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3- AM NOCYCLOPENTANECARBOXAM DES AS MODULATORS OF
CHEMOKI NE RECEPTORS 5 FI ELD OF THE | NVENTI ON The
present invention relates to conmpounds that nodul ate

%ﬂ@&i y4i1ty of chenvkine 10 receptors such as CCR2

an &1 some enmbodi nents, the conpounds PoHU$240022909
both CCR2 and CCR5. The conpounds can be used, for
exanple, to treat diseases associated with chenokine
receptor expression or activity. BACKGROUND COF THE
I NVENTI ON 15 The migration and transport of | eukocytes
from bl ood vessels into diseased tissu j i nvol ved
| n AMINGGY CLORENT ANECARBQRAVIDES ASMOBYLATORS OF
i nfl ammat ory respo ﬁ?ﬁl ﬁﬁFﬁiﬁ@ﬁ | so known as
| eukocyt e recruitrrgn , (I)S also re a?e to the onset
and progression of life- threatening inflammatory, as
wel | as debilitating autoi nmune di seases. The
resulting pathology of these di seases derives from
the attack of the body s inmmune system defenses on 20
normal tissues. Accordingly, preventing and bl ocking

FIELDOFCTHE INMENTIONNt to target tissues in

i nfl ammat ory, autoimune di sease_ and ncer would he a .
i i PTeSE GBSO ZFJBIED - FPRRO UGS, AL Badhlats the activity of Shénokine

mcei,@}segaeﬁ%i% LR CER'st g@ﬁg@;@ﬁ%&&ﬁeu&t &g&g@@gﬁ& f6ddiste both

at are i ved in c rrmmne res
CCR2yiridUCIER 5o The yanepounds/canive ayede for erample,dp knedtsliseases associated with
eqsi nophi | s and .basophils. In npost cases, 25
cherpcaﬁﬁqﬁggatgsengeém%gr B¥Whcyte class that initiates,
coordi nates, and maintains chronic inflammtory
responses, and bl ockage of these cells fromentering
BACKGROUNDOY THE INVENTION: i r abl e. Lynphocytes attract

nopocyt.es.to t tissug,sjite whi gh, ,col l.ect.i vel , .
i A€ Migmbd ald Geisbd BF ebldelvs o, BBng VRiself b Udoed tssues is
invoRfedUal thé isiBatRonleiidfal AiséaseEghtiry inflammafdry W5RbAYeY, The process,
di sease. Infiltration of thely cytes and/ or

h
also mwoyascleukasyterisomitment, enalse selate % enset sk profgression of life-
nr-oni: i i . and_al.so- ,

L BRI Sy 56 205 oBbB e Bsse, e, psling

threz%cl ni

pathBlREy bf thetcedisdases deHieesfedm it attaélof the bodyhibmiine spsierh Aefenses on
dermatitis, _inflammtory bowel djsease,

l , .
normg} Siseues-cAgcoplingli Rreveatiag dnd locking k@@%@?@%@%ﬁo target tissues

- pul rmnaﬁysﬁﬁl %r ong‘,ﬁ&r ef%af%a#;%g‘%@':ug%lsiyﬁ jperrphPégngdn“h to
therapaatic inteztemtionli seases, (e.g., Penphigus vulgaris, P.

Foli aci . 5). ) / 7,

R oo A b P O v
inclf¥ePRbAdCyRes, HnfheERSs, MRUrOHIS! bosifipRits 'aRd basdihils. In most cases,

raft-vérsus- 'host di sease.
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, collectiﬁely 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 includg, 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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The process by which | eukocytes | eave the bl oodstream
accurmul ate at inflammatory sites, and start disease
is believed to have at |east three steps which have
been described as 5 (1) rolling, (2) activation/firm

] nd (3) transendothelial mgration [Springer,
Wﬁ%’ml\&?ure 346: 425- 433 (1990); Lawr ence an%‘prUSl 05/022909
Springer, Cell 65:859-873 (1991); Butcher, E. C

s L T

hos(dissapat t ract ant receptors on the surface of |eukocytes
then bind cheppattractant ch i nes whi ch e .
seaﬂv@tweﬁ/bwgﬁg lenkopyies @ﬂeeﬂe’g%a%g% %ﬁcwﬁfa@cﬁti%ﬂﬂmmawry

sited, And* a5t Hasdls M21iALA A5 Yt Bast BHEEAROM Shic RVEARER Besoribed as

Sl veness of t es|i on no S
(1) gmlﬁﬂg%:@)didﬁamwmﬁt ltcﬂifebita% and (ﬂl)flfaix.tﬁundotheiihl :nignﬁbzeﬁSpring?r, T. A,
lrected magratlon o e cells towar S e
Natumd 6Handat (100 dprene RS oS oRelros 4585 (RS b Eass E. C.
Celf 69435:4b% (IR TheSbaRA/ B6d 11y hddifled 31 BE ShoRbAR level by
nown eno 0]

as ¢ nes, "al' so Wn 'as I ntercrines an
chebbdftradianédeprss. Chemoattraotay peceptorsndd thesartfae\of lewkbcytes then bind

i mmunonodul at Qry pol ypeptide factqgrs of nol ecul ar . ]
chespgAtiptans chem iSRS WhED Breoseristed dckellh t ﬁlevaﬂe @?\ﬂaynm g ipfection.
Recfgio ing doardTREOPAEY Sorea R IAC YAHEve 0% TP AihcSion molecules

that Sunadfxité) transendothediel migrationg ambpromotek divectad migrétiennofethe cells toward
sites (er vi ewed i nﬁEUSt er, New Eng. J Med., 338,
the sprce o B (‘i’%%‘"‘é%“‘ GOKIRE. Bl ood, 90, 909- 928
(1 ) : :
Cpothatectt ERmUIRFTIeRSye BehogaRaRAREIURG Tobirs) also known
as cBenfokined Adlsq 8SvN) gs iStervainks andSIBabemoki®sy are a@ovp of inflammatory/

oo P 30 8 Bt A e e
widd PtiedPbt bdll¥ shiéh as BhérGplagbs nfbinb&tése Cosifiphild] net@SpHAE, fktoblasts,

process known as chenbtaxis. Each chenoki ne contains

vasciilgy rendgtberidl n@llﬁsesmdﬁlbslél(@)‘e aeils, tand mpstegella) atinflanimatery sites
o8 By RO F Bl TRy 88 dsP Pund Nl Bloge, . 909-528

(1999))s tAdsd) echesmokitless have! Beennde3ctitet einyOpptbhélsi, dCankt G CAnnu. Rey.
fam le‘;Y%ﬂ or separated by one am no acjd (CXC fani ]és/g .
Immypels 9047448, 98D Schalk andyBeco; CHrry Pping Iganmok 6:865-873 (1994); .
et f amid i ' -
Sasf 4, AU AL Bl 3990198 AR TIRLARLEL By e sy o
stimalatevdirerd eell evigration, arprocess kinvinsscchebtakis. B&h chemekin€X6ntains

h Ki . h interl in-8 (11-8),.. .
four GG PR 0 P, tosr) cuiics bogChemikiges ooy be gapped into
two SUbERAiTes bhitd | cRlvHetheR fel tWo lathitt) RERink dyMereddifs are immediately

chenotactic primarily for 30 neutrophils and T

adja¢eptn(6C clamdly) opisepasated thycongCrrpine masid (GXC family).aBhese differences

comfiRR i o e 1o ol RO B SIS B wigin s
gene! diestee ptha chaidoKinds t3pidally’ show seqodireBinditdrities betweeR 2B ng 60%. The

ot her cell types, pacrophages, T | hocytes, ,
CXCohemabien such woinislenkin-S.Ai-B), HegophilZacuanEsproteine? QNAP-2) and

melafl SR FETEE RUVES Troidn) Y TRt liaitiabl Jprimarily for
neutipphifshar@ T Hempkacytes,) whereas the 411 ahdmakine§astCHOXRANTES, MIP-1a,
M1p S RCHR S atSbyte chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4, and MCP-S)
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




10

15

20

25

30

that do not fall into either of the major chenokine
subfam lies. MCP-1 (al so known as MCAF (abbreviation
for macrophage chenotactic and activating factor) or
JE) is a CC chenoki ne produced by

Whas{macrophages, snmooth 5 nuscle cells
fi bro%? asts, and vascul ar endothelial cells a%‘aT’H%%ﬂ?é@m”

cell migration and cell adhesion of nonocytes (see for

k
1@&@%@1 ﬁng/mtgel?ﬁ (rlraéth C gﬁenﬂimesﬁhﬁwﬁmm %%cx?z&?g%zgmo ine)

thatldimot falBiBto er&smfrmer majorche’mlurmlsubfamlhes ol 1989

Sc IQMCESIT( ! nshs %géf ﬂﬁﬁevwgcm or naacmpb)?g emotactxc and

Shendd d @y ménocytés/mla th
i 1499‘*2-’5235 a’v%%d.*’d RSty Mgl nhiBRks amoo

mquh’Qdélls;L ﬁbfobhm.nnd mmimyenﬂoﬂ:yhgimﬂym cqusesecelbmigration and cell

Eiol Bt Gemotvlsh (Ve depixatible Thiie 4 do et s Biosthiigy, s, 27, 4162;
Mafsﬁ’s%hﬁ&h@r et alP-J, Bled, 15885589 314851?%@&1:, 058 )al. 2N dmmunol.,

natural Kkiller cefls (see for exa | e Loet scher, P.

19884 14231956; Rollinsribidolet al., Pows Natl 54cad UMJ 188885, 3738; Reilins, B.

1., bl o0d, JR 1B, T, 300 el o At et 1988 Jab 3403 Vadci K, et

LA 153, 4721), Ak lyenph. sedfop ekampld €dd, M, W.,
. B0 15, ) s o T .

al, B, Nath 7&cad+®¢1aUsﬁ. 1994, 9h13652). T ymmlocywbsee forsample Jnetscher,

égg ASK qb%& ;ﬁggggg%gﬁ@ﬁf %@Er?r%lllgk e%/gg) e%mﬁ%fe Lo%%cher P, et

al., Ilrfmﬂﬁ?ﬁﬂoﬁ( ﬁ%{ 05d) 322; ANsVead, Pl, etal. J Eurl $. Tnibweht, 1094,1824, 3233), as
i mportant in the initiatjon or ofgressmn of
P

welljassmgdiating @WE@#@%@@PM&?@ Eexample Alamy ) et al, J. Clin.

InvesfY 92, b9, 7t Bftnl, §: CREL A0 1B ed, T9021R5, 18 Pruna, P., et al,

J. ERptMed., 19929935, 489). lﬁaddmbih,dnglbeﬂpmsmlon ,of B4CP-4thaalbeen reported in
discpges A4hers scEuTmgRGH Bt onpey megsaphags St FeiaHRLS| Gought to be

Jmp%‘tﬁrﬁ’ i the Soifiatfs dcéggog%gﬁﬂ L}?dxseagﬁc E.lcgﬁls Eﬁ“ag?ﬁg l(s:e’e for example

I nvest,
Hayés, tIhM.t aisathhﬁnnosclerg'h:onﬁﬁ Va%ﬁ?Bwl?ptﬂ%sdE,, 39; TakeyaalM., et al.,

o Pefioh 1843, TS ppadfibte, 030 o MEREC NI G115, 1901, 85,
525§%lkéﬂ§‘§LaA 13, Cliat In%st; 19’9!j 13QY 1 1213 rhetih@a?&d aﬁﬁntls gs?.e f&? example

sual L., et a

Kochosh Bo shishy (@6 mmst,ew@appé 153 Wknhoshy, T.oet &l Artyitis Rheumn,

1995 34, 7625 Rl E. FR4E; ol Bl RAEEET0L, H0p 7 i (see or

exarfiple rmm,rM %ﬁﬂQQ.IaHOIﬁVéht,(M 73)1804xWeagd, ., @l. M@lﬂﬁey I¥t., 1996, 49,

761, ((aéisg‘l"lﬂﬁrl-' eg‘aﬁip n&?é%gﬁgﬁlwgllgga 511235)31981311! gp%l%%n@g%for example Saitoh,

A, ﬁa!l.,emin. Alnal' 'i@g“lq% 1 C\;@@}%ﬂ ,.?gtgmigigggﬁ?g%mﬂ 1998, 63,

‘493)13>Mn01ﬁquﬁbrosm, pulmonety sdrcaidodin (sée fGle sxrmple Gaiglyatio) Y., et al.,

oS4 i g7 3, 398) myl 0 G Rb S e, 1 vt
Aueﬁg@l @lm Immﬁmbl 2599, 7( 38R s‘ e@(alrrmc;A@zIJ lKe&?i[- , CH. Caeé Med.,
vest Der nat ol 93, 101, 12

1997056113780t A Boxet lorAtach R GellMPL oL 1954 102y, utepte

SCIengﬁ.U %& f??%’%ken er o%aué Q%CBH iolgahggl?hﬂdbcagr%lstﬁ s 86), psoriasis
(see (fsleexahlple Gillitvet, R., 8t 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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WD 2006/ 004741 PCT/ US2005/ 022909 Seino, Y., et al.
Chenoki ne, 1995, 7, 301), endonetriosis (see for
exanpl e Jolicoeur, C., et at., Am J. Pathol., 1998,
152, 125), intraperitoneal adhesion (see for exanple

syneseahy, H B, et al., Human Reproductio
13, 1194), congestive heart failure (see for gg’gl%gﬁ)ﬁsmzzgog

Aurust, P., et al., Grculation, 1998, 97, 1136),

Seifiblrpnecall,iChemolding 1098, ?Si&l),feﬁdo@e(ﬁdiﬁﬂ (sedViox egampile Bolicoeir, C., et
at, Am J. Pathol 1998 152, 423), vi raf] meni ngitis
,(/@@el Pathoby 998 152, 427) intraperitongel aaheswn (psror ekamplc Zeyneloglu, H.

B., ep Wmﬁﬁ% R%Bl%é}xct?oﬁ lgﬁfbaﬁ ,Jl l@%ﬁ%ﬂ?\@l ﬁe%ﬁs‘tglél&é ??e,efi%lr' example

Auﬁlﬂ&, PL%0xl ambnsm 5998597, 1106), chranip lieerStischsuséd for €xandple Marra,
et at., Infect. |nunun 1998, 66, 3569)

F., ¢tipls AR, r&a?&ﬂwlanltﬂ%-l\)éﬁ iZjanerﬂbwme% (!ﬁééw example ek, et al,

ol g 107 A A KSR b SR gV M0 ..
Rhetxqngl|, €1 98T h2410ETS) andl - seﬁhs (SEE foxt exami:le Satkowasd,. C. Aagﬁ al., Infect,

160 1466 Schrier Leukoc. Bi ol 1998,
6t Eqrﬁe@orgtanu -MCPantippdy hagdgen repgpted to show an

mhx}ﬂ@)y %ﬁ‘&]lt Gk B ﬁxe{ﬁ@&&{) e%t icf gxﬁmfg B:?délg %W%@ﬁ%%@ USthritld (see for

exaﬁ@[ﬂTSd:lhmﬂJef,SRieCf @t ale,xhlimhﬂmoll.,l 1998, 160, 1466; Sehried, D. JJ.J. Leukoc.
FASEB

Biok, [99856%, 359y Oatailopt slad: Fithol¢ 4837, 182, 1D pitiplessistosis (see for
1
exa%g[eﬁ(uaﬁg \?t 1. 3 ﬁgr%l ﬁgl)‘( ?Leull\%g?lo gg@? Z?%bggl)’ gephritit (RE For example

Llopd,f(érMscdtal,ohlB(p(Med 1697 ebsanm'/d @adap ., etal., FASER J., 1996, 10,

1B,y e ae 8552, $5 (BB . Mgl P08 B2 Lukecs,
N. Wt Jatmmuxﬁm 1997, 7788 h:@bs), at%&%@oler&éiﬁ(se@ﬁ?)exaﬂﬂk m&a&a{, L.A,etal,

hypertensi on (See for exanple Kinhura,
Cirduldsion) 199388 (suppb)s I-378), delaged, tymhypemenﬂﬁmm @m&alexample Rand,

M. fon et gt £, 83618, 865 Bitstalfypercsiontlond o cxamoe

Kinfuid, 30 0dtia$ | L&Y, msﬂv@@% 78V, 1dnQ-irftfaperifdacal B@RRIionl(SR for example

reported to inhibit arthrltls in the nouse nodel (see

Zeywmipglu, H: Bpiet alj, Amp. Obs%oGynec&'ilgg?%.llg& 438314 peplide/gntagonist of

MC?EP‘CI\%XE? S ?éegés)é r%’% e]If H&I n (o]¢ y gln;ﬁg’ (':tltr1 ul ﬁ'\% rﬁ *{ﬁ’e“’{}]\? E&aﬁnodel (see

Gor@§£€H |- 0L.Ex. J4eél, 1997, 185 1351>},rhswdm studie@%MGBdeeﬁﬂ&m mice have
et at, Ml CeII 1998, 2, 275). Chronic

shoméw AEPJ dis 5erentnl J?ryman%@cw@p@) rnrvm@eea#w -+ ehal., J. Exp.
f t ieti .
Meq g B L B e T T g
f uithirenie ,obstarckiye gmhndnmy diseasei (€IGPI))yraoko roiongithetnosst common
h h
o 0 R REL 51 S PR B in,

only 'paftBt HeRersibleV By Vb:aﬁchounﬂmeaﬁ@gé NOOPB' $s Qharacterized by chronic
neutroph| | s, macrophages, CD8+ T cells, and/or nast

-mﬂaem@m in tlheamwsmwlmhl that diffeso fram theimsean; ine astema,ainvolving

| t t
inorga B Buftbers Bt AR, Fraciophiley, BB ¥CE BEUE 0P dyatl Ll in the
airw?:}' Nﬁ:)l}sl,at)lpftﬂar dl:(.‘Elli}!ll'tf\.ﬁ(5 I nt3) afd gﬁé):wttl:l;g ammthl ek, L@gl’tﬁki‘ntes agsoclated
. - , - 6, an 0 e
mﬂ:&b@% el toyioplude Rl pebtasie tetar ATNE BSRE. WHETE (FN)
mw nidin Y19- 12 ILIG al-Bvay M@PU?dQ'JGHEJIS%an to be a receptor for
IamTatlon directly or via nacrop

i) A CoRtdast SGORE e b MQH-GPRGCRS 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. 1, Chest, 2002, 121, 209S-2188S).

4



10

15

20

25

30

approach to therapeutic treatnent of COPD (De Boer, W
., Chest, 2002, 121, 209S-218S). 4 WD 20061004741
PCTI US2005/ 022909 The literature indicates that
chenoki nes such as MCP-1 and MP-la attract nonocytes

ngoymh,gcyt es to di sease sites and nedi ate %&e
activation and thus are thought to be intinma @52005!022909

involved in the initiation, progression and

MRl THee NRHHAr O find i HR2BAE HeRBkifes shHOLYI MOPIDRAGYMIB- 1o, attract
and | ynphocytes, such as atherosclerosis, restenosis,

mondegtesandlyhphoaytesitoi disease spmndamdmte teir hctWathn art thus are thought

to %Sl:ﬂh%l:qébymp’s@%y @e(%ﬁﬁgé},%%ﬁ SerruI Hd?qtgnaﬁgé SF 3Rtades deeply
mwﬂg@gr E\%Bb%'te% aPIGRbIYRFHeS  sufeh O, fa efébtﬂ@:@ﬁ? restenosis, rheumatoid

metri congestlve heart l'ure, viral
arthnitis,i psyiriasis,, aaﬂane,bulad:raﬁwef ealitis) ocphnlue L(ncnhmm;hy) waitipden kélerosis,
di seas and se Si

pulmpnary fprosis, . ti Sge%aét(isgggﬁ(n%;%ét?s, R%d%}soygmwgt disease,

el o r n 9
endSfefoss, QigbeiveDhein, MK Jrel EERBENE  orebrl irction, Hdiopathy,

Kavif3aki st aseRandssepsi$ (see for exdmpleRowh, B. Hy ﬂrahsAmebrlﬁdmy Dis., 1998,

31, 65 ddowef G Pt G CPBimn Niroh S gertens, 3358, 757RL: Conti, P, et a,
Allé?%}eﬁ'ﬁti‘hﬂﬁ&amrw mssp@qwmsﬁdﬁwm aaealrlq?&ﬁs Nefirosci., 1998,

l onging to protein-cou
21, %y MacDeemettydRviby, ahdq&nfylmmtcprv(ﬂomehﬁlseasemw%d 4.
Fb k, , Trends ,Phar m 159-16 994
sherndings BRE I oeciE billpbface S8R belspine i g taily of G-

protSﬁ%ﬁle@d %&dmwxﬂ&xbﬁﬂ@a@ﬁm Protelae pedewed hﬂﬂ%ﬁu@ Trétids Pharm,
intracel lul ar signal t rough t he associ ated trimeric

Sci.d 5594651 9914)99@'1@11 #7g termed Jehemgkine eeptosss [fom bimdingheir cognate

I, L ko . .
hgm&‘% %tgen{oﬂ%el on%torgu'&rggéc%rﬁﬁ J%ﬁﬁlc?ﬁulﬁ% pél tirou z&hs eagsocmtcd trimeric
G pfotsihg Sesubiingdin, Gedony | otlier 2edpensen na’ fapid tnrése in mtracellu]ar calmum

degr anul ati on, and pronption, of cell mgratlon

wn@n@@wnn ghange i 651k sw.slﬂ@@@spd EXpIeESATK pheall ulﬂwéh@mmolecules
that these receptors are G
pr o?@aﬁ&ﬁoﬁo{ﬁgb@%ﬂygn aﬁgnrrerrbr ane receptors present
onQGea¢s medxng eeceptosst of spenifid etermokines Bavef leen clobed, andtit is known
t]él@\gegwg%%%ghe ki ne rec E){ ors _{ CXCR1- b%;cgg g%nppdpresegn Iglt1 varions
leukbﬂﬁ@g )ﬁtﬂeﬁﬂns @mee )étal@@it 6fivle et blﬁnﬁ)klde'rgégﬂ)rg %@Q@}%CRS) and

ais a and f

eighhCE- cheinokiae reqegwmd(GQRI CCMOS) Lavel b@m?&antéﬁedr Foréxampiec B8 is a

tignsiblon K Sab LRI MIF Vo 5 imait e Gkt gpd CERE, angice-1 s

hgar?d%r C%J%?Q é}:g@gjmtsﬁefeﬁm?tse#or eﬁfﬂﬂle Ho]:%g A(%SE? et aJ Science

1991U8A3. 10984 280 Vuuphy P Mg al., Sﬁamg.aﬁ?: 1280—12&3 Neote, K etal Cell,

199353%3@#‘%%58' P, B M, At a5 iy 38960 Hso-2756;
St wal Bi@&cmZEibphﬂ@RQi{ﬂcﬁﬁﬁ&l R94e202, €156A1162¢ Combadier,
Chem 995, 270, 19495. 19500; _ Samsagn

i ol

C. eml E@Jallml @u%@ﬁ&lﬁﬂs@heymﬂi’gwfi 3, 16416494 Pygwer, C. A, et al,
fg]tyg I f hemi )

. Blgggﬁgég)l@f M‘m as eglr? 5&?\%%}&?@% hat Iq%lng I'n élb%l%s 3362
3367arMurghp nkyr MmAﬁmralrﬂtemw of bnmuppogms si®4, 2, 592-633). It has been

b el - - '

reporte t Tung 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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mce (see Gao, J.-L., et al., J. Exp. Med., 1997, 185,
1959; CGerard, C., et al., J. Cdin. Invest., 1997,
100, 2022), and that recruitnment of nacrophages and
formati on of atherosclerotic 5 WO 2006/004741

9 /022909 | esion decreased in CCR2-
mceﬁ eeﬁBOHng L., et al., Nature, 1998, gj’ﬁ%@@"m”

Kuzi el , et al., Proc. Natl. Acad. Sci.
1es1%g%§cre§%eg ﬂaigggz dggérlf%lﬁ%ﬁe (See: B&Ing, k., et i, d Ihﬁﬁﬁ’e ni\}'ggi 394, 894;

KuzielW. AQ@t alydy.. Nmemmsm lEéeﬂBQﬂr §4ai2:0531 Karikaray i, et al., J.

Bt Mot 5 80ch 272 BoReg, Lo gLl I FHyeft #é@ﬂh@%éayerse

U T PR ke ﬁee]ﬁ&g a?é @is& kBoWh %%&%bé%‘lﬂ)rs drSvifal entey i’eiﬁin% to viral

steps of the viral |life cycle which antiretroviTal
infectien syodesj for agampls HIé infextiogn Reverseotrigiscripkion And [povteiin processing

B e AR S A e e s

to %}é 'Alhﬁsﬁ ou b G;bﬁé‘vl? dRfeh that Sre BEKEVEd & BIGK VifaPBREY hold promlse there

tiple viral replication are required t
is cgremtlyatomgehicto gdneht HEV-dibaenatibegn abhato at:qmrcsreswtend@aMtiupic rounds

of et FRLFBRGH A% TR E9Pety AFeB Okt AR bat forms the basis of
res@tﬁﬁ&emt@ﬁ ﬂlérﬁ]:‘;}t e Rhichl fe lictbA ¥s Oduppredsed remains a

other agents.” The targeting of nultiple steps
comﬂratmemfttreetnmnt withentry ;nhphﬂotsea%wnﬂs otber agents.d Thetargelieg pfimultiple

sesb g vireb s PSSR Dol Bl B it gl Sige-Spives
et ak &llirs LB OMkd. ezoonm(ggeasueptl aI i nteractions of the

Viral 15 envel &4% ycoproteins wth CD4 and a
cof¥eptasirysinth (d24(Fhselish aayires ther sequpntial oterartionsapfj the viral

envgfxl%tqé]y @r@ eﬂﬂﬂum nng %ac% %@oﬂu&ﬁi&s ﬂébsokﬂfeor% rs CCR5

e snal gOﬂIStS corecep

andf OXCRU4OA pTahﬂleoA\Kpﬁ'B&hnﬁi elwkxﬁgltmsoptecewqh tanﬁsagmallstmolecule
of CCR that acts to prevent H V-1 infectiaon.
antagaRists jof Sorepeptor ’riu@ﬁmomc ¢ SAKA{ 79 meleculeisrag such e.%tﬂgﬂmst of CCRS

that B3 Rl BPE Bl TR0 i Ty Picplichln B} Bubrane
fusidriktagel By blockifgRthei mtckmam efithe eviral mn&ceglycemaleimmﬂﬂo with CCRS.
ThepHoiBE it o d A TRILAD. GOk Shlovatod ot SarsSelfe syrtpce of the

reccgfor aithin 2 cEHRCformed Betw&hatga.nm%xhbrﬂ.{abgﬁehcgpp gz:gd:—g)mragic et al.,

The chienoki ne receptors CXCR4 and
Pra@é(areldw 6'0 U&AL@QG %IQ)DS&':”@);eptors by the T

st !Iéf: ﬁge ( X4 W‘{)P‘pr é%ﬁg &éﬁ%) lfeHl!sFi% B} co-receptors .

by ﬁa@' TSceuEEfdpnﬁ 4 afd Ghackphede-@opis (ps) +HIV1 s&ﬂmQDFes?ectwely, for

hOC%teS and macr op hgges TGQUIreS expression o

entemsil% et cgstler Propagafion ok RS siipips ek HIVnhiop; @4 lymphocytes and

macﬁg%"gyp ca Iy norr#;? f%%déélr{ggp}s%?%u?% m%tuy%@%n@\rmﬁtiwldms

lackidgVECRS QGRS @eltey32 hombeygonhigbndtyst) bare tphenotgpivalh normal and
.l igands. for t CXC che nd S
rsisanh 40 ERiee R LY - oA re Oy B0 B 1SS b e Datual Ligands for
cxdﬁfcméo@xe)cheﬂbﬁné SDFII) RRNCPRBI({h Icc SREFRIHRS RANYES, MIP-1alpha
interacts with CCR5, and not with

and MIP-1beta). The first non-peptidic compound that interacts with CCRS, and not with
CXCR4, is a quaternary ammonium derivative, called TAK-779, which also has potent but
variable anti-HIV activity (De Clercq et al., Antivir. Chem. Chemother. 2001, 12 Suppl. 1, 19.

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

CCRS5 coreceptor. SCH-C, an oxime-piperidine compound, is a specific CCRS5 antagonist as
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CXCR4, is a quaternary ammoni um derivative, called
TAK- 779, which al so has potent but variable anti-HV
activity (De Cercqg et al., Antivir. Chem Chenother.
2001, 12 Suppl. 1, 19. SCH C (SCH 351125) is another

cule inhibitor of HV-1 entry via t
?c??ieugg%%ﬁ SCH C, an oxi me- pi peri di ne conpoun ﬂgrmﬁ@%i)mw
specific CCR 5 antagonist as 6 WO 2006/ 004741

det?ﬂihé@%@%ﬁ@;ﬂg% Iptdi'eiiﬁi{i } R84l signalMthdstidhtionr 8648! This compound

bi ndi ng and sig transduction assays. This_conpound

spesifisally llmd!lwﬂwnh uﬁwmgn meWmdlbafC‘eQRﬁ inrlJ-82 @mgélemwells but has no

of5fet B piRHon b CAGHSprsne Rl Jufidk 08, Bidg, Sl iAtgd®Sei Usa,
2001r @8 n_gZZDbli?lSA&a'ﬂrenﬁﬁy etLﬁA,Ann%Q%bmtgﬂk&?s) and ChéRoMerapy, 2002,

Tre | ay et al., Ant i m crobi al Agent s and
46(6hdidher apy, 2002, 546(5) 1336). AD101, chenically

| BRat eepmicay A8 o STH By W% SRbiols e fiRERsl humen
lmlhﬁndaeﬁcxbmnvﬁ—@% WVA@WhumMCURBSItHlaY b&e@mm tHAtBAD101
rhesus nmacaque 5 while SCH C does not Anong th

inhibiitg HIV-} @Qtrrj (végs thepist magangpe COBSt Wit SEHL Idgmnotaﬁamng the eight

res S PR NEH e, e e B TEERR verBle o1 cgrigmion, oy ome

mem&ﬁﬁfeumm&‘éum@ fonthebingensidviby oﬁﬁdczﬁue CARstd inhibid&Sby SCH-C
n CCRS transnmenbrane (TM._ heli x and is not | ocated

Posigarhon 1t IO RS prememprang €M beboes mee Botpestedk wihin Biecpeviously
def@@&’ bﬁﬁgkggmeg&;g?lb[‘m! B¢ e»%l;ugﬁ‘ BRolves Mgﬁ@é OB Helic 1, 2, 3,

on s |es or am no acl

andslBuked od stodiss bhHarhinBacid mbimmchemCQRg?'EMHeehf?ggdshé that the
nfl uence the

f CCR5 d 198
i ORoRE rorsdstiah i BfachS oA S i s
(Bﬂg%k egigog(m]‘, %hgt?bﬁ(g&z‘%@ 4134). The identification

compounds t ul at’e the activity of chenoki ne
r eCHyst ndemjﬁcampr ef empouadgthat mathbletedhe gettldtyi of n::hampkma atoeptors

repfifots § eshADa AR e P ATPORS Bt RO AesEIORAEH of Plambsiological

agefits SfP he) SrehtBeRP bP 'didfdeb Vdsidclateﬁh&uh C&ememd&e&fptdrh&umy The
present invention hel ulfill these and ot her needs.

COU@@U@WNR\PT@EMDHEBHUWENP Iffll theise gt athermeedsnvent i on
provi des conmpounds of Formula I: R5 RS R7 OlZIIll ~
Ra, Re \WJ R1 R8

SUMMARY OF THE INVENTION
The present invention provides compounds of Formula I:
RB

R5
 R® \ A Gl
F;?tj
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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RWO 1 25 or pharmaceutically acceptable salts or
prodrugs thereof, wherein constituent nmenbers are
provi ded herein. The present invention further
provi des conpositions conprising a conpound of
and a pharmaceutically acceptable '
Qﬁﬁﬁl@ggﬁt i nvention further provides net hogﬁ%@sezﬁosmzzgog
modul ating activity of a chenpokine 30 receptor
conPhé presént dpvention fuithei provideefilthodeof wxating ardisshderassociated with
conpound of Fornula |. 7 WO 2006/ 004741
eXTESFIODSERSHY Y Qéegherrm@nqoreemtmlarmmtl COFPFiSing pdministering to the

I | ated with
patpe g%/g%gﬁ%ﬁ%gp?g it %’fﬁg@%‘ O?gcﬁmﬁn@ﬁ%g?recep or in a
pat Thépresentiiveticrofuntiien proeitiey metbods@f tregtingH IV iiféction in a patient
t herapeutical |y effectjve anount of a conpound of

corpprising administeriag f saidpatients, tharepetically effestivenmanng efe compound of
Fo ds of treating H'V infection in a patient 5
I'ising adm nistering to said patient a

theT'ﬁ’@@hﬁseﬁtainlvbhtﬁﬁf faethéxv providesint ceripoand AleReibed lefein for use in
Formula |I. The present invention further provides a
themp¥pound described herein for use in therapy. The

pr tord e

Ges 0 prisBlC efifor, Hildld' pRERY 3 SolphiBP Gillbed berein for the

preparaticrpdfshedicamens for uge inkerayy. S DETAI LED DESCRI PTI ON
Conpounds The present invention provides, inter alga,
compound of Forrmula 1: Rs R7 0 11~V e' Ra NWXY v

DE%A@.ED%EB@R@%TIOW pharmaceutically acceptable salts
or

prodrugs thereof, wherein: a dashed |ine indicates
Compoumds i onal bond; Wis:

The present invention provides, inter alia, compound of Formula I:

%\‘@J ixf,\'(

or pharmaceutically acceptable salts or prodrugs thereof, wherein:
a dashed line indicates an optional bond;

W is:
RA R®
P o
H}—; = vt
RA1 or RBt .
V is N, NO or CR?;
X is N, NO or CR%
Y is N, NO or CR?,;

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

RA, R, RPand RP! are each, independently, H, OH, halo, C,.salkyl, C;alkenyl, Cy
alkynyl, Cys haloalkyl, C, alkoxy, C; haloalkoxy, heterocyclyl, carbocyclyl, NR'*R™,
NR!°CO,R"; NR'’CONRR"?, NR!?SO,NR'’R", NR!%-80,-R*!, CN, CONR®R'?, CO,R"?,
NO,, SR, SOR", SO,R'’; or SO,-NRRY;
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RARB 20P1or R Vis N NOor CRS; Xis N NOor
CR2;: Yis N NOor CR3; Zis N NOor CR4; wherein no
nmore than one of V, X, Yand Zis NO 25 RA RA,
Reand RB' are each, independently, H OCH, halo, Cl.6

wbithdsooh al kenyl, Cl. al kynyl, C1.6 hal oal
al koxy, Cl. hal oal koxy, heterocyclyl, car bocyﬂqﬂ[ﬁm%"’%””

NR R12, NR1OCOZ2R'; NR CONR1OR12, NR O0SO2NR R 2,

NR R SE2C alkfll\C SRy, (C
S0 o sl Ws’%@gﬁa/ L s allFhA0-(Cialky), -(Cos

alkﬁmf(gsamnzé@maim) (G aayclpalkyDyCos ey, P JARKYISRY, COR",

OFR oy PR RS el %‘%@ Cf LT RS, @JR'“’%:?{"’ NE®CoR™,

NR@ao;an Nm"hcdmz ACRYRY COSRI? oEBRIRBRER %,COR1 1,
0 RLOR 2, carbaocyclyl, heterocycl I
RNR’ 0md aweaml&m dently, HRJEdnk )éualkyf C1s haloalkyl,

cL ST E, I TR PN o g

NR@SOM‘W QN’RB’ SR Ky Iheterdc¥clgl, al k@xbbcyﬂitl 6 carbocycly]oxy,

hal oal kox 6 thi oaI ko NR1OR12 NR’
hetexpeyckutous, g’N NO,, &ﬁ%s@@hﬂ%ﬁ ﬂ% SOR° SOzR"’, or SO;-

NRioﬁtzer ocyclyl, carbocyclyl, car bocycl yl oxy,
het &rocycl yl oxy, CN, NO2, COR11l, CONR OR12, CO2R10,

NOR’ iSRId?, C13eRyDoptia2ly shbstitiiteS6R 1-3ubéiRientslfldctediffonthalo, OH,
or Cl.6 al kyI optiopally substltuted by 1-3
COH, K Cae Akt B IGealkeX¥;r om hal 0, OH,  OCRK C02- (CL. 6

ﬁ[allﬁg;% Biy,%.él;%r?ﬁ‘oig%r @l J |Cé I?:I; 9 9

a‘fdeH,are each, independently, H, C .6 alkyl, halo,
Cl-3 | koxy, . 1 C al
03R6a8‘§/ éﬁ'mfb en%%{ﬂﬁﬂ%@ ¢\ aalour Cudeipelkoxy,
Y, al i oW e
Cos SpEReMo b séys%@éﬂ&ﬁ it BOIREL OUORYS Wl 88 €FF i i
omﬁ@lﬁtl@bsmute&gw% dneROt mioos) subistituents tshlectbd froay Bp Elamliumxy,oOH or
ch they are attached forma 3-7 nenbered
Co |’rocycIyI group; 20 R10 is H, C -6 al kyl, benzyl,

PhepR’ .and m’%g@meymt@%ié%bonm%% Ryl dleflmfia@ckad form a 3-7

benzyl, phenyl, or C3-6 cycloal kyl is optionally
memnhetedtspiraeystyl graup; 1- 3 sel ected from halo, OH, C1.3

R is H, C,.¢alkyl, benzyl, phenyl, or C.4cycloalkyl, wherein said C, alkyl, benzyl,
phenyl, or Ci cycloalkyl is optionally substituted with 1-3 selected from halo, OH, C;.;
alkyl, C,.; haloalkyl, C,.; alkoxy, C,.; haloalkoxy, CO;H, and CO2-(C;. alkyl);

R! is H, OH, C alkyl, C,. alkoxy, benzyl, phenyl, benzyloxy, phenyloxy, Cis

-cycloalkyl or Cis cycloalkyloxy, wherein said C,¢ alkyl, Ci¢ alkoxy, benzyl, phenyl,

benzyloxy, phenyloxy, Ci cycloalkyl or Cagcycloalkyloxy, is optionally substituted with 1-
3 substituents selected from halo, OH, C,; alkyl, C,.; alkoxy, CO;H, CO,-(C,5 alkyl) and
CF3;

R" is H, Cj alkyl, benzyl, phenyl, or Cs.¢cycloalkyl, wherein said C,.alkyl, benzyl,
phenyl, or Cj cycloalkyl is optionally substituted with 1-3 selected from halo, OH, C;.;
alkyl, C;.; haloalkyl, C,.3 alkoxy, C,.; haloalkoxy, CO;H, and CO2-(C1.s alkyl); and

pisOorl.

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



10

15

20

25

al kyl, C1.3 hal oal kyl, C -3 al koxy, Cl.3 hal oal koxy,
CO2H, and CX2-(Cl.6 alkyl); SR is H O4 .6 alkyl,
Cl -6 al koxy, benzyl, phenyl, benzyl oxy, phenyl oxy,
C3.6 cycl oal kyI or C3.6 cycl oal kyl oxy, wherein said
.6 al koxy, benzyl, phenyl, 25
ﬁg%@f oxy, phenyl oxy, C3.6 cyc]oalky] or PCT/US2005/022909
C3. 6¢cycl oal kyl oxy, is optionally substituted with | 3
substituents selected fromhalo, ORKsCl -3 alkyl, Cl.3
al koxy, CO2H, C2-(C .6 al kyl) andb(g:; 5 R12 is H,

Cl.6 al kyl, benzyl, phepyl, orO C3Z cl oal kyl ,
wherein said Cl.6 al kyl'| be ,Lbh.g,nyl or CS.

cycl oal kyl is opti 1 W~ WJt el wit h 1-3 selected
fromhal o, OH, Clg3 al Cl 3 hal oal kyl, CI -3

al koxy, Cl.3 halc%gh oxy), OO2H and CO2-(Cl.6 alkyl):
and pis 0 or 1. Opf esent invention further
provi des, inter alia, conmpoypds of Formula IT.- 9 WO
2006/ 004741 PCT/ US2005/022909 R6 R5 R7 0 Z Ra, Rs
or phhr&)&eWMallmcceptsblRegltsCOrprodmgs theeof mleeeivi cal |y

cept.ahl e sal. or pr.odr t hereof, wherein: a
&{@&hﬂ lipg 1 ‘fﬁ?&ﬁ’é@ Egtfq sonal bond; 5 Wis: RA Re
Pﬁ/@slor RBI Xis N NOor CR2; Yis N NOor CR3; Z

is N, NOor CR': wherein no nore tharg one of X, Y and
Zis NO 10 RA, RA RRaand R8' are ed¥h, independently,

H OH, halo, Cl.6 ;ﬁ[% Cl.6 aI kerxyl'\ 1.6  al kynyl |
y,

Cl1. 6hal oal kyl ar a Y,
het erocycl yl , car AY | NRl(PlZ R1OCO2R 1;
NR OCONR OR 2, NR 0 @LIR' oY NR 0-fSO R, ON,
COMRIsGRND ogmn 0, N, SR10, SORL0, SO2R 0, or
S02- NR OR12; R’3 is Cl. 6 al kyI Cl. 6 hal oal kyl, (Cab

al RisN,Q ar CB%al kyl ), (C0.6 alkyl)-S (C, .6 alkyl),
e

RA, RA, RPand R®! are each, independently, H, OH, halo, C;¢ alkyl, C;4 alkenyl, C;.4
alkynyl, C,.¢ haloalkyl, C;.salkoxy, C,.¢ haloalkoxy, heterocyclyl, carbocyclyl, NR'*R 2,
NR'OCOZR"; NR'DCONRIOR”, NRlDSOZNRloRlz, NRID-SO;;,—R“, CN, CONR'oRu, COZRIO’
NO,, SR'®, SOR'®, SO,RY, or SO,-NR!'R;

R' is Cy.¢ alkyl, C,. haloalkyl, (Co alkyl)-O-(Cy.6 alkyl), (Cous alkyl)-S-(Cy.¢ elkyl),
(Co-s alky)H(C3.7 eycloalkyl)-(Co. alkyl), OH, OR', SR, COR"!, CO,R'®, CONR'’R",
carbocyclyl, heterocyclyl, CN, NR'°R"?, NR'’SO,R %, NR'®COR"®, NR'°CO,R",
NR!’CONR®, CR"R"COR" or CR"®R''OCOR'%;

R% R%, R, R’ and RS are each, independently, H, OH, halo, C, ¢ alkyl, C;.¢ haloalkyl, -
Cisalkoxy, Cy.¢ haloalkoxy, Cy.¢ thioalkoxy, NR'*R "2, NR'*CO.R"’; NR'’CONR!’R ",
NR'’SO,NR'R'2, NR!%-80,-R", heterocyclyl, carbocyclyl, carbocyclyloxy,
heterocyclyloxy, CN, NOz, COR'!, CONR'®R"?, CO,R, NO,, SR'°, SOR!?, SO;R'%; or §O,-
NRmRu;

R is H or C;.¢alkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO;H, COz-(C .5 alkyl), or C;.; alkoxy;

R%is C,.; alkoxy, C,.; haloalkoxy, Cs.4 cycloalkyloxy or OH;

RY isH;

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

10
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carbocyclyl, heterocyclyl, CN, NRIOR12, NRI OSO2R10,
NRIOCOR 0 NRIoC 'O, NRLOCONR 2, CR OR'CX2R 0 or
CROR'OCCOR 0; R2, R3, R', R5 and R6 are each,

i ndependently, H, OH halo, C 1.6 alkyl, C 6

. Cl.6 al koxy, C, .6 hal oal koxy,
?ﬁ’%"ﬁ%l@ NRIOR12, NR 0C02R'; NR OCONR OR 2;? CT/p52005/022909
NRLOSO2NR1OR12, NR10- SO2- R*, het er ocycl yl,

op@ﬂ? %lui’dted \9%5 %&r‘ﬁ%ﬁgt&%ﬂ%ﬂ%ﬂﬂ F Oﬁg’ alikdhly, OH or

0; or SQ2- NR’ OR12; R7 is Hor Cl1.6 alkyl
optl P! 9su uf e 1- 3 subs uents sel
froﬂﬁﬁ ‘F%Siy R Wth%@fxr N@’f‘ﬁ% %’ra’ﬂn@ﬁ%f{ 1696'%)?;3‘7

oxy, Cl1. haI oal koxy,
cygﬁ Pﬁoﬁlygg%lpfmy Rs' |s H RO aﬁd R9 are each,
i ndnwemmem slkyltberyl, phemk ut Cs dratloalkyl, whereinksaidyC, <@l benzyl,

ph @@L%i‘bffé%wé?ws@lﬁ%é%@m iwetP i s, o',
a1EPE0 RGHAD, ECHILISI0 9 (S Ut e

or’ nore sub Eltuents ’se ect ed

al kEst H?al-b Cis ﬂBﬂRﬂhlﬂa aﬁknxyﬂ&nayi?ph@ﬁ}*lt abeg?ylbsy, phen)ﬂox)h €1
arbon atom i C re attached form a
cyelhIRE P B-eloB iy iy wisret st B pall C gkl Rehay k pheny,

bexﬁfféi?"pheﬁ’ﬁ@ﬁy Cas @%cl@cﬁ opa,C.J (gab&x&xoﬂmﬁaﬁioﬁmﬂsﬁ&mé with 1-

benzyl

3 sndpnmmaselyctsmfmmuham Qﬂl ﬂl i aikyl, G, ﬁékowx@azﬂ 1Pe-(Cals elkyl) and
CF CH Cl1.3 alkyl, C1.3 hacoal kyl, Cl1.3 al koxy, Cl1.3
hal oal koxy, COZH and C02-(Cl1.6 alkyl); RI1is H OH

Cl . R Hy ) ﬂkyl aaeamomen 1b@*ag>elcyc1@mﬂy\bheraﬁ@ainlcngmy1 benzyl,

phenyl oxy, . Io0al . 6 cycl oal kyl oxy,

phepile peCrs ce/aloelkms @paona;ly Su@lﬁ@daﬂﬂbk§ selmf;spm hgloc B, Ci3

sl ARG BHERK, 5 balarto CXRIT B or- Rty 40

subsisitardnt s sel ected from haI o, OH, CL.3 alkyl, CL.3

al koxy, CO2H, C02- &1 .6 alkyl) and CF3; Rl12 is H,
IBSQPRW"O‘BEWEW Bhenyl, or C3.6 cycloal kyl ,

vvher ein said C 1.6 al kyl, bqqazyl, phenyl, or C3.6

cycloal kyl is optionally substituted with 1-3 selected

fromhalo, OH C 1.3 15§al,,j< 1}€1. 3 hal oal kyl, CI-3

al koxy, C1.3 hal oal koxy, d C2{Cl .6 al kyI) and

pis 0 or 1. In sone enbod Ms, Wis RA N

In some embodiments, W is

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



(~ }p\RAt 20 In sonme enbodi nents, Wis RB RBl1 1In
some enbodi nents, Vis CRS. In sone enbodi ments, X is
CR2. 25 In some enbodinents, Y is CR3. In some -
enbodi nents, Zis CR4. |In sone enbodinents, X is N

WO Beywvsgrbodi ments, Z is N In sonme enbodi mepéysdeddrasee
X and Z are N. 11 WO 2006/004741 PCTI US2005/ 022909

In sone enbodi nents, Xis CR2; Y is CR34 and Z is CR4.
I'n smsmeenmmmx:sxznzsym’ ¥nd ZigER:. Y is CR3: and

X, T somi smborlisents, Vi Chork s 8| RO SPdZs (Bt 2. of
V. B o%e ?ﬁ%déméﬁsen h@%&ﬂ‘%ﬂfg‘hg E'\QdZ%eN‘ SOfTE

enbo none’ o are
soni wniemdibmdmtaus, it ledst 2/pr, XYy, &nd(Z ﬂ'e ptheNthan Nrbrme
d bn some

enbodl me a
5 r?@n}odmsnfsm@ne qiéfa%l g ax:

Clgﬁ%ﬁﬁ]&%ﬁqo}!&e?mhgﬁgargyﬂ angﬁ a 'tglxy, qo; 6Cil|6kenyl '

hallﬁabhm»mbodimdntx 2ofi¥W, Kn¥paidfeme N. RA, RAI, Raand RBI
are each, endent or C al k some
B PRE EORETSRE, » AM epbhad Ko i eas a)éﬁpengenyﬂy,HTOH, halo, C1¢

a“‘*‘ P GARR Gt sl I AIOLTT A FROR PP oaiys) )
10 or Ihsbmn@qbodMentsJ.B IR1°‘ slb?md Rﬁbud naﬂnhﬂﬁpeﬁﬂentbz, H]OH or Cy

alkal kyl. 1In sone enbodinents, R is prop-2-yl. In sone
. ®¥bodi ments, R5 and R6 is other than H. In sonme

enyadpre 'ah%odlﬁ’:'énﬁ TRA G | RPad R hﬁJe @@éhkuxhepenhéht@oﬂ?or OH.

enbodi nent s, is Cl14 hal oal kyl . I n 'sone
entlodome nn@odmmsstsﬂm alkpl, My@mﬁﬂyhe(ﬁos aleD-O<Ch alkyl),
or heterocyclyl.
15 In some embodiments, R" is Cy. alkyl.

