyl)phenyl]piperidin- 1-yl}
car bonyl) - 3- |sopropylcyclooentyl] carbamate (0.27 g,
0.54 mmol ) was addedda 2. o) M sol ution of HJ in ether
(5 mL) and the ¥ q;’ stirred for 3.5 h.
The sol ution cgncen n;Lg gi ve 3oiI whi ch was
used in the next Yeactio 1 t hout rtication. M5
cal cul at ed for C2 1H29F3N22: ( M+ found 399. 2.
Step D 1-({(1S

3Fhel titls ommmynd 3wqs( BrepaieH obdy & anprney AnBLogPu P dhatq described for

sraftd IS HRREG SitEALERTY et 0p lepd 258721 VL) PRE

-S-am no- 1| -i sopropyl cycl opentyrjcarbonyl j~- -
(trifluoromethyl)phenyl]piperidin-4-ol hydrochloride
Example 12y, 0.1 mmol) , 3- met hoxyt et r ahydr o- 4H pyr an- 4- one

Prep«{uél‘aﬁ}o?}lf ﬁetﬁéwgil{' 5456 ﬂoﬁgﬁ%{i%gnﬁQD%ﬁetﬁ‘yl)pﬂeﬁ]-3 ,0-

orl added sodi'um
dihydifoipgeidio-1 (2IDx-yhoatb owid} oyOlop ety tetBalydliro-2H-pyran-4-amine

.

The title compound was prepared in a manner analogous to that described for

Example 10. MS calculated for CpgH3oF3N205: (M+H) 509; found 509.1.

Example 13
Preparation of N-((1R,3S)-3-isopropyl-3-{[4-(trifluoromethyl)-3',6'-dihydro-2,4'-
bipyridin-1'(2'H)-yl]carbonyl}cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine
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mol ). After being stirred overnight at room

tenperature, a saturated solution of NaHCO3 was added.
wab@esoi7ut i on was extracted wi th net hyl ene chlpeT/tig2005/022909

three tinmes. The conbi ned extracts were dried (MSH),

filtered, and concentrated. Purification by flash

chr omat ogr aphy oR sij}ica g& (O - 20% B over 15 mn.

Bottle A = 1% N Y4 c, Bottle B = 1%
NHAOHMeOH) af f of ded 15 -of“&hq desired product as an
oil. M cal cul dfed for N 513; found

513.2. Exanple 8 Preparation of | ,\I (9 S 3
)-1-isopropyl-3-{[ 3- met hoxyt etrahy
yl ] am no} cycl opentyl ) car bonyl ]
-4-[3-(trifluoronethyl)phenyl] piperidin-4-ol The
Step 4ilt | e conpound was prepared using procedures anal ogous
to those described for B ok.M5 cal cul ated for
C27H39F3N204: (MrH) 513: 7@5&% 2. Exanple 9
Preparation of 1- [((I N A
S, 3i?)-1-isopropy [ 3- met hoxyt et r ahydr o- 2H pyr an- 4-
2-Brajmq-4 069’8?&5&?%” ’}ecar bonyl ]-4-[4-(trifluoronethyl)p
hegy L diRiper d@'fclﬂoﬁn’ -4- gtlﬂ?luBfotrﬂe@hﬂﬁﬂ?HGHEd a9 R epfbeshmol) and

usi ng procedures anal ogous to those described for
bromEtrmmhﬂlee B 0calLg 3D At Ithﬂ)om BeFHReRrd2(4:0 iy Hyassheated under

1 le 10 ara
reftux 5 3 352 putiet By ¥opBle] R RelroRbhin iy Siamarmind oagie 407 &
(propanemtrlle contained) of thick ll%ht brown suspension w/o further purification. LC-MS

I hydropyridin-1(2H)-yl]carbonyl cl opentyl) - 3- net hox
calcwjatest anEyHBBr-FZN(b’i'*rI’é)rﬂ% @ﬁnd@@ﬁé%zzv& §. ItO ert yszt yl
Smpé- 2-(trif|uoronethyl)phenyl] 3, 6-di hydr opyri di ne-|
-carboxylate To a solution of r -butyl
4-hydroxy-4-[2-(trif|uoronetq%l)p Enyl ] pi peri di ne-1I car
boxylate (0.75 g, 2.2 idine (15 ). cool ed
in an ice bath was sl a thi onyl chloride (0.79
m., 11 nmol) and the mixtTure wls warned to room

tert—Bpﬁﬂpﬁhﬁier)ﬁéan’zﬂuommethyl)pyrtdm-2—yl]pzperzdme I-carboxylate
To a slightly 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
mL) was added dropwise. The reaction was stirred at -78 °C for 1 h and quenched with
aqueous NH,4Cl. 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 C16H1F3N>03: (M+H) 347; found 247.0 (M-Boc+1).

Step A-3
CF3

\ /
tert-Butyl 4-(trifluoromethyl)-3',6'-dihydro-2,4'-bipyridine-1'(2'H)-carboxylate
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stirred overnight (17 h). The reaction was quenched

wth ice water. The resulting solution was extracted
wowrab/omsthyl ene chloride three tinmes. The conbPeEUS2005/022909

extracts were dried (MgSO4), filtered, and

concentrated. Purification by flash chr omat ogr.aphy
siTa & solyaon pDrerr-mpyh Bhpdiexy- 2i4rﬁriﬂuoBQ}flF‘lhﬁl)wf*dlh‘@xﬁél}fé%mdme 1-

el Bt RSBl A 19 UGP it 05 sows

added ﬂﬁ&@l&&r(ﬂe(wﬂom{mu ﬁﬁr&ﬂ)bx -The m1xture was allowed to warm to room
4-[2-(Trifl uoronethyl

tempegatuey marmeépy.emghteﬂ%) SRegiravh Stacipn ey s Auenched with ice
water a.r{d Hefllv{fiﬁ{ &Wc)oﬂﬁgmldueé taddl e E%deeg'eﬁﬁadtﬁ Hare dried

ox | at I n nmethyl ene
(MgS(hb oﬁllteﬁiead (aﬁd ndopcassrstedd déd residifel waﬂr paified by desld Cb@H@tOgraPhY on

s 0 AL B35 S B S TR B1ORF B 0t me

(53%%%%%&&4&;(9%&9& A2t Hrhh o(l!\/!tﬁ)-l\/I%Z&chﬁﬁB@ %ﬁ@&mm&gw (M+H)
tert-Butyl ((1R

329; B8end 278 M-y ).3- { [ 4- phenyl - 2- (tri fl uoronet hyl ) -3, 6-d
i hydropyridin-I (2H)-
yl ] carbonyl } cycl opentyl ) carbamat eTo a sol uti on of

Step 41p" , 31 ?) - 3-[ (t
rt - but oxycar bonyl )am no] -1i sopro
lic acid (115 ng, 0.424 mol) a
(trifluoromethyl)phen \N\2.8, 6 tetrahydropyridi ne
trifluoroacetate (152 V. ) in nmethyl ene
chloride (2 rrL) was added tri et hyl ani ne (0.21 g, 2.1

4-(Ti W@métbyﬂ)dmé’cﬁ Bytetrahydro-2,4 -bzpyrz ine

DRt fég{glg@ﬁﬁ ’%(1;-?58 G @%@&%—A TS hvlate (380.0

mg, 15157 mﬂd)lpwgs” His@Neddib aﬁDMfsdlﬁimﬁdif&ﬁm w1 4-ld&)xraﬁa(:]t2 Q)mL) to form a
was quenched with saturated NaHCO3, s (% ution.

light yelap pleﬁg (then elondn sphsionxAHaChedpe Fit %Pwﬁ%%emﬂe for 1 b, the

react%%g@gt%g x%ﬁr%zlﬁéﬂ&ﬁ‘?e% in 6 Q5 RFBRA3 8¢ b, ﬁro\‘lﬁéteasdef fyﬁﬂ)w gum.

concentrated. Pdriflcation
LC-MS asloulated dom€ o dpNy: (M) 229¢ fougd[2290. - 50% B over 15
mn. Bottle A = hexanes, Bottle B = Et OAc) provided
174 ng of desired product as a white solid. M
Step gal cul ated for C26H35F3N2(B: (M+H) 481; found 481. 1.

O
e
/\ |\CF3
N~

tert-Butyl ((IR,38S)-3-isopropyl-3-{[4-(trifluoromethyl)-3',6"-dihydro-2,4"-bipyridin-1'(2'H)-
ylJcarbonyl}cyclopentyl)carbamate

¥I cycl opent anecar boxy

A1 2-

BocHN

To a solution of (18,3R)-3-[(tert-butoxycarbonyl)amino]-1-
isopropylcyclopentanecarboxylic acid (0.288 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
chloride (11.5 mL) was added triethylamine (0.592 mL, 4.25 mmol) followed by
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.517 g, 1.17

mmol). After being stirred at room temperature overnight, the brown reaction mixture was
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Step C (IR
3S) - 3-1sopropyl -3-{[4-[2-(trifluoromethyl)phenyl]-3,6-
walrdvgmowopyri din-1 (2H) - yljcarbonyl j cycl opent ap@rmismos/022909
r/-Butyl ((li?, 3
S)-3-isopropyl -3-{[4-[2-(trifluoronethyl)phenyl]-3,6-d
washéchyith MG @ anid brine) diied QdebOmy fijtesgd Pl)ttaéffJo é“ilﬁtr%ﬂdue was

. 17 0.0003 ol ed i i
puri ol pREEAR Y S EL B0 0 alogh o providy » teh
yelloWOdolid frodiict! QMm@ (PRt UC S tdatcuaddi forol,shBasN30;: (M+H) 482;

concentrated to give 144 ng of desired product as a
foundc3&2ad MiBocHlls cal cul ated for C2 1H27F3N20. ( M+H) 381;

found 381.1. Step D N-((1R

3S)-3-13%opropyl -3-{[4-[2-(trifluoromethyl)phenyl]-3, 6-
Step di hydropyridin-1 (2H)-

yl ] carbonyl } cycl opentyl)tgtrahydro-2H pyran-4-ami ne To
a solution of HoN
(IR 3S)-3-isopropyl @4\'“\[ -(Hrifluoronethyl)phenyl]-
3 56- CF3

di hydr opyri di n-1(2H) -yl’far bonyl opent anam ne
hydrochl oride (46 ng, 0.11 nmol )N

(1R 3 oo i A oo SIS o v TR O e
y[]ca%@ggw%j.eé%%m)%%?s added sodi umtri acet oxybor ohydri de

. After being stirred overnight at =
r dermBugyipe (ER,3.9-3-mopapylr 3 Fd(thEmaosiedyi i ibohihxeep-2,4'-bipyridin-

_added.. Th It Lut i - .
et TSR B 5 A s
solutida! & HCI e8l 1(AVBiodne (6 il &b efdrm antgieoyutiont clrtesblution. After being

_ Purification by flash chromatography on silica gel (0
stirred ap ooenBtesvneratuis far b h, thetreacion mixiuys (yas cppegwirated n vacuo to afford

e = 1%. . i
o QAR o N TSP AEp macttipgon.
free H]&g é)wefsoétml‘itctéﬂﬁwﬁh ni&)tl_a)ﬂ?lieECIﬂdridfé“ fm@ﬂ’ a'ir:]n'e&n"lfhff cOnbidkd extracts were
- ropyl- - - - tri fl _uorome nyl - - )
driedg ﬁHyrgflégé cPaFeRipied iy P}?‘P‘T@%\%‘gﬁﬂﬂ 3}%5@ ﬁ%?ﬂlw # 3 light peflow gum.
LC-M§ BLIEAR%EEr EJHRXLRID vi+2111388; found 382.1.

~0 H o
N
SAey
o [~ %CF;:,
N .~

N-((IR,38)-3-Isopropyl-3-{[4-(trifluoromethyl)-3',6"-dihydro-2,4'-bipyridin-1'(2'H)-
ylJcarbonyl}cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine

To a solution of (1R,3S)-3-isopropyl—3-{[4;(triﬂuoromethy1)-3',6'-dihydro-2,4'—
bipyridin-1'2'H)-yl]carbonyl}cyclopentanamine (512 mg, 0.134  mmol), 3-
methoxytetrahydro-4H-pyran-4-one (70 mg, 0.40 mmol) and triethylamine (0.0374 mlL,
0.269 mmol) in dry methylene chloride (5.0 mL, 0.078 mol) was treated with sodium

Step D

triacetoxyborohydride (85.4 mg, 0.403 mmol) at room temperature under Ny overnight. The
reaction was quenched with aqueous NaHCO; and diluted with methylene chloride. The
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The title conpound was prepared in a manner anal ogous

to that described for Exanple 10. M cal cul ated for
W@200618078N203: (MHH) 495; found 495. 2. Exanpl ePdRUS2005/022909

Preparation of 3-ethoxy-N ((lI

, 3"S)-3-isopropyl -3-{[4-[3-(trifluoronethyl)phen
organB} layZ:r was sepparatgc)l/ and tl{le[ aqlgeoug layer was extracteg V?fl h me¥h ene "chloride

three glmﬁ%_g gg? é gmg% e%érggm)e(?\lf & ﬁ 12(? (r(%/!n} Mg@gp pﬁﬁ&r)élri )ea%g tregg&ifgt'éd under

reducad PRRALE. FHRAIrGQOEdE® (‘;D(hmtg) das paSdeathrél[gh fsmmﬂlls:aml pad (30:70
M5 cal cul ated for C28H39F3 g d';% Hlﬂ’
MeOHGSORC) EXbpiltate 3vas, pSFnIFal ot Sqe F%? y'chidt BPLC to give two

1somer§§%f,st3is6rﬁ8pf()0§ )ﬂg, Sdohd idotderf 1 AP ERMELOVIS) catulfed fir Wy FIQF;N;0;:

(M-+HD)i 49t fatind 406 L Fototh ijoomrhony | }cycl opentyl ) - 3- met hoxyt e
t rahydr o- 2H pyr an- 4- ani neStep A-|
2-Brono-4-(trifluoronmethyl)pyridine A m xture of

sieflgor o-4- (trifluoromethyl)pyridine (2.70 g, 14.9
Exanfh)m and bronotrinethylsilane (3.90 niL, 29.

PrepamtmmaﬂMdﬂ3S)+3elS()nE)m’l-ﬁt{i5‘(ﬂ upsamethyb3/et'- %Ydra# 4'-
blPY?gPafgz g@fy #ga&g?/ﬁylﬁ'sﬁ efla kr opa gﬁ(l‘} ? he{)walny“- mine

cont ai ned) of t]’ng:k i ght kyown suspension w o further
purification. LC H | cul dt ed for C6H3Br F3N ( M+H)
226.9; found 225.9 22% tert-Butyl

4- hydr oxy-4-[ 4-0tr¥fl uo i pez yl | pi peridin
e-1-carboxylate To a slightly clougly s$ol uti on of
2-brono-4-(trifluoromethyl)pyridin .0 g, 14.2 nmol)
in dry nethylene chloride (52.7 nL) cooled at -78 0C
was added a 1.6 Msolution of n-butyllithiumin

Hsfanes (9.65 nL). After being stirred for 40 mn at
8 0C, a solution of r -butyl

4- ox0- | - pi peri di necar b £F59 g, 12.9 mol) in
dry nethyl ene chloride (10]0 pL) was added dropwi se.
The reaction was stirredicat N78 0OC for 1 h and

3-Nif ‘\’/'gifé{ dorév"ﬁ?%fﬁpgv eaus, NHAd . THF was renoved by rotary

aquéous | ayer was extracted o
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
and concentrated to give 9.78 (77%) of crude product (>90% purity) as a yellow solid.
Further purification by trituration with EtOAc gave 8.40 g of pure product. LC-MS calculated
for C¢H3F3N,03: (M+H) 209; found 209.0.

Step A-2

O,N CF,

X

L

Cl N
2-Chloro-3-nitro-5-(trifluoromethyl)pyridine
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with nethyl ene chloride three tinmes. The conbi ned

organic layers were dried, filtered and concentrat ed.
wab@spesitdue was purified by colum chronat ogr BEhYSI905/022909

silica gel (30:70 EtOAc/hexanes) to gi ve 2.63 ¢ (59%

of desired product as a hrown oil

f dio aoy@pion FEREeRhorylaipride £2.0 figlen! %&nﬁl@? l&gm i Tl?e (1.30 mL,
10.8 %mcﬁ} ’e‘/ag adgé& j&f%%}lowﬁex( BIifrd @Wrmﬁleﬂayﬁpymdma -ol (4 00 g, 183

rirdine-1 H) - caf boxyl ateT
mmol3 093%%6 Ipuﬂt}()f Theefdsulltmg yiark brown thick suspens1on was heated to reﬂux for4 h

and gédﬂglg; %4 cga %Itgrryldgg " ly %ng%hm F%/lu dl g\ & dyohpn%) %51(85 IE, water
(11 rrﬂﬁ Lodas ngﬁlll?citdﬂéﬂ hb ?fﬁxﬁ?é Q%)i@’ﬁﬁ?\f&fs' famhot Rdrddo ki ﬁk}fhperature and

| ori . The m xture was allo
neutrdlizedaarefulty wdbertz@l@}e The uesaltingdsodution was 6&@%‘%%‘5}1(@@“ three

tlmesmileee?x%ﬁgr@%’{? rcé cli,vd}{eﬁ] O)IS((thtu Swsﬁf&#? Lo ggvéﬁ%otrﬁe& SFvacuo. The
res1ddel W@sspurm wofRihnegomubiaphs oleiliza ¢l EIOANIBRAES,30:70) to afford

| tered, and concentrated. The residue was purified

2.28 $)9f¢dszis<hptﬂdr1@trmt ography on silica gel (0 - 10% B over

25 min. Bottle A = hexanes, Bottle B = EtOQAc) to give

404 ng (53% of desired product as light brown oil.
Step G- M5 cal cul ated for CL6HIOF3N2Q2: (M+H) 329; found

2731(MtBu+1) Step ’IA‘-IﬁIA' Tr gl uoromethyl ) -1 ', 2

'3, 6-tetrahydr02 d?net r -Butyl

4 (trifluoromethyl)-3 1,6 d| ydro-2,4‘-b| pyri di ne-|

"(2H) - carboxyl ate (380.0 rrg . 157 mmol ) was di ssol ved
5-(Tri oaorf}ethﬂilﬁﬁjriéﬁﬂ Synihe HOl in 1, 4 di oxane (12 0Om) to

ALk seliol o rohlogR 3 cire S REHPRF Y UPRES (2 L8 mmoD in
methlyf 4 O R, VS aﬁ“"“@ﬁ"“%@%ﬁﬁ] T R R AOYESH weieht on

wet abmatéalcalbﬂn) 1PEd\|%act1c(ﬂ\ﬂ1bb:ur22z@a;s plagad dn 2 arriapp@tatys agd hydrogenated
tert - But

at 503@1 fqr 9Qdﬁl’no élghe cg)a’ca{l{fsjL V(Elsr fikiergd roéf;rg}rﬂg’gls ast;ehte pad. The filtrate was

coanTt tddEQz % Arude Brdtitict ¢i.08 Jgg v(rh'ich Kas pure (>98% by HPLC) enough
car onyl}cyclopentyl ar
w1thout further purification. LC-MS ca culated for C6H5F3N2 (M-+H) 163; found 163.1.

Step A-4
Br CF,

3-Bromo-5-(trifluoromethyl)pyridine

A solution of sodium nitrite (402 mg, 5.83 mmol) in water (6.8 mL) was added slowly
to a suspension of 5-(trifluoromethyl)pyridin-3-amine (947 mg, 5.55 mmol) in hydrogen
bromide (48% aqueous solution, 1.57 mL) in ice-water bath. After being stirred for 10 min,
the resulting orange diazo solution was directly but slowly transferred to a stirring mixture of
copper(l) bromide (876 mg, 6.11 mmol) and hydrogen bromide (48% aqueous solution, 0.38
mL). The resulting brown mixture was heated at 60 °C for 1 h. After cooling to room
temperature, the mixture was diluted with methylene chloride, washed with 50% NaOH (until
pH = 11), and water. The aqueous layer was back extracted with methylene chloride. The
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To a solution of (I -S| Xtert-butoxycarbonyrjanmo]-!-
i sopropyl cycl opent anecar boxylic acid (0.288 g, 1.06
worebpo4amd 4- (trifl uoronethyl)- PCT/US2005/022909
r,2',3 ,6' -tetrahydro-2,4'-bipyridine di hydrochl ori de
(0 320 g, 1.06 nmmol) in dry met hyl ene chl ori de gll 5
combineyl quganie FadiEctsr Wetehgarghly econgemtied undey. yagupmp g provide crude

produﬁf)w@(\%’\'?%gg%if;at yI oxytri s(di met hyl am no) phosphoni um

hexaf | uor ophosphate (0.517 g, 1.17 nmmol). After being
stirred at roomtenperature overnight, the brown

Step 4-8acti on ni xture waswashed with NaHCO3 and bri ne,
dried (MgSOH4), filtered, and conceftrated. The residue
was purified by colum c it aphy on silica ge
(30: 70 Et QAc/ hexanes)aobN) pr)ov de/ light yellow solid
product: 265 ng (529 . Mul ated for

e PEAT  PY PipFEsoies ©

6'Todh RUGNtDy 2lohdy Boluyioh djfrB-bron(QS-I(m-ﬂuoromethyl)pyndme (2.20 g, 30%
car bon | }cycl opent ana ne t

puri! (195 o6 4 5P BRI DIRIS, Gy &t FEnC gy g & 1.6 M
oty SO i 509 b g S, 7
solutiofi oIﬂ@rz‘-lbmyl Adoxa- bpipesdinécarb)xylate (O M g, Li6§mmpB|ingigy methylene

cle utlon Affer bei stirred at o
chlorilg i, B sy ded PR | el e St 78 °C for 1.5 b and
quenc‘h@@ RN efq%%&ﬂ; WA, CRTUE rdsltib serion Ws REtradtedwirtl itdthyléne chloride

salt. The solid was treated with a 1 M sol ution

three djlﬁnelSIam cathbintd ergabipsleyeia svess dried tiliered and ¢anceniraisse The residue

was Pgl?llfgé lbde| f ol eg’a&gﬁgfagirgg g’ﬁ% ?gﬁggﬁ{ﬁo%r ovi (ﬁh %ﬁ&?{f give 330 mg

(25%) 9f tdsiell pRsddtias a gslléw loilghC-ys| damulagwrfor I(GIAF3N,03: (M+H) 347;
cal cul ated for C20H26F3N3O (MtH) 382; found 382. 1.
founds}dgpl (HYENS) ’
3S)-3-1sopropyl -3-{[4-(trifluoronethyl)-3",
6' -di hydro-2,4' -bipyridin-1 '(2 1H)-
Step ¥46] car bonyl } cycl opent yl ) - 3- net hoxyt et r ahydr o- 2H pyr an-
4-am ne To a solution of (I - -|S@propyl - -

rifluoronmethy - ' '-dihy 1-
BocN N \ /
N

tert-Butyl 5-(trifluoromethyl)-3',6'-dihydro-3,4'-bipyridine-1'(2'H)-carboxylate

To a solution of tert-butyl 4-hydroxy-4-[5-(trifluoromethyl)pyridin-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 mL, 2.16 mmol). After being stirred at room temperature overnight
(16 h), the brown reaction mixture was quenched with ice water and 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 35 min.
Bottle A = hexanes, Bottle B = EtOAc) provided 65 mg (46%) of desired product as a light
yellow oil. LC-MS calculated for C;6H;9F3N20,: (M+H) 329; found 329.1.

