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di seases. The resulting pathology of these di seases derives fromthe attack
of the body's immune system def enses on apparently nornmal tissues.
Accordingly, preventing and bl ocking | eukocyte recruitnment to target tissues
in inflamatory disease, netabolic disease, autoi mune di sease and cancer
woul d be a highly effective approach to therapeutic intervention. 25 The
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Thesd5di seases i ncl ude, but are not limted to, rheumatoid arthritis,
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bowel disease upus, system c WO 20051115392 PCT/ US2005/016318 | upus
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rejection, and graft-versus-hqgst di
J 20 mﬂammat(?ry and autoimmune dlsseases Sﬁxe resulting pathology of these diseases derives

from the attack of the body's immune system defenses on apparently normal tissues.
Accordingly, preventing and blocking leukocyte recruitment to target tissues in inflammatory
disease, metabolic disease, autoimmune disease and cancer would be a highly effective
approach to therapeutic intervention.

25 The different classes of leukocyte cells that are involved in cellular immune responses
include monocytes, lymphocytes, neutrophils, eosinophils, natural killer cells, mast cells and
basophils. In most cases, monocytes and lymphocytes are the leukocyte classes that initiate,
coordinate, and maintain chronic inflammatory responses, and blockage of these cells from
entering inflammatory sites is desirable. Lymphocytes attract monocytes to the tissue sites,

30  which, collectively with lymphocytes, are responsible for most of the actual tissue damage
that occurs in inflammatory disease. Infiltration of the lymphocytes and/or monocytes is
known to lead to a wide range of chronic, autoimmune diseases, and also organ transplant
rejection. These diseases include, but are not limited to, rheumatoid arthritis, chronic contact

dermatitis, asthma, hyperallergic conditions, inflammatory bowel disease, lupus, systemic
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25 can be grouped into two major subfamilies, based on whether the two amino terminal
cysteine residues are immediately adjacent (CC family) or separated by one amino acid (CXC
family). These differences correlate with the organization of the two subfamilies into separate
gene clusters. Within each gene cluster, the chemokines typically show sequence similarities
between 25 to 60%. The CXC chemokines, such as interleukin-8 (IL-8), neutrophil-activating

30 protein-2 (NAP-2) and melanoma growth stimulatory activity protein (MGSA) are
chemotactic primarily for neutrophils and T lymphocytes, whereas the CC chemokines, such
as RANTES, MIP-1a, MIP-1pB, the monocyte chemotactic proteins (MCP-1, MCP-2, MCP-3,
MCP-4, and MCP-5) and the eotaxins (-1 and -2) are chemotactic for, among other cell types,
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25  example Noris, M., et al., Lab. Invest., 1995, 73, 804; Wada, T., at al., Kidney Int., 1996, 49,
761; Gesualdo, L., et al., Kidney Int., 1997, 51, 155), nephropathy (see for example Saitoh,
A, et al,, J. Clin. Lab. Anal., 1998, 12, 1; Yokoyama, H., et al., J. Leukoc. Biol., 1998, 63,
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Internal Medicine, 1997, 36, 856), asthma (see for example Karina, M., et al., J. Invest.
30  Allergol. Clin. Immunol., 1997, 7, 254; Stephene, T. H., Am, J. Respir. Crit. Care Med.,
1997, 156, 1377, Sousa, A. R, et al., Am. J. Respir. Cell Mol. Biol., 1994, 10, 142), multiple
sclerosis (see for example McManus, C., et al., J. Neuroimmunol., 1998, 86, 20), psoriasis
(see for example Gillitzer, R., et al., J. Invest. Dermatol., 1993, 101, 127), inflammatory
bowel disease (see for example Grimm, M. C,, et al., J. Leukoc. Biol., 1996, 59, 804;
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shown that MCP-1 is essential for monocyte recruitment in vivo (see Lu, B., et al., J. Exp.
Med., 1998, 187, 601; Gu, L., et al., Moll. Cell, 1998, 2, 275).

25 Chronic obstructive pulmonary disease (COPD) ranks among the most common
causes of death in Western societies. It is defined by a progressive decline in lung function,
only partly reversible by bronchodilator drugs. COPD is characterized by chronic
inflammation in the airways or alveoli that differs from that seen in asthma, involving
increased numbers of neutrophils, macrophages, CD8+ T cells, and/or mast cells in the

30 airway walls, alveolar compartments, and vascular smooth muscle. Cytokines associated
with COPD are believed to include tumor necrosis factor (TNF)-alpha, interferon (IFN)-
gamma, interleukin (IL)-1 beta, IL-6, IL-8 and MCP-1. CCR2 is known to be a receptor for
MCP-1, and recent data support a role for MCP-1 and CCR2 in airway remodeling and



i nflammation directly or via macrophages. Thus, antagonists of CCR2 are an
attractive approach to therapeutic treatnent of COPD (De Boer,

Chest, 200 95-2185). The literature indicates nes such
as I\/CP 1 aﬁvd)%;ﬁ%] fégattract nonocyt es and | ynphocyt es %@ﬁ?’@@@gﬁél tes and
medi ate their activation and thus are thought 5 to be intimately involved

in the i ﬁllﬂhinﬁiatl@rn diBéthobevia ﬁﬁcx@ﬁﬂhgﬁﬁlmu@n&ﬂ@@n%is af mmsredaeafumctmvol vi ng
nonocyt es and nphocyt es, such_ _as _at herosc| erosis, etes, restenosis,

r heunat ofRPreach mrhfraeeutlﬁérﬁrmr o CQER e Bogn Vel afhesb 2@8%. 1@45209%%% tis
(nephr opat hy) rhd Wi drhiile® indi&Gh " %herﬂ&%ﬂ&“@ﬁ&l bd QBB B anBY RERE! httdet

hepatitis, pancreatitis, sarco oSl S di'sease, endonetriosis,
congest i mndmytastand Wrrlphpqrtes\/tb rdadeasetsrtesregndtmesl;atc:ﬂaee lactaatiom husd thus am tholx@ht

19U OBR L RT3 i B b o SR S R g

Nephrol ldvlmﬁrtmoc a&%dhy%ﬁahocyt&on;ulch B ,aueiosalleromsAl distett¥, a8dtendsishma
Proc., 1998, 19 121 Ransohoff, R M, et . Trends Neurosci . i 1998 21,

154; NMacHishmatoid arfhritis, psogiesi| asthimas ulogratine @Pgrtlssmehmm (@ephsepathy) guygltiple.  54) .
15 The ¢ e | 1 s t n t 0 the
famly o@@ﬁﬁrgﬁgﬁhﬂo?}gfﬁg gie{/dcgrd?ir:sanhséég r?ﬁ“&g%‘ﬁgr gsra%ro gi'?ge?n? revr ewed
i n Hor ukdisdasenesdoRiesniosis, Sngestivd Sheatt5GiluBS ifad Orhpdingikis,c lserabral tinfarotidn,