In some embodiments, R is prop-2-yl.
In some embodiments, R® and R® is other than H.
In some embodiments, R® and R® is Cy haloalkyl.
In some embodiments, R® is C; 4 haloalkyl.
20 In some embodiments, RS is CFs.
In some embodiments, R’ is H.
In some embodiments, R® is ;.3 alkoxy or C;.; haloalkoxy.
. In some embodiments, R}isCy; alkoxy.
In some embodiments, R® is methoxy.
25 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 la:

RT 0]
g R? }\l -7 d
9R R N I' a
. k2

30 Y™ RS
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In sonme enbodi nents, R8 is Cl.3 al koxy or Cl1 3
hal oal koxy. S In sone enbodi nents, R8 is Cl.3 al koxy.
In some enbodi ments, Rs is nmethoxy. 25 In sone
enbodi nents, R8 is ethoxy. In sone enbodi nents, RO and
' th H In sone enbodi nents, p is O.
\g%goo i’@éﬁt&)s, pis 1. In sone enbodi nents, Con%%ﬂﬁ%z@ﬁ%qzzgog
the invention have Formula la: R7 ORa, RA RNt /I
INv -XROR1~?Ra RO OR RA 30 x,YR 12 WO
2006/ 004741 PCT/ US2005/ 022909 la. In sone
enbodi ments, conpounds of the invention have Formul a

| b,, | ld,, Rf 0O Rs R' R N RA ZY 0
o 1 sSpdlembOine s gompount.of the. ienon Qe e Tcic,of Hig

0 X-y"R5 Ic R7 0 Rez 0
R8
9 13
Rg. (p /Z]:R
R O X .
Y' R
b
7 0]
RS |
Rg. (p ,ZI
R¥ O X s
Y TR
Ic
R? 0
RE |
RS NQ(RU,\N
R®. 4 RS
R® O X I
Y7 RS
Id.

7 0

R B8
RS | R
RN R! ’ﬂ/\/‘l
R®. N _Z. RS
R9' o) Rm Y/ I
X
Y~ "R®
Ie
R? 0
R |\
al
R N-@iﬂ\n’j
R? N /ZI RS
R¥ 0 . I
X'Y RS

If.

13
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R8~-(N Rl NRO\ ZYRe 10 p XXYJ~R5 1d. In sone

enbodi ments, conmpounds of the invention have Formul a

le or If: RTORRa RRNR-N R (/,NZR6 9

-)) RB1 X, YJ~% YROR5 151le RT OR8 R8 NR N
W0'2006)088741R9" p X Y RS [f. 13 WD 2006/ 00474 1pCT/Us2005/022909
PCT/ US2005/ 022909 I n sone enbodi nents, conpounds of

the invention have Formula I1g: CF3 OZ2) Rs HReN - 1
-,:*-y R 5 1g. In sone enbodi nents, conpounds of

thelnventlo have Formula |h .or I.i: a Rs N~
Ni yin semgemb Rélipg Bcon)pounc!ls of the invention have Formulﬁg:
CF3
Z/
8

Ig.
In some embodiments, compounds of the invention have Formula th or Li:

re R¥ H /\/
ot A
RB1

Ih

X CFs
1Y

‘Y

g RY

R?j R | j\r CFs
RAT j/

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 “C;4 alkyl” is specifically intended to individually disclose methyl,
ethyl, Cs alkyl, Cs alkyl, Cs alkyl, and Cealkyl.

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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Ral XY ITh 8R8 HRh RNNR I/ ZCFR3 R, OXM
10 Ii. At various places in the present

speci fication, substituents of conpounds of the
invention are disclosed in groups or in ranges It is

@@%Mfdogﬁhl y intended that the invention
each and every individual subconbination of t'ﬁﬁj&ﬁosngog

menbers of such groups and ranges. 15 For exanpl e,

desbfibedt iRt ‘cbritet GF Khgle bﬁb@dﬂ&l@htf b&aﬁ]kd/ b Cgk@ﬂgg?eﬂa%aiely or in any

I ndividual l'y disclose nethyl,
smable)shbcmmbloyl and Co6 al kyI For conpounds of the

RO b B R ol RERRG oy St Pufibiarian eroup
whfcﬁ‘i’s dviui dits RaifiéPorbraiRhéd 'Eiﬂm%lg 311(;1913@1&:@153 lﬁelufeojhethywml &hyl (Et),

where a structure is descri avin gr oups

propyle. garmpmpnlumdamqmwl)y bptyé et ndotyb nsqbwl ststwl) pentyl (e.g., n-

pecfl Boree st enelh e GhY HRS ARS8 P8 poin T g pbowt 20,

frofiR2 tblabb®t Z0UFrbREr to2BBECID), fbAA ﬂoha&utqsefrbﬁl 1ntofagaﬁttﬂ $onP] to about
the invention, which are, for cl arlty, describéd in

4, Olrlﬁ'emcbm@!atlt:btarmlme enmbodi ments, can al so be

bl nbodi t
Corfvbien s, SPRUBR v e BvgBa (T eRBBRL o i o
ar €As ﬁséﬂ Heredy i I“Cy.4 alkyléneNe: {216 aH QdidyidneREthip Soattied S2H08 2 to 4

described in the context of a single enbodinent, can
carbanatpmse provided separately or in any suitable

b
ot g noekS el R8s B3l elolE shhEn e bl carbon-
carbol b?hdéﬁl@ﬁnp@a‘mt o kengtl gsﬁndndﬂmhbn yEptopehyd, a;rlclojnbxemyb umSthe like.
| ncl ude e
msowri hgrei, ,“g@ﬁ)gpyq%rs ¥‘b%& 5}(}/1 ﬁav%ﬂewr miore n:plle carbon-
n
cuthEIRHL ol o oRBRY hyd . SRl hERRET
f r cAm dsetl hendimu t“h@lOalkyl? mefiers2totan alkyd igroyOhavimg) omel ot cnore halogen

subfidis, rempl€ Bpoplkg 95 gl £ G, Buffact Bl 1, and

the jged herein, "alkylene" refers to a dival ent alkyl
group. 10 As used herein, "C24 al kylene" refers to an
al I«A,sl usad hepeigw farplS mpfersde thoppeyichio ar polyayclic (e.g:craving 2, 3 or 4 fused

ringaﬁt Aotmhatic 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

15



10

15

20

25

30

As used herein, "alkenyl" refers to an al kyl group
havi ng one or nore doubl e carbon- carbon bonds.
Exanpl e al kenyl groups include ethenyl, propenyl,
cycl ohexenyl, and the like. As used herein, "al kynyl"

f n al kyl r havi n n r r
BbSookRan al kyl group ha g one or nore
cgrﬁoﬁoo é carbon bonds. Exanpl e al kynyl grofd%sezoostonsms)

i ncl ude et hynyl, propynyl, and the Iike. As used
grohﬁs‘; fakfde c%ﬁ@*ﬁ)’éycldbﬁﬁyg Sc?clbﬂen?ﬁ @ci&lﬂéxﬂrcﬁﬁﬁhaﬁw E‘ﬁ:lopentenyl

or nore 0g€en tuent s. npl € hal oa
cycgmoxwl icyrclobexadiergd, cxciibsptattienyl, n@bnrayl, n;pnpmxl nm adamantyl

and Y3, ik o gy A5 B oo evcloffY g mietet g have cog gr more
aro%Qtlt.r hﬂgbsﬁlseﬂr(f’éfahdv‘iméﬁ’ BUneGR ERRRSn S4B todWo cyCRAIKGKARE fér example,

phenyl. naphthyl, anthracenyl, phenanthrenyl;
benze damalnves ofd:em}thq, pemtene, hexane,laad medmsdnsomﬁbmbomm, cycloalkyl

srofLipafiave Rivm st g8 g0 galitlo dout 2t P anghl 7 sin

forrﬁﬁ@tcﬁfb%h REbmiYO 16 Q6HE EmBditbnts)the cyeRamts) grbiip euﬁ%woa%%is 4ors

cont ai ni ng one or nore doubl e’ or triple

douby:cdri tiiplaypandsc dn b’gﬂ'ﬁlﬂk@' embiodimeats, oxgenrimary sing-foraingrarbon atoms

4 fused
of ey el B ot By et i an e of s etelfy opy1 1o
cy A Phised Herei Y DeRRRPELY”, orCheleRIPAY! refisty € aheRiadd or unsaturated

cycl opentenyl, 1, 3-cycl opentadi enyl, cycl ohexenyl,

cycma hydworsrbon Mbersitpne on arase o the nw&mmgycarb%ms ofzthe cyclic
hydbodpon 1€ safER 85 4 helrofiaf 4 50, 87 of N Blfichily oy con be
aroxﬁfﬁw@lgmﬁéﬁma@ﬂﬂbﬁﬁwﬁiawmﬁb%l $“l§bﬁiod3r@lbﬁlkfyl”9n}la clgDgroups

3 to about 30 carbon atons, out 3 to about 20, out

can 3alse egstsspondp to ohydmﬂ@mtect @é agsally 7hydrqaqga%rhﬁtqtgaryl groups.

HetfrBEN bl Ran R1d8 Slepb orolvoyafir e oh dmfiby 2, S 8 fiseliings) ring
systamkeﬂyierocydyﬂ grbupsregh be chnnq:lroenzélj/aﬂ lmalﬂg;ﬂ-l@mrcﬁd’bangdﬁrmmg atoms.
i ncl ud no- pol ycyclic .0., havin d'%,30r4
In sqme ¢ tsy otﬁ&r%%h)érgow @ |°°%r§msapr%i fighg to at least one
I I
hete%éé‘fi_é Tom sUGii égsgtlgdﬁglrlga%éﬁg 0 lg ]X%Cfﬁgqgé@%gé 4Bout 7 carbon atoms

and cgal:bomﬁchdsd theough @parton latonc yx:hawreaiyxh, Imijaﬂhcﬂmﬂioyllments any ring-

N TR T S
nitré¥eA "Hdth Yehn beQﬁﬁtehﬁ&d' 'Eﬁmp%sséf hetérb&\8d grbupsticlude morpholino,

efinition of cycl oal kyl are noietiés 't hat "have one or

thiomorpholing, opipeteeinyl, fgalydemseranyl, detrabydrothienyh Bérdihydnobenzoﬁxryl

13- BERBEO | L birla it PRI o PYRRBAREE oisPeridinyl,
isothiZefidin gn pyedreli R0 dxkamilitimyl, aiezdlidingy,| um&izeumylc afd B ke, as

froma out 3 to about 10, about 3 to about 10

wellptsoty of the Gk Lssed belgn’ for, Brterganly mel, terRSIclqayb S mEurther

exarfIg RATEEYKE OG0 YraRidn, P RcRag,"Pipiioinyt” phenariny)

pherotiiaxinyle phenoxathiiayd; phenosazinyhg phthalm_anyig piperdzinyl,apipeddinyl, 3,6-
dihy fopri ,C gﬁ%g—lteng&?%pfnadr}l,bel,ag?é{e%}dggpy%y n ﬁégnc{%nyl, 4-
piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrezolidinyl, pyrazolinyl,
pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl, pyrrolidinyl, pymolinyl, 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, thiencoxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-
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10 As used herein, "heterocyclyl" or "heterocycle"
refers to a saturated or unsaturated cyclic
hydrocarbon wherein one or nore of the ring-formng
carbon atons of the cyclic hydrocarbon is replaced by

Wwoléerioanom such as 0, S, or N Heterocyclylp(gr,@gig&,ngog
can be aromatic (e.g., "heteroaryl") or non-aronatic

(e.qg., "heterocycloalkyl '). Heterocyclyl groups can
tn@bl?l? 93] ﬂrtﬁmﬂ,d 1.2¢ ﬂiﬂ}mtrlplg e 13- ﬁﬂz&lyﬂd xprithényh | dcyahydro isoquinolinyl,

o A e gg LT SR,
gAY g AR LB M i

quigiiclidiny], hdmdﬁmlremnﬂnyljlhemmﬁazdslﬂl; demmofiranyl, bpmuﬂmfmanyl benzo-
contain, in addi &on t.o at | east og& het er oa m fro

thiophemyl, 1bengoxagely l, bepgriagolyly bepztetmzo ne'soxamlyl

el RS AT meB TSP B i

deda+hygr021(iu1bhnyh I’l?@{,ﬂﬂif]biﬂdnhlazhgt, edihpdrofuraf2,3- Hjtet‘alxydmkbfnm, furanyl,

(e.qg., n o o) su] fidp substjtuent),
f“’?‘ﬁa’t]}%og% a2ply qegbaae}a eF‘HB‘%lE’é{P eiuaﬁlamés giomenyl, cinnolinyl,
1m1tH fEmyY, ﬁil‘%il 2! Sim‘idﬁ% ell-fm'f ii Eﬁﬂo en?rl mdohnyl indolizinyl,

i onmor P pera2| yl, tetra

indblgrt,rﬁhyndodulhlsehgdzpﬁﬁmﬁ'l chscbv}mbmﬂnghasﬁmﬂagbly] _1sqmdolmy] isoindolyl,
B M TR T T —
-yPWﬁEﬂBﬂt@Ll‘}Y b{rré]xﬁilokﬂﬁ@hﬁﬂ{ﬁ -1yl Bip@ﬁ%lldjr Pﬂrrrohdm-l -yl, 1soqumo] -2-

I'm dazolidin as an

yl, D!miugﬂ c»d,pl‘.fi-ldﬂvdwméhd\nylf ZJ.B-dlhydrcemdwhdwl '1,349- teuahydrocarbolm-Z

31§ ncl BIBOyT FRVERTYS oo Sl PRHGIORs B HEAEL] 2 fpdol 2-4,

1 Jﬁm@!ﬁ?héﬂ&hydro-@?ﬁﬁihbpl,ﬁi] qhinblin-BRE rma@sdu[l,m]qmnohn -3-yl, diazepan-
henoxazi ht hal azin razinyl, peri di yf
195, 6. 1d4,$m9d¢tmbydrpcﬂ}i-be@0fﬁ/1®qempgu-ﬁaﬂ»ydr o445, &4 0b-heXabycro-2H-
d
X A ST T T
23,9)7lﬁtaﬂ'ahw}o—lﬁwmu}dudzy¢an-lpylr aool i nyl, 30 pyrazolyl,

pyr| daZ| yl, pyridooxazole, pyridoim daz
pyrdd »e¥‘e‘65ﬂafyél' | ERpPpS ﬁ%"ltﬂ)ﬂl aro Qt}ﬁqq)qyy]e having at least

onemé[e%ﬂb?/tg rrﬂxﬁlmed?ﬁ( sQdY 43, Jul.fﬁ?-? 3% Sggllux?&%g gd nﬁe&'réﬂryl groups include

tetra ofuranyl, tet
monaeywla:hym& pqucyuixicl (eyd.,, havirig a,za| orl 4 fused rings) systems. Examples of
di I
hetefogs3T, ioRps, e WO lisugtigh syl GYYRIGDY, pyrezioyl, pyridaciny),

ma&nﬁ; ﬁn*lfmﬁahﬂ)z Qlﬁiﬁblyl tifdqRfblyl Gin)éhyl{ kﬁ]ﬁ@l}’ﬂnmf?'h RdBIY]; pyrryl,

hi azol hi'enooxazol yl hi enoi'm dazo
oxamiylopmnﬁuryl b¢nzaﬂm emyl, beqztlamlylmowlzbwa@d&kmazolyl tetrazolyl,

o5 PR o 20E i b5, iy

1ndd]ﬁ1§'lahudi ﬂ&ﬁl&oqulsﬁﬁblemﬂodmeﬁtsaﬂjeWI group has from 1 to about 20
3-oxadj azol yl, 1,2, 4-oxadi azol

carbph atognso RetiinGghon mbpdsn@%fx%uﬂh%l%ym abo,20,48Fbas; aigams. In some
| |
emtfifdlslihe bERABIN ol oatalild s 158 143 0B, b b 6 ring-forming

atomr]nmomplemm;dmmnmy the hmma'ryh giouzohag| 1, tokabouatod, Llrtambbut 3,orlto2

he benzot hi of uranyl, benzo 5 thiophenyl, benztxazolyl,
te %i azol ylI, benzthazolyl, benztetrazolyl,

bewsl ol eﬁeeélul “heted?6eyEloRRY ™ RERS b, noﬁﬂt?dmﬁﬂcdﬁ&eﬂobfﬁlés including
Ienedloxy henyl”, norpholinyl, na hth%r|d|n

th
cyclm_gé aYlwycﬁll@qml aad iekgmyl mrwllers 0D%|0F FIO&Y phthie, ring-forming carbon
atonfd ﬂwlﬂgceh' b9 h%?a:@&t&ﬁ%hﬂ%%%?ﬂ?ﬂr S awn?.rﬁgamﬂe “heterocycloalky]”

groups include  morpholino, thiomorpholino, piperazinyl, tetrahydrofuranyl,

n
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furazanyl, carbazolyl, 4aH carbazolyl, carbolinyl,
chnmmanyl, chronmenyl, cinnolinyl, imdazolidinyl,

i mdazolinyl, imdazolyl, 1Hindazolyl, indolenyl,

i ndolinyl, indolizinyl, 10 indolyl, 3H i ndolyl,
wobssawefsyr anyl , i sochromanyl, isoindazolyl, pcrus005022909
i soi ndolinyl, isoindolyl, |squ|noI|nyI

i sot hi azol yl and isoxazolyl. Further exan‘pl es of

tetrﬁl@cﬁﬁtﬂiéﬁ?l Q??a-dlﬁﬁdrdlﬁ&ﬂz@ﬁgﬁl DB benzbdiokole, benzo-1,4-dioxane, piperidinyl,
-dlhydroIH-prro- i perindin-Iyl

pmlqdwé.zuwxnzqh iny yﬁwanmiQMIfypyrwsz.nemthw thiazolidinyl,
il g0 e e Ao It ) Rt of pteroycloatiy g moietc

thaty havet diﬁeeditoinarei%ar@hﬁw ridgd filtkd Yile., having a bond in common with) to the

3,4, 10, 10a-tetrahydm | H-pyra2|no 1, 2-alindol -2-yl. 15
nongromaic4 hetsrogyohisx AMgifer. |SyRmple npithalimidyls pagathalimislyly| and benzo

U e R okl SBRRAD k1 some embodimens

the lleténoé?cl&lﬁy]@@:ﬂm oyt o 2idut 2ecurisdnf dw:ﬁs;qud nﬂfurther&wﬁodlments
8a-tetrahydro-| H 2-aza-cycl I nden-

3, 3a, t
ﬁoraﬁagutzf % aboyl 2@ cfrany aioBs o a&% mb&d”@?mt?.a@@ ﬂs«aﬁrqcyglpalkyl group
conéﬁlsl’hs qibg 'Rl B1oa ‘?fd?%w' L Hﬂﬁ% 55&1? I &n?enembodlments, the

etérocy e ’havi ng a
hetdnadwraaﬂdyblgraupn]ysnbnbebommh tasatout 8Lor lctnnghetcroatoms In some

ety ive BecigereidniofngoBs esnpns, O Kok g sfords. In some
eml&)ﬂtﬁlgout me%e&?@éyeﬁ,am 1 %/:Bﬁ‘ﬁ &{n%ﬁs‘/ﬂ 03 9& or lé‘g@nds

['imtation, pyrim yrazi nyl ,
py rAsd aizéch herein, t'r‘spammjzﬂl“ réfersylto (af Grldnmembemd| nydlgdlkyl or 3-14

me%w; kbl Ve ! Hadazolid o b1 2200 ¢! e 8oL W i o

bjk?lzﬁouﬂ to wmwamlmbhedpyr azol yl, triazolyl,
tetraz 25 i ndazol yl, 2, 4- thladlazolyl

| sdcsmsac&gmm, “hsler’ oo { halegep! mcbldps fuaro, c@h:rrwzqmwand iodo.

DO RLREE o e R PR el imeld W Rpes inlude

methdky, €600 propooyte. g. af-‘-ﬁi'opbkyf dmﬂt:&o@ropeﬁib)pdbm}t, @nd theike.

about 3. to about 20 carbon atons. |n sone

G diserbbarein, ‘thigalkeng refarsye ayrdnalkyLERERI ns 3 to about
14’As3u§e‘a Eieiﬂt %m]o ;é’f]’t Pefbrs 1A 5. Mﬂkgla%&?}g: aIb%ll],l (example

sone enbo |mehts eteroaryl group
halod],kojtygmupiscmCFﬁ or 1to 2 30 heteroatons. As used

h het e f t ti
o8Bt heren. TeRbbeua e e o o <agTMal kenyl | anc
al hwédwaﬂ,p%ymﬁkﬁoﬂwemﬁfsmyermﬁ@. ring-formng

carbon atons Is repladaced a héeteroatom such as an

0, Aisiusesthegeing ‘sanboevciiadk ™ rdf@s tor alkylohbsitied by c@qurplgl.

e SRS R or dGRIE s en Al BE Msctuted by anar

groupCT/ US2005/ 022909 t et r ahydr ot hi enyl ,

2, 3- dletleydrqbenzofur - benzodi oon

beAs ¥ lﬂiﬂblél F‘%fFli‘q‘W and}s:ylraaremn Wbfituted by an cycloalkyl

gsoxazolldlnyl i sot hi azolidinyl, pyrazolidinyl,

xazolidinyl, thiazolidinyl, i m dazol i di nyl, and t he

i As. uséﬂslmrem,c Fhederdcyictyldlkyl” drefersnitd iennalkfl moiety substituted by a

het IoaI kyl a Letie hat have one or re ..
neteSi RO pRgs Fraals ReTereyci5 iliol fpugs rﬂsﬁl&* - hetBrgRRAHI” (ally
subsﬂtui&d) 'b t héterdaryhn ahﬁmt“‘hsteﬂfé aaﬂgyx f(d]ﬂyl f Qubstituted by

exanpl e phthalimdyl, naphthalim and benzo

heterocycloalkyl). In some embochments hetetocyclyl I 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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derivatives of heterocycles such as indol ene and

i soi ndol ene groups. In sone enbodi nents, the

het er ocycl oal kyl group has fromlto about 20 carbon
atons, and in further enbodinments fromabout 3 to
WPhcoe6/@a7dgar bon atons. I n sone enbodi nents, tHET/US2005/022909
het erocycl oal kyl group contains 3 to about 14, 3 to
about 7, or 5 to 6 ring-formng atons. I n sone

enbBaéi wempeunds desaribed chesain HpR | tsaRYFImEic (8-h vingrepe or more

abou
st sebeeoBihy hes 2 gt 60 BlBlBey, 1 iBET0 wntes
othérwaiseU i dicafd) ASompoundO g the njresehniiMesition it contain asymmetrically
het er ocycl oal kyl group contains O tqg 2 doublge or

substntuqsﬂ ccathoniomgan, e iolataddp rpptwasim acBvs o1 Jacemicciogpy Methods on

horf e ERERT, ek Rl i BRuchiy doc EERREAE fhasrils e kpown i

the Q¢ lseeH Ky by @ésolution heftrecentiy Qhﬁl&i'dﬂdr hjrrmaosbbcm synthekis. Many
is attached. As _used herein, "halo' or

geometricysemers| efoplefinsg (K=Y doubly bensls, mﬂdthecldfs wgb@ present in the
con!;l:'% Oﬂsndescﬂtéﬁoﬁééel& i dneﬁﬁ sﬁ?xnﬁgble QSO?LE@’ Lrquoﬂfé ﬁé&?ﬂphﬁ present

Xy groups 1n Y, rop
invéntiph oamandamhsl geomeBioaxamers of lrm:t epmpoundsdoft the plresm in¥éntion are

used h re|n "t hi pal kox fers to an -S- group.
desertped and gy t#asw%m@ﬁgmerﬁ ewrsgpar%ecﬁﬁomenc forms.

&%@b@gbﬁég e*rtl'gf1 lr’ﬁﬁ] ﬁmh@ﬁdyl OXY 5i?l)ef;ﬁ%ﬂer s%tk} ok Bf numerous

methﬁﬂsdarobm:mcﬂ]ylart Aﬂrﬂem;ﬂs&ﬁﬂhd nmxiludes fragtidnehteempistaklizhion using a
fers to -0 a | . As.used herein, , . . .
LRBOILIP) SFIT WHoD s b PROCRAY ey Seliiming cagmis acid. Suitable

res&ﬁﬁ@‘&@é’:ﬁ.‘: )fcl)r fréctioAd ﬂéﬁﬁdﬂ%&h%eth@dsa&rkyfor eSlEmPle o%t:cally active

arylalkyl™ refers to an alk group substitu y an
aciday sich ag ﬂmlb and\b fambﬂmtmcmcld d»}ecttﬂwmyt atiltydibenzoykartaric acid,

mar@E, 8 e A Bt R b e i, ol e Smon S ecias

suclﬁﬂd S—tc)(mpﬁdiblﬁfdnld%cﬁij Mer@esoﬁ%@@éeﬁfs%ﬁ&ﬁl’@fo\‘ FHa¥tionthl @MBtallization

Exanpl e heterocycl yl al kyl groups 1 ncl ude
methdnistlmlmdfr si¢redikgrhéricaly payre forms hnfm-meﬂlyelﬁeﬂzylahnnetecga,r&m R forms,

or ad " het erg@/cl oal li_yl ék)%p%@cwﬁg%%pe L %phed.rine, N-

metﬁﬁ%;?rfs i 'c%ﬂﬁ%ﬁ%ﬂe&?[aﬂiﬂi’é 1783 Em{nb Oyl o’ﬁekﬁe,zﬁldctﬂé Bed

| east one ri ng- orm ng
heﬂhsdahcmmf rAsemis auxtires edmal¥oobeodarmiestaut by ehitlo:m on hsol@n packed

mttﬁegzg gq/rt}%o PCT/ \ﬁ%@{g}g / 290 u'oHe C?'la ﬁuﬁé&a%ﬁe elution

solvsﬁt%ﬁ@@ﬁﬁéﬂ@)be de{ehnﬁab@byaehesman the et as enanti omers
and di astereoners, are intended unless otherw se

i n§ompoueds qﬁrtchmmsh@f ajspeinglude cpwtomarie formas, fuehtas keto-enol
taut&ﬁ&g.a' n asymetrically

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 trittum 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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substituted carbon atons can be isolated in optically
active or racemc forns. Methods on 5 how to prepare
optically active forns fromoptically active starting
materials are known in the art, such as by resolution
Wb 26@aBHas M xtures or by stereosel ective sy '
Many geonetric isonmers of olefins, C=N doub@&ﬁ%@é{mmw
and the like can also be present in the conmpounds
aniflRI CHitHOH BREeSivh t@acitydl fritgic) AleAll SedpdMEETSt Bft@r problem or
contenplated in the present invention. Gs and trans
compdioatian; cominsnsumate with artasonablebsoefukiskratiche pr esent

i Tt GBp SRR gPsog eGi HpBRRee QALY ProBhEfE Ssals of the
confpRafdsUddsribedf hardlf CAL Gisdll Merdih, S phtimaciRAUN e chtableRBlts" refers to

carried out by any of numerous nethods known in the
derixatives fof tieadistlesadecomppunds whdesin fheapereningdmpound is modified by

conif) 3 AL PR APy, B o EFRC Y APeF B fpmaceusiaty

accépdbile saltd iifioARleS but! 2@ Abt\lintitkd A8 Shibéral G orgdn@Cdcid§s of basic residues
recrystallization methods are, for exanple, optically

suckies aminessalkal or orgenie ivaligsof avidipresityes such rameaboxyli acids; @nd the

ik PR b S, 434 U of ORI s 3 Gpgeniona
nonQtit Gsalté Yor abé iquateiRP A ioriuhoBAle 6 thdSparéitt Cddonddund formed, for

a- canphorsul fonic acid. O her resolving agents
exaggple; Fomaondexie ingeganisraiorganicscids) Thesnhampaceytically @eceptable salts of

| nel reoi ' r . . .
he RSP 018 A2k o o Top Bl whih conos b o
acidit molety by oBrventibnay cheniieal fro¢thmls, Genapdllyn yhahl salts Ban be prepared by
nor ephedri ne, ephedrine, N 20 nethyl ephedr|ne, ,
reacging: fhsfEseyacid oryaseorms of thesegompoppds il sieishiomesrikamennt of the

appxjggﬁﬁe og% ld%‘;(}o{él’] Rhtef BF GVafi og%ﬁ&&ﬁ%ﬁa& fil 2 re of the two;

rrie ution on a mm packed wt
genavlly, nehdqueaustmedia lilesather, etiny] acptate, etlmngl, jsopropanol, or acetonitrile are
di nj ttobenzoyl.phenyl cine). Suit e elutiop, .
prefigat, Lis SRR S et Rroniabtan b S eHficabfioncet 17th ed,
Mack "PiBIBhiRE L Corkioul O BRssn, Oba. t 1e8SI BV qalls QAd dodkhal V7 PRSmaceutical

tautomeric forns, spcrj as ket o-enol 25 tautones.
Scie@rpa6 2n(d987 Df each of whigh it incorperated hersin hiyrrefersiee i iks entirety.

¢+ Rf BiSSe i RuBoR 36 fasie ot BF e SBLPRMRE RieEhef orei. As
used h@eina MBroatugsh eeferionify cdvdlendly bbided darers SvHichThaéaSe the active

For exanpl e, isotopes of hydrogen jnclude tritium and

gen |

paregle drugr When aduinyiered e s mamsradinpessbiget Fapdryssa st e apppared by

. i . e O . .
modffipE gt AU e th e Corbubdi R 3uclf TR9 A modificatons
are dé@ed,\é\?iﬂlhi ih tcutiné aapipulation 90 Dnﬁzaretdithabmjemd@m?ﬁﬂds. Prodrugs
. .Suitable for, use,in contact w the tissues o uman
mcl%'eicag@o‘grdg WWW@'@W&B‘G@M% IS GBEPOUYIRIOYPs are bonded to

, ok b 55| i i bt
any gﬁ"gr g?’d"vnrees pon[ggé&gr gt er pr oEﬁs%erna’ocpédvc%%pﬁapgaatﬁllegnh,ydmxyl’
aminpo sutEyduyl, ar eanbpxyi groupgraspectivelye Eisemplees of prodfugs idcluie, Hitare not
i 55 S 26508 B Bk DEhAIGR HBLIBL B At Wnctonal 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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conmpounds descri bed herein. As used herein,
"pharnmaceutically acceptable salts" refers to 5
derivatives of the disclosed conpounds wherein the
parent conpound is nodified by converting an existing

WO Moddoagse moiety to its salt form Exanpl eg
pharmaceutically acceptable salts include, ?%52005’022909

not limted to, mneral or organic acid salts of basic
residues such as amines; alkali or organic salts of
aci di c residues such as carboxylic acids; and the
i ke. The pharmaceutically acceptable salts of the
’ﬁ%ﬁsent i nvention include the conventional 10

Sy Stoxic salts or the quaternary ammoni um salts of

t hecgapsids GTRO Hiveniidd! RfdidgOdalts, hgweal énd §01¥4Rs thereof, can be
non-t oxi c | nor ganl Cc or or ganl C aCI

prepired msiog knowa ofganigcsynthesabiechniques andéan herﬁemwmmccordmg to any

i nvention nt hesi zed fromthe parent conpound
Of%}??e&?]“scrﬁ’ﬁ?lg]?ﬁgnqﬁ tlfyg}“& ‘or acidic noiety by

CONYRNfeh vk f ?}ﬁéﬂaﬁﬁb cb® 6’191% of B8 NfieAtidn/oan b Ghrried|dubin suitable

can be prepar reac ing the free acid or base
sol ventsnwhi. cmb@@aélbrquMsbywnp lof skll:_ltubthe lartokergants synibesis. Suitable

of .t he ate basg or .acid ter.or
sol Vbt AR @, UL Romrdyel s o Bl puetlard Teelants), the
inteSRBERR,! of pro@itid] BEMe SeriPéthtarek iak Qvtﬁdhhme red2tibid are Cbriddeout, e.g.,
et hanol, isopropanol, or acetonitrile are preferred.

temmmt@esbwhxsh. camtsnge Eoimithe salvent'fprzing emperatit ©rthe solvent's boiling

R TN T T -
sol\FéJiiﬁl’[Pﬁp&@cuhg ealthe %ﬁ;@ﬂu}&eacﬁﬁn stép,(shitably soleasforfa patichlar reaction

i s incorporated ein by reference in its entirety.
stepenheselsstedent i nvention al so incl udes prodrugs of the

corm_ d ?Cﬁdngo%nhfrcﬁ" the 'ﬁﬁr Pﬁél?dcaﬂe Iprotectlon and

pro ugs refe any covalently bonde carr e
deprdiectionroflverdees dhemical groups. Thermeed fafrpugtestivarand deprotection, and the

b 4 NNl A A AR
The Jh%mfisw %Jd &n‘lﬁWoﬁﬂBaYortéiﬁnPEdiﬁTWtGﬁgﬁe and P.GM.

are c I'n routine mani pufation or .
Wautsi \Pwtettwetdﬁmup.awemrgmﬁwm 3Rt cE&,uB’sleﬁﬁlﬂmb ubhe., New York

ds. wher ej 0X am n f hydryl, or
(19@3“%85?&5 ﬂ%ﬁ%@*@.“@‘y tl‘?'o%{-f %F‘éfegﬁp that, when
adrR a8 casl be %cﬁutml:éréﬁﬁ%”ﬁh hitable! 1B@HEE khwi B fHedurt, For
free hydroxyl, am no or carboxyl group

exampbp@@de formatiom eph e mompmfbl bu FeciIpseapite mepns, ek as nuclear

maghgl pRspiRrE St PaseBT e o b8 R R e SRESNS spectroptigtometry

1, eV Saxite) el masé spedBoinBiys Hri 9Nchréth&d Quthaaachi 196
(c8 rodrugs@:’]s di scalsssed P??ET balrkg;“:1uch| %gﬂg'nd V. Stgis?e rance

hqwdwlﬁormtaggplamlormwgrm y: Vol . 14 of the

Car il epl?‘;f%e g}@ﬁg ﬁém%@ﬂqﬁ%m,a g’g Eﬁ\’o‘ar&%gﬁfgn% in Schemes 1-

13 tielaw, whereLdonstithenfsearherstof the depidteBdorgpiarrarédefed h&&ﬁﬂ

bot h, of which a ere cor.porat e r ef renc

© e ARPRERE oSy o5l 08 (G 1 S rbishRPS 3588 dhe Frotocol
desc%asea RESiHemicaTRY REMmRtcidllyCavailatid Edrﬁé)syhb rasidbndl Ren B& l:&lﬁrerted to

hydrates, and solvates thereof, can

an ester such as a methyl ester by treatment with lodomethane/potassmm carbonate in DMF.
The resulting ester 1-2 can be subjected to an alkylation with a halide such as an iodide (R'T)
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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5 prepared using known organi c synthesis techni ques
and can be synthesized according to any of numerous
possi bl e synthetic routes. The reactions for preparing
conmpounds of the invention can be carried out in
WQi200610¢741 sol vent s whi ch can be readi |l y sel ecCGIdu$2905/022909
one of skill in the art of organic synthesis. Suitable
sol vents can be substantially nonreactive with the

enagticpuré agjd et rn b sulfiecterd: toas hdrogenption| epingna stalya such s Pd-C to

oL .products af the t. ratures at which the reactions

aﬂ%ﬁﬁé&ﬁﬁ%@%ﬁ?’fﬁ‘é?ﬂ.ﬁw t enperatures which can range
fromthe solvent's freezing tenperature to the
solvent's boiling terrperst ure. A given reaction can
be carried out in one sol &1 a mixture of nore
than one solvent. Depending on the particul ar

reaction step, suitable solvents for g particular
reaction skep can be selected. 15 Pr

_ gpar ation of
he MelatiQaon (S‘fm gnv
tecéi on OEM‘#a”.ou %eH

S ol pr BAAYHIF
m groups. The,yeed
for prot®ection and deprotection, 3 d the selecti of
approprilate protecting groups can e readily
determ ned by one skilled in the art. The chem stry
of protecting groups can be found, for exanple, in
T.W Geene and P.GM Wits, Protective Goups in
Organic Syniphesis, 3rd. Ed., Wley & Sogs, Inc., New

York 20_(1999), whimHmikesHi ncor por ated her ei i
rgﬁ@{mﬂs aﬁfﬁé.—ﬁem Aan b %ﬁmp&
accor di et any sui™iBbbe® net hod knes#Rin the art. For

exanpl e, 5 product formation can be npnitored by
spectroscopi ¢ neans, such as nucl eat4 magneti c
resonance spectroscopy (e.g., IHor 13C) infrared
spectroscopy, spectrophotonetry (e.g., AV-visible), or
mass spectr etry, or by chromatography such as high
perf orng i quid chromatography (HPLC) or thin
| BpehN Fat 6gr aphy. Exanpl ary synthetic routes to
conpound the invention are provided in Schenes 1-
13 bel dws where constituent nmenbers of the depicted
formul ae are defined herein. 3-Am nopentanecarboxylic
acids of fornmula 1-5 can be prepared using the
pr Qﬁy@lbgbntﬁifb‘é%bi}q{é_ dciis ftTefmuld 2-SThi B piepared aking the grocedures
avai | abl e carboxylic acid 1-1 can be converted to 30
outlingd irs Behems 2 The soramessially |availabler3-pxocy¢lepantanaearh@sylic acid 2-1 can
[ t S| r j . / [
be coRPGREG03R R B MR BAP G b the A RMet 22 can be
protb@éd ietreatraént adtharimets oithofétmale intisd presedcdosfam agldidicatlyst such as

pmaglﬁe%ﬁﬁ%gi%ﬁﬁt ﬁlgtﬁis;fa : %3 'Ls | ?tel)?ota Q\éﬁéﬂnaﬂﬂyow eltitpgﬁg R'T) can
be a%@lﬁﬁm bdte Q%Jh%'ﬂmghgyﬂg%fs of lated ester 2-4 using a

tereonmer can e renove stallization
basefsuth asdLiOfl, NatFbon/KOH prévidesahecatmxyhoacids cfdomnuld BeS.
resulting 21 WD 2006/ 004741 PCTI US2005/ 022909
enanti opure acid 1-4 can be subjected to a
hydr ogenati on using a catal yst such as Pd-Cto afford
the saturated carboxylic acid 1-5.
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Scheme 1 0 1O /~/~Ove LHVDS/ THF BocHN OH Mel / K2CO3
BocHN f DM ~ Rl 1-1 1-2 O O BocHN Owve UCH MeOH
BocHN OH H2/Pd-C/EtOH R~ THFIH2O - R~ 1-3 1-4 O

BocHN RL OH 15 5 Cycl opentanecarboxylic aci ds of
WOrid/@415 can be prepared using the procedurGEIsUS2005/022909
outlined in Schene 2. The comercially avail abl e

3- oxocycl opent anecar boxylic acid 2-1 can be converted
to an ester such as net hyPck@meg The ketone of the
resulting ester 2-2 can be protected by treatnent

with trinmethg orthofornmate in the gresence of an

acidic catlyslt sucheag,cokO par at ol ugnesul fouH id.

Al ky! aﬁ@%@'ﬁe-r—esuﬁ-tﬁﬂg @Wt%l

i odi de (R+) can beP¥conplishedlusing a base such as
LHVDS. Hydfol ysis of the al kyl ated2-ester 2-4 using a
base such as Li OH, NaCH or KOH provides the carboxylic

acids of formula 2-5. 22 WD 2006/ 004741
PCT/ US20057 022809  Sgh 00 oH KRIMel /KO8 _, O
ove TMOE ez% o B! CC2CNa- OH
_ O ow o Rl P R}

2.3 24
0
/
? OH
/0 R1
2-5

Piperazine derivatives can be prepared using the procedures depicted in Scheme 3.
Coupling of a piperazine derivative of formula 3-2 with an iodobenzene derivative of formula
3-1 using copper(I) iodide and potassium phosphate gives rise to the intermediate 3-3.
Removal of the Boc group using an acid such as HCl in dioxane or TFA provides the

piperazine derivatives of formula 3-4.

Scheme 3
4 RE RB?
R /\-l\ RE
l R® BN NH BoeN” A  R*
A 2 ) R6 H
> (9 E——
R2 RS Cul/KaPOy4 RE?
R3 Rz RS
31 33 R
B
HN"‘AT R?
RBL1<"/N Ra
R2 RS
34 R
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2-32-4 | 0 O /OR OH 2-5 Piperazine derivatives
can be prepared using the procedures depicted in
Scherme 3. Coupling of a piperazine derivative of
formula 3-2 with an i odobenzene derivative of formnula

wo030de/087409 copper (1) iodi de and potassium p'lﬂﬂﬁ{i}b%(%mzsm
gives rise to the internediate 3-3. Renoval of the Boc

group using an acid such as HCO in dioxane or TFA

Pr oxjtek@stiv iri¥inedddrivetives (fordtla ey qah tePrepara By ﬂlsplacement
Schene 3 dlgﬁp B RBB RB Re Z(~Z 32 B}gCN’* RB RBA 3

of re2-cldorppyridige pr 2Rehipaperimidine dqrimgtiveref formulazi-4 with almperazme
/41 PCT/ US2005/ 022909 Alternatively,
derﬁaﬂ‘zo%ésﬁg{'lgg’ﬁ ‘vatives (formula 4-3) can be prepared
by di spl acenent of a 2-chl oropyridine or
2-chl oropyri m di ne derivatkve of formula 4-1 with a
pi perazine derivative of PEN¢ME4 4-2. Schene 4 RB RB
RB CIl ZR6 ~\ /~ HNC/j HNVNH 4-2 , NVZ R6 N/ RBI
RB RB‘I RE
N/\

H /~|
\(\[Rs TENDMF \;Rs

Alternatively, plperazine derivatives can be prepared using a sequence as illustrated in
Scheme 5. The commercially available 3,5-dibromopyridine 5-1 can be converted to 3-
bromo-5-iodopyridine 5-2 by treatment with isopropylmagnesium bromide and icdine.
Coupling of the resulting iodo with a piperazine derivative of formula 3-2 can be
accomplished using copper(I) iodide and potassium phosphate. Following conversion of the
bromo of the resulting intermediate 5-3 to iodo using isopropylmagnesium bromide and
iodine, the iodo can be displaced with trifluoromethyl by treatment with
Me;3SiCFy/Cul/KF/DMF to afford the trifluoromethylpyridine derivative of formula 5-5.
Removal of the Boc using an acid such as HCI in dioxane or TFA yields the piperazine

derivatives of formula 5-6.

Scheme 5
RE RE!
\/\

Br Br BocN NH 3.2
I\ i-PrMgBr/l, lﬁar . .
N N7 Cul/KaPQy
5-1 5-2

RB RE
Y BocN”/

BocN™ 7 i-PrMgBir/l, ] Me3SiCF3
L N |

Rm’\/N B gt~ N >

| » Cul/KF/DMF
N N
5-3 5-4B
RB R
BooN” 7 " Hrt"‘/\l
RB"’\/N | NCF3 — RB(\/N | - CF3
g -~
55 N 56 N

24



10

15

RS TEADMV NR5 Il R3 R354-14-3 . Aternatively,

pi perazi ne derivatives can be prepared using a

sequence as illustrated in Schene 5. The comercially
avai |l abl e 3, 5-di bronmopyridine 5-1 can be converted to

WO 2006008743 | odopyri di ne 5-2 by treat nent WtrbCTmsz 05/022909
i sopropyl magnesi um brom de and i odi ne. Coupli P

the resulting iodo with a piperazine der|vat|ve of

f or pipkAdide @r ttAhPdtopRidhteCRHVhtived @eh BS byifthesB® 8¢ Hown in Scheme
i odi de and potassi um phosphate. Fol | ow ng conversion

6. Igthiatina ofib# bremao or iddebangenl denmjwfe@f érmulei Gal with-2 adlqlhthlmn such

as p%&@llé%#rﬁgé) zf@:l}p%gﬁau%n n%l?)r o d aqqg?thl oﬂc‘etﬂﬁé denvanve of

forfnUR28-DEpYovided fhe @lc3hsiudf folmhirs- BOF@lfof\ﬁﬁ@ dEHﬁIratwn using a

trifluoromethyl pyridine derivative of forml

debiRdrating agestt su%amaomlschignmm ﬂndeﬁua@gmﬁn ﬁ 4 can be reduced

o YR ol RLSELERAT b 15 o5 v
an élﬂid duch @6 HEDeMNGioRime DY TF A bhd@bbfu ﬁi@é of forthulae 8-6,558and 6-8.

B Boc |'~N Br i-PrMBdl Boc ~ | Me3Si CF3  RBt
ac, RBA | Cul / KF/ DMVF N N5350 RDRD HN C/
BocNH+ CF3 .~ | N CF3 ¢ hemd®t Rat 5-5 N 5-6 N

Al
R RA_,B /R
RE BocN R4
X B°°NL>=° 62 OH qs SOChIPY
R2 RE  BuLlUTHF
R3 R2 RS
6-1 63 R
X=Br, | \
RA RA RA
BoeN” 7y R . WA R HN"™N oH R
L, RB H L/ RG Lf Rs
RAT > gA RA1
R? RS R2 RS R? RS
64 R 67 R 66 R
lede-c
RA A
BocN”7 R4 . HN" Y R4
L/ Rs _H_‘__ L/ Rs
RA‘I RM
R2" Y RS R2 RS
65 R 68 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 B1SiMe;. 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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24 WD 2006/ 004741 PCT/ US2005/ 022909 Pi peri di ne or

t et rahydropyri di ne derivatives can be synthesized as
shown in Schene 6. Lithiation of a brono- or

I odobenzene derivative of fornmula 6-1 with an

Wb ddeldoiAay um such as n-butyllithium or PCT/US2005/022909
tert-butyllithiumfollowed by quenching with a ketone
derivative of fornula 6-2 provides the tertiary

al cohol of fornula 6-3ScWIhedwi ng dehydration using a

5 dehydrati ng agent such as thionyl '2,[ ogAt1de/ pyri di ne,
the resulting olefin 6-4 can be .reduc }s{l by

hydr ggenati gn using a c aIy t ﬁchrBdaﬂ car bon.
Tre 'mﬁn 6- EﬁrSlMeél a \ﬁ’ id s%€h as
Ndi ane —or TFA"prov corrpo forntll ae
6 6, 6 77anB6-8. Scheme 6 WA HE RA &Eéié% 8 BocN} O 6- 2
BocN OH #& SOCI 2/ Py ~R6---R3R2I R5 BuLl/rHF RA'" 1 3
R2 R5 g_ 63R3 X=Br, | RA RA BocHN R4 HN OH R
R6 H+ 67Hs *R4 R Rai <R RS R R R R

6-4 R3 ﬂARsssRs I—I2/PdCRA~R‘BocNR4 i 5i . JzTR6 NI
~~ % H65R36 RS 1BooNY rnatlvely,

pi perildi 5r ah QP ri d| RY es can be
synt IR&ize il ustrat e che
commer ci al I sl abl e 2-chl oropyrl

2-chl OI‘OpyI‘Ikhdl ne derivative of for Ia 4-1 can be
convertet2t o 2- bronmopyri di ne deri™ative fH‘f ormula 7-1
by treatnent with BrSi th siml a pro&gdures
descri bed in _Sthene 6, pigeridine and

BocN” 7

thi /l
5
L. 7 RS R zZ R
RA1 I = R [
N. =
= Rs RG

N
R3

HN"7
‘E«j\rz\ RS
R |WJ:
ZZN06
7-6 R

Altemnatively, 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 S-trifluoromethylpyridin-2-ol (8-1). Following conversion of the
hydroxy group in 8-2 to chloro, the resulting chloro compound 8-3 is subjected to a
hydrogenation using a catalyst such as Pd on carbon to give 3-amino-5-
trifluoromethylpyridine 8-4. Diazotization of 8-4 using NaNO,/HBr in the presence of
Cu()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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Al ternatively, piperidine or tetrahydropyridine
derivatives c%p be synthesized as outlined in Schene

8. 3-Ntr ff yP CE3 o
obt ai ned,ﬂE&jil tr Mﬁ th i’Oflgﬁ‘ulﬁb‘ﬁne

5-tri HQor®net hyl pyri di n- 2- oo : FoIIovvlng
conver si or8-pf the hydroxy group 3@1 8-2 to chloro, the
resulting chloro conmpound 8-3 is subjected to a
hydro%gnatl on using a catalyst such as Pd . on carbon

to gi 35- | ueke qQryr i
Lo gi ZW Jpag | i osyr hahogdrcher

of Cugl prOV|des 3- bronD i f1 uoronet hyl pyri di ne
8-5. Fol | oggng the procedures é%scribed 10 in Schene
6, 8-5 can be converted to pipefridine or
tetrahydropyridine gerrMatives of fqgamulae 8-9 and

8- 10. Vani A
Br - CF3 BocN\_>>0 6-2 Bochli O SOCI/Py
[ . ~CF3

> RA
N BULITHF |
8-5 86 N

RA
BooN” .
L ] CF _..H
A1, s 3 I
R l RA1
/
BocN
RA1

8-10 N

Tetrahydropyrane derivatives can be obtained as jllustrated 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 94 can be converted to an amine of formula 9-6 by
reductive amination with aminodiphenylmethane followed by hydrogenation.
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obtained as illustrated in Schene 9 (where Re' is,
e.g., alkyl). The commerciglly available Rgea

4- met hoxy- 3, 6-di hydr o- 2H p rap 9-1 can be converted
to 4, “aoxymePBAh dr pyraﬁ#)@labl by A eat nent
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9-4 6-5

8a
R ~0

NH;
0

8-6

Final compounds of formula I can be assembled using the method described in
Scheme 10. A carboxylic acid of formula 1-5 can be condensed with an amine of formula
10-1 using a standard amide formation agent such as BOP or PyBrop (coupling agent).
Following removal of the Boc using an acid such as HC] 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
O R® ]
Z— coupling agent
BocHN 7 oH 4 HW—{ )RS T
R X~y
1-5 10-1
RB RB
BocHNgL J\ XY . .ﬁD)L ’j\ ral
Bg RB' 8 . RS

R
Rg R5
o% 0 104 0 71)\’
R R H WJ\ =Y
'-R1

81
Na(OAc);BH RO
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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, CCR8, and CCR10. In some embodiments, the chemokine receptor is CCR2.
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vV R~ 10-2 10-3 Re Re 8 R eO6 RO 10-4 0 ): *r Re,
Re NW-X. TY Na(QAc)3BH Re_ ~( Ri R9 0 10-5 28 WO
20061004741 PCTI US20051022909 Alternatively,
conpounds of the invention can be assenbl ed according
?;Q) Coupling of a carboxylic acid of

5 W|th an amne of fornula 10-1 usikfgl/ls2005/022909
st andard am de formati om net hod produces the am de of

In foe Bodfiehes, L cBhing HUUELP iSCHs, 1E soffé Bhbbipnts, the

ustng an reduct™ve 'am nat

cheﬁnbﬁné Eb%Uﬂtht blﬁdé(ﬁid&ﬁ@nohh}a?es%ﬂ:fc@wihdﬂﬂ:m of fornmula
11-3 using a reducing agent such as saodi um .
t r iThe srompeyndsr ofhthe ripveation can be seleetyrp dih dsslestive vispmpant that a

conpbicty B Hor il ledi e Rt (AR lopel e ek potency

respééﬁ%ﬁ@l%@fidl-i% at(l)ea?c?ﬁe othéXcHémokine rdcéptdr.11-2 RO Re a Re
' gGompounds of the mvenzlochanybeZdu%JR?nblx\'lmtorsTor bllx;lc?e(rs of )CCRZ and CCRS,
meaning that the compounds of the invention can bind to or inhibit both CCR2 and CCRS
with greater affinity or potency, respectively, than for other chemokine receptors such as
CCR1, CCR3, CCR4, CCR6, CCR7, CCR8, and CCR!0. In some embodiments, the
compounds of the invention have binding or inhibition selectivity for CCR2 and CCRS over
any other chemokine receptor. Selectivity can be at least about 10-fold, at least about 20-fold,
at least about 50-fold, at least about 100-fold, at least about 200-fold, at least about 500-fold
or at least about 1000-fold. Binding affinity and inhibitor potency can be measured
according to routine methods in the art, such as according to the assays provided herein.