Step A-7
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bi pyridin-r(2' H)-yl]carbonyl}cycl opentanam ne (51.2
nmg, 0.134 mmmol ), 3- nethoxytetrahydro-4H pyran-4-one
W@ Z®omen740. 40 nmol ) and triethyl am ne (0. 0374 PLT/US2085@2909
mrol) in dry nethylene chloride (5.0 ni, 0.078 nol)
was treated with sodiumtriacetoxyborohydride (85.4
mg, 0.403 mmol) at room tenperatAit® under N2
overni ght. The reacti ﬁﬂ ienched wi th aqueous
NaHCC3 and diluted w chloride. Theorganic
| ayer was separated and the aqueous | ayer was
5-(Trghubrandd) -1 2B, feemghene 3ctbapridaet hree times. The

canbi racts re dri Vel i
B s e

mg, O( B ABo1)Vaas BRSSP i audhsoutAIIHE] I Ta-dietanpd@ mL) to form a
(30: 70 MeOH EtQAc). The filtrate was concentrated an

light yeljsar eleard(thep dendyasolapoic Afderdieins stingsdial spam SMpeTatgEe for 1 b, the

Jsoner 26, ; j I
reactigh Tont 84 pOReerd RS RAREE ol #9 Re 7LET gdog s o yellow
gum. TO-MSdacul sedviyr €, Hx Bt MIH) PRefanat 22500.0f N- CCl
N-N-S-isopropyl-S-dS-Cri fl uoronet hy”?- SS
" -di hydro- S -
Step?i pyridin-1'(2"H)-yl]carbonyl }cycl opentyl)-3-nmet hoxyte
rahydro-2H pyran-4-aiiiine Step A-I
3-Nitro-5-(trifluoraomethylypyridin-2-ol
5-(Trifl uoronet g' T o= (10.0 g, 61.31 mmol)
was added to a stirri conclentlf at ed S&quri c acid
(50.0 nL) at room tenperAtur & Ulking clear
solution was placed in an ice watkr path, and
potassiumnitrate (12.4 g, 123 mmolN was added slowy
tert-BMAI (8 ROS) IBbRYoPS- 3 -Vﬁ-ﬁﬁﬁ%%ﬂfy@-.ﬁ%’—@ih@@o-ﬁ: hebipyridin-1'(2'H)-
résulting mxture was heated at 65 OC for 4 h before
yijcajwuyl}exglapeuyl)c@damate treated carefully with 50% NaCH
( m.) until pH=8. The ueous (NN v UL N
wEh B ok thr 00 hes. The condonil ey anpoRLhiaRl fiinol 1
isopr@ﬁﬂl%dloﬁehﬂah@faﬂﬂ)x&ﬁd £id c@0tr atged 01147 ginweolP.a88  GATMucnémethyl)-
cru

g % puri .
12§ serrbiire ot ip iR e kg, b Fo kol drghetylene
chlor%g@?ggﬁdjc%v&gl-gd% tdihAiRd (5903 RIISFEMEBmnidyHbllowed by

benzotriazol-1-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
provide a pale yellow gel product: 24 mg (34%). LC-MS calculated for C;sH34F3N30;:
(M-+H) 482; found 382.0 (M-Boc+1).

Step C
O

HoN
Z\O:—)LN I

X
>
N
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StepA-2 2-Chloro-3-nitro-5-(trifluoronethyl)pyridineTo

a solution of phosphoryl chloride (2.0 niL, 21.2 mol)
wa@eaequdi7mol i ne (1.30 nilL, 10.8 nmol) was addedPGDUSIH05/022909

pomder 3-nitro-5-(trifluoronethyl)pyridin-2-ol (4.00

(IR, 3gh3dwp§ﬂ@|één ﬁ%ﬁ%&%ﬁ%&ﬁr@ ’ g?f ot ux} #gtgmd m%’éﬁ -
yUca’q’rO?gltrdgjcéf? %ﬁﬂ%% into a very cloudy dark brown

er cooling to 100 0C, water (11 nlL) was
s lteriButyldd ¢d Rt 3S) Bhisopropylei-¢] Switiifthoramsthiy)r Y edihpdot b-bipyridin-

@Bl B e ARl e 048 PRt diived ina 4 M

solutlg’n %Q—Iélhfneﬁ 4Id1c5§3a§e (i_ DenEXd Pdﬁnsa WBhEySRWP cRef solGtide After being
MySO4, tered, and evaporated I n vacuo. The

st1rred ets mkum tmpexpum fiorel hoyhet reashor: misives vigs azgngﬁn&ﬁteéu i vaguo. The

resifl gt dienica BRRA 3 M catrort o CSHOREHS B sehln, R kfdred wih

methylen@clE6HE 9k @hes. The extracts were dried, filtered and concentrated to provide
2-chloro-3-nitro-5-( trlfluoronethyl) i di_ne_ (1,
28 mg of T8odueb Ry ailightrzeliem splid. 2€--HI%ealowa érfom@zo\bhgl’ﬂaéé Q) 382;
foump?%i f:ldl um (1.17 g, 1.10 mmol) (10% dry wei ght on wet
i'Vated carbon). The reaction m xture was placed on
a Parr apparatus and hydrogenated at 50 psi for 90
mn. The catalyst was filtered off through a celite
Step Bad. The filtrate was concentrated to give a crude
product (1.08 gjgnthich was pure (>98% by HPLC) enough
wi t hout further purifjicatign. LG M cal culated for
C6H5F3N2: ( M+H) : . St epA-4
3-Brono- 5- (trifhuoronmet-hyl: i dilne A sekution of
sodiumnitrite (402 ny, 5 83 Y1 Aywater (6.8 ni)
was added slowy to a suspension o
5-(trifluoronethyl)pyridin-3-amne (N947 ng, 5.55 nmol)
N-((IR3SpdIsogepylbs-¢fi- a‘eﬂ(tdzmdq@eﬁ 6§d&‘wdm-3 dhbiparidn- 2§k n

bath, After rred 10 mn, th
silca G Eip eGP YU T o R T PR 1y Dt
slp Y toanpherded 1RBS3-3sikbrbpy1B- {‘DSX('tﬂﬂﬂltﬁ)r@lﬁlethyl) 3',6'-dihydro-3,4'-
bipyridin-1'(2'H)-ylJcarbonyl}cyclopentanamine ~ (9.0 mg, 0.024  mmol),  3-

methoxytetrahydro-4H-pyran-4-one (12.3 mg, 0.0709 mmol) and triethylamine (6.58 pL,
0.0472 mmol) in dry methylene chloride (2.0 mL) was added sodium triacetoxyborohydride
(15.0 mg, 0.0708 mmol). After being stirred at room temperature overnight, the reaction was
quenched with aqueous NaHCOj; 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 MgSOy, filtered and evaporated under reduced
pressure. The crude product (45 mg) was purified by silica gel column (30:70 MeOH/EtOAc)
to provide 1.6 mg (14%) of pure product. LC-MS calculated for CygHsF3N3O3: (M+H) 496;
found 496.1.

Example 15
Preparation of N-[(1R,3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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copper (1) bromde (876 ng, 6.11 nmmol) and hydrogen
brom de (48% aqueous solution, 0.38 nL). The resulting

wheaeno4Tit Xt ure was heated at 60 OC for 1 h. AfPE&I/US2005/022909

cooling to roomtenperature, the mxture was diluted
wi th nethylene chloride, washed with 50% NaOH (unti |
pH - 11), and wafer . H The a@ueous | ayer was back

extracted with Vi\%e. Theconbi ned organic
extracts were clarefull @nc%t ed under vacuumto
provi de crude fteduct w {Hfout ~|TP GFen. Step A-5
tert-Butyl

4- hydr oxy- 4- [ 5- (trlfluoronethyl)pyr d|n 3-yl]piperidin
e-|1-carboxylate To a slightly cloudy sol ution of
3-brono-5-(trifluoronethyl)pyridine (2.20 g, 30%

Step purity, 2.92 mmol) in dry nmethylene chloride (15.0 nlL)

-Pz

(2.8 g 3Aimimely ant gmﬂiﬁam@y €8 mler’2 Tamobdn DVIF (K} wé) 38 stirre

at -78 0C was added a 1.6 Msol utrFpn of -butyllithium

in hexanes (1.99 nL). Af gstlrredfor 30 mn
at -78 0C, a sol utloan

4 oxo- | - pi peri di necar boXy-L/at eN .534 g, 2.65 mMmmol) in

chl o nm.) was added dropw se.
Pt Cab B S DB 40 78 0 for 1.5 h and
queRANEsh ¥ Z-Ehléﬂ#WﬁluBWthylmnﬁ&ﬁw (2.0r2g 15 edrél),qriperazine
was extracted with nethylene chloride three tines c{]at100°C

ina Sféﬁ?%ﬁ’@? :S)g?rgkﬁpt T 1§er "& | \2% %5 \l}?ﬁ’r( %Eﬁ%%&l%&‘l&%ﬂﬂ? ﬁex e eS s purlﬁed by

colungh Mﬁo&&ﬂ)l lhf/ %ﬁ?l}c@fgeﬂ(&d)l%do ProAudeGIE/NEty M1/ tmgj:jve 148 ¢
Cl
(56%Qgﬁde§1r@§,p§§£&e 9 gﬁ'ﬁéﬂgﬁsg?ﬁ oM s B ind 34N

5- (trlfluoronethyl) 3 ', 6' -di hydro-3, 4' -bi pyridine-1
"(2H)-carboxylate To a solution of rt-butyl

Step B- hydr oxy-4-[5-(trifluoronethyl)pyridin-3-yl]piperidin

e-| carboxyl ate (300 ny, 0633 mml ) in pyridine (3.00

mL) cooled in amgd.AR s _added thionyl chloride

(0.158 nL, 2.16 muol) eN eng stirred at room

t enper at ure over ni ghw Jeaction

m xture was quenched w th ice vvat QE»‘& extracted with

rret hyI ene chloride three tines. nmbi ned extracts
MySO4

z‘ert—Butyl [ (]R 3§) 3- zsopropy) 3-({J-[z}-?trz?]uorome?hyl)pyrzmzdzn—2—yl]pzperazzn-] -
yl}carbonyl)cyclopentyl]carbamate

To a solution of 2-piperazin-1-yl-4-(trifluoromethyl)pyrimidine (250 mg, 1.08 mmol),

(1S,3R)-3-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid (300 mg,

1.1 mmol) and triethylamine (0.45 mL, 3.2 mmol) in methylene chloride (10 mL) was added

benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (520 mg, 1.2

mmol). After being stirred overnight, the reaction was quenched with saturated NaHCOs. The

resulting solution was extracted with EtOAc three times. The combined organic layers were

dried (MgS04) and concentrated. Purification by column chromatography on silica gel (20%-
40% EtOAc/hexanes) provided 290 mg of desired product. MS calculated for C3H34F3NsO3:
(M+H) 486; found 386.1 (M-Boc+1).
Step C
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concentrated. Purification by flash chromatography on

silica gel (0 - 20%B over 35 mn. Bottle A = hexanes,
w®oiobloes7BL = Et OAc) provided 65 ng (46% of desPCEUS2005/022909

product as a light yellowoil. LC-M cal cul ated for

Cl6H19F3N2C2: (M+H) 329; found 329. 1.

StepA—?S-(Triquq_lr'(Rgethyl -1 ',2°',3 ",

6' -t et rahydro-3, 4% @ But y|

5-(trifluoronethyl)- 36 ?:;aro,@ 4cebi pyridine-r(2°

H) - car boxyl at e (50.0 was di ssolved in

a4MsqutionofHCI |n 4d|oN (2 m) to forma

ht yell ow clear (then c oudy)  solutjon. After being
(IR, 3§t)1 rlseroRy- -Gt @i @PFQWG%UPJG?’"TI”?TZ WIriper&dledt on

trated in vacuo to afford 40.0 ng
ylje z %éb/?c%cfky%?%ag%%?ﬁegs a yellow gum LC M cal cul ated for
CI&HJEE§N@(1R(3\$H)15&@9W1#33@{I4€ 42(?19ﬂ1mroﬁbthpl)ﬁymmrdm-Bustl]plperazin-l-

yl}ca@;borafl'l)ﬁﬁ) 3 Ilfp%rpbagp% FZ}%&I% 16 %Q Ig:tll rw%rsmcﬁssgix)ed in a'4.0 M solution
of H? Elt?g?cg%h% '?V eﬂft&l %&ﬁ%?ﬁ%ﬂ & rEQmateﬁl%Mrdr@ fﬂo10f h, the mixture

ut oxycar bonyl ) am no] -1 i sofpr op clo
was q:imnera;rwﬁhllolgmwmﬂzmgmf degid.rdodngt. MIS talpulated| fpr & 26 3NsO: (M+H)

l.uor onet hyl ) -
3&5?‘§ﬂi§616 -tetrahydro-3,4'-bi pyridi ne di hydrochl ori de
(44.4 nmg, 0.147 mol) in dry nethylene chloride (2.5
nm.) was added triethylamne (0.103 nL, 0.737 mol)
Step ol | owed by
benzotriazol -1 -wWoxytris(di
hexaf | uor ophosphat e ﬁ?l.?
stirred at roomA’eénpe ight, the reaction

was quenched w th alquedus/: HQEE The resul ting

sol ution was extrdcted w{h&ne 9 nmé\cﬁf%nde three
times. The conbined extracts were Mried, filtered,
concentrated. The residue was purified ﬁﬁ&5|llca gel

N-[(15bBSirdrIsoB0oryl 3EY O Amigharvase iyl merimigindrdmipeagivi on up

)’Z}Caﬁgo({za@&/c%}éeﬁt /he /gxy?ekéﬁq(g%rﬁ? ggrlagta4é %e yel I ow gel

C2’5d>‘|34f3 NyRtion( MbH) 61&235’)1(39198&0&&23 0{4¢ M@ﬁﬂddrbmeﬂiy@pyrlmldm-}
(| S)-3-1sopropyl -3-{[5-(trifluoromne -dih
yl]p1wp@n§ qu}cq:xbW)caplﬁpqn{t@ap]’lne dihydrochloride (1¥5 mg, O 2943 mmol), 3-

methoxytetrahydro-4H-pyran-4-one (110 mg, 0.88 mmol) and triethylamine (0.16 mL, 1.2

t hyl am no) phosphoni um
, 0.162 mmol ). After being

mmol) in methylene chloride (8 mL) was added sodium triacetoxyborohydride (190 mg, 0.88
mmol). After being stirred at room temperature overnight, the reaction was quenched with
saturated NaHCOs. The resulting solution was extracted with EtOAc three times. The
combined organic layers were dried (MgSOy), concentrated. The residue was purified by
flash chromatography on silica gel (EtOAc to EtOAc/Et;N=10:0.1) to give 123 mg of desired
product as a mixture of two isomers. The two isomers were separated by chiral HPLC to give
isomer 1 (65 mg after converting to TFA salt) and isomer 2 (45 mg after converting to TFA
salt). LCMS calculated for Cp4H36F3N503: (M+1) 500; found 500.1 for both isomers.

Example 16
Preparation of N-[(1R,3S)-3-isopropyl-3-({4-[6-(trifluoromethyl)pyridin-2-yl]piperazin-
1-yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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yl'] carbonyljcycl opentanamne t r -Butyl
((1i?,35)-3-isopropyl -3-{[5-(trifluoronmethyl)-3",6"-di
whyasoegd44' - bi pyridinl’( PCT/US2005/022909
2' H)-yl]carbonyl }cycl opentyl)carbamate (24.0 ny,

0.0498 mmol) was djssolved in a 4 Msolution of HO in

1, 4-di oxane (2.0 to forma light yellow clear

sol ution. After ng stirred I OOLL erature for
1 h, the reactpon Wescon rayed in vacuo.
The residue was“tvreate th a\1/M salution of NaCH

and the solution was extracted with nethyl ene chloride

three tines. The extracts were dried, filtered and

concentrated to provide 28 ng of product as a |ight

yellow solid. LC-Ms calcul ated for C2OH26F3N3C.  ( M+H)
Step 482 found 382.1. Step D N-((1R

3S) - 3-1 sopropyl - 3-{[ 5- (trlfluoro%%thyl) 3\

6' - di hydro-3,4'-hipyridin-1 " (2 /H-
yl Jcar bonyl j cycl opent S oxYt et rahydro-| H pyran”-
am ne To a solution of \_/

(li?,3")-3-isopropyl-3-{[5-(trifluoromethyl)-3",6"-dih

I-[t 6—Yﬁfﬂzo$oﬂet%ﬂ)}@yfdzﬂl2ryz’ Ipiperazine
r(2' H)-yl]carbonyl }cycl opentanam ne (9.0 ng, 0.024

MR ksdlutién ofMBlhIR¥Y brifatdystheth YRR @RS kol azine (1.4
0. O%Oglm“rgl) and tsltreth | am ?]1217}9 Igg( rrLg) 0. 0472)313“@'rZ (

g, 16i0rmunol), anst thigthyleaning (lo? nde e remﬁ{))wmgné%ﬂcp@d)%dﬂﬁ mL) ina
seale% Qub%cﬁl Oﬁﬁ%&%%éq{eaéﬁ aE %@0 Q? g?emghp ﬁ@ !)ﬂ m1 ee\RIas

Ing stIrre roomt enper at ur overn
concefrﬁr&&tdl ad chasnajogaptivacngilida ged) (eelod acéﬂaﬂcl@@EA&iM&QH/Ethe& 1:0.5) to

t hyl.ene chl orj The er
give k@é& ohbedesird Rrﬂ@lcéqbfg%%?%"ql%&o%g%ﬁ@t Yoo QVEHD 232.; found 232.1.
nmet hyl ene chloride three tinmes. The organic |ayers
wer e conbi ned, dried over MySO , filtered and
evapor at ed under reduced pressure. The crude product
Step BA5 ng) was purified by silica gel colum (30:70
MeOH Et OAc) to provide 1.6 ng (14% of pure product.
LC-MS cal cul ated fof C26H36R8N3C3: ( MrH)cF96; found
496. 1. Exawple/#So N=
HN N

NI/

tert-Butyl [(1R, 3S)-3lisopropyl-3-(4-[6-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]carbamate

To a solution of 1-[6-(trifluoromethyl)pyridin-2-yl]piperazine (249 mg, 1.08 mmol),
(1S,3R)-3-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid (300 mg,
1.10 mmol), triethylamine (0.45 mL, 3.2 mmol) in methylene chloride (10 mL) was added
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (524 mg, 1.18
mmol). After being stirred overnight, the reaction was quenched with saturated sodium
NaHCO;. The resulting solution was extracted with EtOAc three times. The combined
organic layers were dried (MgSO,), concentrated, and purified by column chromatography on
silica gel (20% EA/hex to 40%EA/hexanes) to provide 310 mg of the desired product. MS
calculated for Cy4H3cF3N;O3: (M+H) 485.3; found 485.3.

Step C
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Preparation of N-[ (I

, 3S)-3-isopropyl -3-({4-[4-(trifluoronethyl)pyrimdin-2
WO 2006/004741 PCT/US2005/022909

yl']pi perazm| -yl }carbonyl)cycl opentyl]-3-nmethoxytetrah

ydr o- 2H pyr an- 4- ani neStep A

2- Pi perazin-I-yl- 4H(:lr|fl rorﬁﬁ'hy Bm di ne A

sol ution of 2-chl H uo\FI t_h ) pyri m di ne
(2.0 g, 11 mmol), p| z,|ne\_(_2/8 3 nmmol ) and
triethylamne (3.0 nL,™ 2 rmol) in DVF (10 n) was

stirred at 100 OC in a seal ed tube overnight. After

(IR, 3,5’)95'113@% -309S/6- @fflidrememyypmidin-Chépipsudud - was
urif by col um_ chromat ography on silica gel (EtOAc

ylcariay Eﬁ)@&&eWNEt dilydgpahleyi®) to give 1.48 g (56% of
desired product. NS calculated for COHL1F H}
2387-Butsdnd p3B.38)- 3-3@@4@133 3 é‘Hé-Suﬂypromethyl)PYﬂdm-2-y Ipiperazin-1-

sk USR0S Lo BT gt thin o

HCI ik Q,AdipRind (10 mDf After being stirred at room temperature for 1 h, the solution was

i perazin-| -yl trifluorome I 2
concqmggteﬁ tgglﬁh% g)r/ng( pf esired rngC{}m ig% g%@ﬁ%%ﬁ%ﬁ)}‘gg 1&47?%40 (M+H)
r cyclopentanecarboxyllc acid (300 ng, 1.1
385.2; fo%?]?ﬁ? “triethylamine (0.45 nL, 3.2 mmol) in
IthEt hyl ene chloride (10 nL) was added
enzotriazol -1 -yl oxytris(di met hyl am no) phosphoni um
hexaf | uor ophosphate (520 ng, 1.2 nmol). After being
stirred overnight, dhe react on was que@cplged W th

saturated Na —\Thg resul i ng—sol ungh was extracted
with Et OAc thr€e t h@}?&rrbin orpani ¢ | ayers
were dried (MgS and ent kated. rification by

col um chromat ography on sflica gel (20% 40%

Et QAc/ hexanes rovi ded 290 of d esi r od VS
N-[(1R39 %ft?lé’@l?y (G-frftapeges! mé ’P qrE- 386 1

Y Ca%% 28 @’é;‘)p i o%?"géhf [~ tgtr?lzy drf 2H]t? rr|a;f1 I4u%nrngreret hyl ) pyrimd
[ rTFo?a)sb]qmlon&jfa(ZRﬂSb 9#1pamo@dﬂyd4}[6e@mﬂmpm@yﬁpy in-2-yl]|piperazin-

Lylepabpisfieosnipanping dfiechloride 4119 et P4 RED Py sehyde-

4H-p9faﬂ 42013@ gl Iﬂgr 86l rim'n)zﬂg} a&ﬁfrféﬂ{yﬂlﬁw qbapenLyi.p mmol) 1n methylene
car arrae nmol ) ‘'was dissolved in a
chlorglisl (8tmIo)1was added sodlum triacetoxyborohydride (190 mg, 0.88 mmol) After being

stirred at room temperature overnight, the reaction was quenched with saturated NaHCOs3.
The resulting solution was extracted with EtOAc three times. The combined organic layers
were dried (MgSOy) and concentrated. The residue was purified by flash chromatography on
silica gel (EtOAc to EtOAc/Et;N=10:0.1) to give 123 mg of desired product as a mixture of
two isomers. The two isomers were separated by chiral HPLC to give isomer 1 (45 mg after
converting to TFA salt) and isomer 2 (35 mg after converting to TFA salt). LCMS calculated
for CosH37F3N,O3: (M+H) 498.2; found 498.2 for both isomers.