"chempki ne re t hej r cognate che Kl ne

ecotl or BEpPRGh b Rsak dieriel ahd SrrsP e AR BRPls, BRTANE" HLSBCRAAE ¥ i e o
G prot ei Kédney.gis| 1998931,1106 86, O, kedl., CREPOPHENeptRoll HppehtensICI98SE 281

i ntracel lLul ar calaﬁ:i ugrPZO concentration, chan es i n cakl shape, . i hcreased

expr essi SANBP-c& reX R AsthimaRioge 19%s 19, RrM..ghal oSt i on of
cel | m gRablo®i., 16593, ﬁﬁcMycﬁgm'icﬁtcQpPo%ﬁalOfInﬁa?ﬁﬁétf)ch&\b@@!féaﬁs1§9@V$ been

cloned, and it is known  that these receptors are pr ot ei n- coupl ed
seven- tré‘fﬂ)srrerrbrane receptors present on various |eukocyte popul atlons So

far, ;at | east CX [ ne rec (CX 1- 6

cherrtl) I ne rec &egwg’&%hﬁm eﬁrﬁ %@lﬂ"&ceﬁ%cegﬁ be I%‘g’}egnfqﬁ g‘%nﬂ’lpgr ‘exanpl e
|Ld8 S prolteiug-adiutlldcdofev@(@ﬂlf snﬁﬁtﬁraﬁi&@ﬁﬂmnl\@rﬁ’teirﬁf(tﬁle&/egllg&miuﬁ orremf amnd CC:?S
and MCP- 1 i | gand for CCR2A and | or refere e for exarrpe
ol nes,  9f-i3, Frlad( 994))5%%&@ i cm%"m%epmg %wdfwirﬂr cRgnateet gl .
Sci ence, llgaﬁras c%gtﬁgluﬂ@?b%eptm%ﬁsduge axﬁntra@b'llulapﬁgrlxal thr88h thd 2ssoidted fmericChar o,

. F., Proc. Acad. Sci 4, 91, 2752 30 2756; Yanagam ,

s. - et aG prosmsc mmtmgsr 1@.pm@ng Rber respangesy a ranlggncremzm intralllag palcium

1649 5‘3‘&8“ 8‘\(‘2’/}&&1““%% ceﬂogg,glﬁa'm&%a ‘%581@?&5‘ °ng§ 9@‘{%?‘}%%%2%5’019500

Sam;on Bégrarmdatiah, a,ndlﬂrmﬁdstmrmoeftelymlgiﬁﬁﬁ 35, 3362 3367 Mur phy, P. M,
Annual - Revi eWGgr];es egyc}cllmg regéi)tors o? speclji% chemgkmesar?ave |been aoned and it is known
that these receptors are G protein-coupled seven-transmembrane receptors present on various
leukocyte populations. So far, at least six CXC chemokine receptors (CXCR1-CXCR6) and
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30 2756; Yamagami, S., et al, Biochem. Biophys. Res. Commun., 1994, 202, 1156-1162;
Combadier, C., et al., The Journal of Biological Chemistry, 1995, 270, 16491-16494, Power,
C. A, etal, J. Biol. Chem., 1995, 270, 19495-19500; Samson, M., et al., Biochemistry, 1996,

35, 3362-3367; Murphy, P. M., Annual Review of Immunology, 1994, 12, 592-633). It has

et



WO 2005/ 115392 PCT/ US2005/ 016318 been reported that [ung inflammation and
granuroma formation are suppressed in CCRl- deficient mce (see Gao, J.-L.,

et al., J. , 1997, 185, 1959; Cerard, C., et a . in.

I nvest ., 1@@?001/%,9922022) , and that recruitnment of mcr%ﬁﬁgé@gsg%ﬁﬂsf ormati on
of atherosclerotic |esion decreased in CCR2-deficient mce (see Boring, L.,
et al., bednureportciohdt ling3AflamM8Hon ¥dz grahyromMéd férmatioh aré suppressexl inlNGCR1- Acad.

Sci., USA _1997, 94, 12053; Kuri a, J., wacd) ~ EXP. ~ Med, 97, 186,
1757; Boffigent pice (s¢e G 31, ot Bfrvieds !95\9%15@,191%&"”’2@5% tal-ch&MBii ne
recept or g€ MEY KIRWI0BS, GRd CHEPLQTStréd of mdcrophhge¥ hkPdbhgation ¥f ral
I nfection such as, for exanple, H V infection. Reverse transcription and

protei n pthetosderctiglesiondleemased imGGRa-dsfieipns nejpe (speBoringlL-.\of pl Nafurecl Wi ch
antir etrqyh rgdh. | ANAREUL I aﬁ%@%ﬁqaﬁr&caﬁ?ﬂigﬂﬁg 1%’7 98 ﬁo@?.“xurﬂa{ah[‘?%h many
to entry ha t

new di ugsS~t’hat’ are bel'i éve ock vira ['d proni se, ere is
cur r ent | wl. JloEzp évied. .t 1I99RNi86 1 17)\Bdridgak., atdl., hadin. kives., 19973 60i25682) esi st ance.

Mul tiple roun f. viral replication are required t.o,generate the.genetic
di ver oty hagrefinetorEah e 265 Kb 3 BafrE ot Sito ARG HBe Ay R whi ch
replicat iiffection sieasTfdrl exampRPHEY SiFfektiof MReRérse trarbefiptinSdndHotein préRedingent with
entry inhibitors, as with other agents. The targeting of nmultiple 15 steps

wi t hi n t RE the elassicesiens f Biegdib lifeicyclp athich\aatiretrgviral herapqutiqracaiseredesigaed syner gy
(St anp- S@? Flﬁék. ﬁfthd%gh maﬁg B thaVeld-belidRE %o bIodé @i}%] eﬁﬁylhald ?}(1\431}6 fdy Into
ce st Seq the vira

CD4(+) S requir equential interactions o énvel ope

gl ycopr otis¢unsntly tdagedttoamicla HEV11dme potcheess all b tcaacquineresisneek Mdtiple cepdor s CCR5
and CXCR4. A plausible approach to bl ocking t.hi LOCeSS.is t se spall

ol ecul e o5 abieRliacart BRMGET do afeedre it Bthehf SveREOTRRS g i Bes s one
such ant agninsé. OémEihition theApy de twhi¢to raplicatidntis Hhakirhallyn b@prdssod. remAlfrs 7279
inhibits H V-1 regl i cation_at the nenbrane, fusion st%ge by. bl ?cki ,n? t he

i nt er act COMCIIONE AEIATREt vatly eniry dnhibiiss, 3§ Btk oHeppgents g faregting of mplfiple; ndi ng
Si t € 1507 iEMGER ViR Brdef3 3 6elieWEAlb HeleEYbicAfAltbidybre? YShaaped the

receptor, wWithin a cavity Torned between transnenprane helices 1, , and
7 (Dragi €t &t Cén. Lab. MedpRo@2, 2B@),1681. A cad. Sci. USA, 2000, 97(10), 5639). The

chenoki ne rec rs CXCR4 re.heljeved to  be used as -receptors
by the T cel | ARV SR CRACTERs Thbus? b el HigRiHong By 3fc o
respect i esvejopefglycopmndiny with GIveand 4 ocreceptrIstch & thp abahokime fekeffors GRS ns of

H V-1 on hocyt es. and crophages requires expression of the CCR5
cor ecept @%&éﬁ@ RoPlausibie{appeach oo thi;praegssyisnlp eRsmelbangletyls ta 32

hoMD2j g0 Yt ¥PEOrecRpRr PRRAGK. YIke K Y79 ol lileafEne HiRAIaRtaBMistid? CCHECLI On
with HV-1. Viral entry can be inhibited b%iit he natural |igands for CXCR4