The present invention further provides methods of treating a chemokine receptor-
associated disease or disorder in an individual (e.g., patient) by administering to the
individual in need of such treatment a therapeutically effective amount or dose of a
compound of the present invention or a pharmaceutical composition thereof. A chemokine
receptor-associated disease can include any disease, disorder or condition that is directly or
indirectly linked to expression or activity of the chemokine receptor. A chemokine receptor-
associated disease can also include any disease, disorder or condition that can be prevented,
ameliorated, or cured by modulating chemokine receptor activity. A chemokine receptor-
associated disease can further include any disease, disorder or condition that is 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 CCRS-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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Rr 0 11-4 Methods 10 In sonme enbodi nents, conpounds
of the invention can nodul ate activity of one or nore
chenoki ne receptors. The term "nodul ate"” is neant to
refer to an ability to increase or decrease activity

\%uﬁgﬁ%ﬁptor' Accor di ngly, conpounds of thﬁﬂéﬂx{gﬂagﬂﬁ%w

can be used in nethods of nodulating a che
receptor by contacting the receptor with any one or
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. receptors.. In further epbodi.nents, .the.conqpounds of ...
paing Rpel ORISR EIPn: (RORAPRLF RBRHAS SUPRNTIF Blpelensitivity,
interStR RN BisEAE ‘ﬂl}qﬂ)" (elg? iddpathRAINMEMAY fibfosBEEATAD associated with

nmodul atl on of ‘the receptor by admnistering a . )
rheumetidid aarthuigisarsystemicoflupua exythsmatosus f ankylosing o spondylitis, systemic

I N e S
neur%%%@&tréﬁon, | dhofd@R SeERRGURRR®n, k9 el TRKilke, TBEMPlO immune

ongs to the CC famly of chenokine receptors

disordens| imdiudg, théwnateidaarthiridis, Eemiatic QokAtis, GEREMICORPMS @yiREmatosus,

e BT S Ot g pomesoR@B R ARGBATRE Diroitit, organ
transHIGH HiJo0R/ BA3RY albgraRORfecaoi> sl TERI-Sorssiiost: BREARK) MExample

receptor is CCRS. In sone enbodi ments, the chenokine
cancers inshidsreagenisnch a8 brsast gregr, Qvasianisgnder, onrtipla myelomrsand the like

o FUSRRTRAYAF St A ARgE BB BB UE broaes
TAMshhntbitirBon orhdiseaiddnissies CERdmile wirhininGeiaiseincladd Hetpey ifection,

pot ency, 5 respectively, conpared to at |east one
HIV gnfecsion 0f 8BRi ne receptor. Conpounds of the invention

ca s j hitoc - b Gg%%g % T

rre’gsn f‘)’ﬁe&d yﬁgltn’t e%rrpcg%n S o?& i&lﬁgo iQé]event %aegggi%ﬁdndwmd
moieties iaraniim pirpi systemton aCERFvasystemCRor exantphe, fcedacting” the chemokine

affinity or tency., respectivel,y, .than f.or qther
recerigrork? Hempolnd sf Biclinyspiioh Jiciodes i adisinuratiop af o Compgund of the

preseﬁ?emﬁgfg an 3viGHdRbP patieit, SACHFasH RN BA S a ERGnckShe receptor,

nmpounds of the invention have binding or inhibition
as welbase fariexamplef ntrod@RE &1 eenPCRS 0btherinventien inge & eample containing a

hemoki receptor. .Sel ectivity.can at | east about

celtufff S RARE piEREHAT boniaipE Bl PhtiSeBedtial | oo
SQa 4 @ed her@in, tiRaérim GhdVidudl®Qr fratkiont,"aised aGchadpeubly, refers to any
200-fol d, at | east about 500-fold or at |east about

animalp ggludinggmammals; prgferatly mieey rath pthes medsnisoFabbils, clogys catsnswine,
b [ i hods in the art,
catﬂeé%lggﬁg@ﬂ%%gé ﬂ@%%ﬁ,%ﬁﬁggpp%fégﬁy provi'ded herein. 15
Thies yed derein, thevpshrdse Gthefapeutically pifertivel emoum? refets tothe amount of

st S oF eI HEP ol BR1 S BR TR S 3B fonse
is beiRf! SOUBhBIE 136k, lsPstérh 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);

31



10

15

20

25

30

i ndi vidual in need of such treatnent a therapeutically
ef fective anount or dose of a conpound of the present
i nvention or a pharmaceutical conposition thereof. A
chenoki ne receptor-associ ated di sease can include any
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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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15 As used herein, the term"contacting"” refers to the
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non-sedating antihistamine.
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| upus or psoriasis, or shrinking a tunor associ ated
with cancer or lowering viral load in the case of a
viral infection. 15 One or nore additional
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| e,
WORTDZ28AT WO S/626567 WCRR338 b4 A0S/ 5007, WAFH/53HE5 MOB/54307, and

woFRRa0 () Stroils 35 PEROHE BRI, AEETpbhEHotons, iernasone,

pred BB Ofebt BIREBESONB, hd BpdroBstistnedc) imrmisBippadst@ts stich Bs &yefosporin
conpounds of the present invention for treatnment of

, taerhlimus ireparpysie padoetherdSeH)6ypesimmenogyppeassants; (d)i andihistamines (HI-

..or.congliti iy n. he i.ned. w o
his o AR RE avcho HOREP R TERa S BReRER Y, Siblfupentramine,
tripfoliiifle, @leniabitneq GiipHeshyieainibe, difhenyipFiating diripeletihdnsine Obydroxyzine,
or. sequentially as separate dosage forns. Suitable .
methdilazifier a|Prefgetheaing onfrimiepraained restadinee | sYpEhepiediae oAntazoline,
phe%emné hgyﬁl un rRifzol ,t @fa&i@@,ﬂtloﬂaﬁﬂﬁgf | RARZEL fexofenadine,
conpri se” nucl edsi de and nucleotide reverse
desdartsoethokylptatRiing, ahd thetltkes (e) igﬁn-étbﬁfdiﬁ hnti-asthmatios| sacls aderbutaline,
reverse, transcrjptase inhibitors NRTI s),. protease
et RTpREAD P0G 1565 Peaflqg‘ft?FPt gﬂol&?@-'g@!b“ﬁm thpehyline, cromolyn
a0t | 4 a t BioRlidd © iehtS € ahtRodniNid| i 0
SOdl\;;ivlﬂ% h\é%r @h%,ogi gggﬁgfgﬁpof thde)ct’ p?eé%g%lteh?n\%lﬁ%i on cﬁé" hfirlukest

montelnigast, s pranlukhsso diatikasin pobilukastot SKB-106,203)s deukotriene  biosynthesis

. ..franscriptase i phi,bj S.a 32 WDO.2006/.004741

inhibRG B0 AP TSRoRa Y |08 ) SmmTRiRe b pUG oy Aeeets (NSATDs)

sucH raﬁngﬁ?ioﬂloa%eidi abrivativey Se.g NNIRhidoprofét, Ob@%&profen, bucloxic acid,
|

I nhi ors, entry inhibitors, fusion inhibitors
carpefeny rfanbusen, ifenapsifen ipprofeny frhiprofem fhuprofen, indapgefen, ketoprofen,

. I jta | s 1 u ' udi AR .
mirpf 8, Soreh Sdorbifl firdebfon, Bfin . Ui, dkofenis i, and
tioxigﬁﬁfeﬂ),l chicetic éc’ié[l' @bm(rabaavf Qe(%/rE'io\]r(dﬂaﬁlgﬂlhﬂﬁ,) aceﬂﬂ:?a‘chu i allclofenac), clidanac,

. .di pi vQxi 5 i s(P - ;| obucavir_(BMsS-180194); .
dicl @?4013@55&% ?qnpleampasﬁi dentyazye, rfg&fqn%e{bageaq:mowﬁ% Pxpinac,

. | a - d t a- L2 . . . .
sulugq@l_t, di?ng%gi,y}%imPﬁE_ uo??—ég{/ét&? g"ene %%%mc?, ( fenarnic acid derivatives
(flufpndraic sacid; Medlofctiannd acid,pmefenamidi avidp nifhmyic aeiddand tolfenamic acid),

. .l odenposi ne (EddA) . Typical,suitabl.e RTl s, i nclude ,. .
biphRBOFPORORE e ckivalR GUmiiel St e,  BRokEs s ggoxicar,
pirofita| suBodcdniPhit ﬁﬁ&biém&l\lh&ie}&&?(léetﬁ@aﬂcﬁm acifKéulfiéelazine) and the

(1- (et hoxy-nethyl)-5-(1- 10
pyregelonss| efapgaones- W pibt higprazone, 4(mofeBrpzopgr i pxynhenbutazone,
phedRkRBE): BF CF1oHFLA8L-0 I OXDFC innbitadP DmP N Sutlfbitors  of
phosphodiesterase type IV (PDE-IV); (i) other antagonists of the chemokine receptors,
especially CXCR-4, CCR1, CCR2, CCR3 and CCRS ; (j) cholesterol lowering agents such as
HMG-CoA reductase inhibitors (lovastatin, sirrivastatin 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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Typi cal suitable protease inhibitors include
saquinavir (Ro 31-8959); ritonavir (ABT- 538);
i ndinavir (MZ-639); nelfhavir (AG 1343); anprenavir
(141 W4); lasinavir (BM5- 234475); DMP-450;
BhBess202Hmi23, ABT-378;, and AG 1 549. 15 O her gty
agents include hydroxyurea, ribavirin, 1L-2, IL- 15\215165%2909
pent af usi de, enfuvirtide, C 34, the
recepioz] OTLRadIgdarai+«CDA0candd@tiCALRY aitibodfed; @nahtivdisbetia) agents such as
. Project No.11607. 1n sone enbadi nents, ., . .
insudip; isulforyuressat iguanides {matioaink lhogivrosidessinbibitoms (sasbgpe) and

_ . . Y h . ‘. i
oritiifict troRERNE A Moathdondy b BEBRAHS A ipfeHEroR (3 hterferon
betaaglon)i $iterferoh | bevacy By ags) other iohpowsds C kuchs asinaminbsalicyliv acids,
.of b5-1ipoxygenase, a cycl ooxy%ggase i nhi bitor, such as
antigetaholitet x SH5Bn 2§ o azethinpring ta9d OJRETCHRIQRUFIRE K ia8d| FhioANIG r cancer
: Nt | SN E inhi bi
ofap e il Sl Tl G g B A e presn
invebtibdAtca thic sgeondsdctiveingredivinb ia@ e oried 4nd willodeperd aporathe effective
inhibitor of the synthesis of nitric oxide, a
dosqfipach WERAEAL antiinfl anmatory agent, or a
cy Lpes- [ g s f :
o0 PRELRPCERD dch LRI ARHRI Rintbe 04 330inbisafibn with an
antifisftunematbry pHarmacefitica) agenn thothee tregtmient, oflinflamindtion, metabolic disease,

nor phi ne, naproxen,. phenacetin, piroxicam a steroidal
autoypymiege dséasc, cauges At L) INICGQAI' HERIEYe (B8 RFGED! T53RPREG i compared
to tllléd kSponsk b tBE |tﬁ(er%ﬁehﬁc laBért aéﬁ%ne,c QFBORNERc&BatioACof its to:r.icf~I effects.

admhi stered with a parn reliever; a potentiator suc
Additiye cafsypérgistic affeqtl amrdeaigahlé ovtcomesi ofstombining a GTR2riand/on CCRS

‘ hydr axi de: t ant h .
aatafgnidtoF By Rt S5 B T B, e RS EGee Fistanpgf cancer
cellsOs egBita S@thi 43 lex SRthARAEAEdn 1R revidiible 4Bbh Batment with a CCR2 end/or

xyl onet azol i ne, propyl hexedfine, or
CCRME@W}@@P@MW,CHW- antfitussive such as codeine,

hydr ocodone, caram phen, carbetapentane, or

dext ranet hor phan; a diuretic; and a sedating or
PhahiieRdb Fomgulaidnis ohé Dardge Formss WO 2006/ 004741

PCTI US20051022909 In sone enbodi nents, pharmaceuti cal,
agdhes egpiayed ps phasmageyticals; thejcamppynsis REF ot ¢an herpgministered

_ P ; _ .

in i PFRC e i) SSaptciopd THESE CoRBofithe sBHBE bRBul in o manner

wellt hose ite dher pliaesiacenticsd dot, 2ha, Gd2he WiBiskh@l By a variety of routes
96/ 06108, W96/20216,, W96/ 229661

: 96/ 01644, . W
dep smw@etwvge?amwﬂm#m%@ desitReloand, spaso the\geea to be

/gﬂ%%ﬁﬁi A8 LB thpi adifig ophthRRHc 23845
tr tr hi
eat%Q 42§7, andﬂl:Ei ngog}cégg%lél; &?%)ol)st er o{; ds suc ucggs membranes
inchidéngl anmteanhsad o maginate aid, rpdtale deliveny)p ipalmdmatiar(agt, hby oinbalation or
. dni sone, ,dexanet hasong, . gnd hydrocortisone; (c) .
imsuf¥afih L BVASE T Bt e BY Rsbifier SPEaghqal inrenasal,
epidériaP N NraBdkrbl) eroriiK26 phithRrd] "MRARGEHIP A5 Mtdion ( Gicludes
antihistamnes (H - histam ne antagonists) such as =
intrayenes pﬁgq.rtp@ﬂ, Cutaneons, mpmtgmah@%amuscular or injection or infusion;
or mg'g?:(r&&gg re%] SRir§tAEEa 6y i v{n‘iﬂ&i | écQﬁnﬂ;?tmﬁJ e hichE 'administration
I phenhy&’am ne, di p’f?eny pyraline, tripelennam ne,
can Beyidrthe formrof,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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nmet hdi | azi ne, promethazine, trineprazi ne, azatadi ne,
cypr ohept adi ne, antazoline, pheniramne pyrilarnine,
asterni zole, terfenadi ne, |oratadine, cetirizine,

f exof enadi ne, desearboet hoxyl oratadi ne, and the |ike;

W) 2006004 B1er oi dal anti-asthmatics such as ter fﬁg
met aproterenol, fenoterol, isoethaiine, al butﬂ;e{;1lt JB82909

‘bitolterol, plrbuterol theophylllne cronol yn 15
S Odl‘lﬁsl'finv@dtfoﬂﬁﬂsﬁﬁinclhdk% ?h&rﬁﬁbéﬂﬁbﬂ Bt &kTtions MHhiicht JonBeE as the active

ant agoni st s 19 i rlukast nont el ukast,
mgrpdlantl. QR&.Of molrer 8 U‘#@eﬂ@ﬂlpopmbl of Remoula I9kpvel ecomgyation with one or

morg 2pstrseititapy pORERbE TR 17 ek He'coboRipy o B ptnton, te
actitd\PRtddvent i$ Hphcall$ nitk@P WK eXGipfbne] Qﬁlhtéatbgvﬁlse)(&plalt ,or enclosed
al m nopr of en, benoxaprofen bucl oxi ¢ aci carprof en,

mﬂm ntmlnfaewm¢ren derforre nf for vq@m*eeh capssiler sackt.raper, or other container.

f. f
Wi R seRfEP B R Tl oo R S BRI P e, which
actstas APFeBichd)! lcsmat: bldme@iﬂﬂ fof tHe>aB@VeOihredient? TS, theainthositions can be
derivatives i ndonet haci n, acer net aci n,

in the dorn egfatabl ,umlish aEPWdeéﬁa dpzsmgesa sachetsn caehetsn #dixirs, suspensions,
emﬁéi&@ﬁéiu&oﬂ& ' aﬁ e%llo f ur@f&e 3P Gn ﬁq#{)uﬁ{] %?edmm), ointments

n ac I Opl nac

conmnﬂ@ﬁraﬁhinpleaﬁpi teZ m% rby rwasight of eeakctiveCconspotnd)aoft\aatl ihusgelatin
(flufenarnic acid, necl ofenam C aci d rnef enam ¢ acid,

capszqtlem SYRPQsitaBssy starily injsstatde solhions cand glere packaged powders.
ol E’Fﬁ%@?ﬁ]ﬁ Btk far B! @d%tivxaéohﬁiz%ﬁnc( Sk 'Hé“inﬁ?ég ﬁﬁgmwde the

oxi carns’ (1'soxi cam 'pIroxicam su
apprapdate pmxlecsma)pnosml mmﬁl:ﬂﬁmﬂé the ethel ingeddientsl Ifahaadtive compound

is s@m 2 azlglrl%%hjﬂfg ftg;gg gégﬁléedp Lazol nesﬁg@gg than 300 mesh. If the active
com@ hENQIBSEHNS wat&hgélﬂﬁlpuﬁ: Z]ﬁftﬁ:\le sﬁg)can be a justed by milling to

ooxygenase-2 (COX-2) inhi'bitors; I bitors
prounde a ;mhstaqniaﬂdluaﬁom das@btlwremlthe KOﬁwaﬂiom ; g(al)oub{(hmpsh

g bt e SARR hel Rlt, PR GHRH Sorb
manhRME Eﬂafbﬁesﬁ%ﬁﬂi ficadidC Daloiam pRMspKate) dlSfkiss, B%Badanthi l@eraﬁﬁ,scalcmm

(1 ovastatin, sirrivastatin and pravastatin,
silicate, miseacaystaline @llmwbmnylpmhdqneh@qﬂuwgtwm syrup, and methyl

eGB! BB 7 SRS, RS ARl e such s
magh&@@ii isteeas, land (ﬁnﬁéﬂab bk weﬁlﬁF cafgeﬂw aatnmlandng and suspending agents;

benzafi brat e and probuco anti-inflammatory
Dresefv i ReR!s Ayehes methyl- and mnylhmoxwémareés swegtening pgents; and

e L T

sustzidd erddeddyet |relemenftthe actiMe ingredientsafler radnﬁmiktfamo;altu rthapatient by

tg)a%ganl des ( tfar U. - gl ucosi dase inhibitors
emp PHRSE ‘Fe%l wno‘P et ones (troglitazone and

Pi PRd LdApdAtRhs cadbe RorRRBAE! inQ EniPlodapd fo"rﬁze "e,jﬁ’c!h %&hee containing

(interferon beta- lo., interferon béeta-I

fromcabiout 5 toorhovt HPE remﬂhg)amomau@lé)aabo(uyw(btoaabputSOOBng, of the active

ingr @t T B, RS o, R ] D et s suiableas unitary

dosagdrefipt HidianpQibjdcts age biher ﬂdﬁgnad@ €doh undtt centsihingh® predetermined
conmpound of the conpound of t he pr.es \}g invention to
quanfiyof astiynmatgral cploulatedrta pradyce thedesiged thcrapeytic gHect; imjassociation

withdSREbIL pHaRPadelifcablicibitye  dose of each ingredient.

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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For exanple, a CCR2 and/or CCR5 antagoni st can be used

in conbination with an 10 anti-inflammtory

pharmaceutical agent in the treatnment of inflanmmtion,

met abol i ¢ di sease, aut oi mune di sease, cancer or
wDnReje/0oddsection to i nprove the treatnent respeRAK2608/022909
conpared to the response to the therapeutic agent

al one, w thout exacerbation of its toxic effects.
10Aficintaboet 1) tosaboat b, Stonc atefut &5 teatmine20] s atlidue 20l11di aboue 25, from

sbi 25 4 D3 e 0B ADOMY O b, o Aou LA AbO 40, Fom about 40 10

abdul agho;r; Bbout £5 L 4RECS Mb gmes@ﬁveh?ggﬁéﬂts to agents

examet hasone can be reversible upon treatnent
W t In sonRCEAbaimdénts, the CRvpoandsoramnpbsitdnstdf¢hepmeesmion contain from

B S i o o 2 e
cidie thad s Emﬁ@tﬂe?&) Ahdy o?tchTnﬁgsm&Q cobtainffs fréth TGt 50 to about

armaceuti cal conpositions ese conposli tions can
75,|cﬁmnabeui 75rto abowtrifey from/abbutldﬂﬁm about 2% fromabout 2§ ta:about 150,

oo S0 R ST ks B e A, o 25,

ﬁo&eﬁdo&wmwaﬁm nsb, f@o@faﬁ@mtzso% abﬁﬁ:%eﬁ\om about 75 to about 300,

Adm ni stration can be topical (includi ngmgp ht hal m ¢
fromnabout 30Q ubalmuhé%rfmmsboutrﬂaﬁaduahgm%ﬂ; sabbyt ilwgionfwom 375,

fofiabont 51t Pt 1 v BRI OE o) b gt B, £ o 450,

ﬁoﬁ)ﬁbﬂ@tbﬂlﬂol té gbout UM, ro?ﬁbﬂ%@@tl 475tO o0 $6Fhg of 8 Iad@iermgredlem

and transd ermal), oral or parenteral. Parentera
adninrogerembogiments; Khechemponrdsrax sempesitions of thecinvention icontain from

aboug F@J ae[oiﬁﬁtufuop r#éj%falﬂ?e] 5&1’1 gr%] 1erﬂt 6%%?11%' ogﬁ.mgtry skill in the art will

racrani a

apprévidt@tHactha enfliodies bélﬂy@ﬁfdﬁ bﬁttdr@’osm@ﬁb‘lddﬁta&ﬁﬁ@ﬁ'bﬂfhbout 500 to about
Parenteral adnjnistration the for

550; fiem @ogb’jﬁg)sto dbaut GOQ,rfr%ﬁbqyé 60Q t@rabg%fgég; feom 3901.5 650 to about 700,
froﬁ%‘oh{“i’@‘ﬁ) ol ‘7' il WW%O t(f b I{F‘ggﬁ,g%ﬁuﬁ %bout 800.to about 850,

conposi t1ons an I ons
fromdbbum F0rtaabaun 968,fronn abeid 900 to sboatiesOyet fromtabbetsdS0 to about 1000
nents, 1| ons, creans, gels, drops,
mgof, @ﬁ&@‘(ﬁo‘f@@ en%prays I|qU| ds and powder s.

Oonﬁﬁanﬁdti% RompBRid B efStive Iver Ervﬁde QH%EE’ 'f&egepa&\ﬁdﬁ lgenerally

or oily bases, thickeners andt
admipistessizing phermeesiticaliy eﬁ'edtiuatamdumOh dnlhb;: ugclemsxecﬂ howrevengcthat the

b st it P CSAAERS e o s
accOdHgRCAY trélevint CRERANRArCES) Nhclidihe Imeceuhﬁmoﬁ tod #rélfed, the chosen.

active ingredient, one or nore of the conpounds of
rouee radministrasign.tbe apfusl semipaund asiministeredo the age, weighteand response of

maki.ng the
mecon‘d@&‘fﬁl ongﬁef%Y%ﬁi ?ﬁ@%ﬁ%&eggﬁ)#wﬁ gblal\t;le I'ngr edi ent
is Rqu:rqahhg solic esmpositionasuctk as publuts, thed plindipad dosve ingredient is
exci, eri]t or enc|osed 5 h|n ch a c rrler in.the
mixed Wi @631@‘1“3’1‘3“& aiselid B%ﬁ%‘FPOS&FOH containing
a hg&{;%e; e&ﬁ%ﬁhﬁ@ of a dduhdBf %%r@éeﬁﬂinv’éﬁidﬁeswﬁei ﬁfemng to these

nt, It can be a'solid, sem-solid, or liquid
prefmanelamai comprsitfons as tlmmgemousg Hhe Iacnvedagxedent sr typiedily dispersed

eve%]grth}oﬁ&ou‘f Ehevgoéﬂog{u%gls%%at t-h!-et] Lcj‘,omposhueonC oesrletatlh? ubdivided into
equally effective unit dosege 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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in the formof tablets, pills, powders, |ozenges,
sachets, cachets, elixirs, suspensions, emnulsions,

sol utions, syrups, aerosols (as a solid or in a liquid
medi un), ointnments 10 containing, for exanple, up to
WO20H004HI ght of the active conpound, soft arRCTMES2005/022909
gelatin capsul es, suppositories, sterile injectable

sol utions, and sterile packaged powders., In preparin
a f Breviablgisios pillsiaf hepresenid nw%ﬁ%w&e@a b@r Gfheiise qogpdunded to

Y L

pll]Cb@H‘Bﬁmpﬂhe ansinsatidesage tndkr c}utd:rmbsﬂga lobraporent, tderlatter beinglire the form
to a particle sjze of |l ess than 200

of grenveiops B)VEb%JGHBeri Thes By eQRRANSHLS ymﬁﬁ é?vaga&f{ﬁx &n epiggc layer

EJSEAEL 6, SFESARGAP) USSE B bt Pl P pus
intaRt fnto ﬂieaimdét(hnﬂasio beSizlayed irnrefeases ﬁofarmty dfanhterials can be used for

exci pients include | actose,, dextr ros
such gpisrie jwers AR FORLNGY sué} Haterials mfd ebpelymgsic acids and

miRiee B?jybﬁwm&icgw@st Gth 515@%@@15} as R 91%'[196 '&tyl GdchblMind cellulose

I ca mcrocrystalline ce
acetntd yV| nyI pyrr ol | done, cell ul ose, vvat er syrup, and

ot b SRy (L g0 bt bRIaN ibenton
canslgeeﬁfcﬁgﬁrat&p %rn!ld]ﬁhﬁ{raﬁﬁn orall ok | BYOinfBOA Einclfd'é‘v'h(ﬁleﬁﬂd Y8lutions,

pendi ng agents; preserving agents such
suitably lﬁ}pworeé SYFups, agydoy dr oik suspensicostand ﬂagméwnlsn:gls thh edible oils

soof 5 BPRIna PRl “HERop P ARRTOL ok O B P 35 31 ook similer

phafiiscedticabdelidleglel ayed rel ease of the active | ngredl ent
after administration to the patient by 25 enpl oying

pr deampositionk fexvinhialatiom or dpsufilation inelide splutionss a@éﬁuﬂ@nmons in

P BN s Ao P8 o len 5P, g powders
Theusjuil d)rysolib Obﬁlﬂdsﬁlﬂmk nagloonthinstilablephanhadelitically tacseptable excipients
i ng reglent e term'unit dosage forns" refe

2s 4§ W@F &YRT9. 13; somesmbodiments, thei comprutions a6 P@lawmraﬁagleesoral or
nasdl %slp IR routtOfof ﬁ{ﬁl %{k%tﬁ:‘ielgeerﬁggp @%ﬂtpﬁsm&%% cHff! b& nebuhzed by use

contal ni‘ng a predet quantity of "acti
of imentt gasesaNebudized balttiuhs rmybe bekatted directiyefsom ﬁebelmn@dnvme or the

neb ff eéh%\ﬂ%encqarﬁ Ch%this‘%%&%h a UI t bI e @ha.r nggggstlév%aprcssm
brea%ﬁ@ fathihe %l@fonhﬁﬁpénﬁ%ﬁ Ndrl p%%@ﬁébhﬁio&ihﬁﬁ@éﬂn RhAHiniMteted orally

bout 50 e active ingredient. One having
or nasal:ly fieamy,deyices which delineer thret foxm atlonappn appropripte mannerhi s

di e unds. or, co 05|t1 ai
obdfe ERed? MCHSPoRa. & BRERSIR S BN G o Ba il vary
depéﬂmgf ot dhais Béing @d@hﬁw&ed,&he fpi@vsabmhe LAmiristedtion! such as
from about 20 to about 25, from about,K 25 to about
promiaxﬁroes thempyy thestats of the peffent the menner ghedministratiop, gndthe like. In
t
therdifbutic B AR coftboliflone¥af Bt aditimifiéred (U BB Mrelly duffering from
a diesube dh meratcmunt hﬁimentpomudsonat tcmsrppamdﬂymsbfhet symptoms of the

. in tloncntaln 5, abo ut 500 of .
disep e i U et EFECRve oS, deRsi R bt ciseate Sodition being
treated 8s ¥fl a¥bY lthe 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 thc 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 filtercd. Aqueous solutions can be packaged for use
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appreci ate that this enbodi es conpounds or

conpositions containing fromabout 50 to about 75,

from about 75 to about 100, from about 100 to about

125, from about 125 to about 150, from about 150 to

wpbaums/0048]1 from about 175 to about 200, frompradiTaus20080£2909

to about 225, from about 225 to about 250, from about

250 to about 275, from about 275 to about 300, 10 from |
as isherlyopsalazed othe hypphilizedspreparssion s ingcombined with p sterileszyeous carrier

Jrom . . . .
ol RTINS e AR MBS aBlen
11,286rdtpréfefdbly frorrd Dad b preferably Utor! 7 %0 8Ok will b wdbersfood that
475 to abaout 500 ng of the active ingredient. In some

usecofiserdaineh the foregeing g¥gipientsi samierss ongiadilizersgwll resultiip the formation of
' . ntain from about 500 to about 1000 ng of
phdtr%é&%ha\%l%?ngredi ent. One having ordinary skill in

t heTly theripbutic dbSageuftiecdoipeuidsaif thepresestihvuaition can vary according
conmpounds or conpositions containing fromabout 500 to

to, oi9p (pxampls, the partienler tusssior whigh dhe t&etment is madso the ampmner of
oA SR corbh A AR 0o B e o

the pipestitibiiQ Physiciam The prdpdflion ok cancentimion of b dompounkdafthediiGention in
from about 900 to about 95Q, or., from about, 950 t.o . )
a pharmaceuitsgh compogiion Gan Yam; 8@611%@3 PR Purzberm%}ag&m yeeluding

doslﬁgé]'gie%&ﬂfia %&&ﬁﬁ&%kl,;ﬁgg&)ﬁﬁ&g@l i £ HORREE o ?clgﬂiﬁisﬁﬁﬁ’on. For

nera adm ni sté ar maceut | ca
exaafples chel companmdsdf.thd inventioh chrebeiprdeided ncmh, agheows physiolbfiasl buffer

st PSR Shol 1o 3 D G it 0 i ) premera
adnifl§ratish ey tt,ﬁﬁaaf 6%t ARSR Sare ifoRd MsHuD9 ;}#nggt fPRsbut '1%% f body

e treated, e chosen.” route of adni ration,
weightt pealday dnpome embotiinents,tthe dobe rarge isfjem abeit @il mgkg to about 100

esponse of . 25 fheindividu tient, the severjt
ey e, 1Ebh ek et Tt Sk 4 e T e o Bl g e
andetenfl o FYOPRSHid OMtfie Aidedie B disGHBEISHR ovErAR HRAINARAbS the particular
active ingredient is mxed with a pharmaceuti cal

patientcithe avlative, biddegicad efBitdcy off dicorerpaund oselestedp dermulaion of the
o i PETAGRERERER I ol PRBURNRL: BB o

resonSd ¢uives|defivedfrat WPE AL or imabsody) ROSSRAYS, the active
ically dispersed 30 evenly throughout

ingredient is typi [ I Ol ]
t hgﬂ@oaewgmdsafy tg%lrwmontqae alsgrhsJormuleed itheprplingtiongyithy one or
g ot L eof . .
o DA 01 eSS M TS SRANE, LY, b ERBEAR ORI sch o
antipodiésyr imhatd csuppressais)) antitinflammistdryi rigentsinicherdothergpeutics, lipid

fornms of type. descri hed, above containing fro
lowahe eaeispHDL S¥Rtng gt nhboerogenrs s Hopzas. s used for

the trBneftiof Meupfatdid SRR 98P the likBVENtion. 37 WO
2006/ 004741 PCTI US20051 022909 The tablets or pills of

the present invention can be coated or otherw se

conpo d.t ovi de dosage form affording the
R"e!iﬁ'%’ﬁffg’gif"b’f&&f € H’é’é’&ﬁﬁ%'f'i%n. For exanple, the tablet

Or RhglmhtoRkiR Briktisd (RAP pafients) tedatedOggbessivbly ith Odib&dke modifying

dosage conponent, the latter being in the form )
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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of an envel ope over the forner. The two conponents can

be separated by an enteric |layer 5 which serves to

resist disintegration in the stomach and permt the

i nner component to pass intact into the duodenum or

WO hs/a0¢ldhyed in rel ease. A variety of mateririTaUS200%/022909

be used for such enteric |ayers or coatings, such

materials including a nunber of polyneric acids and
assedsmient; &bontorp oieasures of inflancruationt(GRE rofh ESR),end addiolagic assessment

o Bt o SRR BB 3R EOTARDS) i i

adriihistrBGorPioGR A Raid SR bORAL. GRbhi®8osidpCSTRAE agaﬂs fsQfssociated with

adm nistration orally or by injection include aqueous
sigmificant i toxisity andi hest| defdnsencomprbnsise. updditienglipo patients often become

resHfoR e SoeufRE duterd) i Sabi e piFRac Bl o Beie"reasons, o

noweE 3ffedtiveitherapyswhieh hlldws Withdkawal of SttndatdDMARDs would be a clinically
pharmaceuti cal vehicles. 15 Conpositions for

importastiadvanss. or i nsuffl ati on i ncl ude sol uti ons and

su nsSjons, i h _.pharnaceuti cal | cgpt abl e ueQus

or LRNGAG Witk epifichet TeRpouie, fo, st TRE RS mpies (inffixiak, panercept,
adalihmlaby) Whf- HI-1StBérhpl g@ﬁm?: lof bES divBide %H&M?h% & thelhic drugs

phar maceutical |y acceptabl e excipients as described ]
(DMABDs) includingrht aetdiitedetn methatigeate, syglospioring rgoldhsadts, antimalarials,

pecfianpyg o effinabiat ccbaly pQlive ABR FRRYRE O fedf thEve eated

with @lubstand thyt inEbitd @xpressionedrid/cy astdity dOCRRZigluding, for example,
sol utions may, be breathed directly fromthe n,ebuﬁ zi n% .

nucieis, peids §-8-; RRtisensenen FIENAgMglepuleD, proteine(es « arthE§R2oandibodies),
K . . g N _

smalf G TER BlRts, (PF i, EDBphiR (iGRGE MeFuf'ERCHAE: chemokine

recéptorittibitdroksovasin thear)dni ni stered orally  or nasally

from devi ces_whi ch_deliver the formulation in an . .

appR SPRF SREOHETAS, the Fyhstanat gt InibIe EXARRSIRR apfl/or activity of CCR2
s 0 AT SEICcuf CORRIHOF (o ot Tht ECR2 ntpzoli o bE Bosed orally
q.d.afr tinkatoaldosei st tatxoeed abant 350G mgs pr dyyhyThexpatients can be withdrawn

sor BR8] ot b B e minained o
treafiERt | Wit itk CCREO RR@SAridtON Treadhly DAt IWALS h eEdsbihflioR of CCR2

patient already suffering from "a disease in an anount
antagomist; anidetheir cyrent itherapy can be samied pat farafor pxamplesabouhene to about

twordifE. RiToe Giselnuifd BF 385 Atind T DFFARE KL Binping, o CCR2
antag6nitg 30 treated as well as by the judgment of the

attendi ng clinician_ dependi 2&% upon_factors such as
t hédyantagest of grubstituting dwaditier tﬁiﬁié&@,s Wathg KFCRh cantagonists  are
r B0 tHIARD ' i: aIh
““m%g‘ﬁlg'o;f ?{hgﬁ%‘laﬂm AT st Iéir@dslg ? éﬁsg%% | ent&%g'rl}ingjgﬁ% rﬁld}hﬁgﬁm’ the
most commoh behngr demcagetto cid lieopoetl iao immbessuppleedveabaions. CCR2

These .conpositions can,be sterilized conyenti.on
antagiii if SXPORIA 1o0bRYS, A BEPTOYY o 7B Sy (ATOIE, 4ndoMallynot have

simif YRR oSSR BakifflesORsRAALA IR tHAitidAAEDMBRIE  Additionally,
2006/ 0047 PCT/ US2005/ 022909 as is, or |yophilized,

the habalife w6 Bieitiologicalpisdypicallyi dats eroveslss,ovhith is@d isshe When dealing with
advesrgeerrelaétl%ngq}f'fé) Hﬁf—ﬁﬁrorfiasrorally 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 iv. or s.c., requiring doctor’s

40



10

15

20

25

30

prior to adm nistration. The pH of the conpound
preparations typically will be between 3 and 11, nore
preferably from5 to 9 and nost preferably from7 to
8. It will be understood that wuse of certain of the

woregsoRg1exci pients, carriers, or stabili Zerl%’lWISlzbosmzzsog
result in the formation of 5 phar maceuti cal salt

The therapeutic dosage of the conpounds of the present

adrhifERGdrOST Sadientvslfinjaetcd. ATHHY lealidto the posibaliep|of, mﬁlbhen reaction or
particul ar, use for which the treatnent is nmade, th

injectipmsite reactiops nThesesare avoidablopsingan qs@lbw@mﬂ@stewﬁéf%%mmgomst
and condition of the patient, and the judgnment of the
prescribi ng physician. The proportion or concentration

Dza@éreﬁaﬂt)m@aunﬁemfmﬁchErelanw@mzegmen n 10 a pharmaceuti cal
osition can vary de&gndl ng upon a nunber_ of

c pes fligbetesdisrape of dbe legding epuses ebmorhidityagdempgality n western
SN TN T —

dysfunvdt aceompadiedby selif ﬂﬁdta.hdt mmhﬂﬂwemlnmeﬁphahlo@sml Based
buffer solution containing about 1 to about 10% w v
on gy Rrifeary cResbamam dhat sy esroeiatel Vﬂﬁhﬂ‘ﬁ%@sr%‘ﬁ generabgiasses of oral

thergis 68,av R {ARAERPAD RS, BRAM scrdiboffes QuiiiHireak such as
g]yﬁﬂﬂe)imbmsmlug seniitizérs Guretfaranin aﬂi thiazolidikediones abchuhs dddiplitazone).
Comigpig CFep A, HITEsSH boR T pHBISS chas JoRan oshoBfi, 1 msdage  the
metﬁkéog?tcﬁﬁeas% Rk d%s@i&ﬁ dhe %&f{m@h&@ t&lfbe sHobm tS‘AEIePMate the need

status o e parti patient, the relative
for Eixopemgis ahswudinf ndmngst.mﬁon heHa)wnmu rveiths einnact isllin resistance often

forrmlatlo f XCi pi. en its.rou f. . .
prograishniatiing e Sie fepd fos SR i ebBlimepBti Inadditioney prodiabetic
staté e %S as @{3 h&0ohie S n&HﬁEel%s%éﬂ YaRodstred e b%!'chirﬁct@:'ized by

ani mal nodel test sys he conpounds of the

imppinedeglu¢ase talerancs) Bm@éaﬁmn rassoalaaml mﬂl@beﬁm'n Jdihie orajerity lof patients

il e o, e B adonlsE ipABT G2 ik i fiRgvoemia

occurfifiz! Ahess thesy BB Ms tén ndldhjerisidtiin lﬁi@da@fe)t ofiffitrinsulinemia necessary
chenot her apeutics, |ipid [owering agents, HDL
to pEgvettalopgt alyeoreshomenstasis. n The Opest £6 dheinsuligy resistance component is

hxglﬁyﬁ@%ﬁitc 65 mséﬁé&ﬁft;ﬁgg%&%matﬁéﬁm gﬁ%l{e T m{'ﬂ%e Pk of developing

typeA diblbetds] lm(eﬁé:)sloﬁradtcmmrymegt dﬂfasaheunat oid arthritis

rmRﬁ“F)ﬂ?tl ents, ?érggl?%%g%a Eress ﬁggﬁﬂwﬁ di Secgste@apgogressxon

l &ﬁm
frmggl!i]or oI ogl Casﬁté' k §gnggdé%\§g§var€l %egb%ggreees g.\?esny Most
patichitswith pre ardmhntep armblesnjmdgobcstyplself ds a:semmessd with instilie sezistance.

1t s e i vanG B8RSR0 A i A TPR Bkl Tt BN TRLeR S iRtin yjstance

1eadtnfgeto%;Be CZ i difbeted, WhHigesting bt digfials Hpdod, widémtfap Rontribute to the
unber of tender 10| nts, nunber of svvollendim nts,

devqé@nm@mof dnswiin| resistant sapdeprocressians foc flisensey| dpoadditmm tacthe secreted
o R 4R R 523050, P ftpare
derivedafiscsophates 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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of joint structural damage. Current disease-nodifying
drugs (DMARD5) require continued admnistration to
mai ntai n optinmal benefit. Chronic dosing of these
agents is associated with significant toxicity and
WO0068#Whse conproni se. Additionally, pati erRGI/US065022909
become 5 refractory to a particular therapy and

require an _alternative regimen. For these reasons

maquopheges iF dipeseytissube rlh is uBknowR yhﬂb%tthﬁBrléGﬁRZdﬂteracnon is

due%ﬁ%%@&&@gﬁ?e n n\ﬂg%‘L ??fptg}’ngbrl{l? #d a[?o?é j}ﬁe{sg%'o vt %e% %ed recruitment

of ﬁdﬁ'dph"i@& fohudipeé ﬁﬁsué Ilﬁlh{uhmmﬂl difelcty tad epthe reduced produchon of

adali mumab), anti-_ IL-1 therapy (ki naretzmor ot he
PfOlﬁﬂ%‘éﬁlé@HWWIBH godhwhether{be prainflammatosy mmussqn is directly

hnkEJ]Fo'Mﬂh Gelinddot limited to nethotrexate,

osporine, gold salts, antinalarials,

pePatiedts aviiondensunstraté Immﬁmrdsistanmcelﬂxaw predﬁbetm/ eﬂ)rmoglycermc) or
cl.inical rem ssion of disease can be treated

dwbg%@wﬁr@bycsm) GOl b tfeéteémﬂveas%lbwcam mhlba@tthwwsspn and/or
acti Kﬁr Ep &l ic Q&@ %e% §EsiRNA molecules),
anti sense or sﬁ?

protéing | (e@CRﬁntﬁﬁXJMOdmﬁm)hes) STE&]] clllmjzéwteu hr&ubngk'ﬂ kﬁtre] gorthe compounds
t he SCIl 0Se el n an Ot er
dlscﬁaqeq%m §5{$ &ﬁ{“S rfFrF%’qu bRABFROWR {1t dhe pgt).  In some
embbSintARE da;aea ]Lﬁlﬁnssu:g@e eanﬁfb?tachﬁ%kart(‘:“cm is a small
or I

exp resélon an activit I's a s
mo]muleee(IRé ifiliBRor th itntiagcanist), dihe eﬂ&fb’@amagn)st cathbe da¥ed orally q.d. or
dos oral | d at

. {
bi R eatip it 15 Seeababost it Bba dhyqdné peepes san e Sy, from or
havE@Bec?éastint theda¥ige of BRIF RifrehtAN&rapy ARCWAAS Se hﬁmitﬁiﬁed on treatment .

dosage of their current therapy ‘and woul d be
withirthien QRaedntegpm tréétcmﬁqbw WCRZ antegopBRAreatmeny omay the used to

rea at| h I hat i.on
suppléri, i Pl et toeripach RGafpe o fsPrexs prperession to
ﬁmymﬁmde;kmeneganpl e, about one to about two days,

bef ore di scontinuing or dose reducing the DVARD and

cofdveningey oh wosbtuting -of: supplementingdaditinals agents with CCR2

sota L e Wt X0k LA, B BT e o e 8 AR Hhresson

froncuprédidtietie, iioulin- fesistaht state X dedxelﬁdnecstae tSueh apg@t$ may reduce or

cepIge A 5, S ST TP SRS eTeroth R Afepeat ersities. Such agents
mayg.ﬁgggmdt.‘%? tﬂe%e@ﬁ‘f& 91nprbfgﬁ? %%nb@ Uikt & Jgkﬁtﬁé $A901iR sBfp1dfentation

not have 'sim I munosuppressi ve
isredquimdi | ities aSSOC|ated\Mtr1trad|t|onal DVARDs.
Additionally, the half-life of the biologicals is
typically days or weeks, which is an issue when

AthePRplerddts TebtmeRReashvéy se reactions. The half-life of an
oral |y bioavailable CCR2 antagonist is expected to be

onAthetoselerpsis inp aendition sharadterized by the depositionaffatty substances in

e ST 2 oA B e nBURl G, et
wast€ prddace, duleihdgind ougersﬁbm(nt:m‘ dhhﬂbnﬁﬂhx inethe ixriee ¢iping of an artery.

adal i rrurrab kinaret) are_typically g| ven either i.v.
Plaqegs cgn grow lurgeicpeyeh @usaraficastly seugyizoblepds Sowithrough an artery.