Example 17
Preparation of N-[(1R,3S)-3-isopropyl-3-(4-[6-(trifluoromethyl)pyrimidin-4-
yl]piperazin-1-ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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of HO in 1,4-dioxane (10 nL). After being stirred at
roomtenperature for 1 h, the m xture was concentrated

wo e0ogiows4270 ng of desired product. MS cal cul ap@dusmn5/022909
C18H26F3N5O  (M+H) 386; found 386.1. Step D
N-[ (IR 3S)-3-1sopropyl -3-({%[4-(tri fl uoronmet hyl ) pyri m
idin-2-yl]pi perazi,n-ll_)(l}
car bonyl ) cycl operRyl |n.31T8} XVT\E‘f rahydr o- 2H pyran- 4- a
mne To a solutio N(,':3 N. _N
1S) - 3-i sopropyl - 3- ({ -[4-(/{ﬁfl or thyl ) pyri mi di n- 2-
yrj pi perazin-1-yl@earbony”~cycl opent Ni ne
di hydrochl oride (135.0 ng, 0.2945 IF), 3-
met hoxyt et r ahydr o- 4H pyr an- 4- one (11€&Fag, 0.88 nmol)

Ste %nd triethylamne (0.16 nm, 1.2 mwol) in nethylene

P4hl ori de (8 nmL) was added sodi umtriacet oxybor ohydri de
(190 ng, 0.88 mmol ). After begng stirred at room
tenperature overnight, the refaction was quenched with
saturated NaHCO3. The resultll NN sol uti on was extracted
wth EtQAc three tinmes. The oabi ned organic | ayers
were dried (MgSO4), conckt ratled. The resi due was

urified by flash chromatography on silica gel (EtOAc
4-Ch’860-ét(®9(640l€@’8¢ﬁ}’1)10%rlﬁ?14773t0 give 123 ng of desired

product as a mxture of two isoners. The two_isoners
wek esobusivar af dui(thifluerametiyDppigidigr4rly €9 shndd- 1@1@, niposphoryl

fter.conv in E [ :

o 551 VA LT AORAN > AT 5 he (50 mi ws
stirreC2AHRPFS MR G, Thwhrkactioh as fdiluted vi@Owitef end &xdtaetedsuitteethyl acetate

Exanpl e 16, Preparation of , d
three Kjnjes] dricgioyith sodingrsyifple. Bligred. and copeontatad i vacus, (L rydy residue

Tedy K R 0 ield the desired

v BB RUBY EPRRE aveupioasnh, G836 PRSI 35 Horn
produtt AN2MgAleflop 'H NMR (400 MHz, CDCI13): 9.21 ppm (1H, s), 7.78 (1H, s).

1-[6-(Trifluoromethyl)pyridin-2-yl]piperazine A
Step Bol ution of 2-chloro-6-(trifluoronethyl)pyridine (1.0

g, 5.5 mmol), piperazine (1.4 g, 16.0 mmol), and

triethylamne (1.5 m, gd~O mmol) were m xed in DVF

(10 nL) in a sealed tubel TRhe mxture was heated at

100 OC overnight. The reattio nﬁxt ure was

=N

CF3
4-Piperazin-1-yl-6-(trifluoromethyl)pyrimidine

A solution of 4-chloro-6-(trifluoromethyl)pyrimidine (1.0 g, 5.48 mmol), piperazine
(2.36 g, 27.4 mmol), and triethylamine (2.29 mL, 16.4 mmol) in DMF (20 mL) was stirred at
100 °C for 5 h. The reaction solution 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%MeOH/5%Et;N/EtOAc) to yield the
desired product (720 mg, 56.6%). LCMS calculated for CoHiaF3Nys: (M+H) 233.1; found
233.1.

Step C
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concentrated and chromat ographed on silica gel (ethyl
acetate to EA/MeOH/ Et 3N=9: 1:0.5) to give 1.05g of

wo bwedesitr ed product. M cal cul ated for ClOHL2FGINMBS2005/022909
(MrH) 232.1; found 232.1. Step B tert-Butyl
[ (IR 3S)-3lisopropyl-3-(4-[6-(trifluoronethyl)pyridin-
2-yl ] pi perazm |yl ca,l;\s{ényl ) cycl opentyl]carbamate To a
sol ution of
[ -[6-(trifl uoronetdgg(lﬁpyri dyn- 2-yl ] pi perazi ne (249 ny,
1.08 mmol ), (|<S"3HN -

rt-butoxycarbonyl)amn =i s@pyl ycl opent anecar box
ylic acid (300 ng, 1.10 mfol), i | ami ne (0.45 niL,
3.2 nmol) in nethylene chloride (IE%N was added
benzotri azol -1 -yl oxytri s(di met hyl am ho) phosphoni um

hexaf | uor ophosphate (524 ng, 1.18 m@fs). After being
stirred overnight, the reaction was quenched wth

tert-Bal (1R, 88)- 00 prupy NaJACTs -JirifToeome Byl) pyringdised-yl piperanias! -
extracted wth Ft QAc three tinmes. The conbi ned organic
yicarberyBexclopans Her iSO 4), concentrated, and purified

by col umm chromat ography on silica gel ,(Zgg%EA/ﬁex ig)
40vEnlioeant dypiperapnoy o (wiflgorenethylinysimidiae  df g5 431 mmol),
(1s,3?\g-‘éﬂgz%grg@@ﬁg{b‘gg&@ﬁﬁoi?!iso%ﬁﬂsﬁf@i%%}!%%eéal\ﬁ*dé&né8écié: 175 g
6.46 1%161&({319], 3 _$)3nﬁ7tﬁmﬂ)-lrl quﬁlﬁs(dﬁnegtﬁylémMODphmpWy [hegaftioddphosphate
- 2- i perazj n- car cycl opent anamni :
(2863, RBERDomRLE TR {0 i1y 50 1SB0Y. PIbPgays chorde (10 mD)
- (tri i 1di - i i . .
v Al AR Dot s s it
(&

chloridas welsteslowitld biine,adriedOwith sodiumi swhfatst filleredi and concgnigatehin vacuo.

The drids featios 1ot PBrDGAEY Cantb et B a i PECG G BuBbiksfe ptired produc
(800 Q%s Bgs%f)pzem:éaaﬂ@ecpﬂir ylrs RN Dor (VR 7§63 ¥ound 48611,
385.2; found 385.2. Step D
StepB'[(l R 3S)-3-1sopropyl-3-({4-[6-(trifluoromethyl)pyrid
I n-2-yl] pi perazin-lyljcarbonytycycl opentyl JS-
O

HZNA@LG@
ZN

CF3

A solution of fert-butyl [(1R,38)-3-isopropyl-3-(4-[6-(trifluoromethyl)pyrimidin-4-
yl]piperazin-1-ylcarbonyl)cyclopentyljcarbamate (800 mg, 1.65 mmol) dissolved in 4 M of
HCI in 1,4-dioxane (10 ml, 40 mmol) was stirred at room temperature for 2 h. The reaction
mixture was diluted with methylene chloride, washed with saturated NaHCO; solution, dried
with sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
flash column chromatography to yield the desired product (0.6 g, 99%). LCMS calculated
for C1gH27F3N50: (M+H) 386.2; found 386.2.

Step E
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nmet hoxyt et rahydr o*H pyran”-am ne To a sol ution of

(117?,3S)-3-isopropyl -3-(4-[6-(trifluoronethyl)pyridin-
wQ@200bpi7per azi nl - yl car bonyl ) cycl opent anam ne PCT/US2005/022909

di hydrochl oride (110 ng, 0.24 mmol),

3- et hoxyt et r ahydr o- 4Fprran 4-one (80 ny, 0.61

mmol ), and trlethyyan1ne (O 6 n., 1.2 nmol) in

nmet hyl ene chl ori d (8N u, d sodi um
tri acet oxybor ohydpi Jrg

kwﬁ nqol ). After being
stirred at room t\enp ratur/é\v |t\jthe reaction
was quenched wi t HOs#t urated NaHCOB. {Thea resul ting

solution was extracted with Et OAc thrlee tinmes. The
conbi ned organic layers were dried (MFSO) and
concentrated. The residue was purified by flash

N-[(18apSeksomyopplad (46-¢iiflucreonpshy JpBriQhén 1oy EmmeZiBt - N=|
1 ed duct as a m xture
yicar g@f@@ﬁ@%ﬁ&ﬁ@@ 4’%?&”?@666’%( %8%33’ r\@r ea’glenﬁar ated by

S IR e et (h —
yl]plp}g% @?l)ﬁaarb%%&%ﬂ)f it bk (190 @@%7ﬁm-métMeUahydro—4H—

oun pot h™ | soners.
pyranP4-epai( B0 oig, 6f 90 mmol), and triethylamine (0.12 mL O 90 mmol) in methylene

chlorgt r{&é mL%S\lfas acid%g odt 81¥1| 1ace(tox31boro(htyd1|‘1glcl, t‘tp {é) ey, BM ln)rﬁéﬁ'j 'gfter being

stirred | dt RoBRY BfifRrdtok! Swiki gﬂ& | the \ted BB Nhisdtlre wae ey twiili ahethylene
dro- 2H pyran-4-am ne

chlorilewhshed v th( it fied @vpétsw;ﬂw;npsvﬂﬁam fltered And gprpentsptedsThe residue

s G ] RCTTPEEPBY T, e e 538l B Wl o o

isomé&bll ersr&lcﬁlaatacﬁfoﬁt,mflg%‘ 3B sOpM-+H NS 0ad; dewnel OB for If()ur\immers.
stirred at 100 C for 5 h. The reaction was dil uted
with water and extracted with ethyl acetate three
tinmes, dried with sodiumsulfate, filtered, and
gggntrated in vacuo. The crude residue was purified
Exan%@l fql ash col um chr omat ogr aphy (10% Et CAc/ Hexane) to

Prep%loﬁ&ﬁ é@%s%i);'g 1sBBm P ta ((42[)62[99%53]“%0 M}W)I(ﬂ’@(ﬂnd-

yl|piperazinet-gkianbényl)cyopentyi] #&m&mﬂyt@ti‘@wmﬂﬁ}pmg&n-&amme
0
/
O H ﬁj\ N /\|
speaeh

CF3

Step A

1-[6-Methyl-4-(trifluoromethyl)pyridin-2-yl|piperazine

A solution of 2-chloro-6-methyl-4-(trifluoromethyl)pyridine (1.0 g, 5.11 mmol),
piperazine (1.32 g, 15.3 mmol), and triethylamine (0.71 mL, 5.1 mmol) were mixed in 1,4-
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A solution of 4-chloro-6-(trifluoronethyl)pyrimdine
(1.0 g, 5.48 mmol ), piperazine (2.36 g, 27.4 mol),
w@nweno47et hyl ami ne (2.29 ni, 16.4 mol) i n DVFPCROS291L5/022909

was stirred at 100 C for 5 h. The reaction solution
was diluted with water and extracted wth_ethyl

dioxane €it0abb). tAftez stitringed 100 PC dor SA,h,t the sesgtiompayiigmyas diluted with water
filtered conc ent ate Si

and mctﬁg‘rw jth % a?el %{tgh egl ,Cﬁﬁ&lf O\N1tﬂ-hs%dﬁﬁﬁ‘ AeihRS i fltéfed, and

ormt ogra
conceh B RYE TRNcRId R)idue wﬂs e}')lﬂ'lﬁeldebyd é‘&shi &dlqmm dhiomatography

(10%&@@@5%@%{?@?@%@ if“gg@g‘hgt” Q?ghfé%u;oﬁiugtg T&&)F mg, M) Lows
3 f | t hyl di
calcuhge&l%{ ﬁil}% F{f\@ﬁ)ﬂ %— j4t6r]: uor omet hyl ) pyri mi di

car onytycyc opentyl] carbamate A
sol ution of
4-pi perazin-l-yl-6-(trifluoromethyl)pyrimdine (1.0 g,
4.31 mol ), (IS, 3R-3-[( t r

Step B put oxycar bonyl ) am no] -1 -i sopropyl cycl opent anecar boxy!
ic acid (1.75 g, 6.46 mol),
benzotri azol -1 -yl o ri s(di met hyl am no) phosphoni um

hexaf | uor ophosphate 2. 86
triethylamne (1.@&ML, 8.
chloride (10 nlL)
overni ght. The reactio

; U%\K sydi Luted with
met hyl ene chl ori de, vvashe/\ Eg\nr;/drled Wit h

6.46 nmol ), and
rmol) i n methyl ene
room t enperature

sodium sul fate, filtered, and con ated i n vacuo.

The crude residue was purified by fllash col umm

chromat ography to yield the desiredCpsoduct (800 ny,

38.3% . LCMVB calculated for C23H35F3NSCB: (MrH) 486. 2;
tert-Buopifdl R} 8% .Q-zsoﬁto@pl—D(A[ s oyl drtigfiuaromethplpyyidin- -2-yl[piperazin-1-

) -3-(4-[6-(trifluoronethyl)pyrim di
ylcar%owl:s W%’ ch?%;‘ﬁﬁ%eyl car bonyl )cycl opentyl] carbanate
ol ved |

| i asalese of d0ormetit - R brdise? pisgine (280 mg, 1.1

datBoRsl id
el TSSRIF i aags e puen smaditc o

(460 sndgut 1 @nmmhslb eih widthylewsi dnborislel (30 emld | weeraddedan épenzotnazol 1-
cancent uo. ude urqi f

yloxsﬁg,ts jmet h}% qmﬂiogﬁ]g &pgﬁvrg gxog alg OV@)S o%sﬂr A dﬁ‘lﬁlol)

trieth)RARHE (0.00- £ 00 n8RYD). AeMBeing! ﬁl@ﬂedtMm1ght, the reaction mixture was

diluted with methylene chloride, washed with brine, dried over sodium sulfate, filtered and

concentrated. The crude residue was purified by flash column chromatography to provide the

desired product (200 mg, 35.1%). LCMS calculated for Cy5H37F3N4O3: (M+H) 499.3; found
499.2.

Step C

H,N

(IR, 3S)-3-Isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-yl[piperazin-1-

yicarbonyl)cyclopentanamine
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for CL8H27F3N5C (M+H) 386.2; found 386.2. Step

EN-[ (I R 3S)-3-1sopropyl-3-(4-[6-(trifluoronethyl)pyrim
WO cion/d47yl | pi per azi n-1yl car bonyl) PCT/US2005/022909

cycl opentyl ] - 3- et hoxyt et rahydr o- 2H pyran-4-amne To a

sol ution of

(1A 2, 38)lutdor somfopyltels-bmd[ 6- (€1R.3Duor oAdERyIDByridnioemethyl-4-

(mﬂ%omﬁﬁ%%’)ﬁ@gr@ et yﬁé’a{ﬂ%rﬁ%%wﬁeﬁg&f&%&ﬁ% (388 mg, 1.65

mmoK) 1(8950[*1% 9. 4 99 ¢mEL) in anddiolxaﬁﬁ iV atfi, 9 (Ondlp was, stﬁ)reﬁoat room
i n et hyl ene chl or

tempqratjugq;:@@g &ty e svagtipn Has g@utfg v&@t% %@le%ﬁlyly ed Sﬁ clog}rpﬁ éaturated
NaHéb&%élﬁgo@tdrfegquﬁ (gﬂlﬁﬁashl'fﬁt@ ﬁﬁfi‘gﬁ” At oont:«l':}ﬁrarte@ﬁzt bRRo to provide

th met ne chloride, washed
the dwvitel pasduee (0.1 M%) eIrCMSohalmiasst foatGagHAFINAEY. dNF-EPB99.2; found
concentrated. The residue was purified by flash
399.2hr omat ogr aphy to provide the desired product as a
m xture of four isomers. LCMS cal cul ated for
Step B24H37F3N608:  (MrH) 500.3; found 500.3 for four
i soners. Exanple 18 Prepara on of

N[(IR 3S)-3- |soppop¥J (44 6-met hyl -4-(trifluoroneth
yl) pyri din-2- ﬂj\

yl ] pi perazin-1-yl cl/@\ptyh - met hoxyt et rah
ydr o- 2H pyr an- 4- St ep/Q\L N

| - [ 6- Met hyl - 4- (tnq uor omet hyl ) pyri
A sol ution of

2- chl or o- 6- et hyl - 4- (trifluoronethyl?%yridine (1.0 g,
5.11 nmol ), piperazine (1.32 g, 15.3 muol), and

N-[(RR; 3@t sopropple 34/ G- mafizvl-45(t11ﬂmmm)et@<ép3évdwa€e)dmwazm-l -
f h,
yiearbiyEadReP e S AP P e e aﬁé °

extracted with_ e tate.t 1

ST T i A —

i I 0. 3@fmindl |3l-k’ﬁ6th ahydro-4H-
yl]pl%&?%%fgga}rg%% ? ao%“%% %ﬁﬁvﬂég/ tOQAc) to & eldt Oxytetr ye
pyramtésine €2 megd {690 (r@sﬁ) repd trigthydgmine Q2 dﬁL:chPQtné%‘Obdp methylene

chlorl%;a (?'E) m‘fvas e{(MH- HD so%i %‘riacet%%%jorgﬁ}ﬁdn]de (§t1§% B.oo mmol). After being

stirreld( ittho%ﬁ) téinperRfeO BYdrnighe, 4thp (i'emiioh’lyim}étm(et whe dilutedetity | hethylene

di n- 2-yl i perazi n-1y| carbo
CthI‘lCi/ washed with bl:’lll’li)e Fc)lned over so%lum sulfate fi )ltered and concentrated. The residue

2-yl ] pi perazi ne

was purified by flash chromatography to provide the desired product as a mixture of cis/trans
isomers. LCMS calculated for CosH4oF3N4O3: (M+H) 513.3; found 513.2 for both isomers.

Example 19

Preparation of (4R)-N-[(1R,38)-3-isopropyl-3-(4-[3-(trifluoromethyl)phenyljpiperidin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

~
O
H 0]
Oy
o P
/T
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cycl opentyl ] carbamate To a sul oti on of

| -[6-methyl-4-(trifluoronethyl)pyridin-2-yl]piperazine
W@ 286/00mJ41 1. 1 nmol ), PCT/US2005/022909

(1S, 3R)-3-[(tert-butoxycarbonyl)am no]-I1-isopropyl cycl

opent anecar boxylic acid (460 ng, 1.7 mml) in

nmet hyl ene chloride (30 nL) was added benzotri azol -1-

yl oxytri s(di met hyl anmo) phosphoni um hexaf | uor ophosphat e,
( Q4BPNy((1R,38)-Bimdpropya3a] 4¢ [3+ (@t fydramicthyl) ploeryt] -3 6-dihygropyridin-

ARG (E MR O TR A N T

mmot Wd Bisédieed H hizchaB¥E(0.6P MIYMdepdsked-Burgtd Wit dF, &illdwed by the
oncentrated. The crude resi'due was purified by f]|as

h
addition| afrRallofiuorréd. 64 meg)Hi 0%odyyr weight on Heetretivated cpibgalcthe reaction
flask &%&%éﬁ%ﬁﬁ@ugﬁm@%ﬁ?tﬁ%@%@ s[iﬂ[ad %‘6@1ﬁé§%%e under H; (1

atm) &vdrmu3. "[;ﬁe h;ﬁ@ﬂ!_%@ﬁmb ﬁ_&ex(elé ﬂlﬁI@ugﬁE tdlitt pdd, (washéd withomehyigng chloride
and b ot ML BRIz LY At bonyL ) Yl SR AIRARA. s
- opyl 4- 14
Calcu%%f@?&&%ﬁ%ﬁﬁ@* %ﬂgﬁﬁ%&’ ;fﬁél‘}“& 4|o9 dazin-1 - yl car bony”~cyc
| opentyl] carbamate (200 nig, 1.65 mmol) dissolved in

4 Mof HO in 1,4-dioxane (10 niL, 40 nmol) was
Example2Ped at roomtenperature for 1 h. The reaction was

Prep%t\%qg' gﬂ(iﬁﬁ?ﬁ?- é-m&%afﬁmmm?ﬂaﬂmwaaﬂw-%%-

uti ried wth sodiumsulfate, filter
(triflacxdnoashyRpyridin eyl pipesazine 1 tydcaybony ey clapen tydipir ppan-2-ol

) oduct 5 949 . LCMVB cal cul ated for C20H30F3INAC
bls(t'?‘{w%“a’é@%%é?(saﬂﬂund 399.2. Step D N-[(1R

3S)-3-1sopropyl -3-(4-[6-nmet@yl -4-(trifluoronethyl)pyri

di n- 2-yl ] pi per azpn- | Bl caxbpr I)ﬁ

cycl opentyl]-3-ne y gahx)@ 2H pyran-4-am ne To a
Z N 3

sol ution of - CF
(IR 3S)-3-i sopropyl? 3- (4-[@met hyl 4-(trifluoronethyl)
pyridin-2- yl]piperazi Q-C‘:-(%é(g@r bonyl™cycl opent anani ne
ne

(120 mg, 0.30 mol), 3%iethoxyt etrahydro- 4Hpyr an-
Step A
BocHN, O
OH

Methyl (IR, 4S)-4-[(tert-Butoxycarbonyl)amino]-1-(1-hydroxy-1-methylethyl)cyclopent-2-ene-
I-carboxylate

To a 1.00 M solution of lithium hexamethyldisilazide in THF (45 mL) stirring at -78
°C was added a solution of methyl (1R,4S)-4-[(tert-butoxycarbonyl)amino]cyclopent-2-ene-
1-carboxylate (5.0 g, 21 mmol) in THF (40 mL). The resulting golden mixture was warmed
to -28 °C to -23 °C (CCly/dry ice) and stirred for 30 min. The reaction solution was cooled
down to -78 °C and anhydrous acetone (1.8 mL, 25 mmol) was added. After the addition,
the reaction mixture was kept in a CCly/dry ice bath and allowed to warm to room
temperature overnight. The dark solution was quenched with saturated NH4Cl and extracted

with ether three times. The combined extracts were dried, filtered, concentrated. The crude
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4-one (120 ng, 0.90 mmol ), and triethylamne (0.12 ni,
0.90 mol) in nethylene chloride (20 nL) was added

W@ owise7et i acet oxybor ohydride (0.19 g, 0.90 nmed1/US2005/022909
After being stirred at roon1tenperature over ni ght, the

reaction mxture was diluted wth nethyl ene chlorlg* .
residvawhe gusified by iflagle colymneehromatogaphy &Eri@%‘ﬂ{ﬁii@e) 1o pielsd thy desired

an angepd kated. The residue was purified by flash
mbd%%f%%gtgggéghy to provide the desired product as a

m xture of cis/trans isoners. LCMS cal cul ated for
C26HA0F3NA(3: (MtH) 513.3; found 513.2 for both
Step Bsomers. Exanpl e 19 Preparation of