(t he CXCthgheetpito peev V-1 anfactooRFAK A i NVl replicationpEthe megmbarg pha
223 n'\"of‘ Lﬁnﬁf@%gem}eol&lﬁégt th@ e RGRI o tfie GPATRRMAY diftbrotdth Eh ARt WitVeER s CORO.
The binding site for TAK-779 on CCRS is located near the extracellular surface of the
receptor, within a cavity formed between transmembrane helices 1, 2, 3, and 7 (Dragic et al.,
25  Proc. Natl. Acad. Sci. USA, 2000, 97(10), 5639).
The chemokine receptors CXCR4 and CCRS are believed to be used as co-receptors
by the T cell-tropic (X4) and macrophage-tropic (R5) HIV-1 strains, respectively, for
entering their host cells. Propagation of RS strains of HIV-1 on CD4 lymphocytes and
macrophages requires expression of the CCRS coreceptor on the cell surface. Individuals
30 lacking CCR5 (CCRS Delta 32 homozygous genotype) are phenotypically normal and
resistant to infection with HIV-1. Viral entry can be inhibited by the natural ligands for
CXCR4 (the CXC chemokine SDF-1) and CCRS (the CC chemokines RANTES, MIP-1alpha

and MIP-1beta). The first non-peptidic compound that interacts with CCRS, and not with



6 WD 2005/ 115392 PCT/ US2005/ 016318 CXCR4, is a quaternary anmoni um
derivative, called TAK-779, which al so has potent but variable anti-HV

activity ( et al., Antivir. Chem Chenother. 2 12 Suppl. 1, 19.
SCH-C (smag%@?%‘)gg%zs anot her smal | nol ecul e i nhi bitor g$%WWﬁ°1@ﬁ?ry vi a
the CCR5 coreceptor. SCH C, an oxinme-piperidine conmpound, is a specific

CCR5 ant eXOR4sis Aguatém&etaaimomi@sl defivaiive,! daled TARCETY, Whidh 4166 R pdisat signal
t ransducti on ass,a}i/s. Thl s congound specifically inhibits H V-1 infection
medi at ed vVaiableart-HIY agtigity €g ¢lstpaict aa AREYir Lhem Chemother- 20015 2 Burph I df-ect i on
of CXCR4- expr 1 I [y A'q IR I 16l I A,
2001, 98(22) e jTS?é%%ﬁgfhﬁé’aﬁa,ﬁﬁﬁ{e%%?}g%ﬂ °fA§gﬁ?s°"a ae the
Chenot heEC&By, corgeptor. SEH-6) an ¢:3@6)pipetidinaompoundhisra spatifip GCR Saantagonist SCH- C,
also nhi,bits the entry of human ..i munodeficiency. virus type 1 (HV-1) via
huran® Copermiped . Bidele Pecenlor Bihding i S5, Fangdetion agpays. o Hs womPRtTh oL
gﬁc aque %Bmﬁuw inﬂibﬁdQH-IQ-ldiﬁ%ti&Qh]ec_lim bgfcdmsh iaigsYy astfdglibldhlea}stﬂil&hasdiof fer

et ween the humap an cague versions, of the coreceptor, only one
ot hi oni AHECE 9B, INREROR 0t © XCdYh-QESHRR B (Strizki\et ab Brae oMerh AsadsSaioUbhni biti on
by SCH CoodiS 9g@2) t {218 I38Tremblal) EERO Abfi ' i's not
| ocated wi t hi n@??fe zg?e\]ﬁ? ouﬂgi&l)l/) alpdef i ngghlgﬁ%yi?&r?gg%%fs eé%%@h%!fééfa%?@%@ C
whi ch i n$65%d336)esi dues in TM helices 1, 2, 3, and 7. Based on studies of

am ne,acid su hi ut | h N ot been. su ted th e. . region of
CCRS?(r)\ear res‘?@hg’lﬁhg‘g%ﬁﬁ)f n%%%nctg tsﬁﬁgbn‘g%or rrlanﬁélgggaﬁ’estegﬁé (E:’)#q ?‘H‘l’%

r gcep_t ?r imm{i¥defi¢ciedcyetinal type ZEHW-IJ a/ial\/humdn CCRS( B)has éblzaﬂlfounﬁ QhathaD101
identificati.o conpounds that no te the tivity of chenpkine

" ecopt or Sk Qﬂ&fséﬁw é(wdggf»wsarm@qm égﬁae\w&nsﬁﬁ& éas%nqtomong e i

devel opmeiiduey thRD &R SEMWeEH 8R! hunBSedmk SmdcRgue! @sigﬁﬁéﬂﬂﬁe%m@épt&% sltﬁgsgs,

associ ated with chenoki ne receptor activity. Th conpounds o e -present

i nvent i omerdgnine-108 apqountscfor theniasensikivity Ak aweaque CCRMgmRbibigonThESCRVENTI ON
;Thequaei gp&@%ﬂ%%ﬁ%@){ﬁsﬂ%%b%@% 31608 P T 1Bedted withiRthe prtvRusliP R? ' -

defined binding site for AD101 and SCH-C, which involves residues in TM helices 1, 2, 3,

and 7. Based on studies of amino acid substitutions in CCRS, it has been suggested that the

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

(Billick et al., 2004, J. Virol., 78(8), 4134).

20 The identification of compounds that modulate the activity of chemokine receptors
represents a desirable drug design approach for the needed development of pharmacological
agents for the treatment of diseases associated with chemokine receptor activity. The

compounds of the present invention help fulfill these and other needs.

25 SUMMARY OF THE INVENTION

The present invention provides compounds of Formula I:

o} RS
R’ RS
R N N x
R! w»
X~ "R*
HO R2

R9
I
or pharmaceutically acceptable salts or prodrugs thereof, wherein constituent members are

30 provided herein.



or pharmaceutically acceptable salts or prodrugs thereof, wherein
constituent nenbers are 30 provided herein. 7 WD 2005/ 115392

PCT/ US2005Apd §033/$1530khe present invention further provi dp&@mk:ﬁ%ons
conprising a conmpound of Formula | and a pharnaceutically acceptable

carrier. The present invention further provides nethods of nodul ating
activity of aTkhereskitniaventiooefurtber pomides s$Ompositoms aootripniginga: dompowndt of with a
conpound.of Fo resent. i nvention further provides nethods of

| |. 5 Th
treati ngFgmml%L%@@a%%%ﬁeg?cgggﬁﬁeﬂmglgif)rf'gssi on or activity of a chenokine

receptor in aThepreent intaitidhifertlivg pasidesmstheds sfindduldting actpdtyi of alchémokine
therapeutically effective amount of a c¢conmpound of Fornmula |I. The present
i nvent i ofECERIPE (pBIprising Fppfactingsaidgecepiop Wit 4somRAMNd S FeEpWala | in therapy.