HowEvel, H&%Oﬁéﬁﬁgﬁl? ggmage 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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adm nistration or patient self-injection. This |eads

to the possibility of infusion reaction or injection
site reactions. These are avoi dable using an orally

adm ni stered CCR2 antagoni st. Diabetes and Insulin

W 200si0dTée Treat nent Regi nen 5 Type 2 di abet @STIUS2@5022909
of the | eading causes of norbidity and nortality in
western, societies. In the vast majority of, patients

Atheresclfratinide 2j Jowhsemplesrdiay Byt papirale. Beshildhapd and often
pr Légr},gltqg e@&%%fﬂﬂ-n' ed by insulin resistance in the

iver a I n®peri pheral tissues. Based on the primary
e c Aahigh rieve] huft chalestetd 40 cheablodd Wi & Imajbrsrisksfactot vior coronary heart

.general classes of oral _therapies, are available to,
disggse.o tBasge) an rhejestwl as a primagy F?P’B‘@!ﬂ"ét"ig@@?@s&e advance of plaque

forg i BRY bt SPGB By e AP AR 6 by lgvation of
cholessirghistmyinanbigh dendimytipoptoteiss (PLRPY Ciradatingdeiwictesol can be
ot mechanl sns, has, been shown to panage tne .
redpeadafosiexamples Ricingibging isisyntaesisd dhe lygEusive wgweducms update from
oo, SRR G aRtap Tns 16t e U5: hbnBal 08y SREHe hfliine tht e
usedns Ubwer highichblestem] dédvielsn bilg acid rabsrbess, lipeprbitein symthédie inhibitors,

need for fyrther, insyljn suppl enentatjon, In ition,.
chofesprolvaipest tanstor s ot aHl Qe skt e ditonally
be ?Mﬂﬂéd’ﬁ? amé:f]ﬁﬂstﬂﬁ@ﬁ‘ ofj SO0 pR. giﬂobhaml@ ®r F{/gﬁ{d{?&éseéf £i&4n Y herapy

npal red gl ucose tol'erance, particul ar
thab addressas inpultiplet mechapisins yhas Theen nshowni toy sloW gimedse npregression and
who .devel. op type 2 di abetes begin by devel opi ng
pr°5’f‘?§%ﬁ"ﬂ?ﬂ@£‘ﬁ§¥‘§ﬁ'€e, with the hyperglycenia occurring

whegtheRB§lerobid! is Sphieal B2 Bcddmphbd By £ el dhridiRgintHREHy SR sponse in
of hyperinsulinema necessary t0 prevent |oss of

whigh bone-mattowedssived macrophages acsumulsate inHatty ploaaks mlong the vessel wall,

oSSBT R B B el ks o
havk b@eri Hedfortradd 6 litlated) flaqiieyRBgréssibnodidt (fthe Biyayaiek @i ic@ promote

and corgnary heart disease. One of the strongest

Plagusy destabilization. | Mpeosclerots Gews ealie PerderseMbddl.ofuggerting that its
s BQRE SRR roOCRD AR DEPE BhPapS § b plliiion o
magraphaged 8s fodoh cellpin pPladquasbeCERZEr michhsve beed dememistrated to have
. i.Lself is associated with insulin resi,stance.. 25 |t isS..
sigRiicagtly rpioed BRCIoRaLes b Sy Fohks BEFRIed o5 4 Rk SE high faf diet or
genf‘:ﬁ)(fal{eth@ioﬂﬁl’ﬁtaiﬁmli%. insulin resistance leading to

type 2 diabetes, suggesting that signals from visceral
f atPationts r whoit demonstrate highe catculstimghtcholesterobulaws HDL, or elevated

. resis t and progressi,on,tq di sease.. I n additjon 1.0

circpfgBhg CRP riesefl WL 7ol il e 15 AR br Y hed dvidice of the

presefitd bf atherobd1ErREERLAIYbY ReddANS/th idNsubbiafide BN ehilits' AV expression
derived macrophages, accunul ate in adi pose depots,

andfse @6tYiRg of G including. éomexampls ayelsic aidsAle fosmtisensssresiRNA
p u iC e i
molf TP BN TEE T CR) hoftARGS skl iflebfle PRARREL' ., he
compeandsplistised hereinnamslostherechehokinyeceftot mhibiitofd lenowad inrtie art). In
cyt Qkines_ that have heen_ denonstrated . to induc )
sorqeﬁeﬂaoﬂwwsﬂletsa_ o ﬁlﬂamh_ﬂweym&w? _ acwysqefeccm is 8 small
molBERE eER iiviBitdr {o? aRfa@ERE) LR dsQ SgthRARd o the #R8@TIn THe CCR2
that its actiyvi by signaling through CCR2 al so
antagpmjsttcap be flosed qrd{Vchq-d.awnb-lddt @ dpse nab ¢o exseerhahont SYhmes a day. The
patié'ti'ts 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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WD 2006/ 004741 PCTI US20051022909 nmcr ophages in

adi pose tissue, it is unknown whether the MCP-1/CCR2
interaction is directly responsible for nonocyte
recruitnment to adi pose tissue, whether reduced

wWeClotéd0amsat  of nmacrophages to adi pose tissu
humans will directly lead to the reduced prog‘: ’{]U%zrqosc’) 2909

proi nflammatory nol ecul es and whet her the

exapdppé NrePéntBE OFliqUED bRgHESor F HabilgAnD PlagSe Bhdt Eids!| Mreally formed or

li'nked to insulin resistance. Pati ents who dermnstrate
mdummplaﬁuqrregtegalmce ei ther prediabetic (nor m)gl ycem C)

SutAMAREEH Foft WRRRE o Sbplehid Jfecldohil i’ bu cora
anté’g@his’tfsl dr¥ niinefoUR2 S agéis mehy HleseﬁIg é[dim%xemprey:d fre€lude pdgression

anti sense or si RNA m)l ecul es), tprot eins (e.

of tgel pleqcRn sagd eloiastability withits assesiated fisk ofrplagyetrupture. Such agents
M T T i -

drugs) WEth theip Qdérﬂmttﬁmci‘llbﬁm‘&lubﬁh,alﬂﬁ @0t kaited 00 flshirg, liver damage and
expreSS| on _and/ or act ivity of is a small

g8 saghygs myppathy; Suck @Benﬁrwe’gaésﬁ rgduce theyeeeddor, or prolong the

T TR -
requifed tb dimif ddnthpedoe forpavantial plthavmm.:relecr ease int he

dosage of their current therapy and would be
mai ntai ned on treatnent. 15 with the CCR2 ant agoni st.

ist treatnment may be used to
Laﬁ“leb%’aﬂ%ﬁhd&taﬁgﬁr% c@%&ﬁ&d} y

sup urrent therapy to enhance its
ef fAamther apgest oDthetpresenteinesntiop relstes tsfluorescent dyey spiedable, heavy

SRR S SO e o B A0 i i

alsoaﬁmt AGAYY, %&l & QirIEBRl ‘E}P&vosfb‘iho@aﬁﬁﬁésanﬁaqmﬁﬁtaﬁﬁ@fth@ chemokine
for exanple, to preclude progression 20 from

receptoedm tipRue |sampbhsg¢ludmg buihan, and fortidensifiing elmnm flegeptor ligands

d d f
i DT 38 bR E T Qb BT R, ool BB inctudes
cheﬁl@Rﬁhé?i'dcblﬂSr as&g,@lmaﬁemmﬁ sudielabetddompedlidse t he need for,
the period until, exogenous insulin

r ol ong
ag\rsmﬁmaemﬁon futher dngindes &otowalht-hb%% éPIEPQ}Bldé of Formula I.

|
An GHABHERNY oEeR RN Folpbut #8'cBmbPufd FURE ilbMbo where one or
moraratoals &i‘é repidcled or Ié’hlaqumedeb)cmmemsmsmglmmmmnanms:r afass number
fatt st ances, chol estero el wast e
GifRisE) fhern dhe BEGE 3hass 40 "oish SR, Spiea: 2ounn BRI oo naturally
occﬁ'ﬂnﬁ)h eSﬁJ&Bﬁrmhioﬁhﬂﬂilethaﬂ%a?rﬂe%Me ﬁieﬂ%%lmgéﬂn&r%e present

l'arde enough to significantly reduce the b
inventiominglvde hutare sotlimital thiGHales ritten @ B |fqrﬂemeclam) “Hhaisgovritten

e, agyersjen £ e
o gl o R R B EOE Dol G s oGl Bt 1 B B,
1231 défp, Bflogid Blmomhé raNorELider mafmoméo@mtedtmaﬂelmstm Qhdi6labeled
parts of the body., If the clot, blocks a_blood vessel

compeads el Asppdh o dhe gpecific application of thatgadiodabeled  compoupd.  For
exa.:g]!)lg,ffrf)g iz(rfé‘ ?}?rlazgﬂm\éﬁﬁlﬁ Ghoeh3R tabbfiff Snd infUtRbA assals, CoHPSEnds that
incorporate *H, 1C, 5Br, 121, 1*!1, *S or will generally be most useful. For radio-imaging
applications ''C, '*F, 121, 121, 141, 1311, gy, ™Br or T'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 *H, “C, '*1, 3*S and *Br.
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WO 2006/ 004741 PCT/ US2005/ 022909 Atherosclerosis is a
sl ow, conplex disease that typically starts in
chi |l dhood and often progresses as people grow ol der.
A high level of cholesterol in the blood is a nmajor
wo2bosfoacnpr for coronary heart disease. BasggtAfbi00s/022000
chol esterol as a primary conposition of plaque, ﬁ
advance of plaque 5 formation has been managed by t he
r eBigithietio méthodsr fotl icorporadhg | redib4sotdpes rintoy oxgagi¢ atdndpounds are
of chol esterol -carrying high densi fl{k@l [ prr ot ei ns

applipable) to egmpaunds of, drecinbention ang are. well tksown dny thec art. Agmdio-labeled

t
co::ﬁ?éﬂﬁﬁ) L)f"the *?1%/@ i u@innﬁgqug%ﬁlta &ﬁ%ﬁ#ﬁ%ﬁﬁ écp d‘éﬁ't‘ffﬁ'ye'v}{ﬁﬁte compounds.
In gmehab &mntaﬁnmﬁlytsyﬂthesutehro@d@dhhﬁb&ﬁ@npmmﬂ qie. smsmgmpound) can be

evalues 46t 5 SR 40 Eiges BPIBESE S U BISA omPALPEAbg iavention to
the i%%#dgﬁl?éoﬁcéﬂgn db%&%?l ng g’m gt}ghfy%ie Ast ﬁéﬁﬂ%&ﬁ'ﬁ'tﬁ comp ete with the

er|va ives rcul at
radibilibebedncansbuhd doabinding toethe! chembkite ryceptbri direstly abrrellates to its

. of, f.or exanple, probuchol or high doses of niacin.
bmd%?%? - that addresses nultiple nmechani sms has been
shown to sl ow di sease progression and progression to

pl aque rupture. Atherosclerosis is typically
Kztsacconpani ed by a cellular inflammatory response in 15

h bone-marrow der.i ve cr C late in .
F TP PRSPRRReTOB l50, It odes JUBARAR LAl i Eestiin frc3apple, in the
treaﬁ%ﬁ Sr preventes! étsclﬁ'hﬁakﬂlesa@&tk&?edoﬁlsgﬁé‘é/ vitficht lude one or more
I ammat ory cytokines that have been denonstrated to

conﬂamduc@nblﬂanme nhmgaceumab pompasitih qonmmmgmﬁ:sraphmcaumnffecnve

amoﬁ.{i cgé’ig’ ﬁ.@ﬁ'\ﬁphégﬁl ong:gﬁﬁhlﬁél% eh eﬂrgcf one or more of

vané\%tdo‘ﬂbéxﬂwﬁﬁd phafhiadbititdl kif cOmpoherisReich a8 Ofofle@dthple] eiitaders with
important role_ in the accunul ati on_of 20 macrophages

one 5 mergnphaEnacgutically| agegpsable curiers; additienal wamems@er@tc as will be

read{f BRRRELEhond A 1n 0N " SRHECR jogery pr gp lbels

indidatigl qﬁ.m!itltrés of the corglartetmsaoadet Aindhistered) gmﬂelmed for administration,
Pat i ents who denonstr at i.gh circul ating

| is
and/w&i F mixipg, theyspmpepents; eap.plsobe 1ng mher#e;t CRP or
Pr ¢he 'f}}veﬁﬁc;nhwﬂ}e&? ﬂéscﬂﬁéd in HEdSRH] b ’sg ?@Qi'amples The
ot her evidence o resence o er.0oscl erosi's
fol,lomng dxampltsr aratoﬁéredn ﬂoh llmstratbst jpupaeses, aad amhbtbim.mdemm limit the

ove G B 3 e g b S Sl Gt Mol o variey o
nondtik A petadiiers Which GAre dH8ngkd or mﬁe@%eﬁfgsééhﬁﬂlldfﬁﬂz same results.

smal ' nol ecule inhibitors (e.g,, the conpounds
di scl osed herein and ot her chenoki ne receptor
EXJpﬁghﬁbtors known in the art). In sone enbodinents,
Subst ance that inhibits expression and/or activity
ExampleQCR2 is a small 30 nolecul e CCR2 inhibitor (or
antagoni st) such as a co the invention. The

d
Preparp6on oI N-Hd B ¥Sk-isenropy- a'}ﬁg&é'rm?wmmamanpbwmpw

Yl}c’ﬁb?ﬁﬁﬁf’m% M{L ﬁ?ﬂgﬁ s omﬂ%ag‘\-/g%m Zlg?ease in

the dosage of thei r (eurrend therapy and would be
mai nt ai ned on tr&atng willh the CCR2 ant agoni st.

Alternately

Step A-1
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treatment nmay be used to supplenment their current
therapy to enhance its effectiveness in, for 43 W
2006/ 004741 PCTI US2005/ 022909 exanpl e, preventing
pl aque progression, stabilizing plaque that has

. rmed or inducing plaque regressio
ﬁg\}gﬂ% ag{‘e‘g of substituting or supplenenting %CT’USZ'}"S’O”””
traditional agents with CCR2 antagonists are
nunmerous. Such agents may.Beomeeful , for exanple, to
preclude progression 5 of Mje g aque to a stage of
instability with its assoc ¢d risk of plaque
rupture. Such agents may reguce or replace the need

for the us f ol esterpl nodifying drugs or HDL
4.4-Qraes P?-‘ﬁﬂ"ﬁﬂi’a’ifgzg'm‘l”rﬁ?‘gei r attendant toxicities

Cn L ko, | arict i . : _

an?&%cgglf?e dgrrlgg%()?ug:ﬁ a dﬁr}d;%%gf hy.rw'ggghdgé%@?ﬂ s’ may anol
(10Gd ) at € 00 evas tivpwiseaddddar solwion pf ot-chingopenenzgie acidq15.1 g, 87.6

mmgfs miegBROTS dito; ABG e ies 07 Fomebinn! s ooty pacuo and
the %gﬂ@fb%idgb‘ Svab QisRIN &I th inftkhyrid QR rifs Elod E:ﬁ.g T&rﬁféf%bftﬁﬁgn was added

nmpounds and Assay Methods Anot her aspect of
KaQfheThentesulting snlitiom was| stirred fard i dnddiltersd dhrougheslites phefiltrate was

| abl e, heav nmetal, oy .radi o:1abel ed co un f
evapRE e Houg JRrOvlE i S auraner WEIER SRY Goeh AFHioh e
reackion ¥/ithBut parifiea®ns, both in vitro and in vivo, for

| ocal i zing and quantitating the chenokine receptor in

ti ssue sanples, including human, and for identifying
Ste c}_grmki ne receptor ligands by inhibition binding of a

A4Bel ed conpound. Accordingly, the present invention

i ncl udes chenoki ne receeopoPMessays that contain such

| abel ed conpounds. The pregsgtOMevention furt her

i ncl udes isotopically-I|abgled compounds of Fornula I.

20 An "isotopically" or "raf o-label ed" conpound is a

ound 0 Lpvention where one or nore atonms are
3""?’2%%5?‘85"8%“@%%’?&%@@ by an atom having an atomic
Mgy ddohitivasof A ﬁiethod?tfeﬁ-ﬂf f3-2Hp9ant 6! (810014, 370860l in THF
mass nunber typically found in nature (i.e., naturall

(100mbat§ s as mifed snditn hydige (48 5.0 ol Afiepbeing stirred at 0 °C

for 1 RSAEAAYIBARE (461 GTTPRID o e B ERke, THRHEREOR gy allowed

to whaon upetotambiientjtemparht(rel @nd quentled usidf agaeohs INELQlr The profduct was
"C,. 13C, 14C 13N,, 15N, 150 170 .180 ' 8F, 35S,36C1,

extragias, ‘Wgs%%“ Haes F@P?-Bfnle 1@?1’%54&*“}2‘5 1WefR gdnegy pyerriya; S0, and

conde HAEN Ptk By et CEREDAIHES o) A LSRN ether 1o 60%

ethespanesh ipravidedsthe desired guoduct. dHENMR (CDEh)BE.05505 (1H, m), 3.80-

370 gt evath sl 50 Dot ab 5 S At 57 "Gl (e wy

14C, "Br, 1251 , 1311' 35S or will generally be .nost
useful . For radio-imging 30 applications '1C, '8F,'2l,
Step¥281, 1241, 1311, 75Br, 76Br or TBr will generally be

most useful. It is understpod that a "radio-|abeled "
or "l abel ed conpound” is‘\)jj:/quound t hat has
~
o)

3-Methoxytetrahydro-4H-pyran-4-one

To a solution of 3,4,4-trimethoxytetrahydro-2H-pyran (4 g, 20 mmol) in THF/H;0
(60 mL/10mL) was added concentrated HC] (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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i ncorporated at |east one radionuclide. In sone
enbodi ments the radionuclide is selected fromthe
group consisting of 3H, 14C, 125j, 35S and 8213r. 44
WD 2006/ 004741 PCTI US2005/ 022909 Synt heti c met hods
wor20d6r8démpor at i ng radi o-i sot opes i nto organi ®PCT/US2005/022909
conmpounds are applicable to conmpounds of the invention
and are well known in the art. A radio-I|abel e?
wereodrieduand ehcentatadnncatioty pavidpdheudasited productc B MMVIRg(CDCI3) b

3R Hom oY i el Tl BB 0P a0 @, m).

5?5 .., test conmpound) can be 5 evaluated for its
ablllty to reduce binding of the radi o- | abel ed
conmpound of the invention to tHe chenokine receptor.
Accordingly, the abilit of S onpound to conpete
with the radio-Iabel Bef ‘nd or binding to the
chenoki ne receptor dlrectly correlates to its binding
MeﬂM (IRj 45&-4-ﬂ3@rrmm&-ycéﬁﬁm}@awtyclopm+ﬁ-émﬂ -adrbmﬂam | udes -

P eka henivtio oA éﬁﬁ#@ ﬁfltoaf ok} Db aGloyIpanta-ene- 1 carboxylic
aclcfjg A lﬂ‘ﬂlbﬁ lihh oQaSSIWOBﬁES(G 33 g, 45.8 mmol)
a’phar ma eutl 5 a

n|n osition conprisin
follbmﬂ bpemeﬂly:laiddgdee(ﬂf(buﬂl \od mrmi)u diften fbeing cstimed Lat droodt. temperature

.Such kits n fur [ Iud . 1T desired,.
oveRE e gtom e, i e SEMHHIAR o oftigh ek S fedapith water
fouKtithe CAHIAGR Hng nnﬁuﬁﬁbda@/lgﬁ () arti@berfrated OTHeAe5iALS wik BRed under

one or nore pharmhceutically acceptable carriers,
higha drééuuimp eaemight ttei previde thet tle camponnd (Meg, P¥%Yi MS calculated for

Cul SRR Bl 467 Rin 1431 ity 45° 'M@@%&aﬁ% 28D, 490

(m,qgnm A S@prm;n?m &, 89), laesoqﬂmn?,atﬂr( anglsise(kd na,er‘.m (s, 9H).

ati’on and/or gui del’i nes m Xi ng
conponents, can also be included in the kit. 20 The
iE$ention wi Il be described in greater detail by way
of “specific exanples. The follow ng exanples are
offered for illustrative purpodes, and are not
intended to limt the inveptig in any manner. Those
of skill in the art vidcHN=€adf y cogni ze a variety
of O noncritical paraneters¥mi ch can be changed or

nodified to yield essentially the same results.
Met il (A D -EvextrBuiexyrarhogpliamine Irisgpropylcyclopent-2-ene-1 —carbo;ylate

N il AP\ R BB Fekkhye el QY8 TR XA < s
added }& afdhﬂiwll Jofy edetyb n{M,45) 3 ifletriimtoptyedrbary} i ming] bychypeat2-ene- 1 -
carb%;{ﬁgt]e '252.16 E,%l%9%r§ol)‘}n% I??:é:g 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 caiculated for CisHzsNOy: (M+H)"
284; found 184.2 (M-Boc+H)".

Step B-3
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30 Step A-1 45 WD 2006/ 004741 PCT/ US2005/ 022909 MeO
Ove OH O0JT 4, 4-D nethoxytetrahydro-2H pyran-3-ol To
a solution of 4-nethoxy-3, 6-dihydro-2H pyran (5.00 g,
43.8 mmol ) in nmethanol (100 nL) at 0 C was dropw se

| ution of mchl oroperbenzoic acid (
‘ggf;@ggﬁr‘rﬁgl) in methanol (15 nL). After bei ng"&(‘ﬂ?ﬁ‘gﬁnmg
for 5 h, nmethanol was renoved in vacuo and the white
resi due was di ssolved in nethyl ane chloride (300 nil).
To the solution was added O3l The resulting
sol ution was stirred fRocHN ﬁ PH tered through
celite. The filtrate was evepgfated in vacuo to
provi de the desired product which was used directly

(1 S,f46‘)—4¢me rtefutexycardanyllaorinaji- I-ixapropydopciopented-érerl -cdrbogiie dcid

et hg?yt efr aﬁ?%ﬂ 2 H-%yr aﬂt;g;f m {15494 {fertoutoxycarbonyl)amino]-1-
isomw i hexxhel fca%%gﬂ?rtﬁ )%t#afy%% ‘o308l id PP G50 mJ§)7 ndf¥thanol (500

THE 15 (10 C was” added sodi u
mLjhawil waler (lﬂommmaﬂdﬁ It hydmmdnmmhugrat;t(ﬁﬂﬂgd 1 la& mpol). The

e o B oTE T bt AAr 1 B T GadieaTiEa Yoy Fage amount of

ta.rﬁii’_ﬁﬁm@érﬁl‘t'rﬁee %atsurven@%rame&% Vérud n@ GHE Bt\feous layer was
The uct was extracted with ether three

extractnésﬁﬂrmbero(aﬁ&nhbw @mowadtesum@dm materialIhs@queous layer

w0 REF reBh et Lot Bl btng ooBed i anys b The resulting

soluftioh OWashetRbRE )with /¢t etchlbnﬂ@?th:’é@%ﬂé& omszéxtracisl WiR dried over
CDC13) 5 4.05-3.95 (1H, 80- 0 (1H m,
Deandcamentated w)gives sHid @e). sl)'he sghé (wag dissolugd inchot gthyl acetate

)
@ %ﬁ@eﬂwﬁoﬂxﬁ;‘% oF 570/ Wi adiba to G 3Bl The dofoiol? s Souiy cooled
dowa, té/néelh rterﬂpérhm%befdsre dntgglr ggezarreécnng at 20 tﬁm2J4)°Cl After two
THF/ H20 60 nL e oncentrate (6
dayyy the cmfssﬂéé WEES FF&‘O?]?{I %# @w I wepevgpesa t6d in Sacuo o give the
desired product as a white foamy solid (9.78 g, 56%). MS calculated for C14H23NOy: (M+H)"
270; found 170.1 (M-Boc+H)™.

Step B4
o)

BocH N—CKL OH
/._

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

To a solution of (15,45)-4-[(rert-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 CisHysNO4: (M+H)* 272; found 172.1 (M-BoctH)",

Step C
0

BocHN-O_/lkN"ﬁ

i QNUC&
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renmoved i n vacuo. The aqueous sol ution was extracted
wth ether (3 x 100 nL). The extracts 46 WD
2006/ 004741 PCT/ US2005/ 022909 were dried and
concentrated in vacuo to provide the desired product.
wig 2bdRogEPCL3) 8 4.304.10 (2H, m, 3.75-3. 65)({%20@0,22909
3.60-3.50 (11-1, m, 3.50 (3H, s), 2.70-2.50 (2H,
Step B-1 0 BocHN-eOWe 5 Met hyl

terkBRyFlﬁ)R 4S)-3-(B[3-(Busrovetwhsien)lspéragin-¢y c| opent - 2- ene-
I-carbo Iate To a solution

PW‘W‘:‘&PQ{UJ[ 1C% %t oxycar bonyl ) am no] cycl opent - 2- en

%L@?Z@%‘*%ﬁ';ﬂs“é ettt (odildyclyeMeck Bl acid

(0. fb(blg 0\0e3¥ bumni),t ﬁy-l[3-ﬂ‘®1ﬂludzeniemyl]phﬂnylpﬁﬂrmnl Y85 Afger0.37 mmol),
el n stirr t room erature over
riePylannipen (O G e LD WIS AR enratesol | iyt Gy laminc)-

phoffonEg RERpIpriEhat o 10 E"S’éﬂ?’%ﬂéﬁ“@%@% SRR ghloride (5

mL) andstirredde roonhiegiperaturel uvnrmghtr Thgteaction pukiuve was diheed thh EtOAc

andcepd 8 ound}q?ﬂ@!%féos e anvoss layed s pRsted with FffpAC three
8

tlmésCD?:%) ccﬁ%ﬁlixi% ini '('ﬂlrgers/i' Fr)%;&ez.@g%ld g(rl%&gS?é&,’ Qolrgcg%tn%t%‘n& rand flash

chramitpgraphed ((59% E@Ac/He}StcSEAD) tBgive the desirei\pOductMB6yE, 30%6). MS

N B i A

sol ution of lithium hexanethyl disilazide in THE (202
m) at -78 C was added a solution of nethyl

Stegf DR, 4S) - 4- [ (tert-but oxycar bonyl ) ami no] cycl opent - 2- ene-
1- 20 carboxylate (22.10 @ 91.59 mmol) in THE (36.2
m.) over 10 min. The sl utllion was stirred at -78 C for
30 nmin before isobs o gb(lo.o m., 100 mmol) was
added in one portion. LXNUE 2y WalSFzt hen noved to a
freezer reading at -24 and kep erni ght. The

reaction was quenchegptdbyaqueows” ammoni um chloride
and the resulting solution was extracted wth ether

(1Ri38)-84+{3-(Edluororaetbyjpheryiipjrerazined wicaharplicyslosenianmmingm
bw{%muo?éﬁdﬁ%s evaporated in 25 vacuo. The residue was
I'T1€e

flash chromat ography on silica eluting

W tebrr-Batglet hyl [(&Rﬁﬂﬁﬂmﬂﬂﬂﬂorbmemyl)ﬂ]ehhﬁ-pipeﬁz&l -1-ylcarbonyl)-
cyciopaty -7 ioAlE i BhEmc) svesiiogtse Btk Tibuagpoetic Atid (3 mL, 0.04

mol? ngnQ@@l%ﬂé c%EHdUSéO%)O&Z%% temperature for 1 h. The mixture was
concentrated to provide the desired product (98 mg, 93%). MS calculated for CzpHa3F3N3O:
(M+H) 384.3; found 384.2,

Step E

N-[(IR,3S)-3-Isopropyl-3-({4-[3-(trifluoromethyl)phenyl]piperazin-1-
yljcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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O BocHN OH

(1S, 4S)-4-[(tert-Butoxycarbonyl)am no]-1-isopropyl cycl

opent - 2-ene-| -carboxylic Acid To a solution of nethyl

(1S, 48) -4-[ (tent - but oxycar bonyl )am no] - 1-

' ¥Js¢ycl opent - 2-ene-1| - carboxyl ate (18.4

‘%@2?‘{‘9‘% THE (500 ni), methanol (500 5 ni) ?ﬁ%&??‘%ﬁ’m”
(100 nL) was added I|ithium hydroxi de nonohydrate (5.00

9, 1d% HRtidn ofh@ fréwﬁeugcq) Iqeq]Rdrifl@oréBéthiphenyl}piperazin-1-

overni ght. After ours, TLC indicated a very trace

yl}eareanyl)cp¢lopentanamingg :bias(teiglpgnoacem@ ol(lﬁs)lni @gol 0@3t s mmol),  3-
e UA G by o S0k Fe L ARG BBV alTE 0008 mL. 069

mm})3h nhéiby ekt chldridle (10TME.) 3L 8@ied sbdi triaceRxyBstbkldride ¢97 mg, 0.46

wi'th concentrated HO to pH=4 while being cooled in an_
mmobe Aftgr heingistirred atutopmrigmperatis ovamightnthe resctipn snintireves diluted

with Gioc i, SRR i, it NAR,, JHE U8 e s qrranted with
EtONc: thiée tifeh.i Therasmblnéds otgdfid layerd dlerecihiod (MESOH! Gonceriated and

nL) and hexanes (550 wer e added to the sol ution

nL .
purified opcilina) gghelitieg E’itb\ﬁf@)'\é ol bELNEHpAe affording 105 mg (92%) of the

e r,at,u [ ' el din t
aesh STRBRL e RRAGAS BV 087 Lrf FHTRCG ! G0 o s
caldufaeaviet Catl; FaN¢D 1 (ef+H) q98; downid198 2Ptk B6mefR. vacuo t o

give the 15 desired product as a white foany solid

(9.78 g, 5699 . Ms calculated for Cl41123NO4: ( M+HTf
Exaﬁ@ézfound 170.1 (M Boc+H +. Step B-4 O BocHN COH 20

, 3R) -3 -[(tert-Butoxycarbonyl)am
ino]-I-i sopropyILeycI opent anecar boxylic Acid To a

sol ution of (o)
(1S,4S)-.4-[(tert buﬂ xycarlponyl ) am no] - 1-i sopropyl cyc
| opent - 2- ene- 1-[Carpox ¥ ati’'dY9.78 g, 36.3 mmol) in
et hanol (250 nmL)p a j\L Nl Ladi Jgm, on  car bon

s

(550 ng). The m xture wa haken hydr ogen at 55
psi overnight and filtered through«elite. The
filtrate was evaporated in vacuo to afford the title
compound (9.45 g, 25 96% . Ms cal cul ated for
Pre DOF 3-tNISVEN-F( R, - Boc+lW Step C O
oCHN N~ CF3 O\l-?(ﬁfsf)‘?gg&b rﬁgﬂ B
(triffuoromethyl)phenyl]piperazin-1-yl}carbonyl)cyclopentyl]tetrahydro-2H-pyran-4-

amine
Step A-1

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. Jodoethane (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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WO 2006/ 004741 PCT/ US2005/ 022909 tert-Butyl

[(IR 3S)-3-(4-[3-(trj 7uor onet hyl ) phenyl ] pi per azi n-|

yl carbonyl ) cycl opentyl Jcar bamat e

(1S, 3R)-3-[(tert-Butoxycarbonyl)am no]-1-isopropyl cycl

wo endsanegar boxylic acid (0.10 g, 0.37 mol) peTus2005/022909

N-[3-Trifl uoromet hyl ] phenyl pi perazine (85 ng, 0.37

nmmol), 5 triethylamne (0.10 ni, 0.74 mml) and
EtOPR/ERbidspogivé 21| go0vs) iof desined troduet H DIMR $GDEM) Gr.389.00 (7H,

hexaf | uor ophosphate (0.16 g, 0. 37 rrrrgjg_)[ were mxed in
), AE0rFHoRe3 R (ILisHE. 051 TN Ml 33+ 22 Q4. r com

tenperature overnight. The reaction m xture was

diluted with Et OAc and washed with saturated NaHCGS.
Stepl 2 aqueous | ayer was extracted with Et OAc three

times. The conbi ned organbc | ayers were dried (MJSO4),
concentrated and flash 10jchromat ographed (50%

Et OAc/ Hex to EA) to giv i red product (86 ng,
53%. M5 calculated faqr 5H36F3N303: (M+H) 484. 3;
found 384.2 (MtH-Boc). Step D O H2NN~ ~~~ ~ ~N- CF3

J'E%T%%%%O(l%'ﬂr—?ﬁ?ﬁor onet hyl ) phenyl Jpi per azi n- |
yl Qar gcmmuimmaem}mMmhowmaH@m(m @ 11 mmol) in
tert-Buty

TH iten (LA 10\ e gomegmieatsd HIOL(6 kb Afkr beipe stireibat room
temaprafare K 100 R Kt VbR Ve Efc, O o layéins separated
and thet dqukeusdayeh was exteacted with) etltr five times.ciheeombinee of ganic layers were
drieqygsr MASCH SRR spagoRansgafo Eikiel S5 e8| §fine Afsired product. 'H
Nhtﬁ?(%b?:gﬁ&%%sé M)ﬁ%ﬁ}%ﬂ&%ﬂﬂ)ﬁ%@zo GLe JEs fhl ©

Step3B) - 3- 1 sopropyl -3-([4-[3-(trifluoronethyl)phenyljpiper
azin-1 -
yl ) car bonyl) cycLo entyl J- 3- met hoxyt et r ahydr o- 2H- pyr an-
4-amne 49 WD 2 6/&047410PCT/ US2005/ 022909

( 0;%@0%

3-Ethoxy-N-{(IR,35)-3-isopropyl-3-({4-{3-(trifluoromethyl)phenyl]piperazin-1 -
yljcarbonyl)cyclopentyl]tetrahydro-2 H-pyran-4-amine

To a solution of (1R,3S5)-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;CO;. The aqueous layer was extracted with EtOAc three times.
The combined organic layers were dried (MgSQ,), concentrated and purified on silica gel
(EtOAc to 1% EtsN/EtOAc to 5% EtsN/EtOAc) affording 230 mg of product. The product
was separated by chiral HPLC to gi\I/e two major isomers: isomer 1 (110 mg) and isomer 2
(77 mg). MS calculated for C27H49F3N305: (M+H) 512; found 512.2,

Example 3
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To a solution of

(1R, 35)-3-isopropyl -3-({4-[3-(trifluoromethyl)phenyl]p
i perazin-1 yl}carbonyl)cycl opentanam ne

bi s(trifluoroacetate) (140 rrg, 0.23 mmol ), 3-

X045 r ahydr o- 44 pyran-4-one (90 ng, 0.6
(Sida%erf¥ %yl amne (0.096 nL, 0.69 nmol) in %Crwy eoﬁ’émgog

chI oride (10 nL) was added sodi um
tri acet oxybor ohyudgi de, (97 ng, 0.46 5 mol ). After

being stirred at oorﬁte effat ure overni ght, the
reacti on m xture &ﬁe%\ h Et CAc and washed

w th saturated N2 ayeiF,Was extracted
wth EtOAc three tines. 'ﬁ%c p organlc | ayers
were dri ed (MgS™), concentrated d~ purified on

si | i.caq% eluting with Et OAc to 1% Et 3N Et OAc
Preparaghon; of N-Kd.8, 3% 3¢isnpyy pys3-tidd4-(taiflnorexaethy Ypyridin-2ryfipiperazin-

R RS ERNSifbPe iae 7,™

Stept®8; found 498.2 for both isoners. S Exanple 2 "OHO
NN O(NCF3 15 Preparation of
3- et hoxy- N-[ (1R, 3S) - 3-i sopr opyl - i(4 [3 (tritlu orom
et hyl ) ph enyl) pi per azi fl-*l ca bonyl)cyclopentyl)
t et rahydr o- 2H pyran-4- "am_ne I 0 0 20
3- Et hoxy- 4, 4-di me t hoxyt et rahydr o- 2H—pyran To a

1[@@Mmmmwldr3ﬂIMIMrahydro 2H-pyran-3-ol (2.0

31 dhrg MRSt PGPy (2R, 1GRnol) dethioe G .
30 ﬁ:ﬁfbl)' ﬁﬂmﬂleﬂi)ﬂﬂ’uh)ie \@$ L, 27 gendlPin DMF (lmd@gt\b@m@cafea & 100 °C

9 mol) was added 'and the mixture was stirred at

ovemcabﬁw depmeeritataddn sgaonT gmtesidnpves Bried By Klymnrdrqroategraphy on

sticeeFHRORE 1o BHILARORVECNT 4142 o BieH T D0B0A19%} bf fl Broduct. M
calcalidred dbre ot FiNv@Ve ) 2T doundd3R11i ng sol uti on was
extracted with EtOAc twice and ether tw ce. The

conbi ned extracts were dried, concentrated and
Stepmjl‘l fied on silica gel (20% so WO 2006/ 004741

PCT/ US2005/ 022909 Et OAC/ hexanes) to give 2.1 g (90%

of desired produggc (CDC13) 5 3.32-4.00 (7H,

7 N
/\l\/)q ~~CF3
19

tert-Butyl {(1R,35)-3-isopropyl-3-({4-{4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
yl}earbonyl)cyclopentyljcarbamate

To a solution of 1-[4-(trifluoromethyl)pyridin-2-yl]piperazine (145 mg, 0.627 mmol),
(15,3R)-3-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid (140 mg,
0.52 mmol) in methylene chloride (10 mL) was added benzotriazol-1-
yloxyiris(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 CpqHjsF3N;0s:
(M+H) 485; found 385.2 (M-Boc+H).
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m, 3.30 (3H, s), 3.20 (3H, s), 2.05-1.70 (2H, m,
1.25-1.22 (3H m. Step A2 0 OG1~ 50
3- Et hoxyt et r ahydr o- 4H pyran-4-one To a sol ution of
3- et hoxy- 4, 4- di met hoxyt etrahydro- 2H pyran (2.1 g, 11
THE/ water (50 nl/10 nL) was added
‘glglril{):aendtﬂra{ ed HO (6 nlL). After being stirred PGS W5022509
tenperature for 1 h, the mxture was diluted with
Et OAc. The organic | ayer was separated 10 and the
aqueous | ayer was extracted with ether five tinmes. The
Steg@nbi ned organic | ayers were dried over MySO4,
filtered and concentrated fo give 1.55 g (97% of the
desired product 'EN l' CDC13) 5 4.30-3.50 (7H, m,
2.62-2.57 (2H, , 1. 0" (31-1, t, J=5 Hz). Step B
OHO NN O CFs 1 N
3- Ethoxy-N-[ (I R 3S)-3-iSopropyl - 4-[33-ftnfluororreth
yl ) phenyl ] p| per azi n- |
yl ) car bonyl cl openty etrahyddro 2H pyran- 4- am ne
(IR,'ﬁé'} 5—1@@(@”—@%’6{ 4- (tr:ﬂuoromeﬂwl)pyn in-2-ylJpiperazin-1-
| -3-({4-[3-(trifluoromethyl)phenyl]p
yl}c%ﬂ)dépg@yﬁgpkag%’@g?bonyI ) cycl opent anam ne
di herdBugyil or]{1d8:3.8)208opropyl 3-48$4-(rifibyromethyl)pyridin-2-yl}piperazin-1-

e e
of Ir{fdrf‘ll fé}(r:leg?l&%.g : ghd g:‘l’ﬁgt i’%ﬁﬁ? gex%ijduﬁ@f Es'ld co?c%egfra cé Ia% éeduced

pressire to gire ahe produnt whinhevastusedfonnet step huﬂ'lomipemﬁeamtm Bb$ calculated

t OAc and washed with
fm@ﬁﬁﬂhﬁ@%%&% gﬂéﬁé\%ous | ayer was extracted with
Et OAc three tinmes. The conbined organic |ayers were

dried (MgS™), concentrated and purified on silica gel

Step(Bt OAc to 1% Et 3N Et OAc to 5% Et 3N/ Et QAc) af f or di ng
230 ng of produei. The product 25 was separated by
chiral HPLC to giye gvvo majior i soners: isoner 1 (110
ng) and i soner

| cul ated for
C27HAOF3N3(Q3: (MrH)) 51 50%12. 2. anple 3 51 WD
2006/ 004741 PCT/ 0%2005/ ozé?ogm\/ @ogﬁ?

Nz

N-{(1R,35)-3-Isopropyl-3-({4-[4-(trifluoromethyl)pyridin-2-yl [piperazin-1-
yljcarbonyl)cyclopentyl]-3-methoxytetrahydro-2 H-pyran-4-amine

To a solution of {1 R,3S)-3-isopropyl-3-({4-[4~(triflucromethyl)pyridin-2-yl]piperazin-
1-yI}carbonyl)cyclopentanamine  dihydrochloride (140 mg, 031 mmol), 3-
methoxytetrahydro-4H-pyran-4-one (80 mg, 0.61 mmol) and trietbylamine (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;CO;. The aqueous layer was extracted with EtOAc three times.
The combined organic layers were dried (MgSOa), 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 CpsH37FaNsO3 (M+1) 499; found 499.2 for both

isomers.

Example 4
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N OCF, N/ Preparation of
N[ (1R, 3S)-3-isopropyl -3-({4-[4-(trifluoronethyl)pyrid
i n-2-yl]piperazin- 1l-yl}carbonyl)cycl open
tyl]-3-nmet hoxytetrahydro-2H pyran-4-am ne Step A CF3
h 5 VN~ 1-[4-(Triiluoronethyl) pygd.di.n-
Wi mapoglrﬁghzi ne A sol ution of ﬁéﬁbﬁof?smzmog
2-chloro-4-(trifluoromethyl)pyridine (2.0 g, 11 nmol),

PrefRRloR A AR 2 SRS ANS ety i AT Sy thperacia
1-yBoatbonyDeyelopab tyd] -3-metkoxytetrablydro-28 ipyuen-dammiper i f i ed by
col um chromat ogeaphy on 10 silica gel (EtOAc to
Et OAc/ MeOH/ Et 3N =99/ 1 0. 5) o give 1.09g (43% of pure
product. Ms cal : BEH12F3N3: (M-H) 232;
found 232.1. Step BJO Ni 15 tert-Butyl
[(IR 3S)-3-isopr -3-( 2 Vel
Iuoronethyl)pyridin-2-yIinperazitEj:J,
yl ] carbonyl ) cycl opentyl ] carbamate TN a sol uti on of
1-[4-(trifluoromethyl)pyridin-2-yl]piperazine (145 ny,
0.627 mol ),
Step 43, 3R) - 3-[ (t ent - but oxycar bonyl ) am no] - 1-i sopropyl cyc
opent anecar boxylic acid q140 0.52 mmol ) in
nmet hyl ene chloride (10 ni dded benzotriazol -1 20
yl oxytri s(di met hyl am no) phgsphoni um
hexaf | uor ophosphate (253 ngN 0.572 nmol) followed by

3-BldmeSodopFidife (0. 156 nL, 1.12 nmol). After being
stirred overnight, the reaction mxture was diluted

wi tTie amodwtionof @, Sndibreaopyridine (48ta. 200 wanolip@bl’ (200 enl.) weas added a

2 MR ot om0 i (80 BhE), eyt Wifed at room
tempEMARMoF 31he theasdlhtio vidkicosled®o I78ACNT6 ftrvdxaidded aphatodlad solution
silica gel (20% EtQAc/ hexanes to 25 40%t OAc/ hexanes)

of iqdine5y & 200mmgl)dn ThHF(! PR sy, Bguixture,mascdiuied witl etherpud washed

T R M AP 7O ok . i,

brine, The resulting organic layer was dried over MgSOs, filtered and concentrated.
Crystalization from ethanol gave 33.5g (58%) of desired product. 'H NMR (CDCl) § 8.75
(1H, s), 8.60 (1H, s), 8.20 (1H, s).

Step A-2

BocN/ﬁ

k/N\(T Br

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-]-

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 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 NaHCO3, dried (MgSO,) and
concentrated. Purification by flash chromatography on silica gel (20% EtOAc/hexanes to
30% EtOAc/hexanes) afforded 5.75 g (37%) of desired product. MS calculated for

C1aH20BrN;02: (M+H) 343; found 342.0, 344.0.
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Step CO H2ZN ON CF3 b

(IR 3S)-3-1sopropyl -3-((4-[4-(trii

| uor onet hyl ) pyridin-2 yl Jpi perazin-1- 5

yl ) carbonyl ) cycl opent anam ne tert-Butyl

WO2Re®i74p- 1 Sopropyl -3-({4-[4-(trifluoromethy )rﬂ}érzﬁo‘g}o?zom

-2-yl ] pi perazin-1- yl}carbonyl)cycl opentyl | carcbama €

(150 ng, 0.31 mml) was treated with a 4.0 M sol ution

of HCl in 1,4-dioxane (10 nL) at roomtenperature for

1 hr and concentrated at reduced pressure to give the
Stemd-dduct whi ch was used for next step wi thout

purification. M5 cal C%‘%R'Qdﬁ) 10 for G aH27F3NAO  ( MtH)

385; found 385.2. Ste ~OHO dNO ~N Nk CF3

N[(IR 3S)-3-1sopropyl - 3- . Pj uoronet hyl ) pyridin

-2 yl Jpiperazin-l- 15 | P

yl ) carbonyl ) cycl opent yl J- 3- met axyt et r ahydr o- 2H pyr an-

.rerté:ugg@(g:ilgzgo ?%%’TJ}’%‘?E{%T%}(; ??bf)ﬂ’ﬁgr onet hyl ) pyri di n- 2-

yl Tl pesohition-of feradutyl ad-(Bobepmophenipiperhzine idcasboxylate (2.0 g, 5.9
dj hydrochl ori de (140 0.31 mol ), 3- i L.
mmpl it €0 k) e S0dert 4 Masoluion @6 propyigagssiym shleide in THEF (5

mL)‘é‘ L]ﬁ%%rrﬂggh?{lwg}&mﬁﬁxge@%ﬁgns@ d‘li" ldmtﬂy?él&ﬁdnrkvﬁ%ﬂbéh%@ 878 °C. To it
waslafdaleprezgubal sohutidn iofl fodnkY3.0ngy 12 Bhdl) i8 THI@ImL). Afftee being stirred
bei ng stirred overnight, the feactjon m xt

at -8 1o iPlmimand BpomfemPHARFEr Apethersid: e g s diluted
M%Tpﬁgg%@ﬁ,swm lwitt Satfithteld Gnitifnt ghlﬁ'fcfg,a‘gr% g&ﬁﬁon of sodium

e conpi ned organi c layers were

thiofuifaBQind brine, deiad (g80s pal poncerdtiated. fhie tésichie was purified by flash

chromat.ography on, sjil.i e Et OAc o% Et 3N Et OAC .
chrofragiby 00 Beng 9% EfeReuetangs 506 Bkl Autexpes) 10 give te

- t a i Al TV $90:

disfel RSty R B0 ) T2 M o 0 CREI R QM AT S0 found
390.8al cul ated for C25H37F3N4C3 (M+1) 499; found 499.2 for

both isoners. Exanple 4 53 WD 2006/ 004741

PCT/ US2005/ 022909 Preparati on of
Step™M-H (1R, 3S) - 3-i sopropyl -3- ((4[5-(tritluoromethyl)pyridi

n- 3-yl ] pi perazin-

1-yl)carbonyl)cycl op@ml{/ﬁ 3- met boxyt et r ahydr o- 2H pyra

n- 4- am ne N_CF3
18
"N

tert-Butyl 4-[5-(trifluoromethyl)pyridin-3-yl]piperazine-1-carboxylate

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 ters-butyl 4-(3-iodophenyl)piperazine-1-carboxylate (0.5 g, 1.0
mmol) and (trifluoromethyl)trimethylsilane (0.37 g, 2.6 mmol) in DMF (5 mL) was added.
The brown solution was stimed 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
(MgSQy), concentrated and purified by flash chrometography on silica gel (20% to 40%
EtOAc/hexanes) to give 120 mg of desired product. MS calculated for CysHzoFaN3O2: (M+H)
332; found 332.1.
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0O Gam (DCF3 N 5 Step A-1 I\~/Br N

3- Bronp- 5-i odopyridine To a sol ution of

3, 5-di bronmopyri dine (48 g, 200 mmmol ) in THE (200 ni)
was added a 2 M solution of isopropyl magnesi um

wiol 0id/ebeygan THE (80 nl). After being stirred ﬁTm@%@m 2909
10 tenperature for 2 h, the solution was cool ed t é

C. To it was added a precool ed solution of iodine (51
Steg,4-200 nmmol ) in THE (100 nL). The m xture was dil uted
wth ether and washed w.{h a saturated sol ution of

amoni um chl oride, a 2HW sdl uti on of sodi um

thiosul fate, and brine~xJNe _rgsuCfi ng organic | ayer

was dried over MgSOH4, filter nd concentr at ed.

Crystalization from ethanol gawe 33.5g (58% of

red };ct 1|3—| CDCI3) 8 8.75 15

1? ngorg 6@( OBWEET?s) . Step A-2 BocN~ .

Br % ﬁéﬂﬁ&- -

yl )glhpBe?Nz\rz?ne F‘H‘{:u)gir'okr)nge%l( g?ﬁ A soF15 I on |oarboxylate (0 24 g 025
muRpwastreded with py( M wéut(owf (HQ:} in 45 -dloxame (J mL) at room temperature

for o SonfsplsR T eBbemes red Br it o i gisgbgation. Ms

cal&ﬁ&edlfi)r@:wm%hﬁ&wm’jjaa ﬁouﬁd%mnedl ol (5.1 nL, 91
in isopropyl alcohol (80 mL) in a sealed tube

vvas heated at 80 Cin an oil bath for 2 days. After
Stecgol ing to roomtenperature, the reaction mxture was
# P tered through celite. The filtrate was concentrated
in vacuo. The residue was QOtaken up in Et OAc and the
sol uti on was was HeeHN | ted NaHCO3, dried
(MgS™4) and 25 concent ed.mifi cation by flash
chromat ogr aphy on silica, gel N shexanes to
30% Et QAc/ hexanes) afforded 5.75 7% of desired
product. MS calculated for Cl4H2 N302: (MtH) 343;

fe”%}?g%%% 5%%@9-35&? g%@%%%ﬁﬂ? ﬁndzn-.?-yljpmerazm-l-
yl}carbonyl)cyclopentyl]carbamate

To a solution of 1-[5-(trifluoromethyl)pyridin-3-yl]piperazine trihydrochloride (0.22
g, 023 mmol), (1S5,3R)-3-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic
acid (0.18 g, 0.66 mmol) in methylene chloride (10 mlL) was added benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.338 g, 0.764 mmol) followed
by triethylamine (0.22 ml, 1.6 mmeol). The mixture was stirred at room temperature
overnight and diluted with EtOAc. The solution was washed with saturated NaHCO;, dried
(MgS0;) 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 Cz24H35F3N4Oq: (M+H) 485; found 485.2.