(4R -N[ (I R 3S)-3-isoptopyl - 3- [3-(trifluoronethyl)p
henyl ] pi peri di n-1yl car%%c%l b

cycl opentyl ] - 3- nmet hoxyt et r@l/ﬂ%’.ﬂ pyr an- 4- am ne(4R) -
N((I R 3S)-3-1sopropyl -3-[4- 3/-/(fr| f 1 uor onet hyl ) phenyl
]1-3, 6- dlhydropyrldlnl(
] rbl? t.hoxyt et r ahydr o- 2H pyr
Meth?ipj’ﬁ}/glﬁ IR ,,QX %?—Filr't{{?;e%aog di ssol ved in
meth%@ﬁh?? gegtaggcd}y,@ayla;glegassed purged with N2, foll ovved

dition of Palladium(3.44 (10% gi
orMWéwl aé‘tS)xﬂaE(tfmt @aembonm@nmehéﬁ"gwdrqxaslkmﬁéylethy Joyclopent-
2- ene oom ?»e(?flp 'y&alg (cﬁs%ofv'eﬁ,)%? gt\%lr?(ﬁlrgﬁ%fﬁ_ﬁda Phrr flask and

purgdd Withe,. Wa% Pallddﬁﬁﬁ@ntdafhmugm lded)i was qmldd and she thixtutenwas shaken
nmet hyl ene ch] ori de and conce tra

overrighi s 59 SR TH BNWPOBCOareH [500hGELe poahed ifygnethylene
chlor 'aﬁlu'cehé;egmfgféﬁ t&%at | oﬁééﬁfx@@prdd%m.o‘é%? 88%)f ound 497. 2.

repa
2- [(I R, 3S) - 3-[ ( 3- net hoxyt et r ahydr o- 2H pyr an-4-yl ) am no
|- (4-[4-
Step %:t rifluoromethy”pyridin®-vyljpiperaziii-I|-ylcarbony”~cyc

| opeiityl | propan™-ol Igositiyifl u®roacetate) (salt) Step
A Met hyl

(IR 4S)-4-[(tert-But oxycar@%ﬂﬁno] -1 -(l-hydroxy-1I-
nmet hyl et hyl ) cycl opent - 2- ene- boxyl ate To a 1.00 M

solution of |ithium hexanethyl d ylazide in THF (45
m.) stirring at -78

(3S)-3-[ (tert-Butoxycarbonyl)amino[-1-(1-hydroxy-1 -methylethyl)cyclopentanecarboxylzc
acid

To a solution of methyl (3S)-3-[(tert-butoxycarbonyl)amino]-1-(1-hydroxy-1-
methylethyl)cyclopentanecarboxylate (1.0 g, 3.3 mmol) in a mixture of THF (30 mL),
methanol (30 mL) and water (6 mL) was added lithium hydroxide monohydrate (0.22 g, 5.3
mmol) and the mixture refluxed overnight (110 °C). The organic solvents were evaporated
and the aqueous layer was washed with ether one time. 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 provide the desired product (0.47
g, 49%).
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0C was added a sol ution of nethyl
(IR 4S)-4-[(tert-butoxycarbonyl)am no] cycl opent - 2- ene-
wa2@anboxyl ate (5.0 g 2 1 nmmol) in THF (40 nlL)PCT82005/022909
resulting golden mxture was warned to -28 Cto -23 C
(Ca4/dry ice) and stirred for 30 mn. The reaction
Step Bol uti on was cooled down to -78 0C and anhydrous
acetone (1.8 nL, 25 mmol) vas added. After the
addi tion, the reaction n1< ure was kept in a CO4/dry
i ce bath and al |Booi g t Oy room t enperature
overni ght. The dark sold ' ginccbﬁgd W th
saturated NHACQ and extragi ed with ether three tines.
The conbined extracts were dried,N tered,
concentrated. The cruderesi due was purified by flash
col umm chr omat ogr aphy (Et OAc/ Hexane) to yield the
2 irsed CLmbeduyetighl)-2- riflpbemmdBn Nl Fidin-2-ylpiperazin-1-
twqﬁggg{ g E?ﬂﬂg?-Buto%ygg?boﬁ§F%Zdﬁ§g]-I-gﬁﬁyhydroxy 1-
JdavhﬁwﬁyWémﬁybihy aspEht anecar boxyl ate Met hyl
4- [(te oxyear 1 -1-
hice: 1 ) COUEBAGA: - 05 c Aoy Bl ot I Rdroxsy-1
methmlyb)cmedmsmw@dﬂmn atidandll 5¢ BOmIgL) 0.h2a Bm‘ml)fl ask 1-[4-

e B et et bl S 0
under OI\ES' whi?: 288& mtfiétﬁ&l@mw (0. M ergd fhromef) cald t Benzotrlazol 1-

d'W th met hyl ene chloride and concentrated t
yloxyaiia(dinidtieylat io)sbs plamdiun t hexaflagoghospay . (0=5ep, €. 57 mmol) After

(tert-Butoxycarbagny t
bt 45RO LT s g o
soluti%ﬁtahbl Iextracte:d with methylene chloride three times. The combined extracts were dried
(3S tert-but oxycar bonyl%am noj -1 - (Il -hydroxy-1| net

(MeS0at figdry cqu@pm dapnst RvbiEsdy b flasly golymy. cludmatogiAPhy jtp Yield the
(30 rrL) nmet hanol (30 nL) and water
des“?derr?@cl{\XZ% g‘gyg)l i t hi um hydr oxi de nonohydrate (0.22
g, 5.3 mmol) and the m xture refluxed overnight (110
C). The organic solvents were evaporated and the
Sfequueous | ayer was washed with ether one tinme. The
aqueous |ayer was then acodified

7 N
/,‘\K/N ~CF3
OH |
N~
2 HCl

2-[(1R, 3S)-3-Amino-1-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentylpropan-2-ol Dihydrochloride

tert-Butyl [(3R)-3-(1-hydroxy-1-methylethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]carbamate (75 mg, 0.15 mmol) was mixed with a 2.00
M solution of hydrogen chloride in ether (2 mL) and THF (1 mL). After being stirred for 1 h
at room temperature, the reaction solution was concentrated to provide the desired product
(70 mg, 98.7%). LCMS calculated for C17H28F3N4O;: (M+H) 473.2; found 473.2.

Step F
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with 6 NHC to about pH 4 and extracted with

nmet hyl ene chloride three tinmes. The conbi ned extracts
wowewe/oat7ied, filtered, and concentrated to proRCTES1008022909

desired product (0.47 g, 49%.Step D tert-Butyl

[ 3- (I -Hydroxy-I-nethyl ethyla-S (4-[4-(trifluoronethyl)

pyridin-2-yl]piperazin-Iyl ggarbonyl)

cycl opentyl ] car Bamatg - pensi on of

(3S)-3-[(tert-bu canbof I)@f o] - hydr oxy- 1-

met hyl et hyl ) cycl ope t aneegy, pox Ia\c d (3150 ng, 0.52

mmol ) and | -[4- O

(trifluoromethyl)pyri di @F,200H pi per a2| ne (130 ng, 0.57

| t hyl hl d 3 dd .
- [(lggg’kzgﬁ;ﬁnﬁhw;teggbew’igﬁ%ﬂgm(fml)@ﬁﬂofoéﬁ‘k@%ﬂr\é\@zr‘?”ie’gﬁ)l’y”d’”'

Tt AR APy B R L Plliorogpiatd) i

S tI'Tor 4 @@lluﬂﬁn (r:ci)@ gﬁﬂ( IRAPpBamMiInG 1 qﬂqnﬂulgtluoromﬂhylgmuhn-@ Fyl] péperazin-
uenchne y saturate ut n an aCte
—ylcwbo q)?éfﬁlﬁwféﬁ]épré’ﬁ%ﬁ gh;%}{ﬁpﬂg e B&rrbi (ﬁﬁeé 3

| 45
o A A ER, i 1 B oty . o
mmo hﬁ‘ nﬁ@ lérﬁ:dclﬂdhﬁwl@tmLYGzaﬁrgddeﬁgs%)ilunsnweﬂéxyborohydnde (64 mg, 0.30

mmol) ]A&g bglgg |sﬁrr|eAm|ag gqclg)é &%ﬁ}%é&h&er (I)\t'elrrLlll% t, ’cht hééc&gly (Na(s:l qu]lenched with

satu;reﬁ{cgkgﬂg@( ?ﬁ!nh Qgﬂﬁ’cﬁ&{ %tﬁlrghﬁ)?igﬁeo&ﬂ&@dé WfsecltBhds: BUHE ¥bmbined extracts

roxy- I - nmet ethyl)-3-(4-[4-(trifluorone
were tdhys.ﬂ XMgSOJ) rﬁl@redy Icﬂnpnep’afatad,l purified| byactisomgtogtapby @pé iksa gonverted

to hE GlearTb s TR O B a8 70 ey (i Juesraos

(M) §15n}komﬁf§1gr4 being stirred for 1 h at room
terrperature the reaction solution was concentrated to

provi de the desired product (70 nmg, 98.7%. LCMS
call %lil ated for C17H28F3NAO2: (MrH) 473.2; found 473. 2.
Exa

PrepE@ra[tith%tSS)[(iS- 3R)33JYGIR)CBCﬁIeeﬁdx@wwhydiMMpmm4y)]ammm-l -(4-[4-
-(4-[4-(trifluoronethyl)

(‘“ﬂﬂ"‘sﬂﬂ}‘ﬁhﬂémérzwfim 27y dpipBesisin- imrbgm)cyﬂoppgwprgpﬂ %ol
bis(tfilthbldad@abgcet at e)

N
@ Yl s
N .~
2 CF3COOH

The title compound was prepared using procedures analogous to those described for
Example 20. MS calculated for Cp4H3sF3N504: (M+H) 516.3; found 516.4.

Example 22
Preparation of 2-[(18,3S)-3-[(3-methoxytetrahydro-2H-pyran-4-yl)amino]-1-(4-[6-
(triﬂuoromethyl)pyridin-Z-yl]piperazin—1-ylcarbonyl)cyclopentyl]propan-Z-ol

bis(trifluoroacetate)
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To a solution of
2-[ (IR 3S)-3-amno-|-(4-[4-(trifluoronethyl)pyridin-2-
wQ kjopioprazi nl - yl car bonyl ) cycl opent yl ] pr opan- PEDIUS2005/022909
di hydrochloride (71 nmg, 0.15 mmol), 3-
nmet hoxyt et r ahydr o- 4H pyr an- 4-one (69 nig, 0.45 mmol),
and triethylanmne (6 g7 45 mmol ) in nethyl ene
chloride (2 nL) S ndge jUm t ri acet oxybor ohydri de
(64 nmg, 0.30 Mo} )= Af ei@tlwedcgt room
tenperature ovenni ght, t eacti o s quenched wth
sat urat ed NaHCOPand extracted wit t hyl ene chl ori de
three times. The conbifgg @dpacts were dried (MSO ),
filtered, concentrate pﬁrlfled by chromat ography and
t e tRRRvAIpbaad was pﬂ&pardé sking grqeedutes tnaldgdus &) thesq dcribed for
, 57.5% . LCWVWS cal cul at fo 7E3 (I\/H-H)
Exanp 25 MS oulnleisd Soric bt 0 A5 B0 St 137
2-[(1S,3R) -3-[(4R) - 3- net hoxyt et r ahydr o- 2H pyran-4-yl ] a
m no- | - (4-[4-
Exaniple 28] uor omet hy”pyri m di n*-yl j pi perazin-1| -yl car bony cy

poindbi TSI il P A5

learBOAyl 15983 h 68T 6rh onH- AL Anide bisdrifluoroacetate)
ycarcaﬁ:ﬁ‘g‘g#@ o]tF COAFREF3NG 516. 3; foudxg 516. 4.
Exanpl e 22 Preparati gn of
2-[(1'S, 3S)-3-[ (3mret 0- 2H pyr an- 4-yl ) ami no

]1-1-(4-]6- k}ﬁ
(trifluoronethyl py idm 2- \J eryzi F%/I car bonyl ) cy

cl opentyl ] propan©2<ol bis(trifl uormagetate)?2 CF3COOH

The title conpound was2§ife@@PEd usi ng procedures

anal ogous to those described for Exanple 20. M

cal cul ated for C25H37F3INAO4: (MtH) 515.3; found 515. 4.
Step JExanpl e 23 Preparation of

N-[(IS, 3S)-3-ethyl-3-(4-[4-(tri

fl uoronmet hyl) pyri di n- 2-
yl ] pi perazin-1yl carbonyl) ’

00

ST
D

o)

V!

H
Methyl (1R, 4S)-4-[(tert-Butoxycarbonyl)amino]-1-ethylcyclopent-2-ene-1-carboxylate
To a 1.00 M solution of lithium hexamethyldisilazide in THF (61.5 mL, 61.5 mmol)
was added a solution of methyl (1R,48)-4-[(tert-butoxycarbonyl)amino]cyclopent-2-ene-1-

carboxylate (6.71 g, 27.8 mmol) in THF (10.0 mL) at -78 °C over 10 min. The resulted light
brown solution was stirred at -78 °C for 30 min before iodoethane (2.67 mL, 33.4 mmol) was

added in one portion. The mixture was then kept at -25 °C overnight. The reaction was

quenched with aqueous NH4Cl. The organic layer was separated and the aqueous layer was

further extracted with ether three times. The combined organic layers were then washed with
brine, dried over NaySO,, filtered, concentrated and purified by flash column chromatography
to yield the desired product as a 7:1 cis/trans mixture (4.83g, 65%). MS calculated for

C14H23NO,: (M+H) 170.2; found 170.1 (M+H-Boc).

Step B
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cycl opentyl ] - 3-nmet hoxyt et rahydr o- 2H pyr an- 4- am ne
bi s(trifluoroacetate) Step A Met hyl

W@ bReOG)741¥- [ (t ert - But oxycar bonyl ) am no] - | - et hyPCHUEp&022909
t-2-ene-l-carboxylate To a 1.00 M solution of Iithium
hexamet hyl di si |l azide in THF (@& 5 nm, 61.5 mvol) was
added a sol ution of nethyl O

(IR 4S)-4-[(tert-but oxycaionyl -&‘Wno] cycl opent - 2- ene-

| car boxylate (6.71 g,. 21. in THF (10.0 nL) at
-78 C over 10 mn. The i ght brown sol ution
was stirred at -78 C for 30HM n before i odoet hane

R o e Y

wako g usehutioa cbfuhéthyla( Redf)st-[(tdicbutoTyvartmnygBanmol -d yathylowedopent-2-
ene 15 S 0Py BT S5 S SR Ry BT methan
(100 }éﬁ{)t@anh Refe 28 o) Whd fdRa 1B umdydeski®y Shonyaidar, ﬁl.z g, 28.6 mmol)

I'I'tered, conceritrated and purified by flash col um
and thdhmaxtateoyasapflyxedooverelet. Theoxpeaicrselvepisovkre evapsratedz: The aqueous

layer G, éﬁé‘ﬁqi?%ﬁ,ﬁ;heg %Hﬁ % abotiors A (%%ﬁ?‘f{t%%@ﬂpfr@{ﬂégene chloride
three Bdds, 719 conbibéEetiradtstvory aaed Mg Bhd 0dnden@itby ke yiot apeixture of
nt - 2-ene-| -carboxylicAcid To_a sol ution of

t hyl
cis/trgsRsarmyrs 42 0B t2e cistns X% Ehasid Hght) vekiwoselid. Ehilgfﬁplé% Hagdissolved in

t-2 -1 yl at & (4 s -
B0 G SIS BERGIRLR. ks Wyhodds T, 1y 19 s ot
This scldtiovaivas all@Pedio) coshso addettnpetdrirarsidwigirovet tid, and then maintained

mpnohydrate (1.2 g, 28.6 ) nd, t he m xture was .
at -2% roVgspight ol ¢sdtpmer s %%@»h%@a Q) @féfﬁit@ RigYide the desired product

v Eheriad r irelizh beglowi .
A B A R R R PG 20 Klnd 156.1
M+HHoo).i de three tinmes. The conbi ned extracts were

dried, filtered, and concentrated to give a m xture of

cis/trans isoners (2.93 g, cis/trans = 7:1) as a |ight
Step gel 1 ow solid. This solid was dissolved in EtOAc (4.0

m.) with heating and dil uted V\q')th hexanes (100 nL) to

give a clear solution. This s9 i®n was al | owed to

cool to roomtenperature slowy [®over 1 h and then

mai nt ai ned at -25 overpidght. c/ s-isomer was

crystallized and dried/tg e the desired product
H

(1S, 3R)-3-[(tert-Butoxycarbonyl)amino]-1-ethylcyclopentanecarboxylic Acid

To a solution of (I1R,48)-4-[(tert-butoxycarbonyl)amino]-1-ethylcyclopent-2-ene-1-
carboxylic acid (1.38 g, 5.41 mmol) in ethanol (40 mL) was added 10% palladium on carbon
(200 mg). The mixture was shaken under hydrogen at 50 psi for 18 h and filtered through
celite. The filtrate was evaporated in vacuo to afford the desired product (1.5 | g). MS
calculated for C13H3NO4: (M+H) 258.2; found 158.1 (M+H-Boc).

Step D
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(1.40g, 31% as a white solid. Ms cal culated for Cl3H2
INO4: (MHH) 256.2.2; found 156.1 (M+H Boc). Step C
W@ b@sB0Y74B- [ (t ert - But oxycar bonyl ) am no] - | - et hyPCHUEp&022909

t anecar boxyli cAcid To a sol ution of

(IR 4S)-4-[(tert-butoxycarbonyl)aninoj-I|-et hyl_c¥cl open
tert-Buty2 @ SéR)eSaEﬂnUk§l+(M4dtnfﬂl0(0m%éyl yriling2-yhipineyazigy 1-

et hano 4 was added 10% pal | adi um on carbon (200
ylcaﬂ??ﬁ?’ﬁcyfh@gﬂ'%ipﬁ&én\?%s shaken under hydrogen at 50 psi

fap 18 haand fdolitRmed t hgpugh ¢ER BER3-[Tibe-buidxycabenylmsino]-1-

evaporated in vacuo to afford the desi rE% pr.oduct JD.S din2
ethylayplopmBaresadhoratie acidor0.- 381 3Hi Snexmol) pmd) 1-psgrifuo Hl?ﬁ‘%/ pyridin-z-

158, 1 (. . ex - But 4

R L e i

triethﬂ@ilhﬂk! (0-45 rfnLyH.GaflmOI))dn)icQ'{Bﬂnetﬂagbﬂ-l-be)FIﬁMt,H'—tE@amethyluromum
sol ution o

hexafporerbasrhalq (9663 -Hul 3Ry RMBbnyfihibiine. FUTs) 2t iopB), dfpperature
ith methyl

ovmifat SR o oSt e i el

chloridk hiyde tiateso/Thd@ofbi®d extradts venndtigd (MNP, filtered; goncentrated and

purifigd] g? @a%gﬁsg@ﬁjq%ggmﬁt{) Fgr%f}l?g l_o,"’\‘y”{"el'aeché Qe 8 Pduct (400HR) 72.9%). MS
calcu%{\@:ll\_fo% §3%3§Q0§tmwwmly fpa [ u-eniRsphat e (0. 663

After 'being stirred at roomtenperature
overni ght, the reaction was quenched wth saturated
HCO3 and extracted with nethylene chloride three
nmes. The conbined extracts were dried (MgSO4),

filtered, concentrated angl purified by flash colum

chr omat ogr aphy th>_| i e ﬁi red product (400 ng,

72.99% . Ms cal cul'dte 3H3AF3NACR, (MeH) 471, 3;

found 371.2 (MrH Boc) —Step E-Mhg X3

3R) - 3- Et hyl - 3- (4-[4- (Tri Llyeromeghyl)) pyri di n-2-yl] pi pe

razi n-1yl carbonyl) cycl opentanam né di hydrochl ori de
(1S, ﬂsif‘-BIEtByﬁy-M J4-\Trifluoromethyl)pyridin-2-yl]piperazin-1- _

, 3R)-3-ethyl -3-(4-[4-(trifluoronethyl)pyridin-2-yl]pi

yicarp@pyigyalopentanamine dihydrochloride

tert-Butyl [(18,3R)-3-ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-

Step i

ylcarbonyl)cyclopentyl]carbamate (0.39 g, 0. 83 mmol) was dissolved in a 4M solution of
hydrogen chloride in 1,4-dioxane (3.1 mL) and the solution was stirred at room temperature
overnight. The reaction solution was evaporated to give the desird product as a yellow
powder (0.36 g, 96%).

Step F
O
-~ H
@ — LN~ _CFs
|
5 194
2 CF3COOH

N-[(18, 3S)-3-Ethyl-3-(4-[4-(Trifluoromethyl)pyridin-2-ylpiperazin-1-
yicarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine Bis(trifluoroacetate)

To a solution of (18,3S)-3-ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentanamine dihydrochloride (100 mg, 0.20 mmol), 3-methoxytetrahydro-
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yl car bonyl ) cycl opentyl ] carbamate (0.39 g, 0. 83 nmol)
was di ssolved in a 4M sol ution of hydrogen chloride in
waeemdoxeane (3.1 nL) and the sol ution was stiPCEUSHEDS/022909
room tenperature overnight. The reaction solution was
evaporated to give the desird product as_a yell
4H-pymw4me((@7 88, §,50080%]), Sdefsiethylamine (0.110 mL, 0. 79 mmol) in methylene

chlorxyf: ][(é %dcf ic} Ih%)g]rugb %1chat%x§l;rgrblf&dﬁ]ﬂ5 ((g@tntﬁl oy ﬁ1'n‘fglﬁ “Arter being

stirre@ Xﬁﬂo@ﬁ&@ﬁ@bﬂa’t&e oRdrhipKy, et ﬁeaétmr\%szfdepwedwld} satarated NaHCO; and
Bis(trifl uoroacetat eh_FTo a solutio

extraqtedswigl)methylens, phigrideiiyres {imes. fm\?cﬁoaﬁ%ﬁlmlﬁamcs were dried (MgSO,),
ﬁltereél%/ F]J)ngeﬁ]trﬁ?&' lpl.lghg(? Eggl'agh J:(M%x‘ﬁg SHM%I%grSMSJ @REUIHNHOIELOAC) and

roc
convé’rteﬁetdﬂ exly ttet yiakly diieo tﬁb‘&lmﬂlr aroddeto GEL 1( Tk, n@P).19).50 Mirstalculated  for

andtrleth niL, 0.79 mmol) in methyl ene
CoHs RN Qs Mt ﬁ@%gmﬁﬁniééga sodi um tri acet oxybor ohydri de
(96 ng, O 45 mmol ). After being stirred at room

tenperature overnight, the reaction was quenched wth
Exangde @d4at ed NaHCO3 and extracted with nmethyl ene chloride

Prepgeitimat AR F e Far el iy PRV b b

PRRL-QLh AR ¥ FnktHorGletailg de@2¥Bp{eni-4-amine
yl]pll(}éplé‘t to9 ield t)&g“g%red prg?akgte l?(ﬂl??l ny, 1(35% 1%9. M5

bls(tnuﬁuuqaaetet:e)for C24H35F3N4O3: (M+H) 485.3; found 485. 2.
Exanpl e 24 Prepatati on of

(4R -N-[ (IR, 39) - etnyI-S-(Gﬂf-[4-(tripuoromsthyl)pyrim'
di n- 2- éé:;?M

yl ] pi perazin-1-%l carbo LCy p ntyl] 3- met hoxyt etrah
ydr o- 2H- pyr an- 4- ne bisgtri @ftxe) The title
conpound was prepared u5|n proc ires anal ogous to

t hose described for & cul ated for

Czé}:? 3?%58%0&%1 wa's_%repgt%d?h’smg%lﬂ&%dﬂl%g agalog&@ P kifos@Qescribed for

Examdplé £3 SNSkaldulatel ¥br G145 N;04: (MHH) @865 fdunl i8¢ 21 di n- 2-
yl ] pi perazi n-1yl carbonyl)

cycl opentyl ] - 3- net hoxyt et r ahydr o- 2H pyr an- 4- am ne
Emeﬁﬁ@grifluoroacetate)

Preparation of N-[(18,3S)-3-ethyl-3-(4-[6-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl] -3-methoxytetrahydr0-2H-pyran-4-amine bis(trifluoroacetate)

@‘Cﬁvﬂ

2 CF3COOH

o

The title compound was prepared using procedures analogous to those described for
Example 23. MS calculated for C4H35F3N4O3: (M+H) 485.3; found 485.3.