The psesent iw&%ﬁ&g irf\féﬁt‘ici}?ﬁmﬁéroﬁ%&i]&é H&Eo&foft&éﬁtiﬂg)%f%@%_l%iélb&ia{:eﬁrvm-ﬂ al for

the 10 preparat f a medi cament for use in therapy. ED DESCRI PTI ON

Conpoundsxpressioprazsietivityl ofa phemankingrnovapthedn e pafieniedmposingedminigering totheR6  Rs
RN NRs R..X . r ' table salts or

pr odr ugsp?theél} g%'ﬁfagﬁoﬁé? %f%@%ngé)égglﬁngaﬁﬁtl&gqgﬁquﬁng%g@g&gg optional bond; X is
N, NO or CRS3; TROprSent ivésition farthey brovideouse of kieydompourdsiof Fainkylé ) in thétapy. al kyl ),
(C0. 6al kyl)-(G3.7 cycl oal kyl)-(Co. 6, al kyl OH, CO2R10,_ heterocyclyl, CN,
NRI R 2, NSO02 %PYCR&]@‘{CNIN{J@%‘@%EPW&% g@b‘é@ﬁﬁ?b‘} Sdil‘%t%e{% T 6¥€ phenyl ;
R2 i 30H, pfdaraliétl 8 a faddianftnk ¥ usd\NR thékdpy, CO2R10, CONRI OR12, NR OCR';
OCONRL1OR12, NRIICONR R 2, heterocyclyl’, CN, NR 0- SO2- NR1OR12, NR O S2-R12,

S2- 25 NR OR12, or oxo; wherein said CL.3 alkyl is optionally substituted

with 1-6 [ ted fromF and OH R3 is H OH halo, Cl1.6
PEORLE BRSERIBTION

al kyl , CI4 "al Koxy, NR OC02R 1; NR OCONR DR
Compounds

The present invention provides compounds of Formula I:

, o] RS
R 5
RS N N SR
R »
X~ "R
HO R?

15 RS
1

or pharmaceutically acceptable salts or prodrugs thereof, wherein:

a dashed line indicates an optional bond;

X is N, NO or CR%;

20 R! is Cy.¢ alkyl, (Co.¢ alkyl)-O-(C, alkyl), (Co.s alkyl)-S-(C1.¢ alkyl), (Co.¢ alkyl)-(Cs.7
cycloalkyl)-(Co.¢ alkyl), OH, CO,R", heterocyclyl, CN, NR'R'%, NSO,R'®, NCOR",
NCO,R'"®, NCOR', CR''CO,R'?, CR"'OCOR', or phenyl;

R’ is H, OH, halo, C;3 alkyl, NR'®R'%, CO,R", CONR'’R'?, NR'°COR"Y;
OCONR'"R"2, NR'®’CONR'°R"?, heterocyclyl, CN, NR'*S0O,-NR'°R'2, NR!%-S0,-R"?, SO,-

25 NR'°R'2, or oxo; wherein said C,.3 alkyl is optionally substituted with 1-6 substituents
selected from F and OH;

R®is H, OH, halo, Cy.¢ alkyl, Cy.¢alkoxy, NR'°R!!, NR'°CO,R"'; NR'°CONR!’R",
NR!’SO,NRR!!, NR'’-SO,-R"", heterocyclyl, CN, CONR'’R'2, CO,R'®, NO,, SR', SOR",
SO,R!Y; or SO,-NR!R'Y;

30 R*isH, C1¢ alkyl, CF;, OCF3, Cl, F, Br or phenyl;



NR1OSO2NR10R11, NR10- S02-R', heterocyclyl, CN, CONRIOR 2, CO2R 0, NO2, SR O
SOR 0, SO2R10; or SO2-NRLOR'; 30 Ris H CL.6 alkyl, CF3, OCF3, d, F, Br
or phenyl; 5/ 115392 PCT/ US2005/ 016318 R5 is , . 6

al koxy, {%JJ_)X@ g%;gyl ), C16 thioal koxy, pyridyl, F, O%@ﬁwéﬁ)lméﬂé:
cycIoaIkyI CA4 cycl oal kyl oxy, phenyl, phenyloxy, C3 6 cycl oal kyl, C3.6

cycl oal kyl oxyR is Bes dkydc@cqukqu(ﬂ&ﬁ) (Gﬁemﬂmﬁﬂumﬂ(oawpyxﬂyuﬂﬂl 8r a(hkyl i's

optlonall t ut W|th n re dClGaIkoxy,
OB (& GBI Culs eSS, Ry RBaerVRIE Ehs Psioatky 6% Skl y i t b one
or nore fetergdyelyd CNSRIGD,RYY, ivlytein saidaiylalkg! isRpaonall9xiybstitutadpbitioas! dry
substituted with one or nore s bstituents selected . from hal o,

2Kyl anBOBIHREDF: Whgron sh Carlions C6- @y@mn)mcu@sm@@xm FioRgYoxy | &

| I kyl, F,
&, o s RRR i Sy Ml MRy ROyl e iy oy il 51

substit umbtststutsél“eﬂatoad of more, Suhstmlenmelect@mpm }@E;QCFCC& «6lkal ad Q2RO C 1.3

al koxy; alk 1. 3, al kox 0 X

cycl oal kgﬁm%ﬁyg §c¥% l% P{)%g cYg@m’@& R1 lb 3bs il d’g‘r”}é? de%r%o gl 6 al kyl
Is optioRmal |y substituted with one or nore "substituents selected from F,

Cl. 3 al koxy, CH or and R8 together forma bridging C2.4

al kyl ene or Rash CgP’%g ?"‘Q‘ﬁ?(&gr I’kyl)- group to forma 5-7 nenbered ring;
RO i g9 heter Ocu’cam orcnqt h&?%ﬂtﬁbnﬁ%ﬁbéﬁtﬁ&&ﬂy Yi3tshibskindbnB bR Eted H@ﬂt}ﬁlos @Hect ed
fromCl. 6 al C2-6 nyl, halo, C, .4 haloal kyl, CN, N2,

OR13, S@Q;H&%maalmgrm:«ukom(q NRI 5R16 NR15R16 NR15CONHRI 6 NR15C(O) R14

I P 1 e A e

phenyl, OH, C@QE ;:@COR‘& Mbrenrsamlpﬁ,mmﬂal isppﬂmhﬂy lsuhstmnhdemlhorile—& mé ect ed from

hal o, O—| Cl-3 ak F3a:4§89§,/%‘&;02§1 2(C16a|ky|)andCF3 R' is H,
OH, C16 %Hbﬁwentw Gresrdhpx PRoy 3.6 cycloal kyl, wherein said
25 CiLs 6 al kylor RIQAd R® togeth@rfoim a%dgi%g@zwﬁyl@l@é dﬂd(ca zsall%ﬂ’f-OC(C% ill(yl}iUbSt i tuted
with 1-3 substituents selected fromhalo, OH, : Cl- 3 al koxy,