Step C
0 '
000
/‘-\I\,N ~CFs
| .
N

(1R, 35)-3-Isopropyl-3-({4-[5-(trifluoromethyl) pyridin-3-yl] piperazin-1-
yl}earbonyl)cyclopentanamine
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LNG yl ~N tert-Butyl 4-(5-iodopyridin-3

yl ) pi perazine-1 -carboxylate 5 To a sol ution of
tert-butyl 4-(3-bronophenyl)piperazine-I-carboxyl ate
(2209, 59 nmol) in TT-1F (20 nL) was added a 2 M

glzbﬂsm@pupf i sopropyl magnesiumchloride in T
m.). After being stirred at roomtenperature’i%E ?&imﬁmzmw

the solution was cooled to -78 C. To it was added a

pr e:@ﬁqkmsiAlf fgﬂr(u}e 2%3 %Horssrﬂ;ﬁﬁ4([3{@umomk%mmg%ﬁ%hg g erazin-1-

yl}mbqnazinyqlmalkﬂmawdwfhm: Bdé mguplhwas treated witha@d.@ M solution

of K L.d-HisRine G ot foE 1 Bl opmYeShitatie, RS RSy ised capgentrated and

puriﬂed yUHPBCetoaprdvide i396mg @f idesired \Wiseué). MS dalealardnfof @ dH,F;N,O;
resi due was purifi ed by flash chromatography on

(M'*SH] 3&5&1@@# 38549 Et OAc/ hexanes to 50% Et OAc/ hexanes) to
Srﬂ ve the disired product (1.40 g) in 75% purity. M
cal cul ated for C15H211N202: (M+H) 390; found 390.0.
15 Step A-4 BocO\bCFB eré But yl
3

4-(5-(trijluoronmeghylyp
yl j pi perazi ne- | -g€arypox € "®opper (1) iodide (0.49 g,
2.6 Mol ) in

2.6 nmml) and pag.assiu rlkd/q\;(o 15¢c¢
a 20 flask were flane-heated und hent e shaki ng and
at high vacuum unti | a greeni sh c appeared. A
solution.of tert-buty

N-Mﬂ(ﬁ)ﬁe@mmﬂ;ﬂ O{Mszwmwr@ﬂmiwwe@nsIg, 1.0

fI t th l, 0.37 g,
yl}cémbg’ %F?’I’% +(7|‘:z %%E?Fg?% “ ;}’ S:%"%Pgwfw sol utgl on
wag'osd doluitisa oFi(1R, g.sam-tss{mp*lax- mqswt&mhylwtﬁn-s-yl]plpemm-
trifluoronmethyl)trinmeth ane (0.37g) was add
1-ylTersbariylcyalepepipbaming éus@tﬂwaee%) 0@ nmght 0.034| Lm@al) , 3

medffi bl ROARRIURE (14 big, D0 MALTHpd R T o4l 017

mmbl) i thethiylons ChlBhlﬁe ¢» b)) vad addedvodiam trigestexyberobydiideq@2 mg, 0.10
(MSOH), concentrated and purified by flash
mmel), Dhea FHE G Biied; ynderNy 81 rqomytampratigepvemight and diluted with

e S el OO T 16800, wnd

con@ftrated. \The? 60RInO Ovas 4furified /by 43 h ohBh @G Saphst amp sidich gelOEtOAc to
EtOgEfiAeOHfEth=9:l:0.5) to give 14 mg of desired product as a mixture of 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 CysHa7F3N4Os: (M+1) 499; found 499.2 for both isomers.

Example §
Preparation of N-{(1R,3S5)-3-isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-
yDcarbonyl]cyclopentyl}-3-methoxytetrahydro-2H-pyran-4-amine

(jﬁ
e N
18] S~

Step A
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N 1-[5-(Trifluoronethyl)pyridin-3 yl]piperazine
tert-Butyl
4-[5-(trifluoronethyl)pyridin-3-yl]piperazi ne-1-carbox
ylate (0.24 g, 0.25 5 mmol) was treated with a 4.0 M
wolRos/omMdf HC in 1, 4-dioxane (7 nlL) at r OOMACT/US2005/022909
tenperature for 1 h and concentrated. The residue was
used for next step without further purification. M
calcul ated for G oH12F3N3: (##+H) 232; found 232.1.
Step B O BocHN e ert-Butyl
[ (1R, 3S) - 3-i sopropyl - 3- L[ 5-4(trf f1 uor orret hyl ) pyri din
-3-yl ] piperazin-1- yl) carfony pentyl ] car bamat e
To a solution of
1-[5-(trifluoromethyl)pyridin-3-yl]prperazine
terr-tBubm Yﬂrmlm&ﬂepﬂg—gﬂph@ybg s2Bhydrapyidin-1(2H)-
[ (tert-butoxycarbonyl)am no]-1-isopropylcycl
yl)r:@r;benr&rﬁé@aﬁw rpgmate s’ acid (0.18 g, 0.66 mol) in
meghyl epe C&l“léﬁ“ d?lagkl,o )Sbﬂg%a[ﬁrgﬁ%‘ato%%%nryl)%ﬁio]—l-isopropyl-

yl oxyt ris(dimet hyl'am’no)
cyclbpéﬁideﬂﬁb@g}ih@smth(mo( fg303 @mol). aifdd4-phay)-1§28, G-muaﬁydrbp'ynmne

rlethg he m_xture

| am ne 22 m, . 1.
(160mg, 0.8 nmw ) afsm slua?ﬁaé?dama%hylerw@mdgm m}.3 ander Np: dejethylamine
th Et t h t
024155 2, TVGaREL UL 190 2340 el S o ehporianol-1-
ylomk(dlmeﬂfylaaﬁndn)phcﬁslphmhumhhamﬂu(ngplaqspbat@ n0s6! igg e0. glel mmﬁ[) The
reacglégégag gﬁoégé g% an gp{)&gg{oté%{pg%%g% ngsrégecf B?Iaggmon 0 s%urated
u@c%%%%%?ﬁe restftifip satftfon WRUOEAEP with r@ﬂ?ﬂe& Hioride M'ebtimes.
The (cmﬁbﬁﬂ)i <3tradoperpdried IMeSO4], Filterediantl concsntzatbd.| Bypificatitinnby flash

% ! B!EGT az Ln-| L%S%@?dgz%}f%&- f?ent o?tig A& l:5exanes, bottle B

Wt@ 3:3431@% (800 of%eélfeﬂ duct MS calculated for CsH3eN2O5: (M+H)
(tr|# uor onmet hyl ) pyri di n- 3-yl ] pi perazi n-1

413yfoundd Bohy| ) cycl opent yl | car bamate (190 ng, 0.14 mol)
was treated with a 4.0 Msolution of HO in
1, 4-dioxane (5 nL) for 1 hat roomtenperature. The
Step’B xt ure was concentrated and purified by HPLC to
provi de 35 ng of desired prooduct M5 cal cul ated for

C19H27F3N40:;
Ome |
S

(1R, 38)-3-Isopropyi-3-{(4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl]cyclopentanamine
ters-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 HCI 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 CypHgN2O: (M+H) 313; found 313.2.

Step C
N-{(1R,35)-3-Isopropyi-3-{(4-phenyl-3,6-dihydropyridin-1(2 H)-yl)carbonyl]-
cyclopentyljtetrahydro-2 H-pyran-4-amine

To a soluion of (1R,38)-3-isopropyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-
yl)carbonyl]cyclopentanamine hydrochloride (50 mg, 0.1 mmol), 3-methoxytetrahydro-4H-
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5 (MtH) 385; found 385.1. Step DOHON OON CF3

N NJ[(IR 3S)-3-1sopropyl-3-((4-[S-(trii

| uor onet hyl ) pyridin-3 yl Jpi perazin-| -

yl ) carbonyl ) cycl opent yl J- 3- met hoxyt et r ahydr o- 2H pyr an-
Wwo20d6i47410 To a sol ution of

(TR 3S)- 31 sopr opyl -3 ({4-[5-(trf | uor oret hy DBy 22909

3-yl ] pi perazin 1-yl}carbonyl)cycl opent anam ne

pyrahdsdrer (56| Mp 048 ahmbb) aﬁc?indi&:lmﬂm@i& ommt,)os ﬁmol) in methylene

met hoxyt etraggdm 4H pyr an- 4- one and
chlprideci2nipl wan add se@mmac@omoroh?mdy mee@ ﬁ;ﬂn@n Afier being

sl 38, (iR UGB S0 SR L lon v
exthicted agith tﬂem&hablﬂlbﬁd@mmhﬂéﬁ. The dosibined e}ﬁhﬂotst Weré Qlried (MgSOy),
Et QAc.. The resulting sol uti on was washed w

Wt
filterad, ands eoncousmiedg Purficagian by iflach hromateeraphy, @Erﬂlicét&eél (gradient: 0-

157478, BF8 5 plif Rl A B NG NETRRAR Bl B = 1%

NHJ,@HVMeOH) dﬁsndedathe rdeslfbdccbn@emﬁi MSkéalvudateds fot CaH:Q0er MM+H) 427;
The two isoners were separated by chiral HPLC to give
fOuB‘éé?("i (6.6 ng) and peak 2 (4.7 ng). LCMS cal cul ated
for C2sH37F3N403: (M+l) 499; found 499.2 for both
I somers. 0zo Exanple 5 Preparation of
Exdmplel6R, 3S) - 3-i sopropyl - 3-[ (4- phenyl - 3, 6-di hydropyridin

P’@%é%!@ﬂ@%réﬁ%gg%é P&ﬁf i@aﬁf%exsaesrmdﬁﬂﬁ-mm-&s
RIS RIS T D P

6- di hydr opyri d| n-1 OZH)

yl ) car bonyl ] cycl op HWJIB f
Step A
8]
BocHN
/\

tert-Butyl {(1R,3S)-3-[(4-hydroxy-4-phenylpiperidin-1-yl)carbonyl]-3-
isopropylcyclopentyl}carbamate _
To a solution of (1S,3R)-3-{(tert-butoxycarbonyl)amino]-1-isopropylcyclopentane-

carboxylic acid (200 mg, 0.7 mmol), 4-phenylpiperidin-4-ol (140 mg, 0.8] 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). Afier being
stirred overnight at room temperature, the reaction was quenched by addition of a saturated
NaHCO; solution. The resulting solution was extracted with methylene chloride three times.
The combined extracts were dried (MgSQOy), filtered, and concentrated. The crude was carried
on to the next step without purification. MS calculated for CpsH3N204: (M+H) 431; found
431.2.
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In a dried flask,
(1S,3R)-3-[(tert-butoxycarbony])am no]-1-isopropyl- 5
cycl opent anecar boxylic acid (200 ng, 0.7 mmol) and
4-phenyl -1, 2, 3, 6-tetrahydropyridine (160 ng, 0.81
suspended in nethyl ene chloride (4 ni
‘qulé&rm\l@{ ?Tr ethylamine (0.22 g, 2.2 mo]) wes/B¥ é‘éﬂn””
foll owed by benzotriazol -1
Sm%boxytrls(dlnethylanlno)phosphonlum
exaf | uor ophosphate (0.36 g, 0.81 mmol). The reaction
m t enper ature and quenched
CO3 sol ution. The
it h et hyl ene
x{racts were dried

was stirred overni ght at
by addition of satubale
resul ting solution was Ta
chloride three tinmes. The/Conbires
(MgSH), filtered and concentrat ed rification by
flash chronmatography on silica gel™gradient: 0 - 45%

J{ﬁJ@y@ts-kﬁz:ﬁa-msfw lcSclbpent/ IR UFBORNT}-4 E bﬁ{)égidiﬁ-tﬂ-:dlmc)

to give g& %of dési red produ cal cul at ed
forretzzmelxlz 12,300 840(4 wﬂmxyf%mmgylnmsn@n 11¥)@rhopyil-3asopropyl-

cydﬁﬂw c:gb%n'%? E@%‘f@ﬁq F) j'faf %ﬂolve& {2&%.0 M solution of HCI in ether

(10 YAI)C axmrbehﬂgcmmeap@mam,nhrtew dr@liﬁst ofBMeXIH was added to get a clear
{(IR_3S)-3-isopropyl - (4- pheny 6- di hydropyr| di n-

solutiony The mmawpqmemt @p@mo;l T@aw@mp oe @faggseg in the next

|
reacpi & AP g, Skl toReatpNIDE D r LER
for 2 h, the sol utlon was concentrated to gl ve
colorless oil (170 ng). MS cal cul ated for C2C]—|29N20
Step@mH) 313; found 313.2. Step C 25
N-((1R, 3S)-3-1sopropyl - 3- ((4%henyl - 3, 6-di hydr opyri di n-

1(211 yl)carbonylJ-] H

cycl openyl )tetrah@% R (ﬂ.ﬁn ne To a

sol ution of z

(1R, 3S) - 3-i sopropy hydr opyri di n- 1(
2H) yl)carbonyl ] cycl opent anam ne hy hl ori de (50 ng,
0.1 nmmol ), 3-net hoxyt etrahédro 4H 58 WD 2006/ 004 741

1({963%23@0516 -3 metfpxpetr 2H- m—(—sa nmy, O.43

0. 0.5 |
yDaﬂE‘t"k‘%}fcé)ﬁg g‘?’?’géﬁ}(ag}'ﬁ@fp U\g éﬁ’ded so:JIanBrr? a
t rqacetaoxxaaﬁmydcsﬂ da-{(aFk,3R)-3 :ﬁmﬂ&lrmﬁrapylasfctogéntpmaﬂ&nyl}-4-

sti rred at roomterrper ature overni sat ur at ed

1 ydenghlomde (3 me, bh n%a% %ﬂqﬁa’év@aﬂwdmﬁH-wran-“-

pae
R e
mL)Pwis hddedt sodiunb yridcktasyborblrydridé Q@.O&’plgy 0o1l mindol)c Aftpe| being stirred

gradi ent: O-
overgnght at room temperature, the reaction was quenched with a saturated NaHCO; solution.

ro

The resulting sojution was extracted with methylene chloride three times. The combined
extracts were dried (MgSO,), filtered, and concentrated. Purification by flash
chromatography on silica gel (0 - 20% B over 17min. Bottle A = 1% NH,0H/2%
MeQH/EtOAc, Bottle B = 1% NH;OH/MeOH) afforded the desired product. MS calculated
for CaHioN204: (M+H) 445; found 445.2.

Example 7

Preparation of 1-{{(15,3R)-1-isopropyl-3-[(3-methoxytetrahydro-2H-pyran-4-
yhamino]cyclopentyl}carbonyl)-4-[2-(trifluoremethyl)phenyl] piperidin-4-ol
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15% B over 15 min. Bottle A = 1% NHAOH 3% McOH Et OAc,
Bottle B = 1% NH40H MeCOH) afforded the desired
conpound. MS cal cul ated for C26H33N203: (M-H) 427;
found 427.3. 10 Exanple 6 Preparation of

wol2066lda47R) - 1- 1 sopropyl - 3-{( 3- met boxyt etrahyd‘;@nggjh&yornmg

an-4- yl)am no]

cycl opentyl ) earbonyl) - 4- phenyl pi peridin-4-o0l OH ~ N

OH 0 15 Step A O \bsocHN teqt - Butyl ((1R, 3S)-3-[(4-/

dr oxy-4 phenyl pi per ijdi rﬁ |') gar bonyl ] - 3-

i sopropyl cycl opent w HSBJ ution of

(1S,3R)-3-[(tert- Iyt gxyca of- 1-i sopropyl cycl

opent ane 20 carboxyli ¢ aci & (200™y, 7 mol ),

4- phenyl pi peridi n-4-ol (140 ng, 0. 81\p#ol ), and

triethylamne (0.15 g, 1.5 mmol) in nethyl ene chloride
StgpA+1)  was added (benzotriazol -1 -

yl oxy)tripyrrolidi nophosp i opn hexaf | uor ophosphat e
(0.42 g, 0.81 mmol). Agp bl tirred overnight at
roomtenperature, the readtLiOn quenched by

addition of a saturated Na sol ution. The
resultin ? sol ution was extracted with nethyl ene

terteButpir4-tedrodn-€£2- (trrﬂwomwf)‘mnﬂmrr@w bxanbaxiate ver e

wnsT SPPHERR SLfbiogier B RuaPe B NPT TY g pr2F iy o 20

mL dléd Sul78t°eavds Aropud S -IdeP 84,60 (MVsbiitich3df n-b@yilithiuft 34 hékane (3.4
9 WD 2006/ 004741 PCT/ US2005/ 022909 Step B.O. H2N N
mLyy-After being stirred for 40 min, a solution of ferr-butyl 4-oxo-1-piperidinecarboxylate

144 Ho e TR W) e RREE B BXSORASTSUAERE 9 78 C. The
reac(t{ohRWBS)qHBnc[hédl M}&dmm{e@- mhﬂnnium rchlbndb nTHe yésultimgbsphytion was

-3-isqQpro nt yl rba (0.30 ¢ 7
ex"i‘#ﬁﬁﬁfl I)“”&JS@ @Viﬁ‘b Flsleagq \%"’5 Yes ﬁﬁ% 6P m?ﬂwe’ﬁ*acﬁc‘}’el? ﬁlﬂe‘? (Mg80y),
ﬁm%&dg &hd c§1i'c9mP&t%d m@%%?eégg bﬁgwg%té gélgzﬁ,vﬁleﬁ was el forth Bt reaction
without punﬁcat:on. MS calculated for C;-;HanNO; (M+H) 346, found 246.0 (M-Boc+1).

OH '
L0V

FaC
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 C;;H;sF3NO:
(M+H) 246; found 246.1.

\3

Step A-2

Step B

BocHN

750
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solution. The m xture was concentrated to give an oil.
The crude product was used in the next reaction

W t hout purification. M calculated for C20H30N202:
(MrH) 331; found 331.2. 10 Step C~-OHO N( J N

&Bﬁéh@propyl 3-[ ( 3- net hoxyt et r ahydr o- 2H pngF{Uﬁmosmz””
yl')am noJcycl opentyl ) carbonyl ) -4 phenyl pi peri di n- 4- ol

rerrlBuﬁ? @Ig.ﬁ% {1)(9 rH,ﬁg -4 Z-gr&frl%oprgrlngt%q )phen IT‘P y’ﬁ"""}'é‘&’#f;’?ﬁbf’ﬁ?”)'3'
:soproﬂ;&;phpmm;ﬂupé&mdmn 40l hydrochl ori de (50 rrg, 0.1
muol ), 3-meth hydr o- 4H 4- , .
0. 4 P) nmol ge g)r%’tl i zt %ylr‘?%m nep{lrg%&)‘é [(fgrr}-bgtozfgcqggquj)ammo]-l-

s LSBT (g 100383 S0 SpIUn g, ez

(mmfbtdtgeﬂiﬂ)lfheﬁyl]plﬁat!ﬂm}d—@hhydibclﬂm(l g G60memol), h@d triethylamine
reactign was, ,quenched with a é rat d NaHCO3
(0.1oigut 1 6n. mmehe IR o Mgthyleng slioy ) WS Added {heppptriazol-1-

5 T e, B R 19 o, A v

stirred foe @23 hathe ceacfionr whs quehched blyyadﬂitlaa bf a siturarcd INgH @D hsolution. The
Bottle A = 1%

resuli BGOSR Wi GBS CRMED SRRy e oride Tiee Bime a8 combined extracts
wer 40 B8O 56‘2”’?% Py, THBCRAE plddltths dhffod on to the no

stepRvithpat prtrifvatio. MS calculated for CagHy7F3N2Q4: (M+H) 499; found 499.2.
1- ({(1S,3R) - 1-i sopropyl -3-[ (3- et hoxyt et r ahydr o- 2H pyr
an-4- yl)am no] cycl opentyl }carbonyl)-4-[2-(trt

Ste pl@ororret hyl ) pbenyl ] pi peri di n-4-ol 60 WO 2006/ 004741
PCT/ US2005/ 022909 O H OJ _(J( N OHCF3 Step A-1 OH
BooN F3C tert-Butyl  4-hydripxy-4-[2-(trii
| uor onet hyl ) phenyl ]'{?N :{<yl ate 5 To a
sol ution of 1-brono-2- Ef | ) benzene (1.18
g, 5.24 nml) in THE (20/ WL at -78 C was
dropw se added a 1.60 M sol ution butyllithiumin
hexane (3.4 nl). After being stirred for 40 mn, a

1- {[é!é]3@)13e«dvnwb—&-aopropydtxdomnwuoarborpll}péﬁd| necar boxyl ate

(trifluoromethyl)phenyl]piperidin-4-ol

To a flask containing tert-butyl [(1R,38)-3-({4-hydroxy-4-[2-
(trifluoromethyl)phenyl]piperidin-1-yl} carbonyl}-3-isopropylcyclopentyl]jcarbamate (0.27 g,
0.54 mmol) was added a 2.00 M solution of HCI in ether (5 mL) and the resulting mixture
stirred for 3.5 h. The solution was concentrated to give an oil which was used in the next
reaction without purification. MS calculated for Cy1HzsF3N2Oz: (M+H)399; found 399.2.

~o " o
N
Dfu\n OHCFa
o] /\

1-({(18,3R)-1-Isopropyl-3-[(3-methoxytetrahydro-2H-pyran-4-
Y)amino]cyclopentyl}carbonyl)-4-[2-(trifluoromethyl) phenyl]piperidin-4-ol

To a solution of 1-{[(15,3R)-3-amino-1-isopropylcyclopentyl]carbonyl}-4-[2-
(trifluoromethyl)phenyl]piperidin4-ol  hydrochloride (50 mg, 0.1 mmol) , 3-

Step D ‘
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(1.0 g, 5.0 nmol) in THE (3 nL) was added and the
solution stirred for 1 h at -78 C. The reaction was
guenched w th saturated ammoni um chl ori de. The

resulting solution was 10 extracted wi th mnethyl ene
wol2006/008748 hr ee tines. The conbi ned extracts \wﬁugﬁasﬁgzgog
(MgS™M), filtered, and concentrated to give 0.78 g o

a white solid which was used for the next reaction

metﬁowﬁheuihmw-umpgmggne M5 I\T% I0c34: mnel} , Sfmd uﬁﬂag'lﬂﬂﬁe («13418 mlL, 0.34
+ t - )
mm(@ibn m%h ylng e?#qqqef(a MS&%M ol ﬁa%@qﬁABPwl?*dwg\b-O% g 0.34

t
gy 45 béing sfigreq overpieht at room temperature, @ ssturated solution of NaHCO;
wag hddey ’eHheesc(l@udtﬂwgs extiiacted rovit mem@bndclﬂemxlevﬂmbel times. 7he cMnbmed
sol uti on of, HC eth Af ter stirred
extmets Wlkn 186 e (BEsPe) o&ﬁ‘l"ﬁﬁghﬁn tfw@c%naqa uﬂé@mﬂ by flash
he I Beovap!{ S t gredye
chrgint S Ich L Bl (NP2 B o lsdm“%‘fB%tH% R oLk NHIOH/2%
MeﬂH/Etﬁ)ﬁm,l BattledB =01% CIR4QH/MEOH) affokdet)152d6 pf the udesir&froduct as an

ol RS Pl RSP B OEDLAL3: ound Y2744

((IR 3S)-3-((4-Hydroxy-4-[2-(trifuoronethyl)phenyl Jpip
eridin-1 yl)carbonyl)-3-
Example8opyl cycl opentyl Jcarbamate To a sol uti on of

Preparssion o | S S IR RY b AT e Byt o 7D gt

y]]mmhpcycmpéu?ryl)éarbhﬁylj.m[@féﬁ»ﬂmob&hmbgpuén]yqpmﬁdﬁi-ﬂ-o& ol

hydr'ochl ori dé 1\ , and triethylam ne
(O. 17 g, 1.6 mol |r|J| met hydene chI oride (3 nL) was

added (benzotria ox¥) t i pyrrolidi nophosphoni um
hexaf | uor ophospHat e] (0.131%g, M. After being
stirred for 2.5 cti 8 )M &hghed by

addi tion of a saturated NaHCO3 sol pbn. The

resul ting solution vvas extract ed Wi met hyl ene

G S AN or

ExapmptedliMS valsulatad foreEH-,HmFMOﬁ KRS 3; fosndefl 3.t hout
purification. M5 calculated for C26H37F3N204: ( M+H)

499; found 499.2. Step CO
Example 9

Preparation of 1-[((1S,3R)-1-isopropyl-3-{[3-methoxytetrahydro-2H-pyran-4-
yl]amino} cyclopentyl)carbonyl]-4-[4-(trifluoromethyl)phenyl]piperidin-4-ol

e H 0o
N
ShS<eLN
0o /'\
CF

The title compound was prepared using procedures analogous to those described for
Example 21. MS calculated for Ca7H3gF3N,04: (M+H) 513; found 513.2.

Example 10
Preparation of N-((1R,35)-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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H2ZN I NOHII 15 1-([(1 S,

3R) - 3- Ami no- 1-i sopropyl cycl opentyl ] carbonyl)-4-[ 2-

(trifluoromethyl)phenyl Jpi peridin-4-ol To a flask

containing tert-butyl [(1R 3S)-3-({4-hydroxy-4-[2-

wbnodeioaeraret hyl ) phenyl ] pi peri di n- 1-yl') car bonyon@ni

ropyl cycl opentyl ] carbanmate (0.27 g, 0.54 rm?c) bo%fb?zgog

added a 2.00 Msolution of HCl in ether (5 ni) and t he

resulting mxture™20 siirredgor 3.5 h. The solution

was concentrated t It I ich was used in the

next reaction wtfhout p Flcatign. W8 calculated for

C21H29F3N202: (Mt 9; )aeL step DHO N (

JT ~-N OHOF3 0 25 1- (((IS) 3R -1 ropyl -

-[ (3- net hoxyt et r ahydr o- 2H pyr an- 4-
Ste %‘Ié?{am no] cycl opentyl)carbonyl)-4-[2-(trlfluoronethyl)p

y1lJpi peridin-4-01 To a solution of

1-{[ (IS, 3R)-3-am no- | - sopr dpyl£€yd| opentyl ] car bonyl)-4
[2(tr|fluoromethyl) I]| di n- 4- ol
hydrochl ori de (50 3- 62 WD 2006/ 004741

PCT/ US2005/ 022909 rret hoxyt et |a hydro 4H pyr an- 4- one

rort gy TRF2- (s fidr B phe A3 Urdﬁdmf}yﬁﬂanagf(f@ms g

| éne chl ori de

sodiours tspluaoet ofk yaoﬁwy cf-hyskoxyed {27 uoromsthyl)phmbfb]plpendme—l -

certoxyile 075 € a2 BN BiFShlnls A EOSR P Bl Foply sdded

thiowAschoride a(@ 79 dnlyi 11hmpAmB1) Mt @&emﬁdmre fWaél vafhéde® robMEempdrire and

conbi ned extracts were dried (MS™4), filtered, and
stirred nwmahw&dh) (e ireaction wap qla;ncwbynh Qe Waten t hgr e prtyng selution

was POl o P e e, TR, i prbts were e
(Mg8LR rﬁlﬁétkdlﬁnd@n@énttat&d Haxdfidadion py destcthramatagrapky bn sitica gel (0 -
40% oigl (%;%la Flgu{go ér’at quNp%ngot&%m E?t%)Ac) fgg\l.'Jen gOQ g ot2 the desired
prodhiel %@épfr FMSJC p?&yénﬁmﬂl\%mkhﬁmae%&hmg@ REBBYH).

am no cyc
tyI ) carbonyl ] -4-[ 3- (trl i | uor onmet byl ) pbenyl ] pi peri di n-4

Srep_4£|2‘ 0HO ~/N

FaC
4-[2-(Trifluoromethyl)phenyl]-1,2, 3, 6-tetrahydropyridine
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;oH;;F3N: (M+H) 228; found 228.1.

Step B
O
BooHN
\O:)LN CF;
/\

tert-Butyl ((1R,3S)-3-isopropyl-3-{[4-phenyl-2-(trifluoromethyl)-3,6-dihydropyridin-1(2 H)-
ylJcarbonyl}cyclapentyl)carbamate
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p(JT N OH CF3 The title conpound was prepared using
procedures anal ogous to those described for 15

Exanple 7. MS cal cul ated for C27H39F3N204: (MtH) 513;

found 513. 2. Exanple 9 Preparation of

WO26i6084738R) - 1- i sopropyl - 3-{[ 3- met hoxyt et r ahy dicayiidzbagMi2909
an-4- vyl Jam no}

cycl opentyl)carbonyl J-4-[4-(trifluoromethyl)pbenyl Jpip
eriten-4-al \ olttich /N o8I T N Q9,3R)-3(rebBtoxyéeebdnyl)amino]-1-

isoppRly et ER e aae chihpy 615 M oD nigmopor and 412

(m%goépar a?b@%ﬂg%,]h'}ﬂ*ﬁ'%—téﬂaﬁydr%ﬁ}%%ﬁu&oamlﬁ g 0435 mmol) in

metiylefd RhBSjde3¢2 sdyr wpy ladded{ fribtlfy2anfine i (D.20r gn24 hyimabh delldwed by
-3,6 i.hyd . id in-1(2H) -yl |

ekt S Fabharpenoh. R e rabmoels e, 047

mmgﬁl %%Qﬁlsbt&gg7ﬁ&e&°€¥érhi§ﬁ@95:%91%2t@8§eramﬁ eroreﬁcubﬁ \lel qxfEE@hed with

A-1 BocN"F3C tert [2-(tri
saturated OVatfCQ)J jqhiteamy The 3gsulting solution was extracted with methylene chloride

thregf g%ngg 1 [rggyr imcﬂige% )&‘h’acl7 vga?er %%XX (?\age‘SCi),T%ltereg,m “3 'Q concentrated
purﬂfcrﬁ% maéh [cgrogﬂartdngHS’ fdﬁ”ﬁh&YlgélF(Oe-nS(é%FB eeéﬂ P'S rﬁﬁsﬂ Bottle A =

ca oxy ate . pyridine (15
hexames) BgttlenBam EtGACbatdndedsl'/él mmqf dxam;ljproduetu asng |white solid. MS

cali i oh Er bR N AR R B, i gt (17 )+ The

reacti on was quenched with ice water. The resulting

solution was extracted with nethylene chloride three
Sten€mes. The conbined extracts were dried 10 (MySO4),

filtered, and concentrat ed. oPurlflcatlon by flash

chr omat ography on SleN g€ 40% B over 25 mn.
Bottl e A = hexanes, §s gave 209 g of

t he desired

(IR,3S)-3-Isopropyl-3-{{4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1 (2 H)-
yljcarbonyl}cyclopentanamine

tert-Butyl ((1R,38)-3-isopropyl-3-{[4- [2-(1nﬂuoromethyl)phenyl] -3,6-dihydropyridin-
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). Afier being stirred for 2 h at room temperature, the
solution was concentrated to give 144 mg of desired product as a clear oil. MS calculated for

C21HyFsN20: (M+H) 381; found 381.1.

Step D
N-((IR,3S)-3-Isoprapyl-3-{{4-[2-(trifluoromethyl)phenyl]-3,6-dihydropyridin-1(2H)-
vijcarbonyljcyclopentyl)tetrahydro-2 H-pyran-4-amine

To a solution of (1R,38)-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 NaHCO; solution was
added. The resulting solution was extracted with methylene chloride three times. The
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product as a solid. Ms calculated for CL7H20F3NQO2:
(MrH) 328; found 228.0 (M Boc+H). Step A-2 HN 15 F3C
4-12-(Trii
| uoronet hyl ) phenyl ]-1, 2, 3, 6-tetrahydropyridine To a
W0!20d6/0d@749f tert-butyl
A4-[2-(trifluoromet hyl)phenyl -3, 6-di hydr opyr i i e3P 4pR2909
)- carboxylate (200 ng, 0.61 nmmol) in nethyl ene

con?d?x!léar bfteactsO wite) dMEP (Mg, Hltkred, uardoe&ﬁ&hfateda@uﬁﬁeam% by flash

. After being stlrred at room t enperat ure
chwmmgmpbysm silica gl - 2096 cBrventlSamiy B@jﬂgwf al%dﬂIhOPUZ%

Me@ﬁ@% cuIBaé%g%f 0{\( 8{]@% Héﬁt v'fged%ﬁe des prod%cztglvfs calculated

for € 99 Pptnd4 952
o @r?’ﬁNg@ ?M??uororret hyl )- 3, 6- di hydr opyri di n- 1(211-

25 yl ] carbonyl ) cycl opentyl ) carbamate 64 WO 2006/ 004741
PCTI US2005/ 022909 To a sol uti on of
Exapigle 3R) - 3-[ (tert - but oxycar bonyl ) am no] - 1-

rehi%%};%pylgic &%é e--gE1saor;)?'(c):f;iyrl- -{’iX [i ?tl’l uoromet&yl)phenyﬁéfnz

din{dpy HA0E NIRD MBS lobsiy B BRI g fon-4-

amiabl oride (2 nL) was added triethylam ne (O. 21 g, 2.1
mol ) followed by 5
benzotri azol -1 -yl oxytti s(di net hyl am no) phosphoni um
hexaf | uor ophosphage q_|210 nyp 0.47 mmol). After being

stirred overni ght Lat N( oo tlenperature, the reaction
was quenched wit at Zed NNa
resulting soluti s BXJ

PCCB sol ution. The
chloride three tines. THe conbi ng Xxtracts were
dried (MgSH4), filtered, and concen

'ficti n_by .flash chrqmat o sj | el
! 678 BBolRb AP BT 0 GRAY afllohb' A esPhed for

E aﬁ N0 MB @dultel for € *HY499; Bslindd498.2, a white
xamplo 1 Ml & a%’g%ﬁgfg? ngl-ggFSNZOS (MHH) 481;

found 481.1. Step CO H2N NI CF3 15

) - 3-1sopropyl -3-([4-[2-(trii
ExaH?FErgzr?et hyl ) phenyl J- 3, 6-di hydropyridin-1(2l1)-
Prepydratiou bp3rethoxyN-(RR(3SP456propyl-3-{[4-[3-(trifluoromethyl)phenyl]-3,6-

dihydropyridin-1(2H)-yl] carbonyl}cyclopentyl)tetrahydro-2H-pyran-4-amine

L o

The title compound was prepared in a manner analogous to that described for
Example 10. MS calculated for CgHagFiN,0s: (M+H) 509; found 509.1.

Example 13
Preparation of N~((1R,35)-3-isopropyl-3-{[4-(trifluoromethyl)-3',6'-dihydro-2,4'-
bipyridin-1'(2'H)-yl]carbenyl}cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine
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tert-Butyl

((1R,33)-3-isopropyl -3-{[4-[2-(trifluoronethyl)phenyl]

- 3, 6-di hydropyri di n-

1(2H) -yl ] car bonyl } cycl opentyl ) carbamate (0.17 g,

WoQhRAea1awl ) was dissolved in a 2.0 M sol utigy

in ether (2.2 nL). After being stirred for 2 h é‘?gdeggzrﬁgog

tenperature, the 20 solution was concentrated to give

144 ng of desiretoprqgduct ag a clear oil. M

cal cul ated for 0jf (M+H) 381; found 381.1.

Step D

N((IR 3S)-3-1s yl -

']1-3, 6-dihydropyridin-1(2H) 5y Je rbonyl ) cycl ope

ntyl)tetrahydro- 2Hpyr an- 4- ami ne TN ol ution of

(1R, 3S)-3-isopropyl -3-{[4-[2-(trifluoronethyl)phenyl]-

3, 6- di hydropyridin-1(2H)-yf]carbonyl } cycl opent anam ne
Steﬁ ydr ochl oride (46 ng, 0.11 mol ), 3-

nmet hoxy-tetrahydro-4H pyran-4-one (56 ng, 0.43 mmol),

and triethylam ne (0. 058 O EB mol?) in nethyl ene

chloride (2 nL) was added Eo@ium tri acet oxybor ohydri de

(70 mg, 0.33 30 mmol ). After~being stirred overnight

z_BmeJ.q PRSI pvAding sat urated NaHCO3 sol ution was
qm#]e resf}lt)tw solution was extracted with

rretmymmfecmfoﬂrqhbmﬂr(wqomm@hylmdmss(m 280dA%04mmel) and

bromgi SR IIRAe (L. R AR, bl P D s hgped under

reflik &2 BhTRPrlodastIpety volutife) wag xagallly( Ptary 20dfobated & g:ﬂzé 4.07 g
m n. Bottle A = 1% NH4A0H 2% MOH Et OAc, Bottle B =

sascyied) 0f (hisfe HehtHrowe spspeRsiqn Wi frthenprification. LC-MS

cak@@%ﬁ:gﬁ,ﬂﬁg QQZW I}g@,ﬁ 1206 iy g495; found 495. 2.

StepNd{2( 1R 3S)-3-i sopropyl 3-{[4-[3-(trifluoronethyl)pheny
[]1-3,6- dihydropyridin-1(2H)-yl]

car bonyl }cycl opent yl') - 3- net hgx ?!:rsabydro-ZH pyr an- 4-
am ne 10 ~O H O CF3 cﬁ% title conpound was
ou

prepared in a manner ana t hat described for

somet hyl ) pheny

le 10. MS calculated for C27H37F3N2C3: (M+H) 495;

rerrfﬂa«aﬁ d—’wd@rz- 4-[43(erifsosemet by pyridinelipiperiding{ -carboxylate
yI ) F?hg;?{lgﬁw Qgﬁdg §kru oﬁ So‘fpz" Gﬁﬂpﬁ%ﬁ%ﬁﬁe&&fmﬁi&iﬁ& WL, 142
mmoaﬁbdnyﬂnhhylehoplﬁnﬁdd OSEG‘thth@l-ﬁH?&JSE aas dddudi anb6 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 NH4C]. 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 C1gH2:F3N203: (M+H) 347; found 247.0 (M-Boc+1).

M&
N

BocN

QC| }q /

tert-Butyl 4-(trifluoromethyi)-3',6'-dihydro-2,4 " -bipyridine-1'(2'"H)-carboxylate

Step A-3
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~OHO NNGCF3 20 The title conpound was prepared in

a manner anal ogous to that described for Exanple 10.

M5 cal cul ated for C2sH39F3N203: (M+H) 509; found

509. 1. Exanple 13 Preparation of

WolZoddRodR- 3- 1 sopropyl -3-{[4-(trifluoronetbyl }Cﬁ'usz%s'/&zsmsr

i hydro-2,4" 25

bi pyridin-1' (2" H)-yl]carbonyl }cycl opentyl) - 3-nmet boxyte

t r aipy Arseiution RY taNbéty PAhRdEox %ﬂﬁ%&@ idin-2-yl]piperidine-1-
PCT/ US2005/ 022909 leﬂtyO H %&N R lelaﬁﬂr Y]XP

carbpe (20, 2. Bmoluia pyrdineo & fcmby 9sled injamdceabeth was slowly

sodfa Vg Qhioror” 6K S, 15 Binobl bR TR MY FUONGE i s 0 room

temdRraturdTaBd stifréd Weﬁﬁ%’gf{m hY. The bfolwn Radtich miRtird s Qsbnched with ice

under reflux for h. The product ery vol atil e)
watgp gnd; extegotad) \yltlr meﬁwnwblsadaﬂw tirgesgi bined, extracts were dried

P t n
agBRIPARGRY, did pEORRBI B reflaud, o ﬁuﬁﬁ%"k;sﬂ%é%mmgmphy on
s1h§@%él Yo atios Bcﬂveﬂ@fr@ﬁﬁ FBtNtlé M*‘H)Jeﬁﬁﬁs RottleoB ﬁ'dEtOAc) to give 404 mg
9/227.8. Step A- OH BocN N tert-
(538)rpf rlesiggd nmfluct(qs rlmht bw@r@l HyE-MBY palenlated for C16¥119F3N202 (M+H)

[ ] arboxylate To a slightly cloudy
32&%‘?]“%9?2% lgM]?"h-;lgnD 4-(trifluoronethyl)pyridine (4.0
g, 14.2 15 mmol) in dry nethylene chloride (52.7 nlL)

cooled at -78 C was added a 1.6 M sol ution of
Step A-4

CF;

}q 4/

4-(Trifluoromethyl)-1',2',3', 6 "-tetrahydro-2,4'-bipyridine

tert-Butyl 4-(trifluoromethyl)-3',6'-dihydro-2,4'-bipyridine-1'(2'H)-carboxylate (380.0
mg, 1.157 mmol) was dissolved in a 4 M solution of HCI in 1,4-dioxane (12.0 mL) to form a
light yellow clear (then cloudy) solution. After being stirred at room temperature for 1 h, the
reaction mixture was concentrated in vacuo to afford 389 mg of product as a yellow gum.
LC-MS calculated for Cy;Hy F3N3z: (M+H) 229; found 229.1.

0
BocHN
VLN
o~ ~CF
|
N. .=

tert-Butyl (1R, 3S)-3-isopropyl-3-{[4-(trifluoromethyl)-3', 6'-dihydro-2,4'-bipyridin-1'(2'H)-
yljcarbonyljcyclopentyl)carbamate

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

Step B

mmol). After being stirred at room temperature overnight, the brown reaction mixture was
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n-butyllithiumin hexanes (9.65 nL). After being
stirred for 40 mn at -78 C, a solution of tert-butyl
4- oxo- | - pi peridi necarboxylate (2.59 g, 12.9 mml) in
dry methyl ene chloride (10.0 nlL) was added dropw se.
widfookeeii on was stirred at -78 C for 1 h angcenssmkieeoe
with aqueous NH4Cl. THE was renoved by rotary
evaporation. The aqueous | ayer was extracted 20 with

wash&l With NaBI00h| sadibtiae, tdtied MBS OR)s filtdred, and vbnoeattated. Jitriresidue was
layers were dried, filterged and con ated. The

od. by gelumaschsprpatpgraphyhgn sibica gel (36; 70 40 EA‘%‘H?SMH provide a light

P
i )
yellGl g, itpel 265 e G0 L LR Gibuale £ X3 MDA, (MHD) 482
fourfd®82Q MHBLEBN203: (M+H) 347; found 247.0 (M Boc+l). 25
Step A-3 JF3 BocN X N tert-Butyl 4-(trial
uoronmethyl)-3 , 6'dihydro-2, 4'-b ipyridine-1
Swpgéﬁfkb-carboxylate 67 WD 2006/ 004741
| US2005/ 022909 To a solution of tert-butyl
4- hydroxy--[4-(trifluorongthyl)pyridin-2-yl]piperidine
-1 carboxyl ate (2 ) pl) in pyridine (15.9
nm.) cooled in an ice :| added t hi ony]
chloride (0.84 niL, 12 nxot): Fse was al | owed
to warmto room tenperature ang rred overnight (17
h). The brown reaction m xture was$ quenched with ice 5

(IR, mtﬁrsoﬁfuﬁyﬁacwmﬁﬁbmmmymt L ddigdep-2 by dpyﬁmniﬂ(mg

times e conbi ned extracts were drie (MySH4
Yijcarbomitcpelopensanaminecent r at ed. The resi due was purified

o tept-BE01LS U RERO R ARO[ Tl Rorithy Y - i lio™s P yricin-
1 Wl]ém‘bor(yﬂ&%lopa‘ntﬂ)mibmmdtememo Qhg, @554 hgivll) waodiasclidd in a 4 M
o T L3 LT e i gk e v

smétdejéri[rgﬁ It{/i#ﬂe}atﬁe?for Bh; thE rédefidd ARG Qved cBnceRir¥d i ldGo to afford
300 hg(afproduoasdieCaf: Ths 6lidivisyhatad2yith i goluon e NaCI. The

free Jpte. i, BRPeEld il et ene CBiondk Gied Ameoiy The eaioRingil extrasts were

dried, ih%e&dr&h obeceheﬁtea o ploviliet19% ¢hd 9D FRrodubh&Na BERUANbw gum.

solution. After bei ng stirred at room'tenperature for
LC-MSiealculated fordCoptss5:N:0 QM-ti382afouod38ht rat ed in vacuo
to afford 389 ng of product as a yell ow gum

N
HJ D2
|
N~

N-((1R,35)-3-Isopropyl-3-{[4-(trifluoromethyl)-3',6'-dihydro-2,4"-bipyridin-1'(2'H)-
yl]carbonyl) cyclopentyl)-3-methoxytetrahydro-2H-pyran-4-amine

To a solution of (lR,3.S')—3-isopropyl-3-{[4:(triﬂuoromethyl)-3',6'-dihydro-2,4'-
bipyridin-1'(2H)-ylJcarbonyl}cyclopentanamine (512 mg, 0.134 mmol), 3-
methoxytetrahydro-4H-pyran-4-one (70 mg, 0.40 mmol) and triethylamine (0.0374 mL,
0.269 mmol) in dry methylene chloride (5.0 mL, 0.078 mol) was treated with sodium
triacetoxyborohydride (85.4 mg, 0.403 mmol) et room temperature under N; overnight. The
reaction was quenched with aqueous NaHCO; and diluted with methylene chloride. The

Step D
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LC-MS cal cul ated for CL1H11F3N2: (MtH) 229; found
229.1. 20 Step B O BOCHN NI CF3 N tert-Butyl
((IR 3S)-3-isopropyl -3-([4-(ti
| uoronet hyl)-3, 6" -di hydro-2,4' -bipyridin-]' (2" H
woloasidsany ) cycl opentyl) carbamate To a sol ut i gfred2005/022909
(1S, 3R)-3-[(tert-butoxycarbonyl)am no]-1- 25
I sopr opyl cycl opent anecar boxylic acid (0.288 g, 1.06
orghiii® lldyed nebsepirnted land therequeyhs) layer was extracted with methylene chloride

theefimgt B OB a9 ety dried R MAS D filtred and erppoaid wnder
wdﬁ&?%&%% ’ﬁ#eoﬁ%%rg% (SAHE s daSlel AP UShOR sRRE glilpad (30:70
Mebmd)aﬂ’hé filtraté ovag tooheetiatet tang | separate) bp ehjplcHPLGh to give two
isomrs HSHISGET Soh e SR OnE ST he BrS Huategiti ety

I . @ 198k 816 MRS isofiBg VO 2006/ 004741

MR S A8 2 B o NaFOB and brine, dri ed
(MS™), filtered, and concentrated. The residue was
purified by colum chromatography on silica gel (30:70

E“E&clﬁhexanes) to provide a light vyellow solid

{ i 9 1€ f t A3 1,

Pref GO R oS- I (RGBS B8 - dipydre 34
bipgitidin-C(ZH)-yillbarbofy peychipentyl)-3-methoxytetrahydro-2H-pyran-4-amine

(IR 38)-3-Isopro.pg| -3-([4-(trri

| uoronet hyl )-3, 6'{di mMydro-24' -brpyridin-J' (2'11)-

yl Jcar bonyl ) cycl '

((1R, 3S) - 3-i sopriopy] - 3- - (tyri f]l uoro hyl)-3',6"-dih

ydro-2, 4' - bi pyr ioo' - /S \n%tF?'

1' (2" H)-yl]carbonyl } cycl opentyl)c kb

0.54 mvol) was dissolved in a 4 M HNolution of HCl in

1,4-dioxane (6 nL) to forma light yellow clear

solution. After being stirred at roomtenperature for
SteplA4i, the reaction m xture was concentrated in vacuo to

afford 300 ng of prodygl. as. digFlCl salt The solid was
treated with a | M sol ut o I\1§8—| The

g

HO™ 'N

3-Nitro-5-(triflucromethyl)pyridin-2-ol

5-(Trifluoromethyl)pyridin-2-ol (10.0 g, 61.31 mmol) was added to a stirring
concentrated sulfuric acid (50.0 mL) at room tempersture. 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¢H3F3N20y: (M+H) 209; found 209.0.

Step A-2
! 0aN ™ CFa

CI” 'N
2-Chloro-3-nitro-3-(triflucromethyl)pyridine
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15 free base was extracted with nmethyl ene chloride

three tinmes. The conbi ned extracts were dried,

filtered and concentrated to provide 194 ng (94% of
product as a light yellow gum LC Ms cal cul ated for
COioeaed ™30 (MrH) 382; found 382.1. Step D O derfaiddobso22900
NN OCF3 | 20 N al

N-((IR 3S)-3-1sopropyl-3-([4-(tri

| uot@meohion of PBOSPJJOIU!JGMOF! 2.0 mLp@t.2dnmol) a(@ 'quinpline (1.30 mL,

10§ ah DAY el SofR Rty e DR B R S Y R0 ¢, 183
mn{olﬁsgﬁ) pri’my)s TRE e@whné didcbrév tHidkUsEpuEibh Was heatedio dflbY for 4 h
andﬂrgc;uarllantuqu into pivery| qlovsly islerk brpwp sPlypem tAfken wpeling(tg 109 °C, water

1 RS ew IR e Bl which e rtierggoled o fpop perature and
neudlizedr dagdflilty aiithea,CO, UBHéreBMMQSQEQOﬂW gxttadted rwith EtOAc three
met hyl ene chloride (5.0 078 nol) was treated

timey. The exferctaivere combised ﬁy%pmmscheﬁkteed Ang\gyvaporaeg3n vacuo. The
resifi et BlrifOY AENRR R ot S cilee oRl B P bapnd B070 o afford

228 bhdésred yiodoa. chIoride. The 69 WD 2006/ 004741
| US2005/ 022909 organic | ayer was separated and the
aqueous | ayer was extracted with nethyl ene chloride
Smég e times. The conbined extracts were dried over
filtered and evaporated under reduced
pressure The crude pr oth 00Chy) was passed through
a short silica gel pad (30 McOH Et QAc). The
filtrate was concentrated aimNl” separated by chiral HPLC
first isomer 26.3 ng; second
- Qupherm "‘;P\‘%’%‘;ﬁlﬂ R cal oul ated for C26HB6E3NG03:
( M) a dltion 6Mch]&BB-Etrb 3 (thfiohorhéthylRiysidink X 8128 lge 5 548 mmol) in

Prepar ati on

me (@Mﬂ;}m@r iNeoys sgded pllpdive (@ 71, L AP swrmelh (107% dry weight on
ot fneted T acion ity o placed o Pe papesptys ol ydpogenated

at SOrpsh yolr 90 2tia pYhicacatdlystnwvasefiltersd bffGthidugh aCielite pld. [The filtrate was
concentrated to give a crude product (1.08 g) which was pure (>98% by HPLC) enough

without further purification. LC-MS calculated for C¢HsF3Na: (M+H) 163; found 163.1.