Example 26
Preparation of (4R)-N-[(1R,3S)-3-methyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yl|piperazin-1-ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

bis(trifluoroacetate)
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The title conpound was prepared using procedures

anal ogous to those described for Exanple 23. M
w@alosnbgased for C24H35F3NAC3: (M+H) 485. 3; f ourdI/u8503022909

Exanpl e 26 Preparati on of

(4R) -N-[ (I R 3S) - 3- net hyl - 3- 64 [4-(trifluoromethyl)pyri

m di n- 2-

yl ] pi perazin-1 - PcarH ntyI ] - 3- net hoxyt et r ah
ydr o- 2H pyr an- 4%;; :tn%/ roq\pet@pe)Thetltle
conmpound was prepared using pr ce analogous to

t hose descri bed Exanpl e 23. I\/EN cul ated for

C22H32F3N5C3: (M+H) 472.3.3; found 472. 3. ExarEpI e 27,
Prigisditietdogpognd was prepared using procedures analogous to those described for

Ex ?GR% %g%gl% ed,l}!fn[ é?gﬁﬁ g/?gi g t4t79)3)%etf&¥'ld)47§ i 4- [ 4-

tr| Iuoro yApyr I perazin car bony”cycl
opentyl Jtetrahydro-1 H pyran- 4-ani ne
bi s% rifluoroacetate) 2CF3COOH Step A

Exampleddo- 2- net hoxyet hane To a sol ution of

_ et one
Pre A T s S e T B e
(trnﬂﬁb@mﬁhﬂbpymgnszayl]lplpemmmd-)ﬂetﬂbunﬂdc)(cmemlhm@ydwfﬂi pyran-
h'? The m xture was cooled and filtered. Upon
4'amF'tF'r 1§ F‘ﬂb‘B’é‘fﬁcﬁﬁ“?n the refrigerator, additional solids
crashed out and were filtered off before concentrating
to give an orang\e resi due The resi due was taken up in
et her and washed Qv % , Which rendered a nearly

col orl ess sol uti t| on was dried (MySH),

filtered, and conc nt/g\l\Ye a yellow oil (1.8g,

64% . 1H NWR ( ) d~3 60N( 2 terpyd = 5 Hz),

3.40 (3H s), 3.30- 3. 20(2H , }%/Hz) Step BO
N~

BocHN
/
2CF;COOH
Step A
I/\/O\

1-lodo-2-methoxyethane

To a solution of 1-bromo-2-methoxyethane (2.0 g, 14 mmol) in acetone (40 mL) was
added sodium iodide (11 g, 72 mmol) and the resulting solution was refluxed (70 °C) under
N, for 3 hours. The mixture was cooled and filtered. Upon further cooling in the refrigerator,
additional solids crashed out and were filtered off before concentrating to give an orange
residue. The residue was taken up in ether and washed with Na;S;03, which rendered a
nearly colorless solution. The solution was dried (MgSOy), filtered, and concentrated to give
a yellow oil (1.8g, 64%). 'H NMR (CDCly) & 3.70-3.60 (2H, t, ] = 5 Hz), 3.40 (3H, s), 3.30-
3.20 (2H, t, J = 5Hz).

Step B
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0- Met hyl
(1S,4S)-4-[(tert-Butoxycarbonyl)am no]-I-(2-nmethoxyeth
wQ kdoeped7apent - 2- ene- | carboxyl ate To a 1. 00 M sPCTIUS2905/022909
of |ithium hexanethyl disilazide in tetrahydrofuran
(9.1 niL, 9.1 nmol) under N2 -78 C was added a
solution of nethyl (IR 4S)-4-[( ert but oxycar bonyl )
am no] cycl opent - 2- enggbyQar G (1.0 g, 4.1 mmol)
in tetrahydrofuran (2.0 ni —E}e resulted |ight brown
solution was stirred at -78 C forg30 mn before addi ng
a solution of |-iodo-2-nethoxyethane (0,93
Methyﬁfbs ¥Sk-#/ ttert-Bargypearbanidleminolo ﬁjﬂethm)éetmw%oee%e"e -1-
carbo rred for an hour at -78 C then kept in a freezer
rx 415 ng at -20 C overnight. The reacti on was quenched
WiTde $80 W abkdonofititiiumhekirnethgldisildtide ﬁragelmhydmfu&n (9.1 mL, 9.1
separated and t

h t t th et h
p— e R Rt e g T e DRI
butm%ﬁérggn%?{ ﬂﬁﬂlﬁ‘%}lhg t Deenkll-LRbGH 128G BUE 4. 'leiﬁm*ég #nl @&ﬁhydrofuran

ogra t OQAc/ Hexane) 'to provide the desired
(2.0 mpEn dlbetreulie Sight bxﬂs%sohtmﬁvasssltmﬂ at ed TG for Ganmehedere adding a

solutng)p §'}l21%}od@- -.{n[ef Oun%BBOO ﬁ& 5113?‘81218’]‘ teitra&'% ﬁ%rﬁ tIHL) The

mixtfé XN%X‘%EHQ& Aot 1%%@?& 183"@ ﬂié‘.vﬂléeﬁt BCA hedARr deadirigr dted0 °C overnight.
sol ution of neth

The (ea@}omsyasd,q[le(ncquc{ %ﬁht @ﬁy@tgd Wl}lg{ﬁ] qh(lﬂnqe (1‘@3 layers were separated

and t]gée %ql.%ﬁ% qi/aﬁ yEl og@g 5 rtgrﬁei( f’@g g@?%h@& Sﬁ{a&c?%ve then washed

with Bilide, deied (Mgseﬁ) ﬁ&e&dmhal putifiedtyl €esH ¢Hrbinatogtapty QEi(ﬁ@c/Hexane) to

o b o e o TS S 5 LS 8098 300

evaporated and the m xture was acidified with 6 N
foumr%oe%o a pH of about 4. The aqueous was then extracted
wi th nethyl ene chloride three tinmes. The conbi ned
rgani c | ayers were dried (MgSO), filtered, and
S’epgoncentrat ed in vacuo to give the desired product as

an oil (0.47 g, 63.29% . LCMS caDcul ated for Cl4H24NCb:
(MrH) 286.2; found 286. 2. OH

BocHN 1
,_\O_

(18, 4S)-4-[ (tert-Butoxycarbonyl)amino]-1-(2-methoxyethyl)cyclopent-2-ene-1-carboxylic
acid

To a stirred solution of methyl (1S,4S)-4-[(tert-butoxycarbonyl)amino]-1-(2-
methoxyethyl)cyclopent-2-ene-1-carboxylate (0.78 g, 2.6 mmol) in tetrahydrofuran (1.5 mL),
methanol (15 mL), and water (3.0 mL) was added lithium hydroxide monohydrate (0.55 g,
13 mmol) and the resulting orange mixture was stirred at 80 °C overnight. The solvents were
evaporated and the mixture was acidified with 6 N HCI to a pH of about 4. The aqueous was
then extracted with methylene chloride three times. The combined organic layers were dried

(MgSO,), filtered, and concentrated in vacuo to give the desired product as an oil (0.47 g,
63.2%). LCMS calculated for C14HNOs: (M+H) 286.2; found 286.2.

Step D
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Step IS, 3R)-3-[(tert-B

iitoxycarbonyl)am no]-1-(2-nethoxyethyl)cycl opent aneca
WO bwxph47¢1 acid To a sol ution of PCT/US2005/022909

(1S,4S)-4-[(tert-butoxycarbonyl)am no]-1I-(2-

nmet hoxyet hyl ) cycl opent - 2- ene-| - carboxylic acid (1.56

g, 5.47 mol) in nmethanol (30 L) was added 10%

pal I adi um on carbon @l >ANM®OHN xture was shaken

under hydrogen at 50 psi o ight and filtered

t hrough celite. The filtrate was aporated I n vacuo

to afford the desired

product (1 57 )g e acid

(1S, 3R)ad-¢ (braBatpry orrbanilapends! (fmashoppd )cyf:leaﬁaaaeggr xylic aci
H- Boc Ste E tert tyl g )
f(“ff’R Ss)a? . AR o LUty 154814 {gertt toxg?eglrar%nylglanilgo] 12

methdﬁd&btﬂﬂyl’)c?cic)ﬁehﬂll{bﬁéaZdambdxyhc acidoflyd6) g, 5.47 mmol) in methanol (30 mL)
ycl o en carbana

was aFl(lee} A> 1}1@1&911) 5@4}91} gﬁ%hrag} ’ﬁle mixture was shaken under hydrogen at
50 psi g)vérg gggﬁﬁ@ﬁ?felaytﬁdﬁ%ﬁlcgﬁﬁmfﬁg efiRab avasl dvapaated #3G6ud to afford

the désrr[edlp(dductf(ll ST oRREe%ey.| MSyralaidatedfoy|(ugilpOatiél) 288.2; found 188.2
l.hydrochl oride (322.0 ng, 1.06 mmol) , triethyl am ne
(M+E-8084 i, 3.85 mmol) and O (benzotriazol -1-yl)-
N, N, N, N -t et net hyl ur or uum hexaf | uor ophosphate (547.6
ny, 1. 44 nmmol) (HBTU) were nmixed in dry DVF (6.6 nl)
Step land the resul tanting brown solution was stirred at
room tenperature under N2 or three days. The reaction

m xture was diluted with g2, and washed with

sat ur at ed Na2CO3BocHNe _eods/l\@yer was extracted with

CH2Cd 2 four tines. The ﬁagi edNQr |.CF{ ayers were

dried (MgSO™4), filtered, c ncentrﬁteg and purified by

flash chromat ogr aphy (EtOA Hexan®yt o prow de the

desired product (252 ate .
rrt-Baa o SR A 803D 3 (v g s PN s dpssgein-1-
ylcargéijz)}?’ géép&f’?—éﬁaWJMéyet hyl)-3-(4-[4-(trifluoronethyl)p

perazi n-1yl carbonyl) cycl opentanan ne
D|(hSﬂRc)&Bhﬂ(terﬂ-BhﬁoxycaMyl)ammo] -1-(2-methoxyethyl)cyclopentanecarboxylic

acid wp%jmg) 9?96 mmf)t h?)fX ?trl%logomeﬂ(lﬁ)ﬂyndﬁ{ 'yi]pﬂ)%h%ﬂ{ alﬁy(!lrbchlonde

(322! ﬂngl P% afﬁhfai)l ﬁh&mmﬁﬁél ?ocswchmp esnssy Ijre6l) hade€bdn2b@iazol-1-yl)-
ny, mml ) was di sso
N,N,N' N'-tetramethyluromum hexafluorophosphate (547 6 mg, 1.44 mmol) (HBTU) were

mixed in dry DMF (6.6 mL) and the resultanting brown solution was stirred at room
temperature under N, for three days. The reaction mixture was diluted with CH,Cl,, and
washed with saturated Na,COs;. The aqueous layer was extracted with CH,Cl, four times.
The combined organic layers were dried (MgSO4), filtered, concentrated and purified by flash
chromatography (EtOAc/Hexane) to provide the desired product (252 mg, 52%). MS
calculated for CpqHssF3N4O4 (M+H) 501.3; found 401.3 (M+H-Boc).

Step F
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M sol uti on of hydrogen chloride in ether (8 niL) and
stirred at roomtenperature for 2 h. The reaction

W@ 20060040m was concentrated to give the desird peDUsIINs5/022909
as a yellow powder (0.36 g, 96%. MS cal cul ated for
Cl9H27F3NAO2 (M+H) 401.3; found 401.3. Step G 2CF3COCH

(4R) - 3- Met hoxy-N-[ (I R, 38)O 3-(2-net hoxyet hyl )-3-(4-[4-(

trifluoronethyl) XNN

yl ] pi perazin-I -yl Car 'I )CLX:/' pent yl &§3et rahydr o- 2H py
cetat

ran-4-am ne Bis(trifluor&} a sol ution of
(IR 3S)-3-(2-net hoxyet hyl - 3- (4-N4:-Atrifluoronethyl)py
ridin-2- yljpiperazi nopgl car bony”cycl opent anani ne
di hydrochl oride (140.0 ng, 0.30 mmol), 3- . )

(1R, 358 t{dMeteay edhybr3oal4- @i uarome BiBpxridin-2rd [piperaa?-Imol )

nd. triethyl am.ne~(0. 1.18 ) ind
ylear %g’tvﬁﬂcé% "é’ﬁ’f’@l"fed%’(h{}i%grérlf%ﬁ/as addggg )soldinumry
L dragsbxybor ohygnRQEI)@J(aanathmet}@n%m-n[m(ﬂfrmuomgne@nyl)pyﬂdin-z-
eing stirred under N at room eratyre for. three .
1] pipesziy | ShaarhsbeT UppanaH CatRoREHL Stteh U [P D Redigaalyod in 2 2
, o i de g (
i
reaction RoRIibn avadconpentiatédetd piye fthadesidoprodnctclsraopellay papdsr (0.36 g,

(MeOH E c rt o.,JEA.sal.t yield the
96% )} %ﬁ%ﬁagl?’%l?%?%%‘?%b#?%@%&ﬁ@&%at ed for
C25H37F3NAO4: (MtH) 515. 3; found 515.4. Exanple
28Pr epar ati on of
Step G- met hoxy- N-[ (1 S, 3S) - 3- (2- met hoxyet hyl ) -3-(4-][ 4-
(trifluoroinet hy\"éﬁyri m di n-1 -yl Jpi perazi n-1-yl car bony”

cycl opentyl jtetrahydHo-| Hoyg an- 4-am ne
bi s(trifluoroac N CFICO2H The title conpound was
prepared usi ng Qrodgedu -._an ogpus to those descri bed
for Exanple 27. cal cul at eﬂiﬁdﬂ 4 NoO4: ( MtH)
516. 3; found 516. 3. Examﬂae 29 Pr §\Par ti on of
(4R -N-[ (I R 3S)-3-(ethoxydret hyl)-3*&-[4- (trifl uoromnet
hyl ) pyri di n- 2- 2CF3COOH
(4R)-3-Methoxy-N-[(1R, 3S)-3-(2-methoxyethyl)-3-(4-[4- (trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine Bis(trifluoroacetate)

To a solution of (IR,3S)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentanamine dihydrochloride (140.0 mg, 0.30 mmol), 3-
methoxytetrahydro-4H-pyran-4-one (115 mg, 0.887 mmol) and triethylamine (0.165 mL,
1.18 mmol) in dry methylene chloride (12 mL) was addedd sodium triacetoxyborohydride
(188.1 mg, 0.887 mmol). After being stirred under N at room temperature for three days, 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 (MeOH/EtOAc) and converted to TFA salt to yield the desired
product (72.4 mg, 34%). MS calculated for CosHz7F3N4O4: (M+H) 515.3; found 515.4.

Example 28
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yl ] pi perazin-1-yl carbonyl)cycl opentyl]-3-net hoxytetrah
ydr o- 2H pyran-4-am ne bis(trifl uoroacetate) 2 CF3COH
WESR@p/od7iet hyl PCT/US2005/022909
(IR 4S)-4-[(tert-Butoxycarbonyl)am no]-1-(ethoxynet hyl
) cycl opent - 2- ene- | carboxyl ate To a 1.0 M solution of
Prepaniation ofi3rrasthonsy N[5 38)-322 caethaxyeshyDydrldf ur an (36. 7

o I NL added..a,sq] utj op. of 2H-
cring s SR 20 by RrElnTrb by doppriltcirapydro:
pyran-d3iRine Wistireflqcrodletgte) 1. 66 nmmol ) in tetrahydrofuran

(6.0 nL) at -78 C. The resuéting i ght brown sol ution
was stirred at -78 C,for 30 mn before

(chl or onet hoxy) exhang p /\1~z.9 nol ) was added in
one portion. The/mr&tu S L{y req.atce./8 C for 1 h
and then kept ina preezer rea |n§ﬁat\ -2§ C overni ght.
The reaction wasPtfien guencled w thh ;tur ated NH4d (50
m.). The organic | aygtcowas separated and the aqueous

| ayer was extracted wth CH2O 2 three times. The )
c Oifiei titkedc o ovdsgyrepasediesing wershdutesandlognui rie thase idgspribed for

ExerplCah N PO T R Bk D O TP RBaids) o
provi de the desired product (3.29 g, 66% as a

cis/trans (3:2) mxture based on the anal ysis on
ExampvdPse phase HPLC. MS cal cul ated for C15H26NC6: ( M+H)

300. 2; f . B . cae oy
prepfrilionif QRPN UHRSyeelt oty o e R i yeremstvhampidin-2
yl]pip 64 £inORgIhrFomsiiRy tlopéithl)3yiethoAgtetrahy do-28l-pyianrd-afnine

. nethyl (IR 4S)-4-[(tert-butoxycarbonyl)am no]-I-
bis(tyiflueroagetatedy| ) cycl opent - 2- ene- | - car boxyl ate (3.25 g,

10.8 mml) in tetgahydrofuran (58.7 i), nethanol

(58.7 nL) and water H12.6 M) was added |ithium

hydr oxi de nmonohydr O\ 3! 17.42 mol ). The pink

m xture was heagped Jt o '-,_u vetni ght. The organic

sol vents were remdved in xac Mq@%ueous | ayer

was washed once with etﬁr and th }idified slowy

with concentrated HC until the pHYeached 4. The

resul ti ng suspensi oycﬁgﬁjﬁt racted wi th nethyl ene

) e C

chloride three tines onbi ned organic | ayers were
dried over

Step A

0

-
BocHN;gJ\O
~

(@)

~

Methyl (1R,4S)-4-[(tert-Butoxycarbonyl)amino]-1-(ethoxymethyl)cyclopent-2-ene-1-
carboxylate

To a 1.0 M solution of lithium hexamethyldisilazide in tetrahydrofuran (36.7 mL) was
added a solution of methyl (1R,4S)-4-[(tert-butoxycarbonyl)amino]cyclopent-2-ene-1-
carboxylate (4.00 g, 1.66 mmol) in tetrahydrofuran (6.0 mL) at -78 °C. The resulting light
brown solution was stirred at -78 °C for 30 min before (chloromethoxy)ethane (1.88 g, 19.9
mol) was added in one portion. The mixture was stirred at -78 °C for 1 h and then kept in a

freezer reading at -25 °C overnight. The reaction was then quenched with saturated NH,4Cl
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MySO4, filtered and concentrated to give the desired
product as a mxture of cis/trans isoners (2.75 g,
W@p/004viaL cal cul ated for CL4H24NO5: (MrH) 286. BCT/U820081022909
186.2 (M+tHBoc). Step C
(1S, 3R -3-[(tert-Butoxycarbonyl)am no] -1 -(ethoxyi q¥
(50 miL) cYid orgenic dase avds srpdriiehend theoagueaes ¥PTowapgxiracied with CHCly

e s it b Sl B BTG ol s gnggeii s

ﬁltere@@gﬁcelhtfht&i had ?{mﬁ@&bﬁ fladh) chi\@ﬁatagﬂtpﬂy (IO} kfér{) IEa@A@mdnxanes) to
carpon

The m xture en und rogen, .
providg thg deqsgeid prf@fiuci@ P 2199% )8 dFis Pﬁﬂ%ﬁé % 6‘81"‘?“(% ﬁé%ﬁé‘éegﬁ’&lym on
I
reversds L, RIS Rl 4 N Ly P OO SRR 2O 2R o)
for Cl4|—|26N05 (M+H) 288 2 found 188.2 (MtHBoc). Step D
tert-Butyl [(3S)-J- (Ethoxymethyl)-3-(4-][4-
Step Bt rifl uor omst hyl ) pyri di n- 2-yl ] pi perazi n-1yl carbonyl j cy
cl opentyl] 'carbamate 0
(1'S)-3-[(tert-Butoxycarbonyl)aprng]-1- (et hoxymet hyl)cy
cl opent anecar boxyl i c BaoHy 9. 4 ng, 1.494 mol) ,
| -[4-(trifluoromethyl)pyrid -2~(yl ] pi perazi ne
di hydrochl oride (500.0 ng, 1.644 mmol) , triethylam ne
(0.833 nL, 5.98 mmol ) and O (benzotriazol -1-yl)-

(IR, 4? n ({Wert %ut&?&&%ﬁ}'lﬁ%ﬁ& bR Mﬂl}éj’&l@ﬁﬂ?ﬁmtﬁcarbmyhc Acid

242 'nmol ) (HBTU) were m xed dry
(1. 2 liIL) sothigorr es ift | n@etbb’bwn (é%l@bﬁdﬁtemtwmbew%mmo] -1-

o5 SRR RS S B Bl 18R i 5.7

mL), %@éth'dn@l esB. NaZOQkhd Wheer arieans) way addedeithiend hpdroridlewhordohydrate
CH2d 2 four tines. The conbi ned or gam c%& ers
(0.73Yrg, etV 4 viymea). Tb@ el tRixtuEe Vs aheRiEd ‘B% Of/?f&giﬁ The organic

solvefifd r&%%‘?ﬂ&%@q é:r?let'gg ?gﬁe!?)%% %f 5@9 “Bﬁl%attﬁfce (xﬁﬁfletﬂer and then

a01d1ﬁaUsldwEO\1z1tB coﬁeﬁuatEd HCI until the pH reached 4. The resultlng suspenswn was

S0 or SR, DL S VAT DB i o

MeSE, BRI QohSGitrated to give the desired product as a mixture of cis/trans isomers
(2.75 g, 89%). MS calculated for C14H4NOs: (M+H) 286.2; found 186.2 (M+H—Boc).

Step C
0

BocHN;@LOH
~

(@)

\

(1S, 3R)-3-[(tert-Butoxycarbonyl)amino]-1-(ethoxymethyl)cyclopentanecarboxylic Acid

To a solution of (1R,4S)-4-[(tert-butoxycarbonyl)amino]-1-(ethoxymethyl)cyclopent-
2-ene-1-carboxylic acid (2.70 g, 9.46 mmol) in ethanol (69.5 mL) was added 10% palladium
on carbon (350 mg). The mixture was shaken under hydrogen at 50 psi for 18 h, filtered
through celite and washed with methylene chloride. The filtrate was concentrated to afford
the desired product (2.87 g). MS calculated for C14Hz¢NOs (M+H) 288.2; found 188.2 (M+H-
Boc).