CO2H, Ccogoprtioforn Ryt) memberetBng;R12 is H, Cl. 6 aI kyI benzyl phenyl , or .6
oyl oa 91 B gy L s G il 7, 7
al kyl , O 3alkdniyhs s alR@RH, half) T, Galosikypl, €N, Noa,rmR%Jm 3, C(O)R", C(O)OR",
C(O)NR"R'é, NR"R'®, NR*CONHR'¢, NR"*C(O)R ", NR*C(0)OR", S(O)R™, S(O).R",
20 S(O)NR"R' or SO,NR"RS;
R' is H, C.¢alkyl, benzyl, phenyl, or Cy.¢ cycloalkyl, wherein said C,.¢ alkyl, benzyl,
phenyl, or C; cycloalkyl is optionally substituted with 1-3 selected from halo, OH, C,.;
alkyl, C,.3alkoxy, CO;H, CO,-(C,5alkyl) and CF3;
R'"is H, OH, C,¢alkyl, C¢alkoxy, benzyl, phenyl, or C;.¢ cycloalkyl, wherein said
25  C,.¢alkyl, benzyl, phenyl, or C;¢cycloalkyl is optionally substituted with 1-3 substituents
selected from halo, OH, C;.; alkyl, C,.; alkoxy, CO,H, CO,-(C; alkyl) and CF3;
R%Zis H, Ci alkyl, benzyl, phenyl, or C;.¢ cycloalkyl, wherein said C,.¢ alkyl, benzyl,
phenyl, or C;¢ cycloalkyl is optionally substituted with 1-3 substituents selected from halo,
OH, Cy.3 alkyl, Cy.1 alkoxy, COzH, COp-(C1.¢ alkyl) and CF3; |
30 R" and R" are each, independently, H, Ci¢ alkyl, C,¢ haloalkyl, C. alkenyl, Ca.6
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;
R and R'® are each, independently H, C, ¢ alkyl, Ci.¢ haloalkyl, C,¢ alkenyl, C,.¢
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;



30 R13 and R14 are each, independently, H Cl1-6 alkyl, Cl.6 hal oal kyl, C2-6
al kenyl, C2.6 alkynyl, aryl, cycloal kyl, arylal kyl, or cycl oal kyl al kyl ; R15

and R16 ar @ Easdsi 9Qdependently H C16 al kyl, Cl-6 hal kenyl
C2.6 al kynyl, ary;? cycl oal kyl, arylal kyl, or cycl oal kyl'a %30?5%%% %\O

2005/ 115392 PCTI USZOOS/016318 or R15 and R16 together with the N atomto
whi ch t hey arcmRé{a;nddH%ti)géﬂ)cmmﬂaeﬁlatmnmd)whxehthwtamanayhﬂd)tbmgaétﬁp I n sone
enbodi ment Sh Béem ol 5 1n sonme enbodinents, X is CR3. In sone

enbodi nent's, erﬁl [t yégéquyy In sone enbodinents, R is methyl, ethyl or
propyl. 1In sone enbodl rrents R‘ I's prop-2-y]. In some enbodiments, R2 is H,
OH, hal o, orC13ak va?? sone enbodi nents, R2 is H In sone

enbodi nent s, IRSOMEembo emﬁ E?%P”ﬁ,ol 6 alkyl. In sone enbodinents, R3 is

H. In5 some ermgg}hgrglg;,@dlm%l)glsltwl n sone enbodinents, RS is C .6 alkyl
substituted with 1-4 F. nsorre enbodi nents, Rs is CF3. In some

enbodi nent s, Inzsomsembodlmntsdhes Enbdlylnents, R7 is H | n sone enbodi nents,

Rs is H optionally substituted with
1-4 substltuzﬁggmg%ggde"ﬁ%m% &eﬁ?h@&%ﬁ 3125)}?91 C2.6 al kenyl, C2.6 al kynyl,
r[\lléll gng: NlFl\’ gah@ﬁgkgmbomunw is pfep2-yl. SR13, C( O)S(R%)?Rlzcl:( O)S?S') gRC( O NR 6R16
S(O) NR15R16 ORS @@R]R%P%TS ts, 1§Hrr§ﬁiﬁ§éxﬂ) gl?)lgy RO is heteroaryl wherein the
het efparyl i 9ndome e,%o@mggtm@q het er oar yI optionally substituted with 1-4
substi tuentsylsel ect eg&r og%g% al k h@g Q\ %I(;(l:(enyl 25 C24 al kynyl, hal o,
C, . 4 hal oal kyln sompiemRrogime gRth g R-«¢a OOR 3, C(ONR 5R 6, NR
15R16 NR16CONHRIE. N3 C(OORL3 S(OR 4 S(O 2R14 S(O NRL6R16 or

SO2NR 5R16 I n sone eng‘gg@n@%l ﬁR9 is heteroaryl wherein the heteroaryl is
pyridyl, pyi rindomybmbocpmeamm‘ybH pyridazinyl or triazinyl, each optionally

substituted V¥In some embcs) 1191%}1tlstk£1? ?.6 aﬁ]%l'l%&gs%glted with 1-4 F.
15 In some embodiments, R®is CF;.
In some embodiments, RéisH.
In some embodiments, R’isH.
In some embodiments, R® is H.
In some embodiments, R’ is heteroaryl optionally substituted with 1-4 substituents
20  selected from C g alkyl, Cy.¢ alkenyl, C,. alkyny, halo, C;.4 haloalkyl, CN, NO,, OR",
SR®, C(O)R", C(0)ORY, C(O)NRPR'¢, NR*R', NR'*CONHR'®, NR'*C(O)R",
NRPC(0)ORY, S(O)R™, S(0);R™, S(O)NR"R'® or SO;NRR.
In some embodiments, R’ is heteroaryl wherein the heteroaryl is a 5- or 6-membered
heteroaryl optionally substituted with 1-4 substituents selected from C,.¢ alkyl, C,¢ alkenyl,
25  Caealkynyl, halo, C,.4 haloalkyl, CN, NO,, OR", SR, C(O)R", C(O)OR", C(O)NRR'S,
NRPR'¢, NR'*CONHR'¢, NR"’C(O)R", NR*C(O)OR", S(O)R", S(0);R", S(O)NR"*R'S or
SO,NR"R'.
In some embodiments, R® is heteroaryl wherein the heteroaryl is pyridyl, pyimidinyl,
pyrazinyl, pyridazinyl or triazinyl, each optionally substituted with 1-4 substituents selected
30  from C.¢ alkyl, Cz. alkenyl, Ca.6 alkynyl, halo, C,.4 haloalkyl, CN, NO,, OR"3, SRY,
C(O)R", C(0)ORY, C(O)NR*R'S, NRR'¢, NR'*CONHR 'é, NR*C(O)R", NR*C(0)OR ",
S(O)R™, S(O),R", S(O)NR'’R' or SO,NRR'®.
In some embodiments, R’ is heteroaryl wherein the heteroaryl is thienyl, furanyl,

thiazoyl, oxazolyl, or imidazolyl, each optionally substituted with 1-4 substituents selected

10



30 fromCl. 6 al kyl, C24 al kenyl, C2-6 al kynyl, halo, C .4 haloal kyl, CN,
NO2, OR13, SR13, C(OR14, C(O OR13 C(O NR15R16 NR15R16 NR15CONHRle

NR 5C( O Rl4vd¥R09H569:0R13  S(O R14 S( O 2R14 S(O) NR15R16 g T,§§%N_L%1§ﬁ§6 In
some enbodi ments, RO is heteroaryl wherein the heteroaryl is Lenyl,

furanyl, thi azoyl oxazolyl, or imdazolyl, each opti onal{) ubstituted
with 1- fremitsiatkyb s alkendcEacrlkynyl, Wo 2005 lontkeb LRMNOLSRIGSRY16318  from