Step A-4

Br: CF3

3-Bromo-5-(triftuoromethyl)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(T) 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

ki
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N Step A-1 02N CF3 HO I N 15 3-Nitro-5-(tr f

uor onet hyl ) pyri di n- 2- ol

5-(Trifluoronethyl)pyridin-2-ol (10.0 g, 61.31 nmol)

was added to a stirring concentrated sulfuric acid

at room tenperature. The resulting

g?%ﬂ%’dg?‘&/as placed in an ice water bath, 5@3%2005/022909

potassiumnitrate (12.4 g, 123 nmol) was added slowy
com¥iede ofpahiat it Owki cdreiE cand¢h@atéd uBldef. vatti@m to provide crude

resulting m xture was heated at 65 C for 4 h before
progwt pritheutrpyrifpation, ce and treated carefully with 50%

NaOH (83 nlL) until pH=8. The aqueous sol ution was

extracted wth Et CAc three tinmes. The conbi ned
SteeMdsracts were dried, filtered and concentrated to

give 9.78 (77% of crude product éF>90% purity) as a

yel l ow solid. Further puri fd"_Fati ® by trituration

wi th Et CAc gave 8. 40 r&pnoduct LC M5

cal cul ated for C6H3F 3:/( 209; found 209.0. 25

Step A-2 CGaNCF3 Cl | N 2-Chloro-3-nitro-5-(tr
tertiBinyd whyedxyl4) [Syfriifionematby\perididciylfyiperidine- 1 -carboxylate

Crilr P ety ou, soton” o Smom i e RBRERE DpYdiae .20 €, 30%

ity - 2202 HRMol) VBSdFORBHYRAL CHoRMVIBT0 mL) at -78 °C was added a 1.6 M
puné?r%iiggt ro- 5-)(t rifluor o?ret hyl )opyrl di n- 2-)oal (4. Oow%s 18e. 3a

solutinm of rtaeyHithiun inyhexarese(1:98uil.) Adigr beingk stirresfor B8 imik at -78 °C, a

solufify REG- Ryt Tt pissridiromReavBle (534 e ch G P Rrgigmethytene
chiofide|(8.09mLY whe Qdfied WRpRiseSThel feablion Was stirkédnhty-780efbrt105 h and

the m xture which was further cooled to room )
quenchadh withiagueous A Ch dihe resulting golytion as ¢xfragied nithapethdene chloride

T | 1] A : i :
o Bk Pl e B S RUARE B R 758 resie
was putified Blcolamsl chioffatgedphdl oh 8iliea geld50:IMEIOAGhexdties) t@give 330 mg

urified by flash chromatography on silica gel
(25%Eeicgesirerbrindud as@:yelyw . LE S gilonlatsg for EHyb Qe (M+H) 347,

fomﬂrﬁ%’lc(M-Bﬁgi-l). Step A-3 RN CF3 N

Step A-6
CF3

0C \'4

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,sH19F3N203: (M+H) 329; found 329.1.

Step A-7
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5- (Trjuoronet hyl)pyridin-3-am ne To a solution of
2-chloro-3-nitro-S-(trifluoronethyl)pyridine (1.25 g,
5.518 mmol ) in 15 nethanol (25.0 nlL) under N2 was
added palladium (1.17 g, 1.10 mmol) (10% dry wei ght on
wolodddokMat ed carbon). The reaction mxture jyas
on a Parr apparatus and hydrogenated at 50 psi @3%@82909
mn. The catalyst was filtered off through a celite
pad. The filtrate was concentraf€gl to give a crude
product (1.08 g) which >98% by HPLC) enough
wi t hout further purifi N\L&MS cal cul ated for
CO6HSF3N2: (M+H) 163; fou 163—N. 20 . Step A-4 Br)\
N Do h A
P 1)-152" 30Ns".137 D7 2= dibhldinguor onet hyl ) pyri di ne
5%‘4%%??’(’5% éfz égc;}%i uﬁ?ﬁ{’?e&}%}z% mg, 5.83 mmol) in
watzenr-Bubyl 8 S+{trifluacsnetliydp 8!, 65 Hihydrp-3,£bipyrdined ({2 Bg+carborylate (50.0
5-(friflyoronet hyl)pyridip-3-am 947 gy, 5.5 I
me; 137 mrmaiones Bttt b b sliim @ B Fiioaiecd? AEf1d form o
light Dellaiee (BlenREdudy) it Jgﬁb il dtirel At fobin téfpBiature for 1 h, the

e resulting orahge diazo solution was directly bu
reacsion\mixture was éacemrhtedoinavasta tordffogd 46.8mg @7%) of poglvet 4sl 3 yellow

Y R T

m xture was heated at 60 C for 1 h. After cooling to
room 30 tenperature, the mxture was diluted with
Steer@t hyl ene chl oride, washed with 50% NaCH (until pH =
11), and water. The aqueo | ayer was back extracted
w th nmet hyl ene cgdpmN d e 71 WO 2006/ 004741
PCTI US20051022909 co ¥Cd'NOr gani ¢ extracts were
carefully concentrate e?'d.er v Fprovi de crude
product w thout purificdtion. 5 CF3 OH BocN 5

N tent-Butyl 4-hydroxy-4-[5-(tri

| uor onet hyl ) pyridi n-3 yl ] piperidi n'é-l - carboxyl ate To a
teﬂ-@uwémm,gszﬁ } b8 3-Griflegromethyl)-3',6'-dikydro-3,4"-bipyridin-1'(2'H)-

Wicarbd B eBpbiidakbipiget vl ) pyridine (2.20 g, 30%

“To a solution of (15,3R)-3-[(tert-butoxycarbonyl)amino]-1-
isopropylcyclopentanecarboxylic acid (40.0 mg, 0.147 mmol) and S-(trifluoromethyl)-
1',2,3',6"tetrahydro-3,4'-bipyridine dihydrochloride (44.4 mg, 0.147 mmol) in dry methylene
chloride (2.5 mL) was added triethylamine (0.103 mL, 0.737 mmol) followed by
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (71.7 mg, 0.162
mmol). After being stirred at room temperature overnight, the reaction was quenched with
aqueous NaHCOs. 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 CpsH34F3N;0s:
(M+H) 482; found 382.0 (M-Boc+1).

Step C
HaN

O
: | -
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30

purity, 2.92 mmol) in dry nethylene chloride (15.0 nlL)
at -78 C was added a 1.6 M solution of n-butyllithium
in hexanes (1.99 nmL). After being stirred for 30 mn
at -78 C, a 10 solution of tert-butyl

wo 90@sobaial peri di necar boxyl ate (0.534 g, 2.65 '
dry nmethylene <chloride (3.0 nL) was added drﬂc?gws)’"e"'?’dm"’

The reaction was stirred at -78 Cfor 1.5 h and

(1 RIS BIbetopyl 3o{ [Bqusifaveomdti)13’ 6 Tikydre S -bippadinal (FF)oN

was extracted with nethylene chloride three tines.
Vi carhonyi}eXsianeRranami@ti ¢ | ayers were dried, filtered and

t eg. J XN UL f ] : Y
cn/TRR fiag S8R B SR SR 4 ricin
e VR ALl 2t A, 0% OLGH2 EN0%: (MR BT
solfgn,o§ Hains1.{-thcee 0 mB) & s ik Yl aiter s Afer being
sk s} o Mpdrs OF 2T Y Wt e G defhis i vl The
residiehwds doeyted -With @t I M | sobutionredf Qb yand dhe sGlubion wap eaxtrdéted with

e-| - rboxyl at e 0 , .0.433 [ ridine )

metfyiens IS HRSF S8 i T PGS Aot b GoppAsgled to provide
. : [ e .

28 g oF praRct 8. Tt Vellod st TOMS cfsddliq RF LEFN O IID 382
fourti 382uUr.e was quenched with ice water and extracted with

25 nethyl ene chloride three tines. The conbi ned

extracts were dried (MJSO™4), filtered, and
Stepgoncent r at ed. Purification by flash chromatography on

silica gel (0 -_20%B over 35 mn. Bottle A =

hexanes, Bottl e W= gt OAc) Qorovided 65 ng (46% of

et .

desi red product N LC- M5
cal cul ated for' € 6H19F
30 Step A-7 72 006/

; found 329. 1.
08 022909 CF3
HN/ N 5-(TrWoronethyl)-1" ;
4' - bi pyridine tert-Butyl N

b L R R I L
yycdgma@d}lﬂ?%ﬁaﬂrﬂ}-smrmy:ﬁﬂz%m-zﬁ- inoKamme(2 ML) to form

t yellow cl ear hen C OUdéi)i sol ution. After
belAg astsoptiog Af (bBASr3nseprorylnd-d[5Sr@rtlyoremethyly-3',6'-dihydro-3,4"

bipyHEGH D e YRRpeRRahe ) 190 [, MELD oRee BEb), -
metloRyetrhipidesidHpyrdn=tbhel R md, 10909 288iol)f fidntetdfantine (6.58 L,
0.0472 mmol) in dry methyiene 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 NaHCO; and diluted with methylene chioride. The organic layer was
separated and the aqueous layer was extracted with methylene chioride three times. The

organic layers were combined, dried over MgSQ;, 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 CygHasF3N3O5: (M+H) 496;
found 496.1.

Example 15
Preparation of N-[(1R,35)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-
yllpiperazin-1-yl}carbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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Step B BocHN TLJX "N CF3 10 r ten-Butyl

((IR, 39)- 3Iisopropy| 3-([5-(trjuoronethyl)-3,6"-di hydr

0-3,4" -bipyridin-]'(2"1V-

yl ] carbonyl ) cycl opentyl ) carbamate To a sol ution of

[ (t en- but oxycar bonyl ) am no] - 1-

@?ﬁ%@'ﬁgym opent anecar boxylic acid (40.0 m,CW¥2°f’022909

mrol ) and 5-(trifluoromethyl)- 15

1',2',3,6' -tetrhﬁyan 3, 4 obi pyridine dihydrochl oride

(44 4 ng, 0. 147 net hyl ene chloride (2.5

nm) was added tr{et yI rﬁfIPB m., 0.737 nmol)

fol | oned by 0 /:\H(N N. _CF

benzotri azol - 1-yl oxytri s(di net ylaﬁih )pﬁosphonium

hexaf | uor ophosphate (71.7 ng, 0.1~ nmmol). After

being stirred at roomtenperature overnight, the

reacti on was quenched with aqueous NaHC03. The
Smﬁgsulting sol ution was extracted with nethyl ene

chloride three tinmes. 20 The conbi ned extracts were

dried, filtered, concentrated. TREsresidue was

purified by silica gel/CUi_gg 0: 70 Et OAc/ hexanes,

t hen gradient elution w Et OAc/ hexanes) to
provi de a pale yell ow pro®Mict: 24 ng (34%. LC-MB

2-Pib&in-ahpd. %—}@J ;Qfg},e (MtH) 482; found 382.0
mBocﬁ (frg’ Step NCF3 N 73 WO

200‘55@%@4@ aa@dwgéz@@@;mebﬁ)pynmﬂlne (2.0 g, 11 mmol), piperazine

2.8 ?é%ﬁ&cgﬁaﬂ@?i@&&ﬂ%!l%e y@(ddﬁL et er?pli UPHREEG 0D whas stirred at 100 °C

in a)sl:al@camb@ Bydniight AdlperhNavf ist dfithe sBWe)lL the res1due was  purified by
(1R, 3S) - 3-i soprapyl - (E{BS &trlfluororrethlg) -di h
CO].W @ugmgtogqu@w:p siliéa. gel (EtOAc to EtOAc/MeOH/NE® 9/1/0. Sj to give 1.48 g

b R e S S R R S E P

in 1,4-dioxane (2.0 nL) to forma light yellow clear
Iutlon After being stirred at roomtenperature for
SePl Ir, the reaction m xture was concentrated i n vacuo.
The residue was treated vbth a | Msolution of NaCH
and the sol uti onBegkii t with nethylene
chloride three tunes. ts were dri ed,

filtered and concentrat e/a‘\t- N)sﬁ,l«ﬁ/CFs

tert-Butyl [(1R, 3S)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-yl]piperazin-1-
yl}carbonyl)eyclopentyl]carbamate

To a solution of 2-piperazin-1-yl-4-(triflucromethyl)pyrimidine (250 mg, 1.08 mmol),
(18,3 R)-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)phosphoniumm hexafluorophosphate (520 mg, 1.2
mmol). After being stirred overnight, the reaction was quenched with saturated NaHCO3. The
resulting solution was extracted with EtOAc three times. The combined organic layers were
dried (MgS80.) and concentrated. Purification by column chromatography on silica gel (20%-
40% EtOAc/hexanes) provided 290 mg of desired product. MS calculated for C;3H34F3NsO;:
(M~+H) 486; found 386.1 (M-Boc+1).
StepC
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28 ng of product as a light yellow solid. LC M

cal cul ated for C20H26F3N3C (MtH) 382; 10 found

382.1. S Step D~-OHO NN 0 CFs N((1

R, 3S) - 3- 1 sopropyl -3- ([ 5-(tr juoromethyl)-S ,

w0 20860bd0- 3, 4' -bipyridin-]"'(2'H 15 PETUS2005022909
yl ] carbonyl ) cycl opent yl ) - 3- met hoxyt et r ahydr o-

4-amne To a sol utlon of

(1R, 38)-3-isoprop¥ll - {[5 trlfl uoronet hyl)-3', 6" -di hy

ng, 0.024 nmmol), 3- net Xy H pyr an- 4- one
(12.3 ng, 0.0709 mol) and trlet ylam ne (6.58 L,
0.0472 mml) in dry nmethylene chlofide (2.0 nL) was

(IR@g'}iMS@wW({J?J[Mﬁymﬁmr@bﬂﬁmidﬁz-ZPl]ﬁxﬁEraﬂnqg 0.0708

After being stirred at room tenperature
yl}chlz@mv@w{@eretneam@act| on was quenched with aqueous

or g%ﬁﬁ 'ﬂ!ﬂg&fgk 13'\%?'%0 gglﬂf@hﬁﬁgﬁgfﬁpﬁ q@u)g’g{}gl tf]ig 2-yllpiperazin-1-

yl}dﬁiﬁoh?mﬁﬂbpehﬁyl]cmithmk QIBB 1Bp| @60 fhendlhwaedibsolwed. m'EhE‘O M solution

gani ¢ | ayers were conbined, dried over sS4

of H¢l| ltlelﬁ%éwamf 02 After;beingstirrede ooy te fer. 1 fppthe mixture

A B AR B8 Bl P00
386950uﬁd18&6 product. LC-Ms cal cul ated for 026H36F3N3CB

(MtH) 496; found 496.1. Exanple 1ls Preparation of
N-[ (1R, 3S)-3-isopropyl-3-({4-[4-(triiluoronethyl)pyrim

ﬂ?ln 2 30

ylj pi perazin-1- )L}car bonyl ) cycl opentyl j - 3- net hoxytetra
hydr o- 2H pyr an- 4-@mi ne 74 (W) 2006/ 004741
PCTI US2005102290 N CF3 Step ACF3 N

HN<\ /\ K/NY\J/

N-[(1R,385)-3-Isopropyl-3-({4-{4-(trifluoromethyl)pyrimidin-2-ylJpiperazin-1-
yl}carbonyl)cyclopentylj-3-methoxytetrahydro-2 H-pyran-4-amine

To a solution of (1R,35)-3-isopropyl-3-({4-[4-(trifluoromethyl)pyrimidin-2-
yl]piperazin-1-yl}carbonyl)cyclopentanamine dihydrochloride (135.0 mg, 0.2945 mmol), 3-
methoxytetrahydro-4H-pyran-4-one (110 mg, 0.88 mmol) and triethylamine (0.16 mL, 1.2
mmol) in methylene chloride (8 niL) was added sodium triacetoxyborohydride (190 mg, 0.88

dro-3,4" -
bi pyridin-1'(2'H)- yI] on cl pen}anam’ ne (9.0
Péﬁ:ﬁ[o 2P

mmol). After being stirred at room temperature overnight, the reaction was quenched with
saturated NaHCQ;. 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 Cz¢H36F3N504: (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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"-j N5 2-Piperazin-|

-4-(tri,J7uoronethyl)pyrimdine A solution of
2-chloro-4-(trifluoronethyl)pyrimdine (2.0 g, 11
mol ), piperazine (2.8 g, 33 mvl) and triethylam ne
‘(,gngﬁms”“’zz mml) in DM (10 nL) was stirred ﬁnﬂ&sﬁzzyw
in a seal ed tube overnight After renoval of nost
the solvent, the residue was purified by colum
chr omat ography on s\lica gel (EtQAc to Et QAc/ MeOH NEt 3

9/1/0.5) to give 1. g 10¢56% of de€Fged product.
M5 cal cul ated f glF ; & ﬁound 233. 1.
Step B O BocH 1 - But yN™\ z
[ (1R, 3S) - 3-i sopropyl - 3- (¥4- ;Zﬂi:l
| uoronet hyl ) pyri mdin-2 yl[piperazin-1- 15
yl ) carbonyl ) cycl opentyl ] carbamate To a sol ution
of t - pi perazin-1-y1-4-(trifluoronethyl)pyrimdine (250
Stepd, 1. 08 nmol ),
(1S,3R) -3-[(tert-butoxycarbonyl)anino]-1-isopropylcycl
opent anecar boxylic acid (300 ng, CF4.1 nmol ) and
triethylamne (0.45 nm, 8= i n nmethyl ene
chloride (10 nL) was dtMledN
benzot riazol -1-yl oxytri s\(-d{ metHyl am no) phosphoni um
hexaf | uor ophosp gy, 1.2 20 mmol ). After being
1'[‘%&’ &L W@H%Zﬂﬁ@mea i on was quenched with
saturated NaHCC3. The_ resulting solution was

extA seiukion ofiZ-¢hlgpdadrfivpremethyhpysidine K b0 8o Adirmel).aripsedine (1.4

&, 16 4R50. M Fried1b i (M6 it h 1 9n ) WeRAnb@h SHDME (10 L) in e

sealé(fﬁﬂft M%Nighﬂ\lwhh%aeaaadém ]2 Om?cam'*efgghtgﬂﬁhorg@mﬁ miifRire wak
duct cal cul ate or 4F3N5
comfeetmted mclfowosaehad) on szlscagecﬁétbczl wmﬁﬁ%ﬂ%ﬁw—? :1:0.5) to

gwep@%@%ﬂgé{ s %gg toyﬁéﬂi&}&éﬁ\fo%ﬁﬂumm (M+H) 232.1; found 232.1.

| uor onet hyl ) pyri m di n-2 yl ] pi perazin-| -
yl ) carbonyl ) cycl opent anam ne tert - Butyl
S }é]l R, 3S)-3-isopropyl -3-((4-[4-(trifluoronethyl)pyrimd
-2-yl ] piperazin-1- 5
yl }car bonyl ) cycl op)e,gt yl ] carbamate (290 ng, 0.60 mol)

was di ssolved infa #. 0 MsoRution of L&Fsin
1, 4-di oxane (1 YA i/ﬁg\sti’\"r d at room
tenperature for 1 h, 't ,,xtNure,N N\ //

/\

tert-Butyl [(1R,35)-3lisopropyl-3-(4-[6-(triflucromethyl)pyridin-2-yl]piperazin-1-
Ylcarbonyl)cyclopentyl]carbamate

To a solution of 1-[6-(trifluoromethyl)pyridin-2-yl]piperazine (249 mg, 1.08 mmol),
(18,3 R)-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 ovemight, the reaction was quenched with saturated sodium
NaHCOQ;. The resulting solution was extracted with EtOAc three times. The combined
organic layers were dried (MgS0,), 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 CyyH3sF3N4O;: (M+H) 485.3; found 485.3.

Step C

7
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was concentrated to give 270 ng of desired product. M
cal cul ated for G gH26F3N50: ( M+H) 386; found 386. 1.

10 Step DHO & CF3

N[(IR 3S)-3-1sopropyl -3-((4-[4-(trii

woQlidrgkay! ) pyri mdin-2 yl] pi perazin-|-

ylb) cagﬂgonyl ) cycl opentyl J- 3- met hoxyt et r ahydr O_Pﬁlﬂés):/!?%ﬁ)_zmos'
4-amne To a sol ution of

(1R, 3S) - 3-i sopropyl é ({4 64- (HEli f | uorasget hyl ) pyri m di

n-2- 15 yl]plperaigg I} avbonyl cl opent anam ne
di hydrochl ori de ( ), 3-

nmet hoxyt et rahydr o- 4H p e ( ng, 0.88 nmol)
and triethylemne (0.16 1 2 mol) in methylene

(RGN r&?é?z’f%ﬂu%?’%fe?@?)p&ﬁ%ﬁnj- 0

ledr eRtaRRIne dBhlrochidfide €acti on was quenched with
ye s%?at %{ dwﬁbe resulting solution was extracted

WIS (%ﬁ%ﬁi'?' Sopropd 54 6 A BAC I A 2 M efacia -
ylcagboniyftyeedopgentyljtdrbahate mmg,dgshgxggl) ru:gs g;sb%xgd igald4.¢ M 6Mation of

HCI30 ddudioxans (10 LY A boioa e aighm SprasIB ey | Buhe palution was
conéa@ﬂf:rfte& &9 %f\fétﬂﬁ Jiﬁ of la#éﬁeh Sﬁi‘ﬁ&% b&i@lﬂaﬂs@ mgﬂ{ﬁgﬁé‘lM"‘m

er converting I sonmer 2 (4

3853f&mnd6&h2ert|ng to TFA salt). LCMB cal cul ated for

C24H36F3N503: (Mt1l) 500; found 500.1 for both isoners.
Step2» Exanple 16 Preparation of

N[ (IR 3S)-3-isopropyl-3-({4-[6-(trifluoronethyl)pyrid

in-2-yl | pi perazin-\

1-yl }carbonyl ) cycl gpent yl ] - - net hoxyt et@Rhydr o- 213- pyr

an-4-amne 76 0%6/0047'1/PCT|U 51022909 OO

CF3 LH ~~ N Y / A 3 5

1-[6-(Triuoronet hyl) pyr ﬁ‘Q\VT/pip azine A solution

of 2-chl oro- 6- (trlfluoronethyl)pyrldlne (1.0 g, 5.5

PRSP e RO L, o
yjcdrbBryticyclopentyl]-3-methoxytetrahydro-2 H-pyran-4-amine

To a solution of (1R,35)-3-isopropyl-3-(4-{6-(trifluoromethyl)pyridin-2-yl]piperazin-
1-ylcarbonyl)cyclopentanamine dihydrochloride (110 mg, 0.24 mmol), 3-methoxytetrahydro-
4H-pyran-4-one (80 mg, 0.6]1 mmol), and triethylamine (0.16 mL, 1.2 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 NaHCO;.

The resulting solution was extracted with EtOAc three times. The combined organic layers
were dried (MgSO,) 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 CzsH37F3NsO3: (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-
yllpiperazin-1-ylearbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
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20

seal ed tube. The m xture was heated at 100 C

overni ght. The reaction m xture was concentrated and
chromat ographed on silica gel (ethyl acetate to

EA/ MeOH Et 3N=9:1: 0.5) to 10 give 1.05g of the desired
woQdesrios74hS cal cul ated for CtOHLI2F3N3: (MrH) piryshooso22909
found 232.1. Step Bp CF3 O H\~ tert-Butyl

[(IR 3S)-3lisopropyl-3-(4-[6-(trjuoronetlryl)pyridin-2

yl Jpi perazin-1- 15 )/I car bonyf) cycl opentyl Jcar bamate To

a sol ution of o)

1-[6-(trifluoronet ;n-@]pi perazi ne (249 ny,
1.08 mol ), 7~ SN N\j

(1S,3R) -3-[(tert- xycar bonyl ) am fho N1-i sopropyl cycl
opent anecar boxylic acid (300 ng, 1. nmol ),

triethylamne (0.45 nL, 3.2 nmol) incepthylen
chloride (10 nL) was added

Stetoénzotri azol - 1-yl oxyt ri s(di et hyl ami no) phosphoni um
hexaf | uor ophosphate (524 ng, 1.18 20 mmol ). After
being stirred overnight, the fkaction was quenched
Wi th saturated sodium Na ~,Jhe resulting solution
was extracted with Et OAc thrb;éﬁines. The conbi ned

organi c layers were drieg.,d ), concentrated, and
purified by colum chrorra% ography on silica gel (20%

4-CB & Xk 49,@?/0 i D) to provide 310 ng of the
E@éi erf%Fodu )B‘%ﬁ cal cul ated for C2 H36F3N4(B:

IV 3; > - 0 7
bt edfin o, e Bttt Rl G ENSR3 Haltis: bopbory
chlofid&(RE) mls, B6.6muapl), and qaiholife (2L ¥6 mL I8 Dmetol)in)tpiyenedS0-nil) was
SUJTEA' Y W?@fﬁg? ihld'g'l%/ rlggc?t{og&% :d}lﬁ%g l\ag&(wtg'ggén e)r(]t?acted with ethyl acetate
threéﬁﬂ:ﬁ,@d %ﬁ{hssgﬁﬁlﬁaoéfﬂfaﬁ; ﬁﬂ%%@, 'u](ma Ehdde IO BLAM ). A% icAidB Tesidue
-yl T'pt perazin-1- 5 ylcarbonyl)cycl opentyl ] carbamate
was (Bifieddhy fash 2ohmhn) chvamathigepby € 0% rEt@A4/Hexhbe) oo uyield rthe fdesired

prodiiy Bgrp Lo i (ot (DEEY St . FreTims o

concentrated to give 260 ng of desired product. M
Stepdh| cul ated for CL9H27F3NA4O: ( MtH) 385. 2; found
385.2. Step DOHOCF3 1

N-[ (IR 3S)-3-1sopropyl (fB-[6-(trii
| uoronmet hyl ) pyridin-2 yl{pisernzi n-1-

yl') carbonyl ) cycl opentyl J- 3- ng} ho yt et rahydr o- 2H pyr an-
4- am ne =N
- CF;3

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 CoH;2F3Ns: (M+H) 233.1; found
233.1.

Step C
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To a solution of (1R, 35

-3-isopropyl -3-(4-[6-(trifluoronethyl)pyridin-2-yl]pip
erazin 1l-yl carbonyl)cycl opentanam ne di hydrochl ori de

(110 ng, 0.24 mmol), 3-nethoxytetrahydro- 15

wig- op6/ema7#d- one (80 ny, 0.61 nmol ), and tri et hydBE82065/022909
(0.16 nmL, 1.2 mml) in nethylene <chloride (8 nL) was
added sodiumtriacet oxyborohydride (190 ng, 0.88

mol ). After being Yrred at roomtenperature

overni ght, the reacti dn was quenched w th saturated
NaHCO3. The resul td soI utd on was extracted with

Et OAc three tines. jaed~organic layers were
dried (MgSO™4) and coH@ at eq. The residue was
purified by flash chrongtggra Ii(isilica gel
(EtQAc to Et QAc/ Et 3N=10:0.1) to gi Ie 3 ng of desired

product as a mxture of two isomer he two isoners
were separated by chiral HPLC to giy 3i somer 1 (45 ny
after converting to TFA salt) and isoner 2 (35 ng

ter 6 RS 1o0P g T5 -3k omer G P A fperh -
yicarbomE)cpclopénniticarbunttel 7 Prépar ation of
N[ (1R, 3S)-3-isopropyl-3-(4-[6-(triil uororrethyl)pyri m

d' nA4501u1:|on of 4-piperazin-1-y I-6-(mﬂuoromethyl%p idine (1.0 g, 4.31 mmol),
erazi n-1-yl car bonyl ) cycl openty | - met hoxy et r ah

(IS;B&)& tarihutexycarbomyllaminc}d -igepromierlhp gianecarboxylic acid (175 g,

64§ CHAET O BRIRARE oAl Dy e ool ke RrEBhosphat

@ 86@ BoYEEhY])) :mdrmamgﬂm&xem 20 Anls @61t meB])dh methglene chloride (10 mL)
6-(trifluoromethyl)pyrimdin-4-ol,

Wﬂpawﬂw&rqnm temperiure| avemigh &Thtreas@mémﬁm)was &ilyted e methylene

t
chidfpel WatfR8 iy e pried B Bl sty AER 2t FhpdHolea o vacuo,
'I'he\MrtldB mﬂm was puréfiedrbydiashl coluinh chtdmyltogaaphlyad gicld the eesired product

(500 e DA MB g ulaag For ik e AHIABE F e 186.2: o

E flash col um chronmat ography (10% Et OAc/ Hexane) to
StepPel d the desired 10 product (1.20 g, 21.6%. 'H NMWR
(400 MHz, CDC13): 9.21 ppméIH, s), 7.78 (1H, s).

Step B L
HoN r N’\
/:\ k/N N
| =N
CFq

A solution of tert-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 NaHCOQ; 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 C1gH37F3NsO: (M+H) 386.2; found 386.2.

Step E
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HN~ ONN r N CF3 4- Pi perazin-1

yl -6-(tr(uoronethyl)pyrimdine A solution of
4-chloro-6-(trifluoronethyl)pyrimdine (1.0 g, 5.48
nmol ), piperazine 15 (2.36 g, 27.4 mol), and

Wwo nbdotkai ne (2.29 nl, 16.4 mml) in DVF (20pcria)s286022909
stirred at 100 C for 5 h. The reaction solution was
diluted with water and extracted with ethyl acetate
three tines, dried with sodi sul fate, filtered, and
concentr at ed in vaQuo.HT ﬂa\gey due was purified
by flash col um chragg phy' ( 10%veOH 5%t 3N Et OCAc)
to yield the desi pr ,\WSG 6% . LCMS
cal cul ated for C9 Z3NA: (I MHH) 233||1; f ound 20
233.1. Step C 79 WD 2006/ 004741 PCTI 5'005/ 022909 k
0--Z( O HN~ ONNIiN CF3 tert-Butyp,

[(IR 3S)-3-1sopropyl-3-(4-[6.-(trifluoronethyl)pyrimd

N-[K @Yj-fﬁhﬁﬁﬁ-i@[&-(niﬂb&%ﬁ:@@:j}yﬁ)}&%&h@nﬁ;&w&}ggr bamat e

yIchmﬂﬂydapmlﬁy%eﬁa@temémewmI-mmem dine (1.0 g,
. mmol ) ,
(13rc3 R)a 3- sEo(lﬁtﬁmt et Oﬂmquﬂré@mf(ﬂ-g6-lmﬂ§@@mﬂtﬂ)ﬁyﬁ%ldm4-
|

opent anecar boxylic ac

yl]mmm:mi rmlpanw Wrdppynﬁanmme ﬁ@@m,&raompho%mmmwahym4H-

pyi ik JPAERRCOPE biolh Snguch iy (TRE gk, S Emmol)in methyiene

chiérideqR0 @i)(ukﬁ amuéd sod@sn &iacétbﬁﬁboﬂihyﬂﬁdd‘lﬂm 19®) emtmuhel) After being
overn| ght The reaction mxture was diluted wth

stirfed t 84 I0ERctempRIAgIE Mvernight g mgctinn JRixiEe Was dikptedi with methylene
cm%g:‘é,rﬁﬁ'&héb‘ tb?‘mef eﬁ %5§1‘d5’0 %ufﬂ%cﬁl%écﬁn?dcoh nﬂ&ﬂ OThe residue

€ crude residue was pur

Wth}gﬂﬁhmhxdmtygreﬂaw tohgrovide Ittreedi:smcbﬂmdﬁct e(saﬂﬁmm-z of four

1501;1%?@1% g%a@a ébflgnjg %&*%B%%O%I\Fo%gd S&M- |f_i|3)r fét?r 1somers.

Example 18

Preparation of N-[(1R,35)-3-isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-
yllpiperazin-1-ylcarbenyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

,,
H OO
CFs

Step A

HNT™

LN A CFs
l?)’

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-

81
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LNNiN CF3 A solution of tert-butyl

((1R, 3S)-3-isopropyl -3-(4-[6-(trifluoronethyl)pyrim di

n- 15 yl ] pi perazi n-1-yl carbonyl)cycl opentyl ] carbanmat e

(800 ng, 1.65 mml) dissolved in 4 Mof HCl in

wohwbmeesne (10 nl, 40 mmmol) was stirred at

terrper,gture for 2 h The reaction mxture Wag@ﬁpﬂ?f’%‘&””

wi th et hyl ene chloride, washed with saturated NaHCO3

ef i ogi fsbhuli&i ith wat

cio3e 1oL, AfkFRirill 1) 000F 13 R Riion sLHG R SRR it water
and\extridted hwito lethryh métatanﬂtﬂg timpesydied wiithl sbdivne siifate; ditered, and

con%&@?é#mem mc residug 535 P By églé%gkngb ciygpatography
(mggxg@bﬁ%lé&%%xxbﬁ%@%éﬁ%%o&su& Grodict (36N ohl, 762%)N LcMs

caldwulgted RyrI5)H3FNs ofM-if)y2463L; felmd @46.4r j uor onet hyl ) pyri mi di
n-4 yl Jpi perazin-| -
yl car bonyl ) cycl opent yl J- 3- net hoxyt et r ahydr o- 2Hpyr an- 4-
am ne To a solution of

SreﬁkR 3S) - 3-i sopropyl -3-(4-[6-(trifluoronethyl)pyrimdin
-4- 5 yl]piperazin-I|-ylcarbonyl)cycl opentanam ne (120
ng, 0.30 nmmol), 3-nethoxytetrahydro-4H pyran-4-one
(120 ng, 0. 90 mml‘A{gnd triethylamne (0.12 nL, 0.90
mol ) in nethylene cbloridg (20 nL) was added sodium

triacet oxybor ohydr®®€ (0.19]g, 0.90 mwl). After being
stirred at roomtenps y et ght, the reaction
m xture was diluted w t\adp H;(Is/ e _NchlLoride, washed
with brine, dried over sodium3ul fjpt€] filtered and

concentrated. The residue 10 was t#fied by flash
chromat ography to provide the desir ? product as a
mixture of four isomers. LCMS cal cti %ted for

C24H37F3 : (MeH) . 500. 3;  found 500.
tert: Byt (IR, %‘3@@ @!Ifg(tfp{,derpgh)gﬁr(gﬂﬂ:@romerhyl)pyndm-2-yUpzperazm-]-

ylc %@}ﬁﬁ@e@ﬂc@%ggyl 3-(4-[6-nethyl-4-(trifluorometh
s SRR Y4 SRR Y RLARR i3 TR AR g, 1.1

ydro- pyran
mmol), (18,3R)-3- [(tert—butoxycarbonyl)ammo] 1-isopropylcyclopentanecarboxylic  acid

(460 mg, 1.7 mmol) in methylene chloride (30 mL) was added benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.60 g, 1.4 mmol), and
triethylamine (0.20 g, 2.0 mmol). After being stirred overnight, the reaction mixture was
diluted with methylene chloride, washed with brine, dried over sodium sulfate, filtered and

I-1

concentrated. The crude residue was purified by flash column chromatography to provide the
desired product (200 mg, 35.1%). LCMS calculated for CasHy;F3NsO5: (M+H) 499.3; found
499.2.

Step C
O
HgN N
L)
U

CF;

(1R, 35)-3-Isopropyl-3-(4-[6-methyl-4-(trifluoromethy!)pyridin-2-yl]piperazin-1-
ylcarbonyljcyclopentanamine

52
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b CF3 Step AHN~ ONy CF3 N 1-[6-Methyl-4-(trii

| uoronet hyl ) pyridin-2 yljpiperazine 20 A sol ution of
2-chloro-6-nethyl-4-(trifluoronethyl)pyridine (1.0 g,

5.11 nmmol ), piperazine (1.32 g, 15.3 nmmol ), and
Wwoi2eael0pd7i ne (0.71 nmL, 5.1 n nol) were m xedPgTmskosk022909
81 WD 2006/ 004741 PCT/ US2005/ 022909 di oxane (10 nL).

After stirring at 100 C for 5 h, the reaction solution
wasA di | solutiomi t hofnat dert-butyll exi(iRudS)ed wa-dsopepylyB-(4-[6-methyl-4-

coifieroBr Babrai 2Rt e R alliat e 200 me. 165

mmb?sdngs&b?védaﬁl PV dfi1g01 BY 14l Eghané lem 40" AFRI O SRS Riived at room
0%veOH 5%t 3N/ Et QAc) to yield the desi r ed product,

tempaatnuwg)r 170 Thegeactiq@vmsas diluted) with mctbmlenmhlmdpmgsi@mnth saturated
Nal—%'_%qléﬁE} éﬁefg %Hndso%fﬁ% %ulfa?et %ﬁ)tered, Qa4 Rncentieh ihvady & provide

the bésirdd Procdult (5 PPE,0Ja%): EcMs &@maéﬁd: CheH:5F N0 T QVBHNIY9.2; found
yridin-2 yljpiperazin-|-

399. car bonyl )cycl opentyl j car bamat e To a sulotion of
1-[6-nmethyl -4-(trifluoromethyl)pyridin-2-yl]piperazine
Ste{ 280 ny, 1.1 nmol),
(1S, 3R)-3-[(tent-butoxycar bonyl ) am no] - 1-i sopropyl cycl

opentanecarboxyllc acid (460 ng, 1.7 mmol) in

met hyl ene chlorlde (qg , ded benzotriazol -1 -
yl oxytris(di met hyl ‘5? ﬁ:jﬁ

hexaf | uor ophosphdt e 60 G~ ~ and 15
triethylamne (0.@ g, 2 0 nmol ). r being stirred

overni ght, the reaction mxture vvas diluted with
met hyl ene chloride, washed with brimF; dried over
sodiumsul fate, filtered and concentrated. The crude

i t
SR A Lt s -
PR TETRDR- 2. is

ylcaclaml)md%nwﬂ wpth -Ppray-449n8; f ound
499.2. 20 Step CO
To a solution of (1R,38)-3-isopropyl-3-(4-[6-methyl-4-(trifluoromethyl)pyridin-2-

yl)piperazin-1-ylcarbonyl)cyclopentanamine (120 mg, 0.30 mmol), 3-methoxytetrahydro-4H-
pyran-4-one (120 mg, 0.90 mmol), and triethylamine (0.12 mL, 0.90 mmol) in methylene
chloride (20 mL) was added sodium triacetoxyborohydride (0.19 g, 0.90 mmol). After being
stirred at room temperature overnight, the reaction mixture was diluted with methylene
chloride, washed with brine, dried over sodium sulfate, filtered and concentrated. The residue
was purified by flash chromatography to provide the desired product as a mixture of cis/trans
isomers. LCMS calculated for C,6HoF3N4O;: (M+H) 513.3; found 513.2 for both isomers.

Example 19

Preparation of (4R)-N-[(1R,3S)-3-isopropyl-3-(4-[3-(trifluoromethyl)phenyljpiperidin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine

~o
Hoo
/\

'CF3
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HoNN~ C~ O N N CF3

(1R, 3S) - 3-1 sopropyl - 3-(4-[ 6- et hyl - 4- (M

| uor onmet hyl ) pyridi n-2 yljpiperazin-I-

yl car bonyl ) cycl opent anam ne 82 WD 2006/ 004741
WoZodelood @S>/ 022909 A sol uti on of tert-butyl [{18:3Bds022900
3-isopropyl - 3-(4-[ 6-net hyl -

(trifluoromethyl)pyridin-2- yI]plpera2|n-1-ylcarbonyl)c
ycl opentyl ] carbamate (200 ng, 1.65 mmol) dissolved in

4 Mof HO in 1,4-dioxane (10 nm., 40 mmol) was stirred

i (RIS M R B B DR ey i ain

1(2N§\-lyll}m-b5@lc5tcldpantyl)r3-mdthmx)twm?dkbtﬁﬁ—pyrhﬁ-ﬁaEmé i (8. er adg, 0.016

and concent rated in vacug to provide the desjire
mmeh)owas disseived; iy methengl (%@wléaﬁqgaﬁsad-ewg%m Ny, followed by the
F&%@W%{W E@%‘% d&%‘i‘&t b Wet activitéd chQn) Yhe 'haction

ﬂaslkl-\h(s Jng&Eédh ged)gitbwlthrlee {irhes, Ghdm&iuhgdl atfrobmrtemperature under H; (1
uor onet riraln | perazl n -

) PESTTAEDh e Sy R DO OHIER SRE Bt argtscguigh methylene chioride
Ry Ol 1 e 0 17, T L

calquiatédofon C2-HapH; NpDp &viaH) A97.2 vbumd 495181 ) cycl opent anami ne
(120 ng, 0.30 mml ), 3-nethoxytetrahydro-4H
pyran-4-one (120 ng, 0.90 mmol ), and triethylam ne
Exé\kl’,;%lla nm., 0.90 mmol) in nethylene 15 chloride (20 nl)
agded sodium triacet oxyborohydride (0.19 g, 0.90
Prepanition omt[ﬂMﬂj-M&méthnmetmhydmdﬂ-pmet w)amino]-1-(4-[4-

G R S T SR S

bm@@ﬁ%&&ﬁﬂsgmhltered and concentrated. The residue
was purified by flash chronmptography to provide the

desired product as a mxturg of cis/trans isoners.
LCMS cal cul at ed . (M+H) 513.3; found
513.2 for both i . e 19 FgFepar ation of
(4R -N-[ (1R, 3S)- opro - 3-%24- 13- Pl uoromet hyl ) p
henyl j pi peri di n- IQ N
yl carbonyocycl opent yl | 2 8rjssdrpxyt et r ahydr 0- 2H pyr an- 4-
am ne

Step A

Methyl (1R, 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,48)-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 NH,Cl and extracted
with ether three times. The combined extracts were dried, filtered, concentrated. The crude

84
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190 HN™ 0O CFs 83 WO 2006/ 004741 PCT/ US2005t 022909
(4R) -N-((1

R, 3S)-3-1sopropyl -3-[4-[3-(trifluoronethyl)phenyl]-3,6
-di hydropyridin

wO2be/opkcar bonyl cycl opent yl ) - 3- met hoxyt et r alpedyis2esiop2909
yran-4-amne (8.0 ng, 0.016 mmol) was dissolved in
met hanol (0.63 nll), degassed-purged with N2, followed
restilye twas pufifiad by tflashn catimPahtonuhitagnaphg (BtO AcgblexahéPtodyigld the desired
t o activated carbon). The reaction flask
P“’:ﬁ%‘%géﬁgggﬁbpurged wWth N2 three tinmes, then stirred
roomtenperature under H2 (1 atm overnight. The
mxture was filtered through celite pad, washed with
StepBt hyl ene chloride and concentrated to provide the
desired product as a white soI d (5.7 nmg, 71%. LC M5
cal cul ated for C2, HAWFSREHY: 4)  497.2; found 497. 2.
10 Exanpl e 20 Preparati on 0
2-[ (1R 3S)-3-[(3-net boxyt et mabfpdr 0- 2H pyr an- 4-yl ) am no
1-1-(4-[4-
(trifluoromethyl)pyridin-2- yI) pl%era2| n- 1-yl carbonyl)c
Meipwl 6ﬁkﬁ{[(tbr]t-ﬂmﬂa;meaxb®y6bmm]d ¢l thydogi oacet at e) (sal t)
2‘3’ %(é‘)" %F OO)H Step A BocHN O " OH Met hyl
melnyel pf’("f’ﬂ‘f'cf’ sfycar bonyl ) ami noJ-] - (1- hydr oxy-1 -
et gihet Nidls)-QyeteRBadkycar®aoathm6 B[ PRkYdrakR | AktHydetByl)cyclopent-
1.00 I\/?so?ds%l g[gtho ﬁ;k?hl um?%exangtjpy ydl sjlheam é@qltﬂy}y pe
2-eied b-earbpyyletei(l 4iga ¢ 7ammol)gvasclissalyed indesthiang] €¥) ml) gma Barr flask and
Ptk o 1 0% B O SPEREPRSS119) 21 B e s sheken
ovetnighitrndesy ®pa H,o The ehixtdde Wa¥Dfiljerddthiddizh Ccéfite Mrished Mth methylene
resul ting gol den m xture_ was war ned to -28 Cto -23 C
chiqridernd geseentzatsd torgivesthe desired p@duqml A6 &.86¥he reaction
sol ution was cooled down to -78 C and anhydrous
acetone (1.8 nL, 25 mmol) was added. After the
Step@di tion, 25 the reaction mxture was kept in a
Cd 4/dry ice bath and B%L,'.;ﬁwed tg warmto room
/on

(3S)-3-[(tert-Butoxycarbonyl)amino]-1-(1-hydroxy-1 -merhylerhyl)cyclopentanecarboxyltc
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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tenperature overnight. The dark sol uti on was quenched
wth saturated NHACl and extracted w th ether three
tinmes. The conbi ned extracts were dried, filtered,
concentrated. The crude 84 WO 2006/ 004741

ROLobsAARH/ 022909 residue was purified by fl $2005/022909
col utm chr omat ogr aphy (Et OAc/ Hexane) to yield the

desired product (1.4 g, 22.6%9. Step B BocHN \Q }-

StePD 5 OH " Methyl
(3S)-3-[(tert-Butoxycar bonﬂo) am no)-]-(1-hydroxy-1 -

met hyl et hyl') cycl opent anecarpoxyl ate Met hyl
(4S)-4-[(tert- butga,gmq:a'gﬂr noj -1 - (1- hydroxy-|I - met
hyl et hyl ) cycl opent - i\[\/ box Iaé (1.4 g, 4.7
mmol ) was dissolved in eVé\o zﬂ |naParr flask
and 10 purged with N2. 1 PaII on carbon (0.14

g) was added and the m xture was shaken over ni ght
under 50 psi H2. The m xture was filtered through

T R Tl LA SR —

OH 15 /OH
yzca?rﬁo@)yz) ﬁl%&ert i R atl

But oxycar bonyl ) am noJ- 1- (1- hydro f
t hchet hgl) (Syinecment anbcaf3s ﬂ;[(teré-butgsycazhoayl 1- (l-hydroxy-l-

mep Selfyheih pBRkchtaytic, it 1 ) U8R noPBr. Wy dPEED. | mmd 14
(mmmtaﬂwmgly%%eﬁmemmm 51 fanfol) 8 rﬂeth}'dsslfeafﬂmide (3 mL)

in a mxture of nmL), et hanol

undggt & ('was pddeds w&wmm hi(@h® hygelr dxd df@%néﬁ@’drb&wmml 1-

siophiffabtnsttingBiBiohoRl, bGAIRNale (058 PYEHEN Ater
beuigf‘sﬁn@d dERum teApeaturesSvenighiptie wattonevdsepuervhed by s@uratedNaHCO,
queous | ayer was then acidified, with 6 NHCl to

solqs@e and pyiragied yithmethylenechlondethrag times. d he combiged a@r@ﬁﬁ@& dried
M dT?(S:%l}?c tc?g%gght?&;q%‘?gw d&]t ?yhe ge5| r edgpr gdg, Ogtﬁ[p?g 9 ?neld the

desiged ptddct (BmE\A924)061004741 PCTI US20051022909

Step E

0
HzN-gmN’ﬁ
S LN CFa
OH |
N~
2 HCl

2-[(1R,35)-3-Amino-1-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
Vlearbonyl)cyclopentyljpropan-2-ol Dikydrochloride

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 Cy7HzsF3NyO,: (M+H) 473.2; found 473.2.