97



10

15

20

25

t r -Butyl
[(3S)-3-(ethoxynethyl)-3-(4-[4-(trifluoronethyl)pyridi
wo206pb47pi per azi n- |yl carbonyl ) cycl opentyl ] car PEIES105/022909
(295 ng, 0.589 mmol) was dissolved in a 2 Msolution
of hydrogen chloride in ether (10 nL). After being
stirred at roomtenperature overnight, the reaction
[gi xture was concentrated under vacuumto provide the
esired product (330 ng) as a light yellow solid. M5
calcul ated for CI9H28F3NA®: (M+H) 401 .3; found 401
.3. Step F2 CF3COQ
(4R)-N-[ (I R 35) P8¢

'rret'\h/z 3-(4- %é (trifluoronet
hyl ) pyri di n-2-yl ] pi perazi hﬁd&lvc nﬁ:?rk Ycl opentyl JS-
(e} /of

met hoxyt et r ahydr o-| H pyran/\- am n
Bi s(trifluoroacetate) To a [ uti

tert- Bgilf);r? [ @ ]Eg‘%f?té Pﬁtjhw ? @ gﬁorbﬁtefﬂyy ) bR 0PI Pal ok MY L

pI per az onyl ) cyc opent anam ne
ylcarﬂmszl)dyda}bdnorl]cdebc(nWQ 0 ng, 0.211 nmol), 3-

rreréig} 5 )fé ;ﬁ %ﬁ%bggl%%&ﬁ—(%ﬁwm c)r}rfgtoHQr‘g;ge%ammc acid
(429.0eLlgy | ey Giheni dg.- M&h@ﬂﬁ&bm‘éﬂx?yl)@ﬁ@cﬁﬁ ZSjillﬁblFéfhzme dihydrochloride

triacet oxyboro drlde (134.3

(500.0enggl . 644 mnmi) atrlerﬂ@dﬁmn@rfﬁe%&tlnfaé 8& dlémolmzmé\ﬂéw(l?ﬁngﬂﬁﬂazol 1-yl)-

act uen
NNYR AEERS R SR Ml e UAEY B 2P0, (BT were
mixe8 @PafyEDME @l g Hw&gﬂﬁng Bytﬁﬁn yalsti@xivaastired atiroém temperature

undeq Shp vtz 1 Che gﬁ%é{*(t] g tlg‘fe‘%st Died B IR la washed with
satur?ct%(ll E{i&%ge | ’Il‘gbo Qélﬂleoﬁé gf fegrvé‘i@ﬂ @%Clﬁ“oﬁlotnﬂgs/o ’l“ﬁél‘bmbmed

am c converted to TFA sal
orgargé \V@etdwezememﬂrdedflgﬁ;@gu cono(enﬁﬁedl angy purifiadgpy flash chromatography to

provfégla{ u:dgis:l% fpvi%giﬂgrz &'ﬁg E?r%? %%)( ng ca?c%?eite?’cf fofro&];%{ga:l I'éf 6 (M+H)
501. ilfg{}ndl\gdl(j R, 3S) - 3- (et hoxynet hyl )-3-(4-[4-(trifluoronet
yI)pyrl m di n- 2-

yl ] pi perazi n-1 -yl carbonyl ) cycl opentyl ] - 3- net hoxyt et rah
Stepx,dr 0- 2H pyran- 4-am ne bis(trifluoroacetate) 2 CF3COCH

o)

H,N 7 N
SR el
2 HCI

(1R, 38)-3-(Ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentanamine Dihydrochloride

tert-Butyl [(3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]carbamate (295 mg, 0.589 mmol) was dissolved in a 2 M solution of
hydrogen chloride in ether (10 mL). After being stirred at room temperature overnight, the
reaction mixture was concentrated under vacuum to provide the desired product (330 mg) as

a light yellow solid. MS calculated for C19H3sF3N4O;: (M+H) 401.3; found 401.3.

Step F
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The title conpound was prepared using procedures

anal ogous to those described for Exanple 29. M
w@alosnbgased for C24H36F3NSO4: (MtH) 516. 3; f ourdI/B39021022909

Exanpl e 31Preparation of

(4R) - 3-net hoxy- N-[ (I R, 3S) - 3- (net hoxynet hyl ) - 3- (4-[ 4-

(trifluoronet hy\m/rl gl n"- yld pi perazi n-1 -yl carbonyl Jcyc

| opentyl | tetrahy pyr aijl - 4-am ne

bi s(trifl uoroacktat e?kﬁ%)m onpound was prepared
usi ng procedur €3 alo S ta_t se degg.i bed for
Exanpl e 29. M cal cul at for N4C34 (M+H)

501. 3; found 501.3. Exanple 32 Pr tion of

(4R) - 3-met hoxy- N-[ (I R, 3%) - 3- (et hoxymet hyl ) - 3- (4- [ 4-
(t r| fl uor omet hy” pyrﬁ@ﬁamQGHyl Jpl perazin-I -yl carbony”cy
ent)}i16 t et rahydr o-1 Hpyr an-

(R)-BHATR IS iihmonia v (Rl B ot ginessaind-
t 1 acelate
ylcar M&&geg@gﬁ -eir?et {‘eat e}‘aa%r OZrH &1 GRRRIB E’(@rd(ﬂzﬁd&l)b tate)

3H34F3N5O4:
50 3a f sx(»hnrd)nS O@E 3( 1 E&&)ﬁ}(@h@@nﬂ]@@hﬁ 484 [@ﬁtrxfhloromethyl)pyrldma-

yl]plqer@) 11—3-}[ y)f)cycl[);gén%n% 1ne d h(y%r(}ch of1 ea{%ﬂ lér 86‘2?’1 ¥Amol) 3-

meth&iﬁéttdhyefoomwyarp%haI(sa 5-nt| @6943 rRd@bI)- elndyirrea{ymmme Q9418 mL,
opentylltetrah fearo ZH pyran- 4-am ne 2 CF3COCH

0.3457310)) Bn ockoEy wmﬁg Y8 ) o aéé%ﬁ@déwndflacethy%orohydrlde
SR bR Y0 il o,

reactiohl WAE qiérehes mhtm 8quedud NpHO, mmbldiluteﬂl*bvﬂlmmiﬂhyibm chloride. The

0.75 g, 11 mmol), and i odi ne WB%/
organie fyen twas| separat&fitaélfi ‘B@laﬂgequéflf‘XBEe‘Masu%@Pteggo hsthyene chloride
three%t.ﬁﬁesr q‘ﬁg E%'ﬁfé@%erg uehohed, dhiddofr MMM ORITRER, ﬁ)@.ﬁﬁ@&-By silica gel

ayer was separated and-thé aquedus | ayer
Comb‘iaElaﬂXftyfs&m @ad/u:rttho red 0% Il\éef(eHoin Et0Adel 2 gramecolime)end Thrverted to
TFA SR R8% QIR product (1154 mg , 74%). MS caleulated for CosHarFsNyOs:

(M+H) 515.3; found 515.4.

Example 30
Preparation of (4R)-N-[(1R,3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

bis(trifluoroacetate)
O
-~ H
0 N ’ N/\I
@ o Ny
0 L N~
2 CF3COOH

The title compound was prepared using procedures analogous to those described for

Example 29. MS calculated for Ca4H3sF3Ns504: (M-+H) 516.3; found 516.4.

Example 31
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were dried (MgSO ), filtered, and concentrated to give
a wet, yellow solid. To the solids was added pentane
W@ 1@6/00d731 and stirred for 2 hours. The solids Mer/ES2005/022909
filtered off and the filtrate was concentrated to give
the desired product (970 ng, 79.4% as a yellow oil.
Prepdﬁﬂtmf (4R syetuow-HeL(BRSS) éi(methqunzeteﬂ)é @al4¢ 2H5n) .

ringieae i in ey igipesaginc iy bymevsloppnyPistpatodpp 2t pyran-
4_amﬂ{eqflg{mﬂu3r¢ﬁutﬁml opent - 2- ene-1-carboxylate To a 1. OO
M sol uti on of I|th|umhexa thyldisilazide in

t et rahydrof uran_ m, . 8 mml) under N2 at -78 C
was added a solu |onN

(IR 4S)- 4[(tert n

am no] cycl opent -\2- e e I-car O g 16 mmol)
in tetrahydrofur% (20 ). The r |ng br own

solution was sti rred @CF,C¢808 for 30 mn before addi ng
a sol ution of éSR) 3- |odot etrahydrofuran (3.75
midle)titiercomppuidwas prepaned uping pracedyigs aralogaus & ?heﬁe @S@crlbed for

] =7 t -25 0C
Exanlish M Foliic RCH B A U R RBL L RRAN 38 3 &
ammoni um chl ori de, extracted with ether three tines.

The conbi ned extracts were dried (MJSO4), filtered,
Examplpdéntrated and purified by flash col um

RE _@esi red
prep U IR P et g R e D R s
(trlﬂﬁMbkﬁetBﬂXpﬁimidiundylﬁilﬁe&zilﬁl-g’lrarbonyl)cyclopentyl]tetrahydro-ZH-
C(I R 49).- 4- tert- Bu xycarbonyl Jam no] -l -[(3R)-tetrah

pyrayr&r%mm%is P?W&?B nt - 2- ene | carboxylic Acid To a

sol ution of nethyl

(IR 4S) - 4- [(ter*t~obut|axy }gﬁamno]-l-[(SR)

t et rahydr of ur an- e ene-| - car boxyl at e

(1.60 g, 5'14m§§;§ €bw.8 nil),

met hanol (27.8 nd vvater| (6 O ) _jwas added

['ithium hydroxide, rmnog%drate (0. g, 8.25 mmol).
The pink mxture was heSt&P?d reflux for 18 h. The

or-gantf. c%% 504 Ya g@fegafeﬁ 'ﬁ?l\‘lg ﬁ)réd@ﬁl\ﬁ%g W01 88hs tH BroRIHERHBed for

| ayer was xt act
Example 29. MS calculated for Cy3H34F3N3504: (M+H) 502.3; found 502.3.

Example 33
Preparation of (4R)-3-methoxy-N-[(1R,3S)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-

4-amine
O
~ H
O NﬁkN/\
@ — LN~ _CFs
, S
2 CF3COOH
Step A
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and then acidified slowly wwth 6 MHC until the pH
reached 3-4. The resulting suspension was extracted
WRak/o@2Cl 2 three tinmes. The conbi ned or gani cPCHYS2085/022909
were dried over MgSO4, filtered and concentrated to
give the product as a mxture of two cis/trans isoners
(3R)- 6llorﬂgetgqhyd60fardm ght yeI | ow solid. Ms calculated for

(I l]%) % ﬁl\%hf)é{vg F%) (ég dr&r?yg%pah&?x%&&r% iw :S_b ?( g%%) mrﬁtoﬁﬁn l?nethylene
gy o ki g ot il 7.1
mmo&()d st mdawx[:?} 8] by &%@bﬁ@quzmwéwg Afteg &F’@]@%ﬁﬂ{l’éﬂ%@% N, Bermiet,
the re%gtlgtgw I?e‘n@h&mv)th W@?Rﬁ’ Jf) ehdaRahic(Rr Qva@'ls}parated and

assed purged W th the addition of
the aqpieatm Tayen ﬁa@mtﬂmteﬁ@mﬂﬁme@]yldﬂe Sh®ride Itl)rce Tines. erqnmned organics
ar at us

P
wre e LS AP e B 1528 S B gl Tt st ws
adde('T\';Bé{thﬁeeg‘O@ $nlf) hdcediBebdt f3F QU Thé ElidafereWatR@HoMiahl the filtrate

ncentrated to provide the desired product (730
was empce@tiat@bgo give theldesitedt pradias (9T B 6/9c70) aa-p)yelon. gil. 'H NMR

ol B PR B

or onet hyl ) pyri di n- 2-
yl ] pi perazi n-1 -yl carbonyl ) cycl opentyl] carbanmate
Step B1S, 3R) - 3-[ (tert-But oxycar bonyl ) am no]
-1-[(3R) -tetrahydrofuran-3 - yl hcycl opent anecar boxylic

acid (350.0 ng, 1.169 mmol)
| -[4- (trifluoronet hyi BeyiNsdi >~ “9T] pi per azi ne

di hydrochl oride (391.1 ny, mrol ) , triethylamne
(0.652 niL, 4.68 mmol) and
O(benzotrlazol-l-yl) N, N, N, N-tetramethyluronlum

Methbled &f 4@@Fﬂ@h®5ﬂb@hﬁr&(ﬁzﬁbaﬂzzmﬂ-] -3 RatetrevhydrofiBF Byl fopelopent-2-
mxed in dry DMF (8.0 nL). After being stirred at room
ene-k-eB@PHMr e overnight, the reaction m xture was

d' Td“aeldO(WM E?lﬁk@ﬁlo% 1@1&1%%@&%%&&11&%%%@%&%% (34.8 mL,
he aqueous [ayer was extracted wt
348tm1m[BB tider d@gnbt ne8l °C was added a solutlon of methyl (1R,45)-4-[(tert~
butoxycarbonyl)amino]cyclopent-2-ene-1-carboxylate (4.0 g, 16 mmol) in tetrahydrofuran
(20 mL). The resulting brown solution was stirred at -78 °C for 30 min before adding a
solution of (3R)-3-iodotetrahydrofuran (3.75 g, 17.4 mmol) in THF (3 mL). The mixture was
stirred for 10 min at -78 °C then kept in a freezer reading at -25 °C overnight. The reaction
was quenched with saturated ammonium chloride, extracted with ether three times. The
combined extracts were dried (MgSOQy), filtered, concentrated and purified by flash column
chromatography (EtOAc/Hexane) to provide the desired product (1.6 g, 31%). MS calculated

for C1H,5NOs: (M-I—H) 312.2; found 312.2.

Step C
O

BocHngkOH

C
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organic layers were dried (MgSO4), concentrated and
purified by flash chromat ography (Conbi-flash system
wWO280904E80AC i n hexanes, gradient elution, 40 BCHIS2005/022909
columm) to provide the desired product (270 ng, 45%.
M5 cal cul ated for C25H36F3NAO4 (MrH) 513. 3; found
(IR, 4918 [(Bert-Buepydarbonyl)amino]-1-/(3 R)-tetrahydrofuran-3-yljcyclopent-2-ene-1-
IR 39)-3-[(3R)-Tetrahydrofuran-3-yl]-3-(4-[4-(trifluo
carboi%dife‘f | ) pyridin-2-yl]pi perazin-1yl carbonyl)
cyel opentangeH NeofDi edydC h{ 1R, 4Shes-{@irt-bBiokydarbonyl)amino]-1-[(3R)-
(IR 35)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-(trifl lér
tetrahgdrgﬁg@mgﬂy)l]gy(plpmnﬁ-z%ne—1-carboxylate (1.60" g, 5.14 mmol) in tetrahydrofuran
yl 1 pi perazin-hsyl cakbonyl | openir\l r t i
(278 Hﬁ,mog’é’ih |(?7'§a§ﬁ DR A 8BS 18 RAER! B Chydroxide,
monoRydaeqers46hd, @231 énrhél).eThe pink8nixtyre vAdst kesatedeiongflekifor &8 h. The
at roomtenperature overnight, the reaction m xture ith eth
organigesoleeaisCEHE FARRYPIUH YEF QA FPER NS Rty Rragtad (g with ether

O G MEHC Wil Rl AP eaRRed 8-4. YRe resulting suspension
and ﬂ%%ﬁ?ﬁ%%%%@?yﬁ%o%mmoé; (n%H) 413. 2. found 413.0,
was Strapte® with CH,CL, three times. The combined organic layers were dried over

Mgsg %%%%3](; )c‘(oilcT ;a?e[%: -o]: %/% &iﬁ?@%ﬁg}qti’aﬁ% %??t%rfeegfr &W&E/&EHJ isomers
(1.59 é) Wk Pl iR RRbH-dotid| WY Bapuhizg el CRENINO}t@IFIENR98.2; Rivnd 198.2
yran-4-arm ne To a sol ution of

M+H-BRgBS) - 3-[ (3R) -t et rahydr of uran- 3-yl ] - 3- (4- [ 4-
(trifluoromethyl)pyridin-2-yl]piperazin-
1-yl car bony”~cycl opent anam ne di hydrochl ori de (73.8 ny,
Step - 152 mmol ), 3- et hoxyt et r ahydr o- 4H pyr an- 4-one (59. 4
ng, 0.456 mmol) and triethylam pe (0.0848 ni, 0.608

mol ) in dry nmethylene chloridef(4.1 niL) was added

sodi umtri acet oxybor MNLM(ZHHQ, 0. 456 mol ).
After being stirred at roo aper at ure under N2, the
reacti on was quenched wth aq@és NaHCC3 and dil uted
with CH2A 2. The organic | ayer s separated and the

(zs,3@&29@9@&@@%%%1%&9}:9 RiibRaffdiehAart S0 €€ tines.

rgani c§ were conbi'ned, dried over MySO4,
yvl]cydlopanearedgrbogyiicetrid at ed and

(1R,4S)-4-[(tert-Butoxycarbonyl)amino]-1-[(3R)-tetrahydrofuran-3-yl]cyclopent-2-

ene-1-carboxylic acid (0.79 g, 2.6 mol) was dissolved in ethanol (20.0 mL), degassed-purged
with Nj, followed by the addition of platinum dioxide (0.150 g, 0.528 mol). The reaction
mixture was placed on a Parr apparatus and hydrogenated under hydrogen at 55 psi for 18 h.
The mixture was filtered through celite pad, washed with MeOH, concentrated to provide the
desired product (730 mg, 91.8%). MS calculated for C1sHyeNOs (M+H) 300.2; found 200.2
(M+H-Boc).

Step E
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purified by silica gel chromatography (Conbi-Fl ash
system O to 40% MeOH in Et OAc, gradient, 12 gram
w@ odoanod74t o provi de the desired product (20 ngPCHELSA005/022909
M5 cal cul ated for C26H37F3NAO4: (M+H) 527. 3; found
527.3. Exanple 34 Preparation of o
tert- BuR)[ (IR 39t ARR)-Nefr ¢hydr @Byara3PlI3Rf4- e tiriAngramst i amriding -

] -3-.(4-[4-
vijpt et’??”%‘lé}Gg‘f‘ﬁ’(’r‘é’fw}(ﬁ%ﬁ”ﬁ{lgﬁﬁm@‘f%pi per azi n-1 -yl car bony”cy
cl@psRrY )BLﬂ(ieﬁtBﬁBﬁ/ﬁfaﬂwdanhﬂﬁi 14(3R)- Ry CHAGHIH The
title conpoun are usi ng procedures, anal o
yl]cyclop@rﬁmr%@sjdrq prid (g pil@9 3smolyg EAf &mﬂélpgan g¥l)pyrldln-2-

yl]pq?%ﬁ?zﬁr'?effgh%%%hl&l&@ﬁ%sm 1@&@“91@81? %leﬁ{@%ﬁp e BRI, 4.68

assays capactty of rove
mmol)hﬁdl (D-l(l@dﬂzb’@iaz@lm gnmgm'i N’etetrhmaﬂhiﬂurmnmﬁdmmﬂuor()phogphate (665.1

me. Sarbeol} 618100 g renrbaying BMALERVIE) Foftis Siias irrehat room
temp@QfRE J Q/@Hﬂ %ﬁ hRes Fc%gtl(')rp nﬁgltlﬁé(tv(fﬁc;@ﬂlﬁtb’él %ﬂ@@l—gﬂ(ﬂi ‘éﬁ& | W4khed with
assay, caltciumf

ux assay, |igand binding assay
saturaibda b @R sThesappoislager Way extramted! with @}gggj lgus ggqes e"fhe combined

J Bi ol 25):1568 692. {1998
orgargg 55 gsllegfh dlr%e@ég@,g ﬁgcleﬂtrgt i Lﬁna a%qrg{e]g é}égﬂ’asl\{\%wgtto graphy
(Conf¥i-HaSth gst@i‘xh @5 (5% EtOR i Béaingsl gPddidiit eRitioh MNEhan cbdihi)ed provide

IS use has at | east one proper activit
the desireclt prodedt (am:mg;télé%)sMS: caiﬁulatedafﬁﬁﬁlzs%nF DeRe W gﬂeﬂﬂ?’ 3; found
513, The specific property can be a binding property (to,

%or exanple, a ligand or inhibitor), a signalling

activity (e.g., activation of a mammalian G protein,

i nduction of rapid and transient increase in the
Step Eoncentration of cytosolic free calcium|[Ca+ i,

cellular response functiop (e.g., stinulation of

chenotaxis or infla or ngdéator rel ease by

n

| eukocytes), andH 2. E n exanpl e bi ndi ng
assay, a conposition i Fprotein or
vari ant o) |

2 Hel N~

(IR, 3S)-3-[(3R)-Tetrahydrofuran-3-yl]-3-(4-[4-(trifluoromethyl)pyridin-2-yl|piperazin-1-
ylcarbonyl)cyclopentanamine Dihydrochloride

tert-Butyl [(1R,38)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]carbamate (260 mg, 0.51 mmol) was dissolved in a 2
M solution of hydrogen chloride in ether (8 mL). After being stirred at room temperature
overnight, the reaction mixture was concentrated under vacuum to provide the desired
product (290 mg) as a light yellow solid. MS calculated for CoHy7F3sN4Oz: (M+H) 413.2;
found 413.0.

Step G

2 CF3COOH
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thereof is maintained under conditions suitable for

bi nding. The CCR2 receptor is contacted with a
weeowpowTdi t o be tested, and binding is detect eBCDUS2005/022909

nmeasured. In an exanple cell-based assay, cells are

used which are stably or transiently transfected w.th

(4R)- &MﬂhomNdﬂié&?)r%é(ﬁRbWﬂadIsér@furénﬁa)d Al Arlrifiuaremeiylpyridin-

uen i.ch ¢ 0 e cells
-yl];gp it jreﬂ’)mr]?é’a”%&é)f’e %&%I R apgf’g}gr[{% mfor
exy essipn ofgollinr ecepfor a(m 38)e3-fOR)-dettahgidnoiftrhn-8ryl]-3-(4-[4-
agent under conditions appropriate for binding to

(trifluseerethyRpyrilinrg -d Hipesezinrd rdearbonyblsy HgPEYANEHRY “dihydrochloride
(73.8&%% hgh 9y s ol ) e%rahg Aﬁgﬁ) h- épf)ncb 9N ﬁ% Q)acgi6b1%mol) and

ern1ne 1ative contro
triethgRbhlitd 0. 084$@1ﬂ|, onG0s lm;rho]asnadnjrmﬂbﬂlalrme fqhkrrtdeo@l 1 mL) was added
contai nin canokﬁs6used [

|
sodiugp | frigcetpyay ngygﬁgéf @g nditg ci)lén 1%3? . ?1P%V\ht}rﬁed 4t room
temp@f%ﬁﬁey ufei&é} Iﬁz, tHELERliEH vwihis fcﬁ&héﬁéd%th RgidoRS tNAHCEPend diluted with

€ agent can be labeled with a suitable
CHzﬂllabEhe ¢reanjc layer wow esprated laad dhe aquebes layes ved petracigsewith CH.Cl

enz | abel ,. and the Ii b|n C )
three GURET o B EBYiRoY e B (et QL MBS REL soppeptrated and
pm1ffé8r53/e§1ﬂ1Eé \s8l BhidgHaRbrady [@onitsFashed skyn, D rpe0Yd M‘d@H) fin EtOAc,
| acenent studies, usl % unl abel ed _agent

or
gfadlbmg i drans calmﬁﬁ@m‘rmde thetdesicesRproghet @8 mst4 136 s ggleulated for
CmH?%ﬂﬁg$?§%Q%§59§3t jj3y¢Rti on can be reported as the

ncentr on Tequired for 50% i nhibition
(1CsO values) of specific binding in receptor binding
assays using 1251 -1 abeled MCP-1, as |igand, and
Exampplei¥her al Bl ood anonuclear CelI's (PBNMCs) prepar ed

Preptaf o gt gkb-sfmm@pgdmmlzb% SRfiLt&%WJrBflﬂ‘aﬁCﬂ I3~ (4-[4-

cen ion |nd ng'is preferably defined
(trlﬂaSrdﬂﬂahyl)pylhnﬁﬂmdl-mﬂp(perapn-lt-y:ld;ia‘lbonyjﬂqy@lppfentyﬂketg;hydro—ZH-
us.the non-specific binding. Non-specific binding
PyraPS‘Pa@F?‘hed as the anount of cpmstill detected in the

presence of excess unl abel ed conpetitor (e.g., MCP-1).
Exanpl e B Bi ndi ng Assay Human PBMCs were used to test

conpounds of thed nvention in a binding assay. For

o ““Yj

2 CF3COOH

The title compound was prepared using procedures analogous to those described for
Example 33. MS calculated for CysH3eF3N5O04: (M+H) 528.3; found 528.3.