Cl-6 alk 2 14 V4 OR13,
Sri3, &@&ﬁ@ﬁ @gom%%‘ R R RGN i S PRY
NRI 5C( O) SRR, RE$15 R18 or SO2NR R16. In sone

enbodi nent s, roa V\/nerel n.sai d, het.eroar

oxazolyl, 5 @PWWH‘IH nent§y p?th@Sﬂaryl gﬁrﬁ‘“&ﬂiﬁ’(‘m&‘ﬁ/’{} ‘%ﬁ’baéf"yf %%’lyﬁ’y 1-3 F,
c tryy. | leach frieX Y P—'BFUlfHﬂJanm%lFlh:‘ﬂl In sonme
errboglS neh%%lﬁﬂtﬁgeoégﬁ{%negg 6@1{\?251 osrurl;ﬁtgt@el](lx 0’ R8 HN I%I X HO RO 10
I't. In mﬂ*@xbﬁﬁ'@éﬂﬁﬁmf@orqm@%ormounds have Formula Illa, 111b or Illc: OO
HNN~CF3 HNNCF3 ~ HOCHOC N RO RO Malllb ONCF3 HN 27, O HO

In some embodiments, the compounds have Formula II:

0]
CF
RB N AN 3
X
HO
R9
10 II.

In some embodiments, the compounds have Formula I1Ia, IIIb or Illc:

o) 0o
CF3 CF3
(T =500
HO ' HO

aw

RY R
Illa IIIb
0
/T N
HO 0
15 RY

Illc.

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.

20  For example, the term “C,¢ alkyl” is specifically intended to individually disclose methyl,
ethyl, Cs alkyl, C,4 alkyl, Cs alkyl, and Cg alkyl.

For compounds of the invention in which a variable appears more than once, each
variable can be a different moiety selected from the Markush group defining the variable. For

example, where a structure is described having two R groups that are simultaneously present
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15 RO Illc. At various places in the present specification, substituents of
compounds of the invention are disclosed in groups or in ranges. It is

speci fical kygbdd /Ti:ﬁ d that the invention include each 999&{?%9@%8&5& vi dual
0

subconbi nat'1 on e menbers of such groups and ranges npl e, the
term"Cl-6 alkyl" is specifically intended to individually disclose nethyl,
et hyl , Cgn dieksgine cGripaniridy khe t@d Ralglonps camwdpregenaliffgtent oietieo sgdentuacfsom thet he

i nventio i ch varj apl e appears nore than once, each variable can be
a differg’ﬁfk'ﬁ%h dg gctJf”'e from the Markush group defining the variabl e.

For exanple, It%ﬁfrﬂheﬁaﬁrédﬂé&ﬂﬁt EéttafieRGtuteld ¥ thaMvEdioh\Mvhidh Gk UBSClAtg! ar e
si mul taneously present |1 W) 2005/115392 PCT/ US2005/016318 on_ the sane

conpound descriked; igghecontext o€ separate embadiments, gan plsp bppravidedtin sgmbiaptiniad f r om
the Mar &H?I@ ﬂﬂ%ﬁﬁméﬁ?‘cc&ﬁ@rs&ﬁr %odstfeé ek l{)lfttﬁeeﬁ v@HtPJne%ﬁ:he e,ff&?tbre? tain

f eatures e I nventlon or clari cont ext
of separ deseribstbindhereorntext ocfar‘sngls;embmhqnem;/caﬂealsq be pmnidlemaepamely r & ay si ngl e
enmbodi nent. gonver various features of the invention which are, for
brevi ty, SYRRESHBERb! lP"i&/lf’ﬂe context of a single embodi nent, can al so be

provi ded sepapgtusddyhedéin, the atih “adkiilt Rlth@nt tdoretb Aahiueded ﬁﬁirbb%ﬂ%n@é@ n, the
term"alkyl" is nmeant to refer to_a saturated hydrocarbon 0 which is
le&mw

st rai ght iiheRight-chaingioerduanchsd Bxpmplg plkyl gr@\arafuggluqien@r:@u (Ede) |

et hyho(E f . 2 n- butyl,
[ sobt}?yl E))otpyl ée% F‘gﬁ%lé'n{'ﬂ igoP ro&l)o bqug ? thﬁgggd@%’)ﬁ bdr?\%lz)%ﬂen b ; rémd t he
li ke. An patt}dyisogsmdpn@amtylc)mrdl the hke;nAn aikyl gtvuptca? Gontaifirfrom 2 to @quaux 20,

from 1t t .10 bout

s Cor 't SR sRiian BER L et e LB RBpIPR ootk S B AR an
al kyl gr apgr froay | Bgatae3 @efrdeYDitemﬁloubl e car bon- 15 carbon bonds. Exanple

al kenyl groups |ncI ude et&émé”feéprope cycl ohexenyl, and tEe i ke.

used herein, figrein,‘a Cra P an l§bf B EVIAG PNF BT BRES domblesarbopy | pI e
car bQ@ Q%&P%ﬁa@ NHgamR ﬂﬁ&hﬁ Py Wipdgétﬁélﬁﬁ p&é}ﬁhﬂd@ycﬁﬂéy&\ﬂ andfRMxay! , and

the lIike. As used herein, "ha refers'to an al kyl group having one or
mor e hal ogen As u@therq;e,ntaﬂcynmanﬁgtséo lanjatkal grphp aving ong mmgménpjﬁsarb@&FS

CHF2,  CClLa4 s % C?q%l?ale(g&q gr&%s tidfeal E&?%ylé}? g&%&g agcg{h%'lfie ‘aryl” refers to

rmnocycl I'C Or po avi ng rings) aromatic
hydr ocar bons as ahechhc;rcihpr“lﬁmmyl”e:;efq@h enani alkplagrotifn \hlaying ronk roa axeory lhalogen

substituents. Example haloalkyl groups include CF3;, C;Fs, CHF;, CCl;, CHCl,, C;Cls, and

20  the like.

As used herein, “aryl” refers to monocyclic or polycyclic (e.g., having 2, 3 or 4 fused
rings) aromatic hydrocarbons such as, for example, phenyl, naphthyl, anthracenyl,
phenanthrenyl, indanyl, indenyl, and the like. In some embodiments, aryl groups have from 6
to about 20 carbon atoms.