Step F
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Step DO BocHNN~ ~~ ONCF3 OH N/ tert-Butyl

[ 3-(1- Hydroxy-I-nethylethyl)-3-(4-[4-(trifluoronethyl)
pyridin-2 ylJpiperazin-l- 5

yl carbonyl ) eycl opentyl ] carbomate To a suspensi on of
#wooesdadataher t - but oxycar bonyl ) am no] - 1- (1- hydrl‘t?ﬂuézoosmzzm
nmet hyl et hyl ) cycl opent anecar boxylic acid (150 ng, 0.52
mol ) and 1-[4-
(trifluoromethyl)pyridin-2-
mol) in nethyl én@ c
triethylamne (0. ,
yl oxytris(di met hyl ami no)p

hexaf | uor ophosphape/( 0. 25 g 0. 57@/). After being
stirred at room t enper af d(j:r ernig the reaction
was quenched by saturate sol uti on and

2- [amsytgtﬁsimzﬁdb@ﬁbh)m#@m W#—fv%gnﬁﬂi _ PRy YJ-Fﬁﬁuar-Ehﬁthyl)pyna‘m-

mbi ned extracts were dri ed

-yﬂpmwtmbyle@rbamvcwdppméb?rwz dsﬁismﬂmmﬂcetafe)

20070 & ;oRupg B 2 RISt O o tleyiidih- Fpiperazin

-yl%aibbhﬁ)@a)op hropan-2-01 - [dhydidchlohiger qQaEt hyg) PYrisdi Ramol),  3-
yl Jpi perazin-1|- ar bonyl ) cycl opent yl Jdpropan 2-0J
mampmm@amwﬂ«pme-qm@mgﬁ 45 mmol), triethylamine (63 pL, 0.45

E{Diw %Jp?ll o %y(Z erBEt hyldgecrI %l trfaceiny }c{hlyfdll'lclijeo(()g mg, 0.30
mmY)ﬁ)] mfs baﬁg @u&-ed’ ht%bﬁpmﬂpmuﬁé oRa: gm, lﬁé%mt\ﬁas(cﬁ:'énched with

nmol ) was m xed with M sol ution

sanugtqd bfglslﬁiQs land exirastedrwith methylere ehlgridertbred times. ﬂhmpmbmed extracts

irned for 0 eratu t he
wer gt (HES R, Bbh Shnbmsfecmeet 0 ooy fefméd Converted
to @lesdewdi plfodddtCTFA (SZ.& 1@8 57%/0) LCNES @ﬂbﬂuiedtibfi dszg-/F;N‘l'Oa
C'H2SF3NAQ2: (M+H) 47 2 tound 4732. 25 Step F 86 WO

(MHE0H S fonnd 5p&H US2005/ 022909 0

] pi perazine (130 ng, 0.57

ﬁﬁ% under N2 was added
< D nd benzotrl azol -1 10

Example 21

Prepoaration of 2-[(1S,3R)-3-[(4R)-3-methoxytetrahydro-2H-pyran-4-yljamino-1-(4-[4-
(trifluoromethyl)pyrimidin-2-yljpiperazin-1-ylcarbonyl)cyclopentyl] propan-2-ol
bis(trifluoroacetate)

0
- H-O)\N’\
ej S LN N CFs
o) OH NI\//:I/
The title compound was prepared using procedures analogous to those described for
Example 20. MS calculated for C4H36F3N5sOy: (M+H) 516.3; found 516.4.

2 CF3COCH

Example 22

Preparation of 2-[(1S,38)-3-[(3-methoxytetrahydro-2H-pyran-4-yl)amino}-1-(4-{6-
(triflnoromethyl)pyridin-2-yljpiperazin-1-ylcarbonyl)cyclopentyl] propan-2-ol
bis(trifluoroacetate)
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O NN ~~~1I''~= ONCF3 0 OH 2 CF3COH

2-[ (1R 3S)-3-[(3-Met hoxyt etrahydro- 2H pyran- 4-yl) am no
J-1-(4-[4-(trii luoronmethyl)pyridin- 2 yl]piperazin-1
yl carbonyl) cycl opentyl ] propan-2-0l Bis(tr

4! or oace ate) To a solution of

B[M/%) ég)' 3-amino-1-(4-[4-(trifluoromnethyl) pbET/H$3905022909
yl ] pi perazin- 5 1-yl carbonyl)cycl opentyl ] propan- 2- ol

di hydrochloride (71 ng, 0O0.1% nmol ), 3-

nmet hoxyt etrahydr-oo4l—|-}rpyr n- Jone (69 ngy, 0.45 nmol),

and triethylam ney(6 . %DI) i n nmethyl ene
chloride (2 n) dd ﬁ-e.di m |xybor ohydri de
(64 ng, 0.30 ./ Af t ef ohei ng s||r ed at room
tenperature overnight, the reactio s quenched with
saturated NaHCO3 and exjicrcoed with nmethyl ene chloride

three times. The conbined extracts 10 were dried .
( MjB@4jtie dompoundwps propasedhusing procedpigs prialaggustp those described for

Exagpi Y A £ GATHER R SISt 8541 S ¢ o
C25H37F3N404:  (M+H) 515.3; found 515.4. Exanple 21 15

Prepoar ati on of
Exampl¢ 23, 3R) - 3- [ (4R) - 3- net hoxyt etrahydro 2H pyran-4-yl]a

Preppfition h@?ﬁm ﬁ;}ryl-% 4 riforpcty DBy Tidin-y Neipgeagin- 1

arbyRyI ¥hiyl teﬁl hy®kosTH pyidniagnicebiiteiNuor
Ao 3 s G g el Goucn

compound was pr are u5| ng procedures anal ogous to
t hose descri bed O M5 cal cul ated for
C24H36F3N5O4: =f o 4 CFExarrpI e 22

1
Prepar ati on of
2-[(1S,39)-3-[(3- hoxyt etrahydrCN pyr an-4-yl)am no
]-1-(4-]6- 2 CF,COOH

(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)c
ycl opentyl] propan-2-ol 25 bis(tritluoroacetate) 87 WO
Step?06/ 004741 PCT/ US2005/ 022909 0 ~Gdo N_ N

|
O

2
S ,5 |

N
H

Methyl (1R, 4S)-4-{(tert-Butoxycarbonyl)amino]-1 -ethylcjrclopent—z-ene-] ~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 NaySOy, 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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N NCF3 OH 2 CF3COOH The title conpound was prepared
usi ng procedures anal ogous to those described for
Exanpl e 20. MS cal cul ated for C25H37F3N404: (M+-H)
515. 3; found 515.4. 5 Exanple 23 Preparation of

Wol20demedR) - 3- et hyl - 3- (4-[4-(trilluoronmet hyl) gk 00582000

yl ] pi perazin-I -
yl car bonyl ) cycl opentyl ] - 3- net hoxyt et r abydr o- 2H pyr an- 4
-am ne bis(trifluoroacetate) NN~NCF3 ON2

CF3COOH 10 Step A0 0 o0 -~OLk E™het hyl

(JR 4S)-4-j(tert-Butoxyc ajjny m noJ- | - et hyl cycl open

t-2-ene-|-carboxyl ate sol ution of lithium
hexanet hyl di si | azi de i 'IQ-|E 61 5nm, 61.5 mol) was
added_a sol ution of

(1R<41%44&3ert43frev@ﬂfbnwfwy%%%—%ﬂyyd%%%wy&mﬁemfwz@%e-

e \
Lo o g RRBRYO e MK isfla- 6 BulieRabohiabidhol FAuicTtibpent-2-
eneSDl(:jarbd't)ﬁﬂatm@i(w@ BiTx E:ﬁlmﬁil) ) ifBa ﬁnfmre oB&tmﬁaydrdfefaﬂd : (€00 mL), methanol
i odoet hane was. adde
aogm).m»vwzmna@m B&ﬁ%dle  Rydoide, mopghdraly o4 ggAA.6 mmo)
and'tHE Wide ﬂﬁxsed g‘%%aglcasg% Wera&he The aqueous
at e ous

organ ayer was sep t he aque ayer
layéruwdshthen eoidifind with MNtHICletorabouttpt ¢and extessted Tith meﬂiylene dhloride

o A S5 S OB B e i
CIS/&%J%?QOIEE}]S ‘{2‘?3 EIQ%SOQ FaphYa lipk ﬁéllS\Li%M‘ e['lﬁseﬁlffde@as dlssolved in

uct as a 1cs trans m Xt udre
Ethﬂsd @0 aﬂédvﬂoheahﬁgmm v(lﬂm-hd)(anc‘s’c(lm mlh)llm @W?@cltar solution.

(MiHkBoc) . Step B 88 WO 2006/ 004741 P /us 2909
Thif BOTBHGIEVES PIOVRQ 5 600140 RO BSRAS ORI, OVE] 1) B AR OFD fintained
at -25°b '&wbﬂ@a&.onﬁrm-ﬁoﬁ&ewhs cry a1l Sedydnid (dridg itél prowde the desired product
(1.40g, 31%) as a white solid. MS calculated for C;3HzNOg: (M+H) 256.2.2; found 156.1

(M+H-Boc).

Step C
HO. .o

><oi,,5

H
(18,3R)-3-[(tert-Butoxycarbonyl)amino]- 1-ethylcyclopentanecarboxylic Acid
To a solution of (1R,48)-4-[(tert-butoxycarbonyl)amino]-1-ethylcyclopent-2-ene-1-
carboxylic acid (1.38 g, 5.41 mmol) in ethanol (40 m1.) 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 (l.SQg). MS
calculated for C13H23NO4: (M+H) 258.2; found 158.1 (M+H-Boc).

Step D
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To a solution of nethyl

(1R, 4S)-4-[(tert-butoxycarbony])am no] - 1-ethyl cycl open
t-2- ene-l-carboxylate (4.80 g, 17.8 nmmol) ) in a

m xture of tetrahydrofuran (100 ni), nethanol 5 (100

ter (20 m.) was added |ithium hydroxid
ngﬁ{/) f‘ e (1.2 g, 28.6 mml) and the mxturgmé%m“mz””
refl uxed overni ght. The organic solvents were

e R T2 E G S By Ry P BB £

ylcﬁbb c?ﬁo dobylRArbaima®s. The conbined extracts vvere
drie tered and concentratedto&weamxtueof

0 Jos/t r ams i sofpbition( 930fg ci @Re38xAd (tert-putoxyceebonyl)amino)-1-

emﬁ%@@%ﬁh%%ﬁ_ﬁm ?ﬁldg@gﬁ |§f %ﬂ%{&@ﬁ ﬂgfl \Aﬁﬂu e angl yridin-2-

yl];ﬁ;lse@ dihiyeroghlvfida (G3® @l 1soinuio|)om DlV.[Fh(lf@ @) umuarwm added
| oned to cool to roomtenperature sl o%over

trietirlaminee(). 0Pamby 417 mamgol) apd OxBenzofmaazal- iy Mrtgﬂﬂnseéhtéummum

hexlfrgnoSitle (G865 30) 5 atilolp, AR L??-igf AdCE) K temperature
ovefltgghé,tﬁéﬁ h@cabhg Bvaé M‘.'réﬂ)chélﬁﬁltﬂ satirated NEHOOGant extrbtbl Rith)methylene
chlqridg, ﬂm times.( {The polsfa%@( extEcisaraye sred AdelQo.diltepeds pencepieated and

0,
puriiBRS F0EEHnf itk Ry AP M EaBieed pdurt (400 g, 72.9%. S
calculaedefoeCEH; FIN XKD 4T]. B dowhd(37] 3&1\@-,1—1—304)1 rmol ) in
et hanol (40 nL) was added 10% pal | adi um on car bon
(200 ng). The m xture was shaken under hydrogen at 50
StefPB for 18 h and filtered through celite. The
filtrate was evaporated in vacuo to afford the desired

product (1.5 cal cI ated for CL3H23NO4: ( MtH)
258. 2; found 158\/% 5 Step DO BocHN N~
vv LNy CF3 2 =.OOK/1 PCT/ 0%2':005/ 022909

tert-Butyl
[ (1S,3R)-3-Ethyl-3-(4-[4 Wlfl@thyl)pyrl di n- 2-yl
] pi perazin-1- yl carbonyl )cycl opentyl ] carbamate To a
(18,3R)- Mhyh.?eﬁ [¢ VR iBirodefiyipridinoiylpiperacinainy| ) ani no] - 1-
entanec oxyli.c acid (0.30 g, 1.2 mmol)
ylcaééﬂﬂ’gﬂi@%é ’FT"?’F'G% %H‘B’PF&P’)’%&H di n-2- 5 yl]pi perazine
I orid . [m“@}, ]g,m,,;[%q)%g -
unlgéé"rd'B was a ded tr| et 113?51 ne ﬂ%drg%%) 4.7 lplperamnl
ylcathodyDeycBpentyl]carbamte (0.38 k.- (N 89, mmul)t\msl chmtvhsllmmﬂlvbmluuon 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

OO

N-[(18S,38)-3-Ethyl-3-(4-[4-(Trifluoromethyl)pyridin-2-yljpiperazin-1-
Yicarboryl)cyclopentyl]-3-methoxytetrahydro-2 H-pyran-4-amine Bis(trifluoroacetate)

To a solution of (18,38)-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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hexaf | uor ophosphate (0.663 g, 1.75 mmol ). After being
stirred at roomtenperature overnight, the reaction

was quenched with saturated NaHCO3 and extracted with
nmet hyl ene chloride three tines. The conbi ned extracts

worsoghoued (MgSH4), filtered, concentrated a 13f92005/
purified by flash col umm chronat ography to yr"ﬁ S 022909

desired product (400 ny, 72.9% . M5 calcul ated for
4H PR baNITGn g, (NFOHhmé Land; triéthylading (0.1 20 (il 6178@emhol) & @pthylene

E.O HZNN~ vv ~ ON CF3, 2 HCl 15 . .
chlerids Grpl-pwet Agdedziodinny iapetexyberobidridsy(P§ pys: OfiSrmmol). After being
snr)é:d]ap laﬁ Cﬁﬁgrgl h.u'e %‘L&@lggp F’%é:rga%gﬁ %@&Heﬁ&?eﬁ‘\ﬂ& saturated NaHCO; and

eanctGR)mﬁr methylenSelléridelthfdertinids L Dhieosoribingdd) qrydnicti werd -dyied fMgSO,),
perazin-| - Xl car.bonyl )cycl opent yl ] car hanat e

filteged, gonceptated.\puaified by Sasheglumn chromatagsanhy; (bl n 38}19&0&) and
conUXrE’JdOE’oe'éal? ho lbﬁe tﬂendés%ré"d gir Sa) %{13%%%%/2)8”%“ Galculated for

I'on was red era
C24Hy5§§Nu(1;hM+Hh¢833aa“cﬁndcn85§0I ution was evaporated to
give the desird product as a yellow powder (0.36 g,
96% . Step FO ~OHONN 2 CF3COOH 25
ExJ}HIQbﬁ;' 3S)-3-Ethyl -3-(4-[4-()-(uoronethyl)pyridin-2
yI'] pi perazin-1 -

Prephruionaif HRI-MNG [(8RSS)-3+ethyd-3ndt [Heiryhatromiethyl)py Bibigdip: 2:n- 4

am ne Bi s cetate) TqQ a | ut i on, of .
IRReSa e -yt D elopep il Ref oy oAb S P Ten-f- e |
bis(@iftRéydateladey Y! carbonyl)cycl opentanam ne

di hydrochl oride (100 ng, 0.20 mol),

3- met hoxyt et r ahyd@o- , 90 V\D(?OO6/ 004741

PCT/ US2005/ 022909\ _4 ant4-one- (77 ng, 0.50 nmol ),

and triethylamre ( WL 9 mmol ) in nethyl ene
chloride (3 n) ad dzs0 |u trNacei:oxyborohydrl de
(96 ng, 0.45 mol). Af t e’ bei i gd®at room
tenperature overni ghfgr, tgbgHreactl NQ%S quenched wi th
saturated NaHOO3 and extracted with met hyl ene

c hiThe ititle compamdtwaspsepaitd esing pivicedislescanglwgowssto Weose dekciibet] for

Bxabik i, Ul B o ReRnator R B g s, *°

Example 25
Preparation of N-[(15,35)-3-ethyl-3-(4-[6-(triflnoromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-S-methoxytetrahydro—2H-pyran-4-amine bis(trifluoroacetate)

@‘CHLK,N

2 CF4COOH

o

The title compound was prepared using procedures analogous to those described for
Example 23. MS calculated for C¢H3sF3N4Os: (M+H) 485.3; found 485.3,

Example 26

Preparation of (4R)-N-[(1R,3S)-3-methyl-3-(4-[4-(trifluoromethyl)pyrimidin-2-
yllpiperazin-1-ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine
bis(trifluoroacetate)

1
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converted to salt to yield the desired product (111

ng, 69.1% . M calculated for C24H35F3N403: (M+H)

485. 3; found 485.2. Exanple 24 10 Preparation of

(4R -N-[ (1R 3S)-3-ethyl-3-(4-[4-(trifluoronethyl)pyrim

%ﬁ?@?ég‘}-’g\lzi n- 1-yl car bonyl ) cycl opentyl ] - 3- met ﬁg;w{SéQOrS@hzsms)

ydro- 2H pyran--amne bis(trifluoroacetate) ON O N')
Or NCF3 2 CF3000H IN~ The title conmpound was

prepared using pr@cedure ous to those described
for 15 Exanple 2 ] tefl for C23H34F3N503:
(M+H) 486. 3; fourd A486. 2- W 28 Prdparati on of
N-[ (1S, 3S) - 3-et hyd -(4-[6-(trif|¥r3 t byl ) pyri di n- 2-

yl ] pi perazin-1 -

Y e SR Cop YIRS et (B pRGEAEY QRN B Ry for
Exaple22 CONSCEAIbAIibe £ 0,JH, FsMR0 0 (M H)%2. R pfoand: 4T3 ng

procedures anal ogous to those described for Exanple
23. MS cal cul ated for C24H35F3NAO3: (M+H) 485.3; found

Exaﬁ%i Exanpl e 26 25 Preparation of
"N [ (1R 35)-3-nethyl - 3-(4-[4- (tri f] uor omet hyl ) pyr i

Prepardtion 2{ (4R)-3-methoxy-N-[(1R,38)-3-(2-methoxyethyl)-3-(4-[4-
B el A RS oSS e

4_3,3{&@?{@9454&0;%{&952005/ 022909 0 7fCtCNYCF3' N~ The
t

I'tl e conpound was prepared using procedures anal ogous
to those described for Exanple 23. Ms cal cul ated for
C22H32F3N5CB: (N&(I)—D 472.3.3; found 472. 3.

Ve
2CF;COOH

Step 4
I/\/O\

1-Todo-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,0;, which rendered a
nearly colorless solution. The solution was dried (MgSQ,), filtered, and concentrated to give
a yellow oil (1.8g, 64%). 'H NMR (CDCl;) 6 3.70-3.60 (2H, t, J = 5 Hz), 3.40 (3H, s), 3.30-
3.20 (2H, t, ] = 5Hz).

Step B
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5 Exanpl e 27 Preparation of

(4R) - 3- net hoxy- N-[ (1R, 3S) - 3- (2- net hoxyet hyl ) - 3- (4-[ 4-
(trifluoromethyl)pyridin-2-yl]piperazin-1-ylcarbonyl)c
ycl opeutyl Jtetra hydro-2H pyran- 4-am ne

b%(wdoff}d oroacetate) ~O ~NO ON/O0 10 2
‘2 tep A 1 odo 2-met hoxyet hane 15 To a sol ut ?E(g'ﬁ' 5/022909

1- br ono- 2- met hoxyet hane (2.0 g, 14 nmmol) in acetone
(40 m.) was added sodiumiodide (11 g, 72 mmol) and
the resulting solutlon vvas refl d (70 C) under N2
for 3 hours. The ni xt Gp@ ooléd and filtered. Upon
further cooling in the refriMgerator, additional

soI i ds crashed out and were fllteQ'E‘d of f before

e B B fon i gl A e B S A Bt
carboxpidee ed a 20 nearly colorless solution. The solution
22t 0 POt e R S RBEE RSl 8 ., 5

ekl i 551 8 S e, il 8 49 b

but@ycBbmHﬂDa&mdegpent-z-ene- -carboxylate (1.0 g, 4.1 mmol) in tetrahydrofuran

.oy B apalitd Beahess GRS R 7 °C o3 Rt B eshing o

solu%nldft mddmzbﬁéﬁawehﬁhei e:03 %z Isqhemhibl)t at @&wa&%am mL). The

under -78 C was added a
rmxgmt mas gw'reﬁ fqzrgp lhpur gt ]: 4G fhen l{ept lgrat freezer reading at -20 °C ovemnight.

o PR AT ARG Shlonp " e W separated
and ieSatue6sh dxit@dtbd hith\wthes @red fiMes. VER @tﬂbﬁﬂeﬂ%rg‘ﬂncs erétheRwashed
30 mn before addi ng a_ saolution

it Wi st et oo b sfotmtsganty (A Hexae)
proVi % (8 MY oty (28 b, Tiefos BhIbed 8, SNOLE 3 3002

fourd 390, ni ght .

Step C

(18,45)-4-[(tert-Butoxycarbonyl)amino]- 1-(2-methoxyethyl)cyclopent-2-ene-1-carboxylic
acid

To a stimed solution of methyl (18,48)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
(MgS0y), filtered, and concentrated in vacuo to give the desired product as an oil (0.47 g,
63.2%). LCMS calculated for C;sH24NOs: (M+H) 286.2; found 286.2.

Step D
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10 The reaction was quenched with saturated amoni um
chloride. The | ayers were separated and the aqueous
extracted wth ether three tinmes. The conbi ned

organics were then washed wth brine, dried (MgSO4),

wbbbifedghsand purified by flash chromatography,
( Ef OAc/ Hexane) to provide the desired produclECrlws.zﬂ%ﬁ"022909

g, 23% . LCMVS cal cul ated for ClsH26NGCs: (M+H) 300. 2;
found 300.2. 15 Step C 0 BocHVOOH O
(1S,4S)-4-[(tert-Butoxycarb I , NoJ- 1- (2- met hoxyet h
yl ) cycl opent - 2- ene- | - B2gH) fc atid 20 To a stirred
sol ution of nethyl —\

(1S, 4S)-4-[(tert-butoxycarbonyl ) &rmno] - 1-(2-

5 LD AL SR SIS TP o
m. e and anat erso(ﬁ%wﬂ m.) ofvas f(dﬂ,dﬂ?j—h[(tbn-bmhmirhmyﬂanino]-l-(2-
0,55 13 [
meth D ARG 2 Rk SRR Bk Gobbcs ot Rl in ianol (30 mL)

t
v STV 50 0 A il o o

50 pshsverighhaml ﬁktrcdadlrewghwdm be Hjtrate svas IaVapomlei irmvazago to afford

inmes. Th [ 0 ni.c.l ayer re- dri
the depfcorpdug (3039 MEBHGmEY Bt B Qs 284 fauma 1882
.,.ngmgem red product as an oil (0.47 g, 63.2%. LCMS
cal cul ated for Cl4H24NOs: (MtH) 286.2; found 286. 2.
Step D 93 WD 20061004741 PCTI US20051022909 0O BocHN CH
Step B JJJJJjJj~ O
ep(’qs 3R)-3-[(tert-Butoxycarbonyl)an noJ-]-(2-nethoxyeth
yl ) cycl opent anecar boxylic €acid To a sol ution of

1S, 4S)-4-[ (t i nol - 1- ( 2-
et hoxyet hy! ) cyciEHY %ﬁ%ii%ﬂi’]ync(amdu.se

nmet hoxyet hyl )cy 1
g, 5.47 mml) in nethano $ added 10%
pal | adi um on carbon (150 ). Th | mijxture was shaken

under hydrogen at 50 psi ovsrnig Znd filtered
R 10 555 LG OBl -
yicaxbahyljdyelopentpifrarbimid® 6NO6 ( MrH) 288.2; found 188. 2

( Wi'g:ﬁ?sg- [(tert-Butoxycarbonyl)amino]-1-(2-methoxyethyl)cyclopentanecarboxylic
acid (276.6 mg, 0.96 mmol) , 1-[4-(trifluoromethyl)pyridin-2-yl]piperazine dihydrochloride
(322.0 mg, 1.06 mmol) , triethylamine (0.54 mL, 3.85 mmol) and O-(benzotriazol-1-yl}-
N,N,N' N'-tetramethyluronium 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;CQO;. The aqueous layer was exiracted with CH,Cl; four times.
The combined organic layers were dried (MgSOy), filtered, concentrated and purified by flash
chromatography (EtOAc/Hexane) to provide the desired product (252 mg, 52%). MS
calculated for C24H36F3sN4O4 (M+H) 501.3; found 401.3 (M+H-Boc).

Step F
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10 step EO BoCHN+(~ LLL JJJ \ L NI CF3 O N
tert-Butyl

[(IR 3S)-3-(2-Methoxyethyl)-3-(4-[4-(trinuoronethyl) py
ridin-2 ylJpi perazin-|-

whQadsmouml ) cycl opentyl Jcarbamate (1
S,3R)-3-[(tert-Butoxycarbonyl)am no]-1-(2-net %T){gsezp%mzww
) cycl opent anecar boxylic 15 acid (276.6 ng, 0.96 mmol)

, 1-[4-(trifluoronethy])pgidin-2-yl]piperazine

di hydrochl ori de 3&2. ~06 nmol) , triethylam ne
(0.54 nmL, 3.85 m‘r&f :O-{bernzotriazol -1-yl) -

N, N, N , N -tetranethyl i R ©phosphat e (547.6
ng, 1.44 nmol) (HBTLI) wer m xgd jjn dry DMF (6.6 nl)
and the resultanting brglvvn‘soluti was stirred at

room tenperature undef & for three days. The

(IR,\?\ggﬁle(g%tﬁﬂﬁEMj’zﬁd\lﬁf[ﬂhrtﬂ%gg%e%#)bv@iﬁ-@%@]piﬁ%iﬂ@-

wi th” saturated Na he aqueodus | ayer was
yicaghanyHcxcéapenianbmipedihlréahipridei nes.  The conbi ned

CoMGEREPAT oa and et Dr St Bpe Py i B ugrampgy oyridin-2-
T e T
M selutien ofilydrageq vhlarige i ethers8 gilg gnd stgredaOrapoo®mpezature for 2 h. The

reachio scfuion WS SERRiaed i 81 tae e prodtie 1 sliBines (036 &
96%3) M8 catcd Jatdd FoPE (82 /N0, (M-+¢BrdooRyfouaid gdioRent anani ne

hydrochl ori de tert-Butyl
[ (1R, 3S)-3-(2-nmet hoxyethyl )-3-(4-[4-(trifluoronethyl)p

Sre;)/qii din-2- 5
yT] pi perazin-1-yl carbonyl)cycl opentyl]carbamate (252
my, 0.503 mml) Wags dissolved in a 2 Msolution of

hydrogen chloridelinfjether 8 nlL) and stirred at room
tenperature for . R SR Lon sol ution was
concentrated toOgi Ve the 'de&Wroduc{: as a yell ow
powder (0.36 g, 969 . R/S ca Bt croH27F3N402

(M+H) 401. 3; found 401. 3;0 10 St epnG 20

2CF3COOH
(4R)-3-Methoxy-N-[(I R, 35)-3-(2-methoxyethyl)-3-(4-[4-(trifluoromethyl) pyridin-2-
Yljpiperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2 H-pyran-4-amine Bis(trifluoroacetate)

To a solution of (IR,3S5)-3-(2-methoxyethyl)-3-(4-[4-(triflucromethyl)pyridin-2-
yl])piperazin-1-ylcarbonyl)cyclopentanamine dihydrochloride (140.0 mg, 0.30 mmol), 3-
methoxytetrahydro-4H-pyran4-one (115 mg, 0.887 mmol) and triethylamine (0.165 mlL,
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 C2sH37FaN4O4: (M+H) 515.3; found 515.4.

Example 28
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ON ON CF3 2CF3000H (4R)-3-Me thoxy-N-[(1 R 3S)-3-

(2-nmet hoxyet hyl)-3-(4-[4-(tr iuoronethyl)pyridin-2-

yl Jpi perazin-1

yl carbonyl ) cycl opentyl ] tetrahydro-2H pyran- 4- am ne

ﬁbszﬁd‘;yoojmproacet ate) To a solution of

(1R, 35) - 3- (2- met hoxyet hyl ) - 3- (4- [4- (trifl uoromet Wyl By

ridin-2- 15 yl]piperazin-1-yl carbonyl)cycl opent anam ne
PreﬂhWn%f@ﬁbth@ﬁy-@-ﬂ@sﬁsmz-ﬂneﬁﬂn?m% @:[4-

et hoxyt et rahydr o an--one ngi O 887 nmol )
(mﬂnelrometbylmmmduezmlpﬁwm 1-ylaarbenybewelppantylitetrahydro-2H-

ride m_) was addedd sodi um
PY'?P"'Q%‘EE“&%}’%E}F@ V&P‘f"g‘!]e‘ (188.1 nmg, 0.887 mmol). After
being stirred under N2 at rQom tenperature for three
days, the reactt®n h w th saturated NaHCO3
and extracted wt e thl pride three 20 tines.
The conbi ned or g&hi \cﬂr F3 filtered,
concentrated, purgfred by fda\sh lu chr omat ogr aphy
(MeOH Et CAc) and converted toO~TFA t to yield the
desired product (72C&CReH 34% . MS cal cul ated for

NAOQ4. i d 515. 4.
0 8 GRS PRAbAY PREEE HEDS G55 TBR logpyofse descibed for
ExeBpIB W cl 51 OB RO (RO 814 o 161

(trifluoronethyl)pyrim yl']pi perazin yl car bonyl

)cycl opentyl | tetrahydro-2H pyran-4-am ne

bi %kﬁl fluoroacetate) 0 ~O N dN 1 (, I NN, NCF3

4GP 2 CF3CO2H 5 The title conmpound was prepared
Pre ﬂaﬁﬂn RI AIFHCNI] AR 38)H-Qeisyiy mleth gslﬁﬁ[ fiflabroaseth ridin-2-
anpl e gﬂb I\ggcaﬁsc)ul ated for , 4H3$N504 ﬂ?py

yllpipegazino- lﬂdemosnlmglopelErHTapmethzwrehmratzﬂmmn#amme
b‘s(gﬁ‘ﬁ%#" gS) 18 (et hoxynmet hyl )-3-(4-[4-(trifluoronet

yl | pi perazin-1- yToar onyl ) cycl opentyl ]-3-nmet boxytetrab

ydr o- 2H pyr an- O- ~-0 O ON

bi sGtrifl uoroacetate)
Shos's
0/ K/N l\ CF3

¢ T

2 CF3COOH
Step A
0
-~
BocHN-g‘\o
~o

\

Methyl (1R, 45)-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 (IR,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 (1.38 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 ovemight. The reaction was then quenched with saturated NH,Cl
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F3 0/ CN/ 2 CF3COOH Step A OO BocHN O 15

Met hyl

(IR 4S)-4-[ (tert-Butoxycarbonyl)am noJ-]- (et hoxynet hyl

)cycl opent - 2-ene-1- carboxylate To a 1.0 M solution of

wobbdswiynagxamet hyl di sil azi de in tetrahydrof urgg d38is/ha2009

nm.) was added a solution of nethyl

(1R 4S)-4-[(tert-butoxycarbonyl)an no] cycl opent - 2- ene-
50 JiL)2 ®hé Bfdamenth @vasée téd ank 66 agii¥Bhs layd? was extracted with CH,Cl
( et)rahydrofuraﬁy &gﬂ at -78 @wTheyresultl ng |ight e
threb rtmm s @betcombi sorsamcr ﬂae/drsawere mhwr with Jwing; dneﬁbpu¢reNazSO4,
s optsART: ol oo o s steSu ey (ol SRS B gdnes o
proviBéithe i&l@§1rdﬁ9:@6ddcif‘(3@9 g, 68%3 8¢ a CiSREhI3: 23 nixtdie b@sed on the analysis on

overni ght. The reaction was then uenched Wi t
revegen phse HEL 4 S cal gate e SaiN0s) AT HPAN0. LrSDDE200.206H-Boc).
(50 nmL). The organic |ayer was separated and the
aqueous | ayer was extracted with CH2C12 three tines.
Stephe conbined organic layers were washed with brine,
drl ed over Na2SO4, filtered, cQncentrated, and
(0O to 15% EtQAC in

—+

-+

purified by flash chronat ograph
hexanes) to provide ghay @H oduct (3.29 g, 66%
as a cis/trans (3:2) mxtur ¥ sed on the anal ysis on
5 reverse phase HPLC. Ms cal cul ed for CL5H26NOG:
(MtH) 300. 2; found 200.2 (M+rH BdQ. Step B O BocHNCH
K(1l R

(1 RASH—MM—tBymmbWQ@amM ;(erﬁm&yl)mw(@wo&mi “agnbpryjic Acid

I t- I d
ronfyl Fir Faof T ey, Bl (AR RrER ] RboR hemino]-1-
(cthé élbp’drﬂamkﬂmfﬁox?}a&r@ 25 g;aurotsommioa; e: (e&aﬂﬁrmm (58.7
I n_tetrahydrofiuan (58

10. 8
L) Gitiponi (b ALAARE ML £1766 L) WichddestiBtivos Prigide monohydrate
.79 ¥ P149emIRDC A" RHE mixture wes heated to reflux ovemnight. The organic

solvents were removed in vacuo and the aqueous layer was washed once with ether and then
acidified slowly with concentrated HC] until the pH reached 4. The resulting suspension was
extracted with methylene chloride three times. The combined organic layers were dried over
MgSOQ,, filtered and concentrated 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
0O

BocHl\ldeOH
~

0

N

(18,3R)-3-{(ters-Butoxycarbonyl)amino]-1-(ethoxymethyl)cyclopentanecarboxylic Acid

To a solution of (1R,48)-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 C,4Hz26NOs (M+H) 288.2; found 188.2 (M+H-
Boc).
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(0.731 g, 17.42 mol ). The pink m xture was heated to
reflux overnight. The organic solvents were renoved
in vacuo and the aqueous |ayer was washed once with
ether and then 15 acidified slowy with concentrated
~ wibhoo/dbd7hy the pH reached 4. The resulting Suiﬁ?ﬂ}%bdﬂg‘mzmw
was extracted with nethylene chloride three ti
The conbi ned organic |ayers were dried over I\/gSO4
filtered and concentrated to give the desired product
as a mxture of cis/trans isonmers (2.75 g, 89%. M
Stepcl| cul ated for Cl4H24NO6: (M+H) 286.2; found 186.2
(MrH-Boc). 20 StepC O BocgNOH ~~~~~~ 111111 10

(1S,3R)-3-[(tert-But oxycar on I)am noj - 1- (et hoxynet hyl
) cycl opent anecar Bakie a sol ution of
(1R, 4S)-4-[(tert-butox cp% (et hoxynet hyl
)cycl opent - 2-ene- I-carbox |c ac!|d ‘ 0 g, 9.46
nol ) in ethanol (69 5 rTL) 10% pal | adi um 25
on carbon (350 . The mxture was shaken under
tert- Byt HGEA3 rhm it b (4- b (tifludromeryliparidine Syigpiperatint le
net hyI ene chloride. The filtrate was
ylcaﬁa%ﬂgé%fc?]oé’f’é’gﬂwf@b W9'8rd  the desired product (2.87 g).

L3 [(tepd Btok Rartion 29D Aicld) A% id
(Mi(-FI—? BE)(C) 97 VO 20%16!/005 | US ooé:/ 22909 s?gfoc ol

(4254 ong,Bd 4ok mmoho, ded- Gmﬂlt@@metmmmdmé yl]piperazine dihydrochloride

(S04, B8 1 &W@ @Eﬁﬂé&ﬁj@@%ie fi1{ 55198l mmol) and O-(benzotriezol-1-y1)-

NN\ wtamméﬂimammemuﬂd@mm 860.3 mg, 2.242 mmol) (HBTU) were
ter t But oxycar bonyl ) am no] - 1- (et hoxynet hyl ) cycl
mlxesi)@rﬁra cT@cIieaﬂfvtwmb_rgwa sphytion WaHstirredit yoom témperature

5T L 7B 5 S, s

satutated N CI0a.MThe aqi@oB3Ryeriwasextctedhwith C3hEl, four imes. The combined

0- (benzotriazo] ;| - N, N, N tetr hy i um
oreaREZT IR e b MBSO costsoenialsd iRt by ek g aiegrephy to

g2 ubdd .

provids o ainkd pRidter 104 42e 40K t“e‘ﬁp“%#%t B Hr S0 (D
501.9\feund $Ht3. The reaction mixture was diluted with

CH2Cl 2 and washed with saturated Na2CO3. The aqueous

| ayer was extracted with CH2C12 four tines. The
Step@onbi ned organic layers were dried (MySO4),

concentrat ed and purified, by flash chronmat ography to

provi de the desired proddct (304.4 ng, 40%. M5

cal cul ated for

2
5
<

2HCI

(1R, 38)-3-(Ethoxymethyl)-3-(4-[4-(trifluoromethyl)pyridin-2-yl]piperazin-1-
yicarbonyl)cyclopentanamine Dihydrochloride

tert-Butyl  [(3S)-3-(ethoxymethyl)-3{(4-[4-(triflucromethyl)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 ovemight, the
reaction mixture was concentrated under vacuum to provide the desired product (330 mg) as
a light yellow solid. MS calculated for C19H2sFaNsO,: (M+H) 401.3; found 401.3.

Step F
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15 501.3; found 501.3. Step EO0O H2N c ~ONJ CF3 N
2 HO (IR 3S)-3-(Ethoxynethyl)-3-(4-[4-(tri

| uor onet hyl ) pyridin-2 yl Jpi perazin-1- 20

yl car bonyl ) cycl opent anam ne Di hydrochl ori de tert-Butyl

Ww03R6709a1aet hoxymet hyl ) - 3- (4-[4-(trifl uoromet %Wﬁds%mm
n-2-yl ] pi perazin-1- ylcarbonyl)cycl opentyl]carbamat

(295 ng, 0.589 mmol) was dissolved in a 2 Msolution

of hydrogen chl de de in ether (10 ni). After being

stirred at roomt at ureQoverni ght, the reaction
m xture was conc nt a /*ﬁcuumto provi de the
desi red product ¢33 [ [

l'ight yellow solid.
MS cal cul ated for C19H28 3.3; found
401.3. Step F 98 WO 20065@4\2741 P 20051022909 -~0
HOj CF Otc OON),, k~ 2 CF3

(4R) -N-[ (1R 39)-3- (Bt thyl)-3-(4-[4-(trii
| uor onet hyl ) pyri di n- - pI pera2|nl

(4RYINCRIR, gg)cb ENBLMEYI- @4&? mﬂ&mmmjup?mﬁbwy@ﬁpwm-

-am ne trii | uoroace tion of

at eAH 0 a so
ylcc(r&wyygyd@e@a%wﬂvqu@dme prrapt4-ammine BisGniduprpargigre)

ai s BcobPBhe 1 GRS R CBEHEY k- PRRRAIS A hpyridin-2-
yl]mﬁwytmmmmi tamrnﬁne %ngach&adé (m 0 %@3@2171’@11)101), 3-
and trlethyl am ne nmol )

theseytetrabipy dH-ayrag-éqng (éZﬁLlpg,v\gﬂ-aM)g%ﬁmﬂlylamme (0.118 mL,

0 84 ) ) AR Bl 8%, L. B Hahd Sl Siae ooy rice

(134;I B leng,r()éeazlt mﬁml)lva\ﬂ’(eﬁ being h;alfl-etslviagI l‘ooaqjt:mpeﬁnﬁdardﬁ‘m lewdvermght the
Il ute W t met ylene ¢ or e e a
reachgn Waspayearhed %ﬁ agprous, g‘:‘ "aégmg Ftﬁxlm Cﬁhonﬁe The

i .
orgdfc L6 s Sonip e i TRty ﬁ%@%ﬁﬁ“#”?@éﬁ‘%ﬁﬁm chloride
thres |t1lmesa'1'@brgaﬂmmrcreI-Hoaﬂamed,yd!tedmx(eghflgs&nﬁlterﬁl tpunﬁa%ny silica gel

condipins§yifrpdeadentes R0k NeIRIEERAS Y BrapfColipapypd cipyered to

TF!QS %PZ& éﬁvSCihé Qésu@%&ﬁb_ﬁm% mg( M#% ﬁ%%a%mﬁtéﬂiﬂﬂ C25H37F3N404.
(M+H) 515.3; found 515.4.

Exampie 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)

0
Rj %5 K/NYN\ CFy
5 Qe

2 CF,COOH

The title compound was prepared using procedures analogous to those described for
Example 29. MS calculated for C;4H36F3NsO4: (M+H) 516.3; found 516.4.

Example 31
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15 Exanpl e 30 Preparation of
(4R -N-[ (1R, 3S) - 3- (et hoxynet hyl )-3-(4-[4-(tritluoronet
hyl ) pyri m di n- 2-
yl]pi perazin-1-ylcarbonyl)cycl opentyl]-3-methoxytetrah
wanguedigsRY an- 4-anine bis(tritluoroacetate) gerdddotNnaz909
J] Ay CF3 20 2 CF3COCH The title conpound was
prepared using procedures anal ogous to those descri bed
oBRATHRE3 - 3 étﬁbﬁ?’é 3uge4: (MHH)
Pre Qh.tl 3; oung ﬁeghb@ thmgksyt ?n 21(1)%2-/ 3351[741
(mﬂunvomahﬂmmaad]plweparlarlmrrhoayl)cychpentylltetrahydro-ZH-pyran-

ol BRI o ooyt YT ) (4L

pi per azi n-1-yl car bonyl )cycl pentyl ] tetrahydro- 2H pyran
- 4-amine bis(trrélu C )ﬁ ~0O hQgcF3 2
CF3COOH 5 The titl ize prepared usi ng
procedur es anal ogous to For Exanpl e
29. Ms calcul ate r C24I—|35|F3N4OANI 5, H) 501.3; found

501.3. Exanple 32 Pre
(4R) 3- met boxy- N-[(IR g%;‘a‘éd‘f*ﬂet boxyrret byl)-3-(4-[4 10

telti’f.fér tﬂ&ﬁ:\?ﬂ Wik Lﬁ_m% F?Yilrr i #guélfo\ih&@rdgﬁ%led for

)cyc open
Exahipt(29.M$ cﬂcﬂﬂe@fmt(la)l—l;@;hﬂ,m QM+LD 5])1 Sifoutd SN.N CF3 o
I N2 CF3COOH The title conpound was prepared using
procedures anal ogous to those described for Exanple
E"“E%’fg@ cal cul ated for C23H34F3N504: (MtH) 502.3; found

Prepara.tio;: of (4R)-3-methoxy-N-[(1R,38)-3-(methoxymethyl)-3-(4-[4-
(trifluoromethyl)pyrimidin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-

pyran-4-amine bis(triflnoroacetate)

(j 'C#LK,N

2 CF4COOH

N, _CF,
’ ™
J
The title compound was prepared using procedures analogous to those described for
Example 29. MS calculated for Cy3H3,FiNsO,: (M+H) 502.3; found 502.3.

Example 33
Preparation of (4R)-3-methoxy-N-[(1R,35)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(trifluoromethyl)pyridin-2-ylpiperazin- 1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-

4-amine
0
~~ H
) “%YL
(S i
VY
ZCF;,COOH
Step A
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15 S Exanple 33 Preparation of

(4R) - 3- net boxy- N-[ (1R, 3S) - 3-[ (3R) -t et r abydr of ur an- 3-yl
]-3-(4-[4-
(tritluorometbyl)pyridin-2-yl]piperazin-1-ylcarbonyl)c
wohowgrodnmi ] tetrabyd ro-2H pyran- 4-am ne - @crRskhosnzz909
J] JCN N~(v~ "~ Nk CF3 do N/ 20 2 CF3000H Step A QJ

100 WO 2006/ 004741 PCT/ US20051022909
(3R{3Rpdetrarjdr finamhydr of uran To a a sol ution of

s i oot ) e i
. | L _ ’ "y
chideelt36 ) R rifnin pfepite POy byl (ARG (075 8, 11
mmla)g?]h&htddhiel 2.9 &ftlemmobi samegﬁﬂlw ﬁd’(ér beidg refhized vederiNyhdvernight,
51th ti ' .4 M Na2S28 (60
the Fras CoDTYES GBI KA DR QEISh Ml cEhe TR e gRageted and
¢ , . . -
the KBl QS LER Wi ik ¥R el AT ffbined organics
wert idried (@S Ognfiltered) aad tormemtrhtddrto givea veetyyellowyselid.oWo the solids was
lid. Tg th l,i d dd I 0 d
sdaSq prring (00 )98 bired T 20Bhiva S b gss rers Bt Gt e lrate
. i oo . X
was AR kel pind B ARRESPOIALRTIS b7 WE R 1 R
(CDCTD@14830-5.88 (H9,-18), 250¢520(2Hmn). 2. 50-2. 20 (211, m. S
Step B JOB BocHN_.(Y 'O CO Met hyl
(JR, 4S)-4-[(tert-Butoxycarbonyl)am noj-]-[(3R)-tetrahy
stefgOf uran-3 yljcycl opent-2- 15 ene-1|-carboxylate To a

1.00 M solution of Iithium hexanethyldisilazide in
4.8%mol ) under N2 at -78

tetrahydrofuran (34.8 nL, 3
C was added a solutio ] AR, 4S) - 4-[ (t ext -
but oxycar bonyl ) am no) g?/cgNdene-l - car boxyl ate
(4.0 g, 16 mml) in tetrahydr ran (20 nlL). The

resulting brown sol ution was i@red at -78 C for 30

MerH}l ?] E %)%—?(tea}'ﬂgiuggyc%rbonyl)amino J-1-{(3R)-tetrahydrofuran-3-yljcyclopent-2-
ene-1-carboxylate

To a 1.00 M solution of lithium hexamethyldisilazide in tetrahydrofuran (34.8 mL,
34.8 mmol) under N; at -78 °C was added a solution of methyl (1R,4S5)-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 (MgSQy), filtered, concentrated and purified by flash column
chromatography (EtOAc/Hexane) to provide the desired product (1.6 g, 31%). MS calculated
for C16HasNOs: (M+H) 312.2; found 312.2.

Step C
0

aocHN..gu\OH
@
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.20

25

20 solution of (3R)-3-iodotetrahydrofuran (3.75 g,

17.4 mol) in THE (3 nmL). The m xture was stirred for

10 mn at -78 C then kept in a freezer reading at -25

C overnight. The reaction was quenched with saturat ed

wWoRnge0arghl ori de, extracted with ether thre 05/022909

The conbined extracts were dried (MgSH4), fi red,

concentrated and purified by flash col um

- érft@dene 1-

RS TP AR Lor R TER fe o RPg .S orﬁ%
carQMH)AG!dZ 2; found 312.2. Step C 0 BocHN OH CO 101

/ /
V0 £00% %y P, RN, %ﬁ;ﬂg?aru%?mwmwwgw 1GR)-
teuﬂfyafdfﬁﬁﬂss ]}Gy]:l%ﬁ&lt@%@ll - rRPhate (1568 RO V4 mimd¥ il tet@hidrofuran

sol uti on of

(27313M5)mmbqnot dR1. Sbmuldxgndamwnyaﬁ)oamldow -gddaR)lithium  hydroxide,

ool SR e B o e A BBy 10 1.
orgdtid Qﬂﬂéﬂts Weré réndiell iARGcuALE Ehe(ﬁu&) ef"ﬁ&s éx@dedd once with ether

['ithium hydroxide, rmnohk/drat e 8.25 mmol).

and Then gsidifiedplewli withSMHBGE entil the plémaehedriﬁ T resulting suspension

organi g sol u ue
wasp GERPIef B (HCT, MR BT Y (ol G phitfs QURERHEA over
MgS(DJ, dilferedchnd| ontentrade o @wM tl'rlq)rotmétl as atiiixtiptiof eRe hﬁdrans isomers
- The resulting suspension was_extracted wt
(1.5Bradias 2 et dellew rald. MR eneafat CoFgdicie (MAYR 298 i faund 198.2
q,L_ @over 10 MgSH, filtered and concentrated to give
t foduct as a m xture of two cis/trans isoners
(1.59 g) as a light yellow solid. M cal cul ated for
5H24NC6: (MHH) 298.2; found 198.2 (M+rHBoc). Step D
Stepd BocHN OH 15 ~~~CO (1S,
3R) - 3- [(tert Butoxycarbonyl)amoo] 1- ((3R) -tetrahydrof

g, 2.6 rml) was di ssol ved in & hgnol (20.0 nL),
degassed- pur ged 20 wth N2, followed by the addition
(1S, 8R)- -i?[ (tart-Butexxvathorpant Dol 5G(3R) -t arabpdrofwin-3- The reacti on

RHRRPIER] 0 orch PR 05 o0

(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 N,, 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 C;sH;sNOs (M+H) 300.2; found 200.2
(M+H-Boc).