Example A
CCR2 in vitro assays

The capacity of the novel compounds of the invention to antagonize chemokine
receptor (e.g., CCR2) function can be determined using a suitable screen (e.g., high through-
put assay). For example, an agent can be tested in an extracellular acidification 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).
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exanpl e, 200,000 to 500,000 cells were incubated with
0.1 to 0.2 nM 125l -1 abeled MCP-1,with or wthout

wandoabed7ed conpetitor (10 nM MCP-1) or vari ousPCT/US2005/022909
concentrations of conpounds to be tested. 125I-1 abel ed
MCP-1, were prepared by suitable nethods or purchased .
f rlorm sniiable redag) a CERAaprete{rPerhichaEberiso]at@ber ispomvRipantiphderived is

bi ndi reactions were performed in 5 . _of :
used BHRGH R BLlerah o PEEn iy AGUaD ph ekl shfisasdhgfy ymalian
CCRBJotéR0ThE 8pseelidiPopbrdy Babe a baididpidpsrtj{tol f@rexample, a ligand or
___tenperature. The binding reactions were term nated hy :
inhibltar)ve sighalljng hefivierisigarisivasionrof s mammelian G pyqteith dpdhgHon of rapid

| ass, fiber. i [ '
and {83 LERTs Bl Pl el o a0 S AT SRR Jesponse
funct{dtB@)g., Shgulbiidit ef shewestexis ion defrmnbtory prdexometaaby bg deukocytes),

mL_of binding buffer containing 0.5 M NaC or PBS,
andtg%bk\e-d_ri ed, and the anount of bound radioactivity was
ey ﬁ%gpl i LY. ORofpGaIBR cEREMISY a ((FERKiglotei iant
EIeI?rlerrﬂa cg?b [ ngﬁt o) ’hfgsob'rpndi ng cassayﬁ‘gr;?lot ocolp,%otelr?eOr varan
thereop iznnaintiénedfurtde cqditima tsuitable fiuri tondihgvEhd CEB2va¢apear is contacted

.. less tha bout 3000.n Ex l.e,C Chenptaxi s Assa
with $REMERDIORY e D BUHES 5 FERHED PHOBIETSh to
anfagR N pfeCi3211 folfat hsyby VWedllsdefee bfddn@dhidin afe kRbIKOOY tteansiently

chenot axi s "assay using human peripheral blood . i
transfrotednwithearvector | o, expresaionpenssetied hBayel én neplaighasid (skwrnge which

ool D) 0003 S el A Y554 UM TREDAA! oo
exprésidh IfttRE Secepidr Wad BROcdntacted With aflhgemthentet eotiditiaisaappeapriate for

. (Neuro Probe) was al so prewarned. 400 m, of rmed 10
bindingte/opewr. Riadingraaderdstacied ustrerstindaniireiurayes. om eX@@Pfes the extent

of biﬁ&(iﬁg Rhn BQ ﬁgt@ﬁ&‘ﬁ&lfl Y(ffatﬁl%r]c% hgluitm%)%‘% QAQWﬁﬂﬂﬁcﬁacﬁBn,gsuch asa
m cron nmenbrane filter uro Probe) was placed on top
membiithe tfhetioh) anh@ining the werepi osrebe uedlih Hewef wholeealladded

to_the, holes.in the chanb lid which were assogci at ed,.

i DHEEHR B BiRSE SrEb GO GTPATHE it Pl EHh Pa deleC R dlrectly or
indir@@’tﬁj. Fof £, W Sedndextbed RUeRE with DéuitadlO166& (€.9), fldBrescent label,

m nutes. The cellS were then aspirated off, the
labelc sattipelabel dengpan dahel and théydike) and binding can be determined by detection
of the label. Specific and/or competitive binding can be assessed by competition or
displacement studies, using unlabeled agent or a ligand as a competitor.

The CCR2 antagonist activity of compounds of the invention can be reported as the
inhibitor concentration required for 50% inhibition (ICso values) of specific binding in
receptor binding assays using 125]labeled MCP-1, as ligand, and Peripheral Blood
Mononuclear Cells (PBMCs) prepared from normal human whole blood via density gradient
centrifugation. Specific binding is preferably defined as the total binding (e.g., total cpm on
filters) minus the non-specific binding. Non-specific binding is defined as the amount of cpm

still detected in the presence of excess unlabeled competitor (e.g., MCP-1).

Example B
Binding Assay

Human PBMCs were used to test compounds of the invention in a binding assay. For
example, 200,000 to 500,000 cells were incubated with 0.1 to 0.2 nM *’I-labeled MCP-1,
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filter gently renoved. The top of the filter was
washed 3 tines with PBS and the bottomwas | eft
wainicoeited. The filter was air dried and stai nBdI/vb1005/022909
Wight Geinsa stain (Sigma). Filters were counted by
m croscopy. The negative control wells served as
with bacwifhauindniaheledveroenpstibsirr 6léx e/l f MEHR-B) lorvedripas, concentrations of

Ant ago ot er m ned b
compAAdS B Pl S ) S DS SPTRAPI AR rpurhase
from ¥SthinSrcidlveRddr® (cikin men BRGRRAINA). THe Biflding !:Hiib’&d&nsairere performed
cells which mgrated to the bottom chanber in

in 50 ¢w?$0 pL ofieltisding\bufertionsisting ofid HERED PHXI 2 %ﬁléé)a% PtShAe (bovine

semnbglgﬁpurgogg%fq&%e@%\é@m hae aéxelg)l} %gdmg c‘?loh? Werd gﬁﬁmated by

harvegt?ﬂgkﬂig hdneisrhfes(B3 ApRIOfIEaliorsReckgh dl¥ss bRk Mdters (PégkimBEimer) which

obtai ned fromnornmal, dr free donors_and
was absoekedron@alic p@lapthwnpmqagweaqsmetﬁeBmfgeapdatsEﬁﬁe'v B35 the fiters

were Fwec*]ﬁthga@%?oéﬁlg%te@eg(s tl{a%lgl% blef@? rﬁ%ﬁlg ﬁlféeé.sz NaCl or PBS,
then B&ddN Qn&\’ﬁﬁhﬁﬂ@urk e bm{tpfamoesuw Wad Eetsasipe e dowitingQm a Gamma
cel s/ with RPM (Invitrogen, Carlsbad, CA)

Counmplﬁﬂrbwéﬂn@ﬁ) with 10% FBS (Hycl one Logan, UT) and

KRR T L SR Y el

have K?’soGawei Iéséﬂiaﬁ;ﬁﬁodtGDO(ZMS hr. CCR5 expressi on on the
IL-10 - treated nonocytes was then verified by
staining the cells wwth a PE-conjugated anti-hunman

Exan@gi anti body ((PharM ngen, San Diego, CA), followed
ACS anal ysi s using FACSCal i bur (BD Bi osci ences,

ChenbetdkisrAbsap) . Exanpl e E CCR5 B| ndi ng Assay In a 96

Mul tj Screen filt ate (M1
\Aﬁll}eepqp@gny V) con%‘?f)rf% s jof. tﬁid (%D %tﬁg tes i %@l&ftwn was
deterfineBRMh 1&dkd¥ rcﬁ&ﬁ@baxi@%ﬁﬂa Rgsh h%)an‘fﬂehﬁhe%l b1dbHEBESuclear cells,
(I'nvitrogen,” Carl sbad g 0. 3% BSA (Sigma, St
in a rhodified va)iem@h@mbq:rc@{@gtceﬂrobg) r $8B;000 cells in serum free DMEM media

(In Vitrogen) were incubated with or without the inhibitors and warmed to 37 °C. The

chemotaxis chamber (Neuro Probe) was also prewarmed. 400 pL of warmed 10 nM MCP-1
was added to the bottom chamber in all wells except the negative control which had DMEM
added. An 8 micron membrane filter (Neuro Probe) was placed on top and the chamber lid
was closed. Cells were then added to the holes in the chamber lid which were associated with
the chamber wells below the filter membrane. The whole chamber was incubated at 37 °C,
5% CO, for 30 minutes. The cells were then aspirated off, the chanber lid opened, and the
filter gently removed. The top of the filter was washed 3 times with PBS and the bottom was
left untouched. The filter was air dried and stained with Wright Geimsa stain (Sigma).
Filters were counted by microscopy. The negative control wells served as background and
were subtracted from all values. Antagonist potency was determined by comparing the
number of cell that migrated to the bottom chamber in wells which contained antagonist, to
the number of cells which migrated to the bottom chamber in MCP-1 control wells.
According to this chemotaxis assay, the compounds of the invention have ICsq values

less than about 3000 nM.
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tenperature for 1 hr. with 0.2 nM 1251-MP-1 b (Perkin
El mer, Boston, MA) and a series concentrations of
w@oovpouTdl of the invention. Non-specific bindi POI/veR05/022909
determ ned by incubating the cells with 0.3 MM MP-1 b
(R&D Systenms, M nneapolis, M\). The binding reaction
was terrr}nated by harvesting the cells onto the filter
[ e plate on a vacuumnmani fold (MIIipore st ens,
Exatﬁ’%@ri ca, MA). The filter was theg vvashgd 5 t%i/mas
CCRS EAprE&Mn (I nvitrogen, Carlsbad, CA) supplemented with

20 mM HEPES (1 nvitrogen, Carlsbad, CA), 0.3% BSA

( Shderkoplgpresi @?’@}08%? SBiialor. L NRa B hes SRS g nomal, drug
, i . . .
e AR et 3 BRSSP s OB Rk ol i e
graditntl tentrifagation. Wdoroqytesciverd fothenussotaged Wia ddnittifugalr elutriation. After
. Punch stem (MI1ipore st , . Biklerica The. .

being G, G1° BOUNGHFRARBRE TUPSIon f* ddoReRY oL B BR(ddmitrogen
€ i 0 UBpasd 1020 ng/mL of
o 58 S AU B ER G U EpgR 1020 .
recombinagtplaondr BL-B0 n(Bi&HY .sySthms.bMintieapolisat™MNveané inabatad dg the same

et i BB RS 5y TR e 10 - v
mon&lﬁ/ﬂgi\ﬂ& @bh vetifi¥d 8F s {ﬂlﬁ tle B sOWith @SPE-268jQ5Ed @nfi-Buman CCRS
this assay. Exanple F H V-1 Entry Assay Replication

antibdéy ¢@hasMdingen- $arr Bixgot €A )y follosves bir EAGSharadysed upipg FACSCalibur
otransfegtion pl asm d encodi ng the NL4-3 strain
(BDngSHCWEﬁS’]%’G\#gE%R{Iég been nodi fi ed by nutation of the
envel ope gene and introduction of a |uciferase

reporter plasmd) along with a plasm d encodi ng one of
Examp al H V-1 envel ope genes as described by, for

L e nor et al, Virology, 206 (1995), 935-944.
cc 0 #‘@\l/ﬁgr}%%%g]ansf ection of the two plasm ds by cal ci um

phipspdtvell MelciSpiet@t] filter fldte (MiltipbresSypensaBiluisa,dvid), 3x10° IL-
harvested on _day 3 and a_functional viﬂ:’raﬁl fiter
0

10-treéedt mamesties Thels8 1l I dhwrtiagen, (radtbado Gy with 4gmM HEPES
G AL CRPREES P A 600 et S5O ot o

tempe@IROUBE 1 A fveat 0onsMald-Mar-1 p q@erkiti Elner, Bdsam; MA) aBd a series

0C, the cells washed and nedia _replaced with fresh )
concentrations of compound of the invention. Non-specific binding was determined by

incubating the cells with 0.3 pM MIP-1B (R&D Systems, Minneapolis, MN). The binding

reaction was terminated by harvesting the cells onto the filter in the plate on a vacuum
manifold (Millipore Systems, Billerica, MA). The filter was then washed 5 times with RPMI
(Invitrogen, Carlsbad, CA) supplemented with 20 mM HEPES (Invitrogen, Carlsbad, CA),
0.3% BSA (Sigma, St Louis, MO) and 0.4 M NaCl on the vacuum manifold, air dried, and
peeled from the plate. The filter dishes corresponding to the sample wells in a filter plate
were punched out using the Millipore Punch System (Millipore Systems, Billerica, MA). The
amount of bound radioactivity on each filter dish was determined by counting on a gamma
counter. Specific binding was defined as the total binding minus the non-specific binding.
The binding data were evaluated with Prism (GraphPad Software, San Diego, CA).
Compounds of the invention were found to have a binding affinity of about 1 pM or less

according to this assay.
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10

15

20
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30

medi a contai ning conpound. The cells are incubated for

3 days, lysed and luciferase activity determ ned.
woe®alos4are reported as the concentrati on of PORPS200£022909

required to inhibit 50% of the luciferase activity in

the control cultures. Exanple G H V-1 Replication

Assay in MI-4 Cells Inhibition of H V-1 NL4.3 (or
N replication assays can be carried out as
ExalBPiéa\S/#ously descri bed (Bridger, et al., J. Med. Chem

HIV4PEBBVIA3RP1 (1999); De Clercq, et al., Proc. Natl.
Acad.  Sci. 89:5286-5290 (1992): De dercq, al ., )
AnREPliceHED defesike SI1Enb FeRNisr ViHenss oS- g%}?ﬂﬂ?ﬂ%@smmnsfecﬂon of a

plasrﬁfdi Qﬁgflinée(ﬁe Ri14-9 Ml of ERRMY (;iiﬁlcj:ﬁ 5680 I by Ffutation of the
sunma : o

rz anti-H'V activity an ytotoxicity
envelnpasgmmenant sntexdectiar of ed lwwiferase rpporter | asnzid)l akong bidthbea plasmid

th i abilj f MI:4 |1s that . [ ted wth
encofiog g1t Qe L BEN Do Iopa Sebre e e B Wi B EXGPIFrEOnmor et al
Virologsp! 296’WW?@BSM%‘?FONMnMﬁﬁsf&Hbﬁ oA e O PREmidE by calcium

proliferate for 5 days, the nunmber of viable cells are .
phosbate precimutioy, the vén supstrataniars dgreated aundsr} end a functional viral

2. (4 5 diget hyl thiazel - 2- i) - | |
e et s o R Sl bR ) RS UL o RRRInE 4 and he
chenfkinddfeceptan OOREhich hivel kel @péinsitatédswithios witlemit esseRbmpound.

the concentration required to protect 50%of the )
Infeqfions atej carriad it fored hanrsgiad St thy Gellp washedpaginedia feplaced with fresh

Vnr fieadi ; . i i s -
e QU AR TR B OB P! G st sty
detersikinéd. ®bsilts drbecported hs the coheentratien of crgnpbemd réqptiiedrio inhibit 50% of

Such nodi.f.icatjons are also intended to fall within
the 1?%ér%588ﬁfé"15”fmtt &C iﬁ'&lgﬁescl ai ms. Each reference,

i ncl udi ngpatents, patent applications, and
publications, cited in the present application is
ExampbeoGspor at ed herein by reference in its entirety. Wat

Hlvlbiggm‘l@gﬁ’di 'égﬁﬁyﬁhmg‘ﬁﬁg@ﬁugdsgrt Fg: mrj:r gd:r Lgo{ her eof ,
WhBihghiflon 8f HewNedL4 Brier 1R ki iforpabs@Ricadbalcadizddut as previously
descriv%gd (Bridger, et al., J. Med. Chem. 42:3971-3981 (1999); De Clercq, et al., Proc. Natl.
Acad. Sci. 89:5286-5290 (1992); De Clercq, et al., Antimicrob. Agents Chemother. 38:668-
674 (1994); Bridger, et al. J Med. Chem. 38:366-378 (1995)). To summarize, anti-HIV
activity and cytotoxicity measurements are carried out in parallel and are based on the
viability of MT-4 cells that are infected with HIV in the presence of various concentrations of
the test compounds. After the MT-4 cells are allowed to proliferate for 5 days, the number of
viable cells are quantified by a tetrazolium-based calorimetric 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) procedure in 96-well microtrays. Results can be
quanitited to yield ECsy values which represent the concentration required to protect 50% of

the virus-infected cells against viral cytopathicity.
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
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Vis N NOor CR5; Xis N NOor CR2; Yis N NOor
CR3; Zis N, NO or CR4; wherein no nore than one of V,
wooowoedTdl Z is NO RA, RAlL, RBand RB 1 are eacPCT/US2005/022909
i ndependently, H, OH halo, Cl-6 alkyl, Cl-6 al kenyl,
Cl1-6 al kynyl, Ci1-6 hal oal kyl, Cl-6 al koxy, Cl-6 _ .

patentsa patahtkapplicathas candoyublipations agitsddyp dhey presegRappication is incorporated
. 0 R11. .NRL R1I0R12 , NR10OSO2NR10R12 , NR*- SO

hereiBy DR RICE C‘Ech%lﬁfg%l CO2R10, NC2, SR10, SORIO,
SO2R10, or SO2-NR1OR12 ; R1 is Cl1-6 alkyl, Ci1-6
hal oal kyl , Cl-6 hydroxyal kyl, -(C0-6 alkyl)-O(C -6
al kyl), -(C0-6 alkyl)-S-(C 1-6 alkyl), -(C0-6
al kyl)-(C 3-7 cycloalkyl)-(C 0-6 alkyl), OH OR10,
SR10, COR 1 1, CO2R10 , CONR 10R12 , carbocyclyl,
heterocyclyl, CN, NRIOR12 , NR1OSO2R10, NR1OCOR10 ,
NR1OCO2R10 , NRIOCONR12 , CR10R11CO2R10 or CR1OR1
10COR10 ; R2, R3, R4, R5 and R6 are each,
i ndependently, H, OH, halo, Cl-6 alkyl, Cl-6
hal oal kyl , Cl-6 al koxy, Cl-6 hal oal koxy, Cl-6
t hi oal koxy, NR1OR12 , NR1OCO2R11; NRIOCONR 10R12 ,
NRLOSO2NR10R12 , NR10- SC2-Rp , heterocyclyl,
car bocycl yl, carbocyclyl oxy, heterocyclyl oxy, CN, NO2,
COR1 1, CONR1IOR12 , CO2R10, NO2, SR10, SOR10, SC2R10 ;
or SO2- NR1OR12 ; R7 is Hor Cl-6 alkyl optionally
substituted by 1-3 substituents sel ected from hal o,
OoH, CO2H, CO2-(Cl-6 alkyl), or Cl1-3 alkoxy; R8 is Cl1-3
al koxy, C1-3 hal oal koxy, C3-6 cycl oal kyl oxy or OH n
oR8' is H RO and R9' are each, independently, H Cl-6
al kyl, hal o, Cl-3 al koxy, Cl-3 hal oal koxy, C3-6
cycl oal kyl, C3-6 cycl oal kyl oxy, OH, CO2R10, OCOR10 ,
wherein said Cl-6 alkyl is optionally substituted with
one or nore substituents selected fromF, Cl-3 al koxy,
OH or
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CO2R10; or RO and RO together with the carbon atomto
whi ch they are attached forma 3-7 nenbered
wapiosoeyel yl group; R10 is H Cl-6 al kyl, benzptT/US2005/022909
phenyl, or C3-6 cycloal kyl, wherein said Cl-6 al kyl,
benzyl, phenyl, or C3-6 cycl oal kyl is optionally
Whag istdaimedtissd with 1- 3 selected fromhalo, OH C1-3

Cl-3 al koxy, Cl-3 hal oal koxy,

L. oééémg%dé@%(@la "alkyl): R11 is H, OH C1-6 al kyl,
Cl1-6 al koxy, benzyl, phenyl, benzylo , phenyl oxy,

C3-6 cycl oal kyl or C3 6 cycloalkylox mhereln sai d

Cl-6 al kyl, Ci1-6 al koxyR7benzyI nyI., benzyl oxy,
phenyl oxy, C3-6 cycl orA kI /i oal kyl oxy, is
optionally substitdt BB substituents sel ected
from hal o, OH, ClR Ik |, Cl-3 al koxy, CO2H,
Co2-(C1-6 al kyl) ; R12 is H Cl-6 al kyl,

benzyl, phenyl, or 6 cycloalkyl wherein sald Cl-6
aIkyI benzyl, phenyl, or C3l6 cycloalkyl 'S

tiaona d from hal o,

o RS U MR b e g | om 1l
hai@ea;h&bbiﬂemﬁﬁfds anoptic@@béd- 6 al kyl); and p is Oor

1. 2. The conmpound of claim1l wherein Wis 3. The

co\’tlpléimd of claim1l wherein Wis 4. The conpound of
claim1 wherein Vi iACRs 5. The conpgeind of claim1l

wherein X is CR26. compound of &JAL |m1 wherein Y
of cl ai MAnwheR Zis CR4.

is CR. 7. The g_Q
8. The conpound®o Dai fn 1 whereln X-J/s . Yis CR3;

and Zis CR4. 9 cﬁ)rrpound of cl aRFﬁ 1 wherein Vis
N ﬁm 5 Y |s CR3; and Z is CR4 10. The conmpound
dT’ P M-10% r>e| n RA, RAl, RBand RBl are each,

I ngeprntentdgr2.H OH halo, Cl1-6 alkyl, Cl1-6 al kenyl ,

C1-6 al kynyl, Cl 6 hal oal kyl, Cl-6 al koxy or Cl-6

haY aaNk dDi¥dyor CR’;

Z is N, NO or CR*: wherein no more than one of V, X, Y and Z is NO;

RA RA, RPand RB! are each, independently, H, OH, halo, Cy.¢ alkyl, C;.¢ alkenyl, Ci.6
alkynyl, Cy. haloalkyl, C;.s alkoxy, Ci.s haloalkoxy, heterocyclyl, carbocyclyl, NR!°R",
NR®CO,R!; NRI°CONR' R, NR’SO,NR'’R", NR’-S0,-R!, CN, CONR'’R", CO,R",
NO,, SR, SOR™, SO,RY, or SO,-NR'R";

R! is Ci.¢ alkyl, Cy. haloalkyl, Ci hydroxyalkyl, -(Co.¢ alkyl)-O-(C1. alkyl), -(Co-s
alkyl)-S-(C1s alkyl), -(Cos alkyl)-(Cs7 cycloalkyl)-(Cos alkyl), OH, OR', SR, COR",
CO;R!, CONR!R™, carbocyclyl, heterocyclyl, CN, NR'’R'2, NR!°SO,R", NR"’COR",
NRCO,R, NR'’CONR'?, CRR!'CO,R" or CRR"OCOR";

RZ% R% R* R’ and RS are each, independently, H, OH, halo, Cyalkyl, Cy.¢ haloalkyl,
Cis alkoxy, Ci¢ haloalkoxy, Cig thicalkoxy, NR'R™, NR'’CO,R"; NR'CONR'R",
NRYSO,NR!*R™, NR'-S0,-R", heterocyclyl, carbocyclyl, carbocyclyloxy,
heterocyclyloxy, CN, NO,, COR!, CONR!’R’, CO,R", NO,, SR', SOR'’, SO,R'’; or SO,-
NRIORIZ;

R7 is H or Cy.¢alkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO,H, CO,-(Cyg alkyl), or Cy.3 alkoxy;

R?® is C;3 alkoxy, Cy.3 haloalkoxy, Cs.¢ cycloalkyloxy or OH;
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11. The conmpound of claim1l wherein R, R, Rand R
are each, independently, H OH or Cl-6 al koxy. 12. The
waeeovpoeTdl of claim 1 wherein RL, RAlL, RBand RBICHDS2005/022909
each, independently, H or OH 13. The conpound of
cI im1 wherein RL is Cl-6 alkyl, Cl1-6 hydroxyal kyl,
isgLal kyl )-O (C1-6 al kyl), or heterocyclyl. 14.