25 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
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl,
cyclohexenyl, cyclohexadienyl, cycloheptatrienyl, norbornyl, norpinyl, norcarnyl, adamantyl,

30 and the like. Also included in the definition of cycloalkyl are moieties that have one or more
aromatic rings fused (i.e., having a bond in common with) to the cycloalkyl ring, for example,
benzo derivatives of pentane, pentene, hexane, and the like. In some embodiments, cycloalkyl

groups can have from about 3 to about 10, or about 3 to about 7 ring-forming carbon atoms.



phenant hrenyl , i ndanyl, indenyl, and the like. In sonme enbodinents, aryl
groups have from6 to about 20 carbon atons. 25 As used herein,

"cycl oal kylwo p@bg1s392 0 non-aromati c carbocycl es i ncl udi pgTe¥smbsdesis al kyl,
al kenyl, and al kynyl groups. Cycl oal kyl groups can include nono- or
pol ycyclic (e | fused rings) ring systens as wel| as

9., . having 2, 3 or 4 f ng
spiro ring sysA‘géﬁEd. hﬁf@wglpeéere%%apkweter@%lﬁpse RdP FoRtwyted pMpy3iHrated
cycl obut whelicChydrUatdhYWherbi¥ Cdne b XMbre dENtRE %@%ﬁﬁ}ing %mlﬁe F&?(f?ﬁseﬂﬁ’ﬁre_ cyclic

cycl ohexenyl, ‘cycl ohexadi enyl, cycl oheptatrienyl,  norbonyl, norpinyl,
nor car nylhydregarhemisyteplagal yha hetgroatonk such/gss@, $.rasiNid dtetarecyclyd gehaps gant bon of

cycl oal k | ef i Y r InC 1k i.e.,
havi ng a oonéﬁi(%géoiﬁé%%ﬁar&np?hs H‘?‘oﬁg 'I?llgt? cc@tﬁ"gglﬁt%olc%llgn ,l )f oéétégg%ﬁw g?o(ap{)enzo
deri vati ces adfo pentspoad foerhydrogenatedx and, paativdiyt hedrbgdated| hetsaryl egrogmi nent s,
cycl oal k ropyps_can ha rom about. 3 to abopt .10 .3 bout 7
Y g for HergSORPRaruRt eanchdsRGes S8 aa A 458 Pt bl D s iteshing ooq
herei n, 'shaéfs. ogstedoryclyl @rouph BArtbedhrfakRrizddalks Baving 9-13 of 317Ul REmRG atbnfsat ur at ed
cyclic hydrocarbon wherein one or nore of the ring-formng carbon atons of

the cycl ile somedembadipentsi deterasyelyle @TaMps Fancewtaint Jmaddiinn oo af legst gpe N,

Fet o1 0oy Geklod0Ui G P SRLTR 6 &5 Sbout [015H B5ARS Y soouPf cdtll ALE |

(e.g., "heterocyc ). Heterocyc groups can also correspond to
hydr dfenanddanrted astachddathrqughyad carhem atosd oh ditteroatomy | Ingfuthgrsembddimentn abe | v

groups can,.incl ude no+..or . polycyclic (e. havin 3 .0r 4 fused rings)
o oa" oy Hrstatont i, PRS0 30, A% S afo betide SB¥PhoRor Sutheth AR S o
3-7 ring-Heoquitedgizéd. OBxampled foheerocsebAi greusSincligé andrphcling| tgoRoPRoliR)
contain, in addition to at |east_ one.  heteroatom. from about 1 to about 13,

about 2 tRPERFHY. tesahydrofumgpyly tesrahydrgthisnyl, 2.3-dihppberzetieyl b.3hegzedigrolse
at tached &M&Hﬂﬂi&aﬁégﬁﬁgﬂ@%ﬁfouﬁﬁ&@ QARAIRdink 1) igdﬂlii‘éﬂﬁirdixfyﬂbﬁ%%z@ﬁ&'ih?% the

het er oat om can be oxi , have an oxo or sulfido Substituen or a

ni t r dden cxazahdowh thipzolidinyi,amideaolidimslasmgl the like, asevall arcanyl of theyigraups listed | ude
nmor phol i | O hol 1. Riperazi p L hy r | .

t et rahyd?%%oﬁ\l; r(%P!r)lry F?Jt%f)%]yhi %?/%r ggg%‘z’%%éjar“{}{l', 11,6'%-[}%5 r?gfr’)lgﬁl{éxg‘%%? eycles include

benz (ﬁ- 1, lblyclictiﬁdiﬁyl’lﬁ ph@iaﬁmﬁ}iiihzn yﬂhlcnmﬂfrdilﬁiyi,Cbhleyizinyil,sﬂieamhidzﬁiyh Yphenoxathiinyl,

i sot hi azolidinyl, pyrazolidinyl, 15 oxazqlidinyl, thjazolidinyl,

o izl RIS R R BeeRETL a B | AG-URGERRTERS: sk36el ow for

* het er oaritlahyaidgyridBI 167, 9 ex bl yridyl, Ditichiasiyl xFBicONIR biRERAYE bRAdIngE | ude
pyrim di nyl, “phehant hri di nyl, “phenant hrol i nly , phenazi nyl, phenot hi azi nyl,

phencdXat turinyl pyrapsapysseansil.ryrazolitinfapyasobipyl, L}G‘Pf%}%aﬁﬁwi,ny]p PYEtaouIZlA |
B el e Ak e
pyr azi ny|pyrmplyl,qyoblydiitetyahydnofuramyd,| tetraply dropoquirainyl, tetrabydrdguinalinlyl, tetrazolyl,
Dy o0t 50 SRR 1330hBuRlh S A0 BB L8 BB O
thiadiazolyl,  thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
25  thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-
triazolyl, xanthenyl, octahydro-isoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, acridinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzo-thiophenyl, benzoxazolyl,
30  benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl,  benzisothiazolyl,
benzimidazolinyl, methylenedioxyphenyl, morpholinyl, naphthyridinyl,  deca-
hydroquinolinyl, = 2H,6H-1,5,2dithiazinyl, dihydrofuro(2,3-b]tetrahydrofuran, furanyl,
furazanyl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl,

imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl, indolizinyl,
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pyrrolyl, pyrrolyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,

t et rahydroqui nolinyl, tetrazolyl, 6H1,2,5-thia-diazinyl,

1, 2, 3-t hi aglignged/mbsez 1, 2, 4-t hi adi azol yl, 1,2,5-thi adi azodeihus2dosR1dis
t hi adi azolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl,

t hi enooxazol yl, 25 thlen0|n1dazolyl thlophen I triazin 3-triazolyl,
1, 2, 4- triinétzlmﬁ/ ﬁH-lnﬂolzl Sisohenzofutagyl, isbelyomanyly mmim;qul mmd%bmgll isoindolyl,

oct ahydr n i azol yl,
1, 2, 5yox1§10 “z'g’g%‘r %B%Faéogl oxagl azglyyh:m%%{é’z(épﬁ 8? ny e%é;?Jalze(s)?.n ﬁdé(%)z(é;?z&o i di nyIy
qui nazol 1-ply 2,5- mhydm-lll—hwrrol-4|=yl,qplpﬂhidlrzlyiy¢1perquh-ﬂQx,qiyrmjaﬂm- ylli, isoquinaliAyl ,

benzo- { MIGDREHH o) ChaBREPBIAIe |36 LB HPREl T b SR P oots-

benztetrgzol yl thleh@[QZJ SIByiddi ﬁﬂ6y}ll, be r3z4,RptdALta@myu}o,1HJpwazin6Edzaszdbnny1
nethylenedloxyphen [, no hoI| ridinyl, deca- rqu|noI|nyI
2H, 6H 1, 52.4dpdir @zmgﬂm puqahlyelrl @qupthe}mi/rp&amﬁ{/ld% -alyinghin-3fylr dipgppan-

furazany car i nyl,, nyl ,
ci nnol i n%/ L t} az O%tra&?&t"ﬁ% é@z%}lum&?f{ 9%%1 daz1 ?E{]g 8 %Lﬁ&iﬁ?%ﬁ?

i ndol enybepzm[ﬂjmboqumqllin-3-|yhdol B.3a,8)8h- tetrathsaerDHzZ}@ﬂ dybﬁ@@ﬂa[ﬁﬁﬂddn@ﬂ%/ 68318
i ndol yl, | I,.soben ura i sochronanyl, isoindazolyl,

i soi ndol 1 g’ﬁh“ ?MWGH{?FCPIHTZ['S’% H%'Il Myl , isothiazolyl and isoxazolyl.
Furtfer exanpdetsedfhefen, eherenvaly®sgolsd ﬂéfb@ t@é@htdﬁidﬁc h]:te)’dcycle having at least

2,5-di hydro-1Hpyrrol - lyI pi perindin-ly erazin-1-y pyrrolidin-1-yl,
il 3 lud

i soqui noPnezhetefoatom Fing gnesater ypch a3, sylfug, ﬁmeap‘gxrm Pefmlﬁyweroaw groups include

2, 3-di hYﬁ‘&% agd ar;d ?Bl cyflch% G2 hRid2bY Ir QA fings) SyMéms. Examples of

t hi eno[ 2, ? g

3, 4,10, 1hmerom ampls Ulclllldepyxtlamt tipfitation, a:]yrldnllo Ipytimydinyl, pyrazinyl, pyridazinyl,

1,2,4,4

pyr azi ngﬁ gy %ﬁ&@ﬁy&f%ﬂx%iyl dLo]q%unoii ﬁqh' H@/ 1m1d§zo¥)ll ' thiazolyl, indolyl, pyrryl,

1, 4, 55 6- dsmdslymodmﬁ&yl— ba&bﬂﬁefn]yl s;ewmmllyl,rnsaeayblyl byrhzdlal, TidolyOhethexsihydr 0- 2H-

gegio[ | s o prbadifeivia satiagelb demo iy RMEY Sy pazolyhpenzimidazoly,

2,3, 4, 7- in81ir1eAA Ohe fikedZRNoftre! emBodinfeh@D 81 HeteYdaryl [ioupShadSRsin NQb @bdut 20
het eroaryl™ groups refer to an aromatic heterocycle having at | east one

het er oat eafhan aiemenape &t fusthenerabodimerts from ghgwehto abputdx aphparatorpiet larsemey |
groups | élﬁt%daﬁﬁemg'xﬂ{k%}’e%drgl & a}’x{%‘%{) bout $4 93 to abﬁﬁé J”Qr 210 @' {o?hrﬁ gs ed

rings) systens et eroar groups 1nc ation,
pyri2yl , atpmm in sbmwémqulymans iy hetq:ryaryk@aumhds l tot abioatz4, r‘iytlo,abbutry lor ( fta2anyl ),

quinonI ﬁg@lnolyl thienyl, imdazolyl, thiazolyl, indolyl, pyrryl, 15
oxazolyl uryI benzot hi enyl, benzthi azolyl, isoxazolyl, pyrazolyl,
triazol y| t eAd agd ﬂéreln i“HéiélZ)@}'chalkyl” Peférs (1B - 230Atyd het'bmydﬁésaimluﬁing
benzothlégﬁ pur.i X carbazolﬁ benzi m dazolyl, _indgolinyl, and the IiKke.
I'n some @itz et dkenyheandcallomyh etpnpsy Wherp g o maserof ﬂt@oﬂ%ﬂo@wmwar@ar bon

at oms,  aggmk i &Pl%&é@l% @Eh%hﬁﬁﬂ&éh% A2 ROWE s3itdr?, BRle ‘ZlQ:te‘i X%Qlk pOms. | n

some enbodi nen tHe heteroaryl group contains 3 to about 1 0 about
7, 0255 groum ri mgl.uﬂgr mmpgpholmo thiomorpholino,  piperazinyl, tetrahydrofuranyl

tetrahydrothienyl, 2,3-dihydrobenzofuryl, 1,3-benzodioxole, benzo-1,4-dioxane, piperidinyl,
pyrrolidinyl, isoxazolidinyl, isothiazolidinyl, pyrazolidinyl, oxazolidinyl, thiazolidinyl,
imidazolidinyl, and the like. Also included in the definition of heterocycloalkyl are moieties
that have one or more aromatic rings fused (i.e., having a bond in common with) to the
30 nonaromatic heterocyclic ring, for example phthalimidyl, naphthalimidyl, and benzo
derivatives of heterocycles such as indolene and isoindolene groups. In some embodiments,
the heterocycloalkyl group has from 1 to about 20 carbon atoms, and in further embodiments
from about 3 to about 20 carbon atoms. In some embodiments, the heterocycloalkyl group

contains 3 to about 14, 3 to about 7, or 5 to 6 ring-forming atoms. In some embodiments, the
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20 atons. In sonme enbodi nents, the heteroaryl group has 1 to about 4, 1 to
about 3, or 1 to 2 heteroatons. As used herein, "heterocycloal kyl" refers
t o non- ar ogBhidxp&her ocycl es including cyclized al kyl pcafsss¥bissgnd al kynyl
groups where one or nore of the ring-formng carbon atons is replaced by a
het eroat om such as an 0, N, or S atom Exanple "heterocycl oal kyl" 25 groups
i ncl ude hetargdyeloplkyl gromp dwdripieottiont 4, pitpabeuti hydr, | ter ketsroatensr dmppme
tetrahyd | s el n r 1, 3-herzadi

benzo- 1, TRt tf: HadolEaRP AGla cbhumind, 5" 73 QB iae, | n some

i sot hi azehbodinmits, the\heteravlytldalkyl groupwontains dito 2 ltriple bowdsol i di nyl ,

I m dazol i di ny a the,like. ;A.so jnclyded in e definition of ‘
het er ocycl oal segﬁ e‘ﬁoir@h & ﬁgcl?%?f‘J e esofﬂ‘@f%ﬁh%’g’f%{%ﬁa‘? }ogo” ngs fused
(i.e.s havi nAgusb®heétein1“aHRI%D Pefdis tdan {OCalkylgrait). MBxampRI@kdxy giRipe imehide! i C

ring, for exanple phthalimdyl, naphthalimdyl, and benzo derivatives of
het er ocyBfBexys BRpXYa STOPRYY (¢efan-BIOR0X YsasH APBTAPALY gt biipry: andithe §ke enbodi ment s,

the het er ocycd OakkHdre@ QHRalRESy ERMd ak OS-2RQH ) carbon atons, and in
further embodiments  ffom gboﬁi '3'to about tP(goér((:)gl?bon atonms. | n some

enbodi ment s, Aswsehberer Gelpalkony kagfergtocmp-O-baleally! group. tAn exsmple Hakoalkdxy o about
7, or 50%@ 6. gj'ﬁlg-form' ng atons. In sone enbodi nents, the 14 WO 2005/115392
PCT/ Us208510% " heterocycl oal kyl group has 1 to about 4, 1 to about 3, or
1 tol® het er s wed herkin, Synalkelokytiefapstos-O-tyeivalkgt.er ocycl oal kyl group

contains O to, 3 double bonds, |In sone nbodi nent s, . t he heterocycl oal kyl

group cont ai ngslgeé)ﬁergmt rqr?gglél 5‘3??6%". %kﬁ&fﬁ‘pﬁgl