Step E
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The m xture was filtered through celite pad, washed
with McOH, concentrated to provide the desired

product (730 ng, 91.8% . Ms calcul ated for CL5H26NCH
(MtH) 300.2; found 200.2 (M+HBoc). 25 Step E O

BocHN ~ N'~ im N CF3 ON 102 WO 2006/ 004741

WO 2pPRIItIS/ 022909 tert - Butyl PCT/US2005/022909
(IR 3S)-3-[(3R)-Tet rahydrofuran-3

[ ) -3 . .
AR ST ER P AT TR DY)
& 7 ' -1-[ (3R) -t etrahydrof
APl o) 0L e
1. 1BBRYD (tert-BiltokveatonyDamino} iBR)-tenplydrofurana3- 5
el AR st 550 o, BRI RS ar pyicin2-

¥pRE2BP (Bhidsidfinde 5] 108, Vsl mpSh L SERIBKARE IO i, 468
mmol) arHOHbembojridi1-yB-N)NRN N - teifanethyhronium dexafluetophbsphateni66s. 1
mg, 3 PR e (A sty i SR A L) s Aes el metont room
wm%-gll:h?ngg%&_?ﬂgéhtl WL realiich EtkhACHRS diitkd WP CHICT,OMd washed with

conbi ned 10 organic |ayers were drie

saturatet] SCAL0;.cDmcaqueowst leybr awasd gxtragtéd with ISH2Clhdelr times. The combined

chr.omat ogr aph) nbi -fl ashh syste -5Q% Et OAC | n
orgafid aas wags died MesChl Greensgieg i wiibod by Resty FFomatography
o SR ok lixies, it ARG AR e Bligindlo provide
the degired\prodayy (ZHB mgp45Ps). MBeiculated for CasHseF3sNaOs (M+H) 513.3; found
513 JR, 3S) - 3-[(3R) - Tet rahydr of uran-3

VI1-3-(4-[4-(trifluoronethyl)pyridin-2 yl]piperazin-|-

yl car bonyl ) cycl opent anam ne Di hydrochl oride tert-Butyl

(1R 3S)-3-[(3R) -tetrahydrofuran-3-yl]-3-(4-[4-(triflu

Step &r omret hyl ) pyri di n-2- 20

yl ] pi perazin-1-yl carbonylg cycl opentyl ] carbamate (260
ng, 0.51 mmol) was di gsollved.in a 2

HN N

LN A CFs
o i
2 HC) N A

(1R 38)-3-[(3R)-Tetrahydrofuran-3-yl]-3-(4-{4-(trifluoromethyl)pyridin-2-yl]piperazin-1 -
yicarbonyl)cyclopentanamine Dihydrochloride

tert-Butyl [(1R,3S)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-(triflucromethyl)pyridin-2-
yl]piperazin-1-ylcarbonyl)cyclopentyl]carbamate (260 mg, 0.51 mmol) was dissolved in a 2
M solution of hydrogen chioride 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 CaoHz7F3NsO2: (M+H) 413.2;
found 413.0.

Step G
0
—~Q H 1 N/\
C -UC“\;K/ N@,CF;;

2 CF3COOH
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M sol ution of hydrogen chloride in ether (8 nlL). After
being stirred at roomtenperature overnight, the
reacti on m xture was concentrated under vacuumto
provide the desired product (290 ng) as a |ight

Wﬁlzbdawﬂmhd MS cal cul ated for C20H27F3N402:
413.2; found 413.0. 25 Step GO 10 CF3 0 P&"Wiazos’mm

CF3CO0H 103 WD 20061004741 PCTI US2005/ 022909
(4RS- é@fezﬁoi}wlz? :?l:i L(BB- ﬁﬁbhﬁr&ﬁﬁaﬁ)s }@Bf@p%%ufm@upyndm-
uor onet h pyridi n- ] pi perazin-|
Z'WP'BMMW' hﬂwdo}]ﬂnptl.éﬂrfdww maWrmnﬂ am ne To

| ut f
035y~ F1 ( 3RPIERR oy B of uFh3S:IGRtepghydioforan 3-1-3-(4-{4-
(t:nﬂddi'dnﬁEtﬁ?l')ﬂﬂ‘ﬁirml1y?j]@$ﬂétaﬂinnt-?}céﬂbb?l}é?ﬂéﬁdnﬁnﬂm%C ar bdmgﬂﬁoﬁhlonde

cl opent anami ne hydrocl i1 ori

(73 ﬂm;g.) 0.132 msnolp3rmethoxyty mabd mn—4-cmqe(5? 4gng, %56 mmo]) and

wefbyfuine TEOHT B ofomineD iy eVl Chpite, 0oL AT s adea

sodfubd Qﬁﬁé&é&b}h@ioﬁ?&iﬂel @% 1 91ﬁg,7 0"456 et Afeed )beméf tsﬁﬁ'ed at room

being stirred at room tenperature under

tempesature gnderd, theeteastion Whst quenched ovith mm@eN@HGOenapdndduted with

R TR e R S L R

thret itiieés. Thecorgiriesnivere Yonilttnedp dbied @dler NSO, ﬁhaed N&ﬁ@éntrated and
filtered, cqncentrated and purified b S|I|ca

purifed St eglrprEnEsEPl Csmbisplish pysicme § 2 JYABEDH in EIOA,

eracly 2 grefl SR o A O i oadel Y %ﬁsed 497} M calculated for

Col BB MR O AINDT) 527(3Afddnd$527.33; found 527.3. 15 Exanple 34

Preparati on of
(4R) - 3- mat boxy- N[ (1R, 3S)-3-[ (3R) -t et rahydr of uran- 3-yl

Exa%nlp:i é uoromet byl ) pyri m di n-2-yl ] pi perazi n-1-yl car bonyl
Preparptibn p€ (MR} 3-miettoxptN-{{1 R,35H3-[ 3R )etetrahydriofarad-3-yl)-3N4-[4-

(trilfllonl}rl;xeth(gjrl\}ll\:l\yrig:igin-ﬁyﬁpi;’erazin-l-ylcarbonyl)cyclopentyl.] tetrahydro-2H-

pyran-4-amine

o
50
7 N._N._CF;
(3 Gy
2 CF3COOH

The title compound was prepared using procedures analogous to those described for
Example 33. MS calculated for C2sH36F3NsOq: (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 cxtraccllular 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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20 2 CF3000H The title conpound was prepared using
procedures anal ogous to those described for Exanple
33. M5 calculated for C2sH36F3NgO4: (MrH) 528.3; found
528.3. Exanple A 25 CCR2 in vitro assays The capacity

wb 200080419 el conpounds of the invention to a@@ggguog,gngog
chenokine receptor (e.g., CCR2) function can

determ ned using a swtable screen (e.g., hi gh

t hrigeCHaitable bssa$ PGCR2 ?R:ftelﬁ %A cen bé KoRGddr récdtbifintly derived is
tested in an cxtraccllular acidification assay

used arhi¢h hast atulgass opepropeity,cactivity At ﬁwgtna@é alyerentertsné e tagheprgmalian

CoRESte ke e ST L3y o o ot o
inhiBii6), WOsi B8 Rl fcivity 1)d, %@vﬂtﬂﬁﬁlf@‘lﬂﬁﬂdnalm bﬁ?&ﬂﬁh@&%ﬂ 9f rapid

In a suitable assay, a CCR2 protein whjich caq*]
andjteapsiemtdaicrense i therasheeatation af syiosalis fres calgiy[Genilseelular response

) 63 BRI  Bgy b ey,

andSREeMel | ¢ property can be a binding property (to, for
exanple, a I|gand or inhibitor), a signalli

n
actlh\ant g/xa(n@lq; indingtassAx: B SAMEPSItOm pORRINING @Bgcnr@m or variant

N A o M p—

witls£tdmipaind te bPrbed, anﬂ Gihdingd$ddtectddl or nsdabuied. at i on of
chenotaxis or inflammatory nedi ator rel ease

| edroay esample Geflchasede agsp¥secells nare pised itk am ﬁéph’g or transiently
m?éété‘er with GOVREst & &SR aﬂagée \O«Iﬁgﬁg nBE eéd‘i‘d Qbquence which

ant — thereof i s malntal ne i ons
encales tthbl@CRbrre@ptmdl he ca'lnsem@(?ﬁ&nmmdpmﬂer Icendmﬁmaa]bpidpnate for
10.vvit€ a co oung to be t d, and bi ndi n .
expﬁgstl%p e d'FcegE’ééﬂ &t con}aﬁte ept ¢ ABRrgpriate for
& foSocBhS ggn?ﬁ:ﬁbt (}']EB' te leRbRd BLifP bindiid febRAGIES! rl"dﬂéxample the extent

transfect a vector or expressi on cassette
of bindirigragn e determined salative @ g suitable ommhAlsen:wﬂh@nﬂaen@Cmch asa

mer R gp P& Op FECRPEHBOF 0 DB SEYBRe SR or
COMfefictifnl oWbHax@noﬁaﬁiﬁlewmhcﬁpmddnt 458435 c@PBE deteétad Qirectly or
for 15 binding to occur. Binding can be detected using

indizsethy, dier exarerihejaasst cance Lebeiadpieh a pitablelelish(o.g.ofluorescent label,

1abeg ds% ﬂa&jd”ergﬁmg ?a‘cbg 'EB@ g\% 195%;9#4 dlhg &&hﬁé“d tgl%med by detection

of teNMabeANSpédifi€ tan@/or cdaipettivei Bihdinge cane ®e Pistdssei by beomisetition or
in lieu of whole cells. Detection of bindjing or

dlspkas%tpvéﬁmrlwﬁrﬁtqunlqbﬁle@ag%gra@ 1gand ap cIBPEARATed di rect |y
o 7B SERT Elgabnisf QR BTCbpodfi of G vy 08 bERGHGREL as the
inhibitdy edoncértmatia eequireé | for SO%y mhilitidre (ICs@malues)eofl speeificabicding in
bi n can be deterﬁ; y ctiop of, the Lahel.
receﬁﬁégrmﬁgeg afaPSr E8p ‘feqe@g B&ﬁéﬁn@scﬁgﬁq% ﬂé’gs% yBlood
MorfoRi1&d 'Cell9 @WCS%]S:‘EPA:&PEGB%&M%B‘%E whéfd Bl8od! Uﬂa‘i‘}éﬁilﬁdgrad.lent
agent or a |1gand as a conpetitor
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 125].labeled MCP-1,
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The CCR2 antagoni st activity of conpounds of the

i nvention can be reported as the inhibitor
concentration required for 50% i nhibition (IC50

val ues) of specific binding in 25 receptor binding

wo0p600dBi1Ng 1251 -1 abel ed MCP-1, as |igand, amernis2005/022909
Peri pheral Bl ood Mononucl ear Cells (PBMCs) prepared
from normal human whol e bl ood via density gradi ent

witE €6 Rhﬂiwﬁtlmﬁbeleﬁpﬁﬁﬁﬁehfbr b{10dhMo MGP-Dy @k eveaiouy cbaténmadons of
as the total dlnq‘i total cpmon, filters
corppoynds torhe tm«rd- spklabele M&%qhuvwge prepATedhiewitable nzﬁ'hmi)ﬁ Qfpurchased

s Rof 08 Ao BB, Bl nﬂa‘.wtﬂé‘%‘ﬁ?%‘%%%ﬁé% ormed
in 58Q0 25600 (ﬁ'aﬁamcﬁh?@hﬂ& obisisting Idu mHEmsﬁprez and 999 BEA (bovine

test conpounds of the |nvent|on in a binding assay.
senf lalbumla)snﬁbl‘e?tO @omtcoo)nttemmumoﬁhtbnd@g VRACBONSWErD A¢rayinated by

iy B A B8 e, i i o i

waspresaRb® h Og%Jﬁé ?rétﬂfleﬁelﬁuﬂ'\dr 'WEGsphite Buffetdd Sdlie (lpeg) lThg filters

concentrations onpounds to be tested. "5l

wert/tinsdd withrapppmépatelydb00yuls of biating huﬁt:h@malmng&ﬁ M 2a€d or PBS,

rci al dor,s k n_El to )
ther 5, A3 PECARS 3 GRS FREELY DY JOFTEUeR Y SuRtE of A Pemma
Co‘pﬁa &gmtghf_u@gr consisting of I MHEPES pH 7.2, and 0.1
BSA (boviné 5 serumal bunin), for 30 min at room

t en’pEpaimg to this bindingcssay protosol, dkescampaandse pfrtheapresenbynvention
ng t by rapid filtration through
hav& %@?S%{%’n’g@&%i n El mer) which was

presoaked in 0.3% pol yet hyl enei m ne or Phosphate
Buf fered Saline (PBS). The filters were rinsed wth

Example 6xi matel y 600 L of binding buffer containing 0.5 M

t hen dried, and the anmount of bound
Chéﬂ?og#%laés @Sty was determ' ned by counting on a Gamm

10 The ucHpecity( B rcbinﬁoﬁldara:rf) the dlﬂm;:xom ir:m gmtagomhé LCRh dlungion was
assa t he conpounds t he p i nventi on
deterging %@%M@@%ﬁ@ﬁ% uging tmmphﬁnale oeom,w%sr cells,

in R ASIREAHD fdeﬁ%‘tﬁ&b@ PC%R%)Y . 990 meg'ﬁﬁergﬁxtﬁ'&el)MEM media

invention to ant ago ize unction was erm ned
(In Vutrqgeh)sudcmcytcebatttcbmtha)rlmﬂmisd;e m!slbutgrshmdawamdl oh3? &C. The

| oyd
cheRGEF sPRRGR 5 53 Rs5hb e s BB AR ERY Bl B e
was aHied\MotthOB&bin Witintbet Bpﬂpﬂr’élﬁdex\deﬁt fmaemeg \tefw&ot WRich had DMEM

i nhibitors and warned to 37 C. chenot axi s

addegh ofv 8 rmicToaymem fuang, Blter, (Nuze) Ryabe) weagplaced| on Agmand &e chamber lid
o 9 L VEF TS 8P BRI e
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. Amntagonist 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 ICs, values
less than about 3000 nM.
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added. An 8 mcron nenbrane filter (Neuro Probe) was
pl aced on top and the chanber lid was closed. Cells
were then added to the holes in the chanber |id which
were associated wwth the chanber wells bel ow the

\i;blzblﬁyoompbrane The whol e chanber was incub
C, 25 5%CO2 for 30 minutes. The cells mreq’{ﬁﬂls%osﬁz:gog

aspirated off, the chanber |id opened, and the filter

gently rermved. The top of the filter was washed 3

tines with PBS and the bottomwas |eft untouched. The
Exiampledd vvas air dried and stained with Wight Ceinsa

CC%}?ZII’: é Filters were counted by m croscopy.
e control wel | s served as background and

wer g lau&bnmh@cbibro@m;&ecmny UBSimar, PIAJ B8 iobiaire@ RIME Yormal, drug
was det er m ned a%bcorrpan ng ‘the 30 nunber of cell t hat

fremﬂgmoﬁ @adtncnph@ lood rmesionwdiear cells \@BMgsmecm isolated via density

eraiehl; Sonifopditnn ctoytes, Ware, e HABRAL ERkeal iton. Afer

bel G»@Eldidn thet mohdsvyfes Qb@maasFéndas 20Y0° £/ & rpith RPMIOfInvitrogen,
e invention have | C50 val ues |ess than_about 3000

Car}smd 108) ﬁumm with 70% BBY) Hizelos/ bezanob'T) med ii-20 pe/mL of

recqigpipe TR 200 (reB WARER, SRickaicle VG 60 1GBERlel ih e same

med@RMO4tSIAPD With lsp@emal b 2948 MBNOCRS | expressiél b th€TMI®)- treated
were isolated via density gradient centrifugation.

mommwésth%vmﬁedrmmmms dhiaﬁé]d withaa PErronjupaigd janti-human CCR5

antifed)t g@g&h@%ﬂg\s&g e 1), YARAEH by W@ﬁéﬁ EipgFhcscatibur

(BDOBioscibitds, Befiford Ma).enent ed wi t h 10% FBS (Hycl one,
Logan, UT) and 10-20 ng/nL of reconbinant human 1L-10

(R&D systenms, M nneapolis, MN) and incubated in the
Ex plO medium at 37 Cwith 5% C02 for 24-48 hr. CCRS
Q‘g ression on the 1L-10 - treated nonocytes was then

CCR6Bifiding Asyayst ai ning the cells with a PE-conjugated

o s e e N Throre sl i A5 10° 1L
%;&zl;hlﬁﬂ&?&s(ﬁag %ﬁ#&@s eengeif“fm:rt edgl @FQ with "8 R84 HEPES

(Invitkdgeh,; PartsbadyyGA rami 0.B% B&Al(Brgmal\/Bb Lmﬂsg]lﬁﬁ)) Ivere incubated at room
temé%éqtu;:ieggqged@\)wn ist es i 150 [ sh} w\ﬁ&g\&‘;ﬁl ogen' )sB%FEIa series
conce room(gogc{ eﬁé ur e ve?ﬁ: O%EW%B Oﬁg{dﬁﬁ Rel ertlined by

incub&ﬁig%lael]@w(tﬁ’@ KM HIPFEﬁ OKBIEBSMmMMmﬂC@oHs,MN).GQhe binding
concentrat.ions _of conpound of the invention,

reackip, vgs dermingted; by chapvestings theetells pnige thepfjiter 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 werc 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.

107



10

15

20

25

30

i ncubating the cells with 0.3 gM MEP-1(3 (R&D Syst ens,
M nneapolis, W The binding reaction was term nated by
harvesting the cells onto the filter in the plate on a_
vacuum manifold (MIIlipore Systens, Billerica, M).

\W?Qoofs)obiﬁf was then washed 5 tines with RPI\/[ PC%ﬁJszoosmzzaaog
(I'nvitrogen, Carlsbad, CA) supplenented with

HEPES (I nvi trogen, Carl sbad, CA), 0.3% BSA (Sl grra St
Louis, MD) and 0.4 M NaCl on the vacuum manifold, air
dried, and peeled fromthe plate. The filter dishes
ExgwplesEponding to the sanple wells in a filter plate
€ E n@gsg\/out using the MIIlipore Punch System
H[})ﬁ PF'B’ stens, Billerica, MA). The anount of
bounépli@domalefebwd HI\M ﬁepeherfwhbw ardi geherared bjetmfee@bn of a

by countjng on_a counter. Specific bindi
plagiaisl encpding eWt%sqaeﬁ af HB‘Hoﬁwhgc rHef @geq padified by miitation of the

erfii "BER el A o f 1 RAP GibetF ERSARNE WHY & plasmid

enfdiﬁgmmctﬁ'fs?ﬁerﬂﬁéw m\eﬁleprgen&r 85 d@fﬁbﬁdtbg, foa\egample, Connor et al,
i ndi n i nit about .1 pMor les according.to

Virplggy a@ézy‘?%g s Ensfction ob dess zge@?ds by calcium
phnﬁ?@?%lp clpitatior; }hézﬁHM Sﬁ%’f’ﬁéﬁmlhﬁ@; g%{ §Ghi el’unctlonal viral

ortef virions are generate rans ect| on
tlteﬁﬂetamﬂied) Theszistbcksare dhenmsédhte itdeet [B‘Is:blisastnblpéxprbs)dmg CD4 and the

(whi ch has dif'ed by mnut.ation,of.  the ,envel ope
chegpakneF5EERtof: - CEls Ctbemhete Berp RevirepaEd Vil ighout fest compound.
ﬁn@&ﬂ:@ )cafi‘feQ oGt 1 & Bods 91 2540, the c%ﬂé?%hg& aftYRedth rei:‘féé@& ith fresh

envel ope genes as descri bed by, for exanple,
medio containgtg cimpound. Tk ogls are subatabdy 3 degh 1@ad and luciferase activity

Fol.l t f t f th I ' b [ ci o

et P AP i CoPtR R P CoRRRP e g 1y gt sove of
themﬁiifé&%é@éﬁvﬁtpndmcsnmdm@ﬁynctl onal viral 10 titer

determ ned. These stocks are then used to infect U87

cells stably expressing CD4 and the chenoki ne
Ex%ﬁflﬁ%or CCRS whi ch have been preincubated with or
out test conpound. Infections are carried out for

HIV-1Replivation HAbsdy intMT-4£€ellss washed and medi a repl aced
with fresh rredlg_&cont aji ni ng..conmpound. The ce|]ls are

i ndpbibition of 51V3l NEg4 (of PlapeePlicntion &&wwa@e cagiefl put 45 previously

I t
des%eﬁ r(ﬁhﬂgaq det'rzgsﬂlfilédd i‘i{hgmr ﬁ?ﬁ’%{lfﬁg%% 9?5a X Clercy, e2dtl, Poc. Natl,
Acddu8eif 39 528.6-5)29& (1992); De Gléreq,oxtral.y dhtimiatabugents Ebempiher. G8:668-

6744 bk eSS ¢ W ¢£em a@i;\s%?ah J4485L 44, sibtize, anti-v
acnoﬁi ra.h&d:yfb\tﬁxlé%h 2QriSHAS Gilt ﬁeﬁuﬁlﬁ'l'aﬂgeﬁre Yabed on the
em 42 3971 3981

é1999 Clercq, et
vnalahty of M4 cellgthpt are infested veith HIG i the ps@pe of Verpue poncertrations of

e fitcithoufile Ager AT AEIERe LS PrIFERIE 55 gas Bpumber of
viatild 981k) gre qﬁmmemra te@azoiin-bastd/calorimetric 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) procedure in 96-well microtrays. Results can be
quanitited to yield ECsp 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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activity and cytotoxicity neasurenents are carried out
in parallel and are based on the viability of MI-4
cells that are infected with HV in the presence of
various concentrations of 25 the test conpounds. After
wioezoddloodracel | s are allowed to proliferate forpdgnsiadysniieee
the nunber of viable cells are quantified by a
tetrazol i um based calorinetric

patéat,‘pafend hppiichwdsbirﬁlzpﬂbhéhhy)hﬁ <ited fnr-te presuny kppticadarpisiitidorporated
brom de (MIT). procedure in 96-well mcrotrays. Results

hergimpyeterenge i its enliEetY.o yi el d EC50 val ues which
represent the concentration required to protect 50% of
the virus-infected cells against viral cytopathicity.
30 Various nodifications of the invention, in addition
to those described herein, will be apparent to those
skilled in the art fromthe foregoing description.
Such nodifications are also intended to fall within
the scope of the appended cl ains. Each reference,
including 108 WD 2006/ 004741 PCT/ US2005/ 012909
pat ents, patent applications, and publications, cited
in the present application is incorporated herein by
reference in its entirety. 109 WO 2006/ 004741
PCT/ US2005/ 022909 What is clained is: 1. A conpound
of Formula l: Re Ra Rs NLW~x R R8 Ra' Ol or
pharmaceutically acceptable salt or prodrug thereof,
wherein: a dashed line indicates an optional bond;
Ws: RARB Por R Vis N NOor CR5 Xis N NOor
CR2;
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Yis N NOor CR3; Zis N, NO or CR4; wherein no nore
than one of V, X, Yand Zis NO RA RA, RBand Ra'

- are each, independently, H OH halo, Cl1.6 alkyl, Cl.6
al kenyl, C, alkynyl, Cl.6 hal oal kyl, Cl.6 al koxy,

| koxy, heterocyclyl, carbocyclyl,
: ‘ﬁé{’@é@iﬁ? . NRLOCONR OR 2, NR 083 i R CR 2, WeritRitnsinzzses

NR 0- S2-R', CN, CONR OR 2, CO2R O, N2, SR, SOR O,

1. al kilcpmpows@ & Foainialgll) - S- (C1. 6 al kyl), -(Co.6

al kyl)-(C3.7 cycl oal kyl )-(Co-6 al kyl Fe OH, OR10, SR O,

CN, NR OR 2, NR 0SO2R 0,_,NR OCOR Oz NR OOO2R o]

NR OCONR12, CR OR'CeRiRor CRIf] R'W; R2, R3, R4,

R5 and R6 are each, p r-nﬁ" | Yoy X“OH, halo, Cl1.6

al kyl, Cl. hal oal k f . ®&HdXy, Cl1. hal oal koxy, C1.

NR OSC2NR OR12, NRg ’R', heterocyclyl ,

car bocycl yl, carbocyclyl OXY, het er ocycl yl oxy, CN,

or phtdidclutilly @E&ptabﬁsﬂ?&ﬁ%mmg tierddf,Gvhetein:6 al kyl
optionally substituted by 1-3 substituents sel ected
Rs &,5..Cl. 3 al koxy, Cl.3 hal oal koxy, C3. cycl oal kyl oxy
. or 7" 110 WD 20061004741 PCTI US20051022909 RB' is

hal o, C,.3 al koxy, . 3 hal oal koxy,-C34 cycl oal kyl,

C34 cycl oal kyl ogﬁnﬁﬂ%—@ozmo, m F —iwher ein said

Cl4 al kyl is opti@ﬁg M substitutediith one or nore

e

COZRIG, and RO' together with the carbon atomto

mﬁ?#qfhrg?ﬁ&g attached forma 3-7 nenbered

ph I scycl oal kyl, wherein said Cl -6 alkyl,

be%i"!&ﬁéﬁgﬁé‘l v or C3.6 cycloalkyl is optionally
subsisiN, W@ er ORYE Ry re%ﬁ@fn%ﬁettﬁﬁliﬂew ¥, andZ; isNO;3

%FSI ﬂ‘?ﬂ]laiéoz_NRCRZ; R is Cl-6 alkyl, Cl1.6

. w'ﬁa oa1l , Cl-6 hydroxyal kyl, -(Co-6 alkyl)-O(Cl-6
COR', CO2R10, CONR OR 2, carbocycly het erocycl yl ,
t hi oal koxy, NR R NRLOCONR OR12,
NO2, COR', CONR OR12, CO2R10, N2, SR 0, SOR 0,
f r crdashedolinedpdicatepan optiopal bopd; al kyl ), or Cl. 3 al koxy;
H, RO and RO9. are egfh, independentIBf H, C24 al kyl,
substituents sel ec rom P C1-3 dtkoxy, OH or
spiX say,MNQlor GRAUp; R10 is H, Cl4 alkyl, benzyl,
al kyl', C1.3 haloal kyl, Cl.3 al koxy, Cl1.3 hal oal koxy,

coR4, RAh RPembRP Grre eachiipdypendaatlyi B, OH, Iy, Cixalk,IG)ls aikenyl, Cy.g

kg e ety B34 g o s A5 pea. Mew,
NRACOR; KR'CONRERY, NRESONR RRENRIM-SOLRHZ ENDOONR R 2, CO,R"?,

phenyl ox C34..cycl oal k or C3.6 cyc oafkyloxy, is
. NOzaﬁRlWoﬁQRIY%S StdrSELARVREN |- 3 substituents sel ected

o X (818 k5T e malbalkyl 1 Hydroky B0 X(Cos EG0-(C1s sy, -(Cos
alkyl)-S-(Ci.s alkyl), -(Co alkyl)(Cs.7 cycloalkyl)-(Cos alkyl), OH, OR', SR'°, COR'!,
CO;RY, CONR!®R™, carbocyclyl, heterocyclyl, CN, NR'*R, NR!?SO,R", NR'°COR',
NR!°CO,R™, NR'’CONR'?, CR"*R!'CO;R!° or CR!R"'OCOR;

R%, RY, R%, R” and RS are each, independently, H, OH, halo, Cy. alkyl, C; haloalkyl,
Cis alkoxy, Cis haloalkoxy, Ci thioalkoxy, NR'RY, NR'°COR'; NR'°CONR'R",
NRSO,NR'RY, NR'".SO-R", heterocyclyl,  carbocyclyl,  carbocyclyloxy,
heterocyclyloxy, CN, NOz, COR"', CONR'’R", COR'%, NO, SR", SOR™, SO:R'®; or S0,
NRIDRIZ;

R is H or C;.salkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO,H, CO;~(C1. alkyl), or C, 3 elkoxy;

R® is Cy alkoxy, C).3 haloalkoxy, Cy.¢ cycloalkyloxy or OH;
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CF3; R12 is H d-6 alkyl, benzyl, phenyl, or C34
cycl oal kyl, wherein said Cl4 al kyl, benzyl, phenyl,
or C3.6 cycloalkyl is optionally substituted with 1-3
selected fromhalo, OH Cl1.3 alkyl, Cl.3 hal oal kyl,

Wb Boaddsxy, Cl.3 hal oal koxy, CRH, and CO2- (fls
al kyl'); and pisOorl. 2. The conpound of cl ail;r:tijqus2005"022909

wherein Wis RA ~~ D RAl 3. The conpound of claim!]
\/\hqﬂéiig]HyVi s Re Ral 4. The conpound of claim1l

wherein \jis CR5. 5. The congound of claim1 wherein
X iR apfR” aeieaglp indepsndrotly H, Pomliodonds | @a28osy, €13 miealkoxy,

conpownd of cl ai whekgi hes w7. The.c osnd .
C;.go?yné@qagfyﬂ,\ ﬁ’ﬁﬁ%@éﬁkfj‘%’% ségRZ:(Xg‘ ’ The con‘pg:t{}ﬁ%mogggl gl"?nalky 1 1s
optibnMiiesistituted ®ithone or Yndre sth¥titueaihelécied fioth FP.C,fhkkoxy, OH or

c ound of claim1l wherein Vis CR5, Xis CR2; Y is
CO ; and Zis CR 10. The conpound of claim1 wherein

R\, | | L nde ;

nai 5. X ok e tier ot g Biton bERCR BB ek erd bpachid fomm 2 3.7
merfibdr@bspinokyclflgréupdl koxy or Cl. 6 hal oal koxy. 11. The

conppund of claim1l wherein R*, RM . RBand RBl are

eagﬁ " 15 Hfersalbrhenzyl, phenylopr Gxs cyglogkyl; wherpin sam Cigakyl, benzyl,

d is . ' , ¢

phefily B €15 cBloflch i obidifl Subgfied St 1 K8Maed dhonf hilo, OH, €15
alkﬂ,l(@lsfhgloa}ldgli :G)EJS gkatyéﬁ-s Eiflﬁiﬂllcc;ﬂyk@OzPrI],@hd GO&XCIF@?@?ID;‘&' ,

- 0 - al kyl),. or heterocyclyl. .

Th%é&r&aﬁé’ G+ éﬁ%‘p s 2oRy-eberzry PhenyE begzHloxy, phenylgxy, Css

n &hN Vi
eyc By BEROU loRpIGIRY! WheltE [ CY abep, REPIRSH, behyl, phenyl,
benzytidngyy, phémyloxty, Cs¢cyelodtkyl arddgzaucicalifloxyt, & optionsihyesubstituted ewith 1-
f.R5 and R6, i.S oal kyl . 8.,.The d, of

3 SUBPUPRTS Sepdrds PR s 1-nia Ciy ko G US55 g aliord and
CFr;of claim1l wherein R6 is CF3.

R is H, C,alkyl, benzyl, phenyl, or Ca4 cycloalkyl, wherein said C,.alkyl, benzyl,
phenyl, or C;5 cycloalkyl is optionally substituted with 1-3 selected from halo, OH, C,.;
alkyl, Cy.; haloalkyl, C,.; alkoxy, C|.; haloalkoxy, CO;H, and CO,-(C, alkyl); and

pisOorl.

2. The compound of claim 1 wherein W is
RA

4. The compound of claim 1 wherein V is CR®.
5. The compound of claim 1 wherein X is CR?.
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20. The conpound of claiml1l wherein R7 is H 112 WD
2006/ 004741 PCTI US2005/ 022909 21. The conpound of

claim1 wherein R8 is Cl.3 al koxy or Cl.3 hal oal koxy.
22. The conpound of claim1 wherein R8 is Cl1.3 al koxy.

wa-2006R4apnPOUNd of claim 1l wherein R8 is methigpy
24. The conpound of claim1 wherein Rs is ethoxy szgogfozmg

The conpound of claim1 wherein RO and R9. are both H.
S 26. The conpound of claim1l having Formula la: 7 O

R8 RA Re {ct Z1 Re Rg OP RAt
6. l\ﬁ%oﬁ"pﬁﬂ”‘il ﬁf"la’??I W%mc%nd of claim 1 having
Formula It,, Ic or 7 0RRE1INR N RARB-\

(ZRB ROX YRS IbR7O 8Rq/NRINR9-(P
7. ZYRhe démpoind<of claifsl whuemﬂalsm 20061004741
PCT/ US2005/ 022909
8. The compound of claim 1 wherein X is CR% Y is CR?; and Z is CR’.
9, The compound of claim 1 wherein V is CR®, X is CR% Y is CR®; and Z is CR®,

10.  The compound of claim 1 wherein R*, R*!, R®and R are each, independently, H,
OH, halo, C alkyl, C,¢alkenyl, C,4alkynyl, C,.¢haloalkyl, C,alkoxy or C,.s haloalkoxy.

11.  The compound of claim 1 wherein R?, R*!, R®and R®! are each, independently, H,

OH or C,salkoxy.

12.  The compound of claim ] wherein R*, R*, RPand R’ arc each, independently, H or
OH.

13.  The compound of claim 1 wherein R! is Cy. alkyl, C,.s hydroxyalkyl, -(Co. alkyl)-O-
(C1 alkyl), or heterocyclyl.

14,  The compound of claim 1 wherein R is C 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 Cy.4 haloalky].
18.  The compound of claim 1 wherein R® is C,4 haloalkyl.

19.  The compound of claim 1 wherein R® is CF;.

20.  The compound of claim I wherein R” is H.
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WO 2006/0R841 | T .

21.

22.

23.

24,

235.

26.

27.

R7 0 Re 1 RSN- RR NRS Ox,YXRS RO Id.

conpound of claim1 having Fornmula le or

28. The
If. R7 0 Re

Re R~-(NRLN/~RY 11/s NyzZIlyRB R9,/ OJ X
J~YRS |leRT0O aRB-R(N R N~ReONZRS WQ

29. The conpound of claim!]

hawiCrgIstivs/022909

Formula 1g: CF3 OZ R Re N~LWAX Y R Olg. 30.
The conpound of claim11 having the Formula Ih or 1li:

O Re Ra RBR Nonf/1 RBI -!

The compound of claim 1 wherein R® is Cy.3 atkoxy or C;.3 haloalkoxy.

The compound of claim 1 wherein R? is C,.3 alkoxy.
The compound of claim 1 wherein R? is methoxy.

The compound of claim 1 wherein R® is ethoxy.

The compound of claim 1 having Formula Ia:

7 0
RB P\ RA
RE| N R1 N"‘=
RS L)\, ’

Ia.

The compound of claim ] having Formula Ib, Ic or Id:

R

D ase

Ic
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28."

29.

30.

pl//NIl ZCF3 XY, Il 114 WO 2006/ 004741

PCTI US2005/ 022909 O R RENR ZCF3 Rnl X-Y li.

31. The conpound of claim1 which is selected from N
[(1

ﬁ&ﬁbﬁfﬁnbeﬁopr?w' 8- ({4-[3-(trifluoronmethyl) phepyslobimaons

erazin-1- vyl
carbonyl ) cycl opentyl ] - 3- met hoxyt et r ahydr o- 2H pyr an- 4-a
m ne; 3-Ethoxy-N-[(1gR 3S)-30i sopropyl -3-({

4-[3-(trifluoronet gyl ) phe Iiperazin |-

yl } car bonyl ) cycl R nt L{.\a 2H pyran- 4- am ne;
N-[ (1R 3S)-3-1 [ (t |f uorR@methyI)pyrld
i n-2-yl] pi perazl I } carbonyTl)c pent yl ]

- 3- met hoxyt et r dhyd®d? 2H pyr an- 4- ani r)e.l:gt

R, 35)-3-1sopropyl -3- ({4-[5-(trifl uor oMet I)pyri di n- 3-
yl ] pi perazin-1- yl } carbonyj)cycl op

entyl ] - 3- net hoxyt et r ahydr o- 2H pyr an- 4- am ne;

N-{ (1R 3S)-3-1sopropyl - 3-[ (4- phenyl - 3, 6-di hydropyridin

STl IR SR e 1 0

S, 3R) 1- I sopropyl - 3- k¢ 3- net Hbxyt et r ahydr o- 2H pyr an- 4-
yl ) ani no] cycl opentyﬂ )\ capbopi ) - 4ﬂ§henyl pi peridi n--ol;

1-({ (1S, 3 R -RE[sqgNre Nr(‘/

et hoxyt et rahydige: pyré ?] cyel opentyl }

car bonyl ) - 4- [ZR(a | f Juor onet hys ph&,ﬁ I peridin-4-ol;
-[((1 S, 3R) - IR &pfropy! - 3- {

[3 nmet hoxyt et r ahydr o- 2H pynan-4 : R

yl ] am no} cycl opentyl ) carbony¢]--[ 3- (t rifluoronethyl)ph

enyl ] pi peri di n-4-ol; 1-[(( , 3R) - 1- | sopropyl - 3-{

[ 3- met hoxyt etrahydroR H- pyr an- 4-

yl ] am no} cycl op ar N;I—\['4 (trifluoromethyl)p
. g R

h | di n-
Regé)] gl ng):orlog [4 [ 2- (t r Mumﬁfﬂ ) pheny{] - 3,
}

6- di hydr opyri dig# 2H)- yl] carbogyl |

cycl opentyl) - 3- met hoxyt et r ahydr o- 2H¢ r8- am ne;
N((1 R 3S)-3-Isopropyl-3-{.[4-[3-(trifluorom
et hyl ) phenyl ] -3, 6-di hydropyridi n-1(2H) -

The compound of claim 1 having the Formula Ig;

1 a H -
73@*‘“ "
R .

0

The compound of claim 1 having the Formula Ih or Ii:

RE RY
@, Qg’ii/“ Y

Th

CF;3
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yl'] carbonyl }

cycl opentyl) - 3- met hoxyt et r ahydr o- 2H pyr an- 4- am ne;
3-Ethoxy-N-((1 R, 3S)-3-isopropyl -3-{
[4-[3-(trifluoronethyl)phenyl]-3, 6-

wiopos/angyati di n- 1( 2H) -yl ] carbonyl } PCT/US2005/022909
cycl opentyl )tetrahydro 2H pyran-4-amne; N-((1

R, 3S) - 3-1 sopropyl -3 -

[4- (trifluoromethyl} dohydrRe24 “bipyridin-]'(2

"1i)- yl]car bonyh
cycl opentyl)-3-ne ro. yr?p 4- am ne; 115
WO 2006/ 004741 P I U 2005/ 02 ?

- 3- 1 sopropyl - 3-{
[5- (trlfluoronethyl) 3', 6" -di hydro- 3Y4 -bipyridin-1'(2

" H)- L.
yl ] carbonyl } cycl opentyl ) - 3- met hoxyt et r ahydr o- 2H pyr an-
4-amne; N-[(1 R 3S)-3-1sopropyl-3-({

4- I I I
31caE gg%{’?&&ﬁagpg%l ]V)}géﬁrlh?%% &{%?r%{a]hsldfgr gIZ—II- Byr any4 ;;
T ngl-[((tm 3?‘{1 Iﬁpﬂf@%{ﬁSl(y Bomdﬂawgm&}lﬁflmhenyl]plperazlm 1- L

rifluoromne ridin i perazin
yl}@arkemgﬂyyleyeqtﬂ qw%%hx%a?%y wﬁﬁ%&w 2H pyr Zm 4- a

SSEREDIIED-Sisopromi 3 ({3 iorometyPabem ipiperazinr)-
yl}caalb])wl}ngclapemyl]thu-ahydro-ﬂ-l -pyran-4-amine;

R RAR YGRS Y e RS AR S Bt RAE T

yl}Bm%é)yl%yb1%?@&Pﬁlm§h&)q’[&§hﬁ&hmpﬂm@%fdeUOr onet hy! ) py

I perazin

}1 COR ORI bieoproppi4id Seifitonmebdrycitipe piptrpsindn- 4
yl}ﬁa:g]ngﬁ}gy ?‘Qﬁﬂ%by u.[negﬁctxztcfrghy(dlrg PHIRYEHERIRG ) pheny! ] pi pe

ri dNpg(iR,3 -3Is 1-3-[(4-phenyl-3,6-dihydropyridin-1(2H)
yl carLo Sgcyc pgnt [ p )Fret oxg/(t e?)rnahydgo 2H pyran- 4
yl)caabnnylicy feptyl RB m}hq;ytetrahydro-ZH pyran~4 amine;

(H?f({@g?ﬂj% fﬂéy“@&'é{}% amﬁ%’ml (4l

yl)aminﬁ}wblopaitylwtbamglant-yﬂehﬂpipaﬁmnz-mt 2-[(1 R 38) 3 -
[ net hoxyt et r ahydr o- 2H pyr an '] am no-
(AL CUTEBRH R DA P YRR D 2 PYsERdr 21 .

Yl)!gn %}}gﬁlgg?ﬁg % 2@ lgy@%ﬂq{ W@ﬂéﬂ]&pen&n-‘lﬂ ') ani no

1- 11-{(413_' BR)- 1-Isopfopyled-¢[Bemedibyypstrehpdro-2H-pyruphper azi n-

Y1]§¥ : bo%@ﬁy@ﬁﬁ%&fﬁﬁ%%m%k%#&#b yl ] pi

Per prdis, AR I-Isopropyl-3-{|3:methoxytetrahydro-2H-pyr
yl cgﬂbonyl)) cyc rggjént ){/H]m% rrjgtteboxyt etra%ydro 2H pyran-4

yl]a.mw};pyclopqmﬂ)camopyll-4 -[4-(trifluoromethyl)phenyl]piperidin-4-o]
R 3k R Wsorfobst-a s o RE RS Y Y B it or-
yl]dé&ti‘o%ﬂ}@iﬂd;&e ﬁg:)@ﬂﬁﬂfoﬁrﬂ: Hﬁf-ﬂ% -W-ﬂiii)ié” 0- 2H-pyran-4
am ne; S, 3S eth 6(tr| t
uor BrERANP )ﬂ-32 (4403 p@me yl)phenyl] -3,6-dihydropyridin-1(2H)-
SRR SREHbY Lo IR IEYRELaAEL 0 21 pyran-4
R, 352?2@‘@?/333}1%05@1'“4{ f4-[Be(trifluptdiyedthyl)phens1B,6- 2- v
. ] pi Zi pa |l - :
dibydroByeioin Dy leebemtlvplomenpdineply dror FHRYAR4- Shingy  an- 4

-a - t I = L L 211 -
rNJﬂgR .S? 3- IsoprcI)\Byl -3- {FL4-§tnﬂuorom§thr3r(2t3ho )—(c)I/ﬂé)trdrI]')o/ 254 blperth[ndfl_ ((2'H)

yl]qarhotwlcammmﬁﬁﬁpy pmydro H-pyran-4-amine;
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,
o Yoay

yl ] pi perazi n-1-yl carbonyl ) cycl opentyl ] tetrahydro-2H py
ran- 4-am ne; 3-net hoxy

N-[ (1S, 3S)-3-(2-net hoxyet hyl)-3-(4-[4-(trifluoronethyl

) pyrim din-2-

YP2p6H84 ML n- | -yl carbonyl) cycl opentyl ] t et r ahyROToES2bb5/mY2909
ran 4-amne; (4R -N-[(1

@«f@,&g@? z#ne i‘¥ { 5 gmﬁuoereli:yl Bfé l&ﬁ{ygrnei be&ﬁ%’c[m‘f'(zm
yl]airﬁél{y@}bwoiimbgnﬁah&lyleﬁhy@&bﬁxgs&ﬁu aRudr o- 2H- pyran- 4
(4RN-[K1 RBIR3 3®P¥®yt & {roldy(tmfl woporhetBy | fpyrimadit-2r y i peoaziord

y]}ing; cg%gq:x&lié %}Eﬂfy}%ﬂ?ﬁy&o 2H-pyran-4-amine;

4Rnegmng%%§$§f$fr LD AR fRidrdine)p§ridin-2-yl ] piperazin-1-

yl}sarba)yl)mlnmmh}mmmahxdm PH-pyvan-4-amizepnet hyl ) pyri d

o Rl S SRR R SRR eipepspin -

ychbS@l)o%cl@Bﬁit?l%%&hMé&aﬁydr&ZH pyran-4-amine;
(trifluoronethyl)-pyrimdin-
2 .
: e%’l‘;ﬂ[ﬁl}/}g?%a;is%rﬁp%lnﬁgf g%%ﬂ%fﬁﬂ?ﬁaﬁﬁ’ﬂl%l%poyndm -2-y ]flperazm 1-
yle®bam)xcFclopamyl]-Banethdmytatrahydraid H3pyyan-4-a8ming; [ 4- (t r| fI uoro
met hyl )
pyrqmgﬁ 2¢] ﬁlS]S'D}Bﬁarpmynsm-)[a-aaﬂg?oggbﬂxglt))%ﬂeﬂpl@pl\?ﬂ%&t rah
0 ne OX
yless n@Wﬁ‘%%ﬁ“‘ﬂk‘ér%%%@Fﬂﬂméﬂ a@we[ 7

(trifluoronethyl)pyrimdin-2-yl] p| perazin-1- yI carbonyl
) ey @ B3 t[(3-metharytetrahydia-3H -pyran4-yaminad-1-Gr

(mglgoﬁ%%gﬁlsﬂw E—é"rlﬁg%% %hgpkgan%gh%)&&aﬁ b e%r%]p r%?an %A‘OCI ai s
1 tB[@3R, 35;;6 [@R)@hmemﬁahyabim-pﬁmwhhﬁmﬁﬁ-[ﬂ

.33. ulating actjvity hermkl ne
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s R ) PG SR P Bl Dot rBETEE 2 HpREE -
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t t
At NeR ok areton (RS mrory Ry -3 siaoromettyDpyridin 2-
yl]pgk%eSI QP-Bri?:hPooHﬁbd}clobéxﬁﬂTt@ﬁ-ﬂi}Hror S pyfenQamide2Abet es, or
3 methoxy-N -[(18,38)-3-(2-methoxyethyl)-3(4-[4-(trifluoromethyl)pyrimidin-2-
yllpiperazin-1-ylcarbonyl)cyclopentylltetrahydro-2H-pyran-4-amine;
(4R)-N-[(1R,35)-3-(ethoxymethyl)-3-(4-[4-(triflucromethyl)pyridin-2-yl]piperazin-1-
ylcarbonyl)cyclopentyl]-3-methoxytetrahydro-2H-pyran-4-amine;
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44. The use of claim37 wherein said disease is
cancer. 45. The use of claim44 wherein said cancer is
characterized by tunor associated macrophages. 48u.. Coy
The use of claim44 wherein said cancer i s breast \3
cancer, ovarian cancer or nultiple nyeloma. 47. The

use of claim 37 wherein said disease or condition is a

vi ral infection 48. The use of clain147 mherein sai d
viral infection is H V.infection. Use

corﬁé@hm(lgr?@ %rﬁréhoesfm@m Hid-p- (Félummﬁthyll%mmré%r&mww
1- ywmba%ﬁﬁﬁdlspaﬁ? 13- rﬁéﬁ[ox&t@ﬁh%(&ﬁgﬁt pyRAL-@finddl V i nfection.
he use of claim49 rurther nﬁrlslng .
si ndR: Zmebersty-[dR, 3&&(}@%@%@3’% r(atflapropgthylpyrifigs ¢
yI1AP&aAN -y eXrbri)c R BB Byl tdrhBydro-2H-pyran-4-amine;
(4R)-3-methoxy-N-[(1R,3S5)-3-(methoxymethyl)-3-(4-[4-(trifluoromethyl)-pyrimidin-
2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine;
(4R)-3-methoxy-N-[(1R,3S)-3-[(3R)-tetrahydrofuran-3-yl}-3-(4-[4-(triflucromethyl)-
pyridin-2-yl]piperazin-1-ylcarbonyl)cyclopentyl]tetrahydro-2H-pyran-4-amine; and
{(4R)-3-methoxy-N-[(/R, 35)-3-[(3R)-tetrahydrofuran-3-yl]-3-(4-[4-
(trifluoromethyl)pyrimidin-2-yl]piperazin- 1-yicarbonyl)cyclopentyl|tetrahydro-2H-pyran-4-

amine; or pharmaceutically acceptable salt thereof.

32. A composition comprising a compound of any one of claims ! to 31 and a

pharmaceutically acceptable carrier.

33. A method of medulating activity of a chemokine receptor comprising contaeting said

chemokine receptor with a compound any one of claims 1 to 31.
34,  The method of claim 33 wherein said chemokine reccptor:i_.g'CCRz or CCKS.
35, The method of claim 33 wherein said modulating is inhibiting. .

36.  The method of elaim 33 wherein said compound inhibits both CCR2 ard 'CCRS.

37.  Use of a compound any one of claims | to 31 in the preparation of a medicament for the

use of a disease associated with expression or activity of a chemokine receptor.
38.  The use of claim 37 wherein said chemokine receptor is CCR2 or CCRS.
39.  The use of claim 37 wherein said disease is an inflammatory disease.

40.  The use of claim 37 further comprising administering an anti-inflammatory agent.
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41.  The use of claim 40 wherein said anti-inflammatory agent is an antibody.

42.  The use of claim 37 wherein said disease is an immune disorder.

43,  The use of claim 37 wherein said disease is rheumatoid arthritis, atherosclerosis, lupus,

multiple sclerosis, neuropathic pain, transplant rejection, diabetes, or obesity,

44.  The use of ¢claim 37 wherein said disease is cancer.

45.  The use of claim 44 wherein said cancer is characterized by tumor associated

macrophages.

46.  The use of claim 44 wherein said cancer is breast cancer, ovarian cancer or multiple

myeloma.

47.  The use of claim 37 wherein said disease or condition is a viral infection.

48.  The use of claim 47 wherein said viral infection is HIV infection,

49.  Use of a compound any one of claims | to 31 in the preparation of a medicament for the

treatment of HIV infection.

50.  The use of claim 49 further comprising simultaneously or sequentially administering at

least one anti-viral agent.
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