@ C ound . ' i N

T ag(g% ofts OeagIF 18%1@(:%65}11:1% ?1 n %'1 : l?‘a.lcg:;l% p_eﬁﬂ_c&b&l C éﬁaloalkoxy,
Cs-6 cytb%amggﬁgyp E'yatﬁmyl_arﬁyo Q)Hg\h(éo,dklﬁ QCORY R5V1amjn Reid §:1 ¢ alkyl is

ot her an e co
optomg Sy enic s Mo Re e o5lThT RbEr i 5R08. o o
CO, Rmd aim1l wherein R6 is Cl-4 hal oal kyl. 19. The conpound

of claim1l wherein R6 is CF3. 20. The conpound of

cloaiRth ahdvikié egetheRAviths thil. cartion dfbre toowipiol tleyodre @ttaghpdiform a 3-7

V\/ne ein R 1s Cl- 3 al koxy or Cl-3 hal oal koxy. 22. The
REYOY &P¥>m 1 wherein R is Cl1-3 al koxy. 23. The

C%L{@%labéﬂzlafldilleﬁk e2rﬂd' Ikyl, benzyl,
cggrrgound g{aﬂl |m% %e yz. n(%ﬂczcet hgl);(’Wher T kﬂi‘sa yh, beney

phenydonop G dydbalkylaisneptionaldy éﬂbﬁtlﬂgecbh‘dthR@)'?’a?eée%%it Ffom hglg, OH, Ci3
alkyl,T%#&gf?ﬁnﬁcyg 19 L{T‘W’l 1}/%1%%3’ 905%%304)% cl 6%1188)7 | bThe

l qild is 28. ofh &, GampouTd, @Ikoﬁjf abenzgl, hphenylg bEnzyﬂmiya phenydoxy, Cs.s
cycloalkyl or "Cs.6 cycloalkyloxy, wherein said Ci alkyl, Cy.s alkoxy, benzyl, phenyl,
benzyloxy, phenyloxy, Cs.¢ cycloalkyl or Cs. cycloalkyloxy, is optionally substituted with 1-
3 substituents selected from halo, OH, Cy alkyl, C1.; alkoxy, CO;H, CO»-(C1.6 alkyl) and
CF3;

R!? is H, Cy.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, Ci3
alkyl, Cy.3 haloalkyl, C1.3 alkoxy, Ci.3 haloalkoxy, COzH, and CO2+(Ci.¢ alkyl); and

pisOorl.
2. The compound of claim 1 wherein W is
RA
/N
-
p RA,
3. The compound of claim 1 wherein W is
. i
/~ l'\
N N
N
RB1
4. The compound of claim 1 wherein V is CR’.

5. The compound of claim 1 wherein X is CR2.
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29. The conpound of claim lhaving the Fornula 1g: Ig.
30. The conpound of claim lhaving the Fornmula Ih or
WO paoshbd7er 31. The conpound of claim 1 which iBCT/US2005/022909
sel ected from
N-[(lIi17?,35)-3-1sopropyl-3-({4-[3-(trifluoromnethyl)phen
yl ] pi perazin-1yl} carbonyl)cyclopentyl]
r 4- am ne; 3- Et hoxy- N
6. | ?qh%‘jfngﬁ%gﬁcg&{ cg%%{rjg gzg}&‘é‘rpy i@ORA y
({4 [ 3- (trlfluoronethyl)phenyl]plperazin- 1-

car bon tr aQydr o- 2H pyr an- 4- am ne;

7. |cpmpgéxy3 %%/‘iq f@’%’éﬁ%ﬁ Qﬁ[ ‘4-(trifluoromethyl)pyri
dn}2 yl ] pi perazin-lyl} carbonyl)cyclopentyl]
- 3- met hoxyt et r ahydr o- 2H- pyr.an- 4- am ne

8. N-ThelcompaByd af laiopt abpreimX(is SR BY (s RS oy ) pyr i
di n- 3-yl ] pi perazin-1lyl} carbonyl)cyclopentyl]
- 3- met hoxyt et r ahydr o- 2H- pyr an- 4- ami ne;

9. N’llfhgdzd'(_)')ﬁxp@ﬁﬁd 3f disi@p! opyteiBV]is CR3MENyY CR3, BiCR;dind Fyis R,
n
yl ) carbonyl ] cycl opentyl } - 3- met hoxyt et r ahydr o- 2H pyr an-

4-A Do o A pAl Bl
10. )ﬁ{y c{b?n&ap?lrl%l&{ﬂ@cga? g'whereﬁ% )I({ : gt } a%y%?oR o are each, 1ndependently, H,

yran- 4-
OH, 1), a0 qaiiytyC L saiienyl Chg and.smyiyca o eloalkony.
[ -({(15",3i?)-1-1sopropyl -3-[(3-met hoxyt etrahydro-2H p

yran- 4-
11. VIR sne ! AReahy | }vﬂﬁféﬁQlRW RA4-R 2R fdrel eichmaiidepbidently, H,
henyl | pi'peri di n-4-ol; [((I.S, 3|’?)-I-Iso

OH or Copglko8y.{ [ 3- et hoxyt et rahydro OH- pyran-4- yl]am no
}pyclopentyl)carbonyl] -4- [3-(trifluoronethyl)phenyl]
pi peridin-4-ol; |I-[((15,3i -)-I-1so

12. I rERYdongouhd offelahiXywairea A Rt 2RBandyR Hrardt each] jralmperdently, H or
}cycl opentyl ) car bonyl ]

OH. -4-14-(trifluoromethyl)phenyl]pi peri di n-4- ol
N-((li7?,35)-3-1sopropyl-3-{[4-[2-(trifluoromnethyl)phen
yl]-3, 6 di hydropyri di n-| (2H)

13.  The compound of claim 1 wherein RYis Cyi.6 alkyl, C1.¢ hydroxyalkyl, -(Co.¢ alkyl)-O-

(Cy- alkyl), or heterocyclyl.

14.  The compound of claim 1 wherein R!is Cy.6 alkyl.

15.  The compound of claim 1 wherein R! is prop-2-yl.

16.  The compound of claim 1 wherein one of R® and R® is other than H.
17.  The compound of claim 1 wherein one of R’ and R® is C,4 haloalkyl.
18. The compound of claim 1 wherein RS is Cy.4 haloalkyl.

19.  The compound of claim 1 wherein R® is CFs.

20.  The compound of claim 1 wherein R is H.
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WOR{061004786) - 3- | sopr opyl

21.

22.

23.

24,

25.

26. N

27.

yl ] carbonyl }cycl opentyl)-3
- met hoxyt et r ahydr o- 2H pyr an- 4- am ne ;

I']-3,6-di hydropyridin-1(2H)-
yl ] carbonyl } cycl opentyl) - 3- met hoxyt et r ahydr o- 2H pyr an-
4 am ne; 3- Ethoxy N-((l117,3.5)-3-iso
r1' 1'1 haePel & %1[2 W &1 halalk
H%%%%% 2 ‘& ?Carboni% cggropeﬁﬁflfté?rahydr
o m+pyrm14 mnne

Nﬁﬁ%%p@c%d@fc%,nﬁ o\%q ?]13}%3[284 (t ri(fl uoronethyl)-3',6

yl']carbonyl }cycl opentyl) - nethoxytetrahydro 2H pyr an-
4- am ne;
N— The compsndf pb@prloxplyqrelaﬂl‘[lsm(ethopcfu uor onet hyl ) - 3

, 6" -di hydro-3,4' -bipyridin-1' (2" H- yl]carbonyl
}cyclopentyl)-3 - met hoxyt et r ahydr o- 2H pyr an- 4- ani i ne;
N- Theléctngsamd Bt epriophdreid R® is ethoxy.

-({4-[4-(trif|uoronethyl)pyrinidin-2-y|]piperazin- 1-
N- %% &ﬁn%%ﬁ“dffucéaémrlo‘”}_\} relg l} {aﬂd[% frter [ tﬂil uor omet hyl ) pyri
d|n 2-yl ] pi perazin-lyl} carbonyl)cycl opentyl]
i di n-4-yl ] pi perazin- hylcarbonyl)
cycl opentyl ] - 3- net@@xyte dr o- ZRﬁpyran 4- am ne;
hyl) pyri di n-2- b razv- 'yl
cycl opentyl ] - 3-ggtho tetrahy :ﬂg 4 am ne;
Iyoronethyl)p

henyl ] pi peridi n- 1-
yl carbonyl) cycl opentyl] - 3- mgs hoxyt et r ahydr o- 2H pyr an- 4
2-1(1'1?,35)-3-[(3-net hoxyt etrahydro- 2Fprran-4-yI)an1n
o]

Th? é(ﬁnoécﬁmd toﬁ § a)lm lrhavmﬁ Fé)rmHa Ib, Ic or I
ycl opentyl ] propan-2-@f; 2-[(%®i?, 35)-3-[(A4i

-)-3- nethoxytetra -yl]am no-1|-(4-[4-
)cycl opentyl ] pr -ol;
2-[(15, 35) - 3- [%@ t oxytetraﬁ; po-2 p an 4-yl)am no
(trlfluoronethyl)pyrldln 2- yI]plperazf% I-ylcarbonyl)c
ycl opentyl ] pr opan- 2-ol ;

yI}carbonyI)cycIopentyI] nethoxytetrahydro 2H pyr an-

t hoxyt et r.ahy 2H pyr an- 4- am ne;

§yon QfCQHB 3BVF¥ c’(r@-uaéa'(trifluoromsthyl)pyrim
N-[(lIi7?,35)-3-i opM 441[u -4- (trlfluoronet
(4R) - N[ (1R 3S¥39s0proryl - (4
-am ne;

(tri Id plbera2|n | -yl carbonyl)c
(trlfluoronethyﬁ§ =1y IN pi Rﬁazin I-ylcarbonyl
]1-1-(4-]6- Xs
R7 0]
il
R Rt N |
R® ( zZ RS
. p -
R%" 0 X I
Y7 OR®
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W0 3e0ameo41oxyt et r ahydr o- 2H pyr an- 4- am ne;

28.

29.

30.

N-[(15",35)-3-ethyl-3-(4-[4-(trifluoronmetliyl)pyridin-
2- yI]plpera2|n l'yl carbonyl) cyclopentyl]

(4i?)-N-[(117?,35)-3-ethyl-3-(4-[4-(trifluoronethyl)pyr
i m di n-2-yl] pi perazin-1yl carbonyl)
cycl opentyl ] - 3- nethﬁ&ytetra ydr o- 2H pyr an- 4- am ne;

N-T (I . R8

, 35) - 3- et hyl - 3-R% riorbme hyl)pyrldln 2-yl]pip
erazin- lyl car )

cycl opentyl ] - e haxyt et r ahydr o- 2H—py - 4-am ne;

(4i?)-N-[(li?,35)-3-nethyl-3-(4-]4- tv Rporonethyl)py
rimdin-2-yl]piperazin-|lylcarbonyl)

cycl opentyl] - 3- nethoxytetrdﬁydro 2H pyran-4-am ne; (4
) - 3-met hoxy- N-[ (I i

J35) - 3- (2-net hoxyethyl )-3-(4-[4-(trifluorometliyl)pyri
diThe Qompound of claim 1 having Formula Ie or If:

yl']pi perazin- I-yIcargonyl)cxplopentyl]tetrahydro 2H py
ran- 4- am ne;

3- met hoxy- N- [ ( 15 R%s}\r\s@(gﬁ methyl) 3-(4-[4-(trif
Iuoronethyl)pyrl 2-

yl ] pi perazi n- Wixiggé;onyl)cyclqﬁeﬁbﬁkf RPahydr o- 2H py
ran-4-am ne; (& ii

)-N-[ (12, 35)-3- (et hoxymet hyl ) - 3- (4%

[ )pyridin-2-yl]pi rerazin- lecarbonyl)

cycl opentyl]-3-nethoxytetra ydro 2H pyr an- 4- am ne;

(4i?)-N-[(I'i7?,35)-3-gret hoxyket hyl ) -3-(4-[4-(trifluorom

et hyl ) pyri m di n- 2gyl ]\pi pe nl -

yl car bonyl)cycl nt @ 21 h f\t]etrahydro 2H pyr an- 4

-am ne;

R) - 3- nethoxy i 2535) - 3- (nethoxjﬁﬁtﬁyi) 3-(4-[4-(tr

i fl uoronethyl) er i n-2-

yl ] pi perazin- I-yIcarbonyl)cyclopentyl]teﬁ$ahydro 2H py

ran-4- amre, If.

(41 2)-3-methoxy-N-[(1i?,35)-3-(nethoxynet hyl)-3-(4-[4-

(trifluoromethyl)-pyrimdin-

2- vﬂe]o%ﬁfb%ﬁﬁ&bﬁd%myh HayiRemd Deielopent yl | et rahydro- 2t

pyran am ne ) - hoxy-N-[(1i2,3

S)-3-[(3i7?)- tetrahydrofuran 3-yl]- 3‘%@ [4-(trifluorone

thyl)- pyridin-2-yl]piperazin- g

1-yl carbonyl)cycl openfgyljtetra ydgg} pyr an- 4- am ne;

and (4i-)-3-nmet hoxgé&
,5,9)-3-[(3i2)-tetpanydro aR13 yI] 3- (4- [ 4-

(tr|fluoronethyl)py | madi n-2-yl ] pi perazin-1 -yl carbonyl

)cyclopentyl]tetralf§ ro-2H pyran-4- am ne; or

phar maceutical ly acceptabl elgsalt thereof.

R% f | uor onet hy

The compound of claim 1 having the Formula Ih or Li:
RBR8 /7
R1 W
RB1

Th

CF3

\

/

Y
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32. A conposition conprising a conmpound of any one of

clains 1 to 3 1 and a pharmaceutically acceptable
w@2006/0e4741 33. A net hod of nodul ating activity BET/HS2005/022909

chenoki ne receptor conprising contacting said

chenoki ne receptor with a cgnmpound any one of clains 1

to 31. 34. The nethod of clgai m 3 wherein said

chenoki ne recepk® |ﬂﬁ(2‘m 5. 35. The nethod of
cl ai m 33 wherei n/Said |%&LﬁgIIS znhickiting. 36.

The nmet hod of clai m)33 wher egat Sai ¢f conpound i nhibits
both CCR2 and 7 37. A nmethod oK.(#eating a di sease
associated with expression or activity of a chenoki ne
receptor in a patient conprilsing administering to said
patient a therapeutically effective anmobunt of a
conpound any one of clains 1 to 31. 38. The nethod of

31. Cl”ﬁhéféo%? M8 e LRiM aiwhichRIFeleLRE ffmeept or is CCR2 or
d? The net hod of claim 37 wherein said di sease

i st[ﬁllit m%rﬁmmywdﬁ%@ﬂu@@meﬁnﬁé)nhénﬂhap@ﬁmm1a. m 37

fl t
s1yeaiiyd el PO SRR ST b SR ARkad, 1 STt orY
an}JEtth%fLIﬁJ[(M}B)yS Bepobyl-3-(f[3atilbadetyDphdiyé] pipetdvi 1 -
of claim 37 wherein sald disease i s an i mrune

YI}C%PWEWIOP%YHW@W REPy8-4131A%:37 wher ei n sai d
di -1-
'ﬁﬁgf]&%ﬂ?t-l . epd-f)?i -e(?é(})- @ﬂuﬁf&netﬂlﬂﬁrgﬁﬁﬁb ?‘[]%ﬁ:le?azm 1

| up neur opat pai
yUcab@m&pydnpmﬂﬁﬂéahﬂhn&wdméh@ne%anmmnéeanmg 44. The

T ok RS SrERl A Bt SRR v Befln

yl}c&B%ﬁﬁ&ﬂbb&ﬁﬂ]QYmEﬂiﬂﬁﬁe@ﬁﬁfﬁfd @H%ré’f?@faﬁﬂﬂ%’\g es. 46. The

of "claim 44 wherein said cancer is breast

c aNe'E(ilR 38¥-3rlsepmopsd e f-pbenyid. a-dibydropyddion2HE7. The

sDeafony gy dapsifh St R S "
wher gi18,38H1disypropy1-3-(Baséthetytéttahlid-2Mipgedn-on. 49. A
net hod of treati n}giHIV i nfection i n a patient

yDamigaisyrlopersy R erpamd)-émbagylpipeddingt-ol;
1-({(1S,3R)-1-Isopropyl-3-[(3-methoxytetrahydro-2H-pyran-4-

yl)amino]cyclopentyl}carbonyl)-4-[2-(trifluoromethyl)phenyl]piperidin-4-ol;
1-[((1S,3R)-1-Isopropyl-3-{[3-methoxytetrahydro-2H-pyran-4-

ylJamino } cyclopentyl)carbonyl]-4-[ 3-(trifluoromethyl)phenyl]piperidin-4-ol;
1-[((18,3R)-1-Isopropyl-3-{[3-methoxytetrahydro-2H-pyran-4-

yl]amino }cyclopentyl)carbonyl]-4-[4-(trifluoromethyl)phenyl]piperidin-4-ol
N-((1R,3S)-3-Isopropyl-3-{[4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(ZH)-

yl]carbonyl} cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine;
N-((1R,3S)-3-Isopropyl-3-{[4-[3-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-

yl]carbonyl} cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine;
3-Ethoxy-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-methoxytetrahydro-2H-pyran-4-amine;
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patient a therapeutically effective amount of a
conmpound any one of claims 1 to 31. 50. The nethod of
W@ b@i/0481 f urt her conprising sinultaneously orPCT/US2005/022909
sequentially adm nistering at | east one anti-viral
agent . . . qe
~((1R,3S)-3-Isopropyl-3-{[5-(trifluoromethyl)-3',6'-dihydro-3,4'-bipyridin-1'(2'H)-
yl]carbonyl}cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
yl} carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
N-[(1R,35)-3-isopropyl-3-({4-[6-(trifluoromethyl)pyridin-2-yl]piperazin-1-
yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
N-[(1R,3S)-3-isopropyl-3-(4-[6-(trifluoromethyl)pyrimidin-4-yl]piperazin-1-

ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;

N-[(1R,38)-3-isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;

(4R)-N-[(1R,3S)-3-isopropyl-3-(4-[3-(trifluoromethyl)phenyl]piperidin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;

2-[(1R,3S)-3-[(3-methoxytetrahydro-2H-pyran-4-yl)amino]-1-(4-[4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyljpropan-2-ol;
2-[(1R,35)-3-[(4R)-3-methoxytetrahydro-2H-pyran-4-yl]Jamino-1-(4-[4-
(trifluoromethyl)pyrimidin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]propan-2-ol;
2-[(18,385)-3-[(3-methoxytetrahydro-2H-pyran-4-yl)amino]-1-(4-[6-
(trifluoromethyl)pyridin-2-yl}piperazin-1-ylcarbonyl)cyclopentyl]propan-2-ol;
N-[(18,35)-3-¢ethyl-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3 -methoxytetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,3S)-3-ethyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
N-[(18S,3S)-3-ethyl-3-(4-[6-(trifluoromethyl)pyridin-2-yl] piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,3S)-3-methyl-3-(4-[4-(irifluoromethyl)pyrimidin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
(4R)-3-methoxy-N-[(1R,3S)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
3-methoxy-N-[(1S,3S)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,3S)-3-(ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
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(4R)-N-[(1R,3S5)-3 -(ethoxymeth}}l)-3 -(4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-
1-ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
(4R)-3-methoxy-N-[(1R,3S)-3-(methoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
(4R)-3-methoxy-N-[(1R,3S)-3-(methoxymethyl)-3-(4-[4-(trifluoromethyl)-pyrimidin-
2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
(4R)-3-methoxy-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-methoxy-N-[(R, 3S)-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.

32. A composition comprising a compound of any one of claims 1 to 31 and a

pharmaceutically acceptable carrier.

33. A method of modulating activity of a chemokine receptor comprising contacting said

chemokine receptor with a compound any one of claims 1 to 31.

34.  The method of claim 33 wherein said chemokine receptor is CCR2 or CCRS5.

35.  The method of claim 33 wherein said modulating is inhibiting.

36.  The method of claim 33 wherein said compound inhibits both CCR2 and CCRS.

37. A method of treating a disease associated with expression or activity of a chemokine
receptor in a patient comprising administering to said patient a therapeutically effective
amount of a compound any one of claims 1 to 31.

38.  The method of claim 37 wherein said chemokine receptor is CCR2 or CCRS.

39.  The method of claim 37 wherein said disease is an inflammatory disease.

40.  The method of claim 37 further comprising administering an anti-inflammatory agent.
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41.  The method of claim 40 wherein said anti-inflammatory agent is an antibody.

42, The method of claim 37 wherein said disease is an immune disorder.

43. The method of claim 37 wherein said disease is rheumatoid arthritis, atherosclerosis,

lupus, multiple sclerosis, neuropathic pain, transplant rejection, diabetes, or obesity.

44, The method of claim 37 wherein said disease is cancet.

45.  The method of claim 44 wherein said cancer is characterized by tumor associated

macrophages.

46. The method of claim 44 wherein said cancer is breast cancer, ovarian cancer or

multiple myeloma.

47. The method of claim 37 wherein said disease or condition is a viral infection.

48. The method of claim 47 wherein said viral infection is HIV infection.

49. A method of treating HIV infection in a patient comprising administering to said

patient a therapeutically effective amount of a compound any one of claims 1 to 31.

50. The method of claim 49 further comprising simultaneously or sequentially

administering at least one anti-viral agent.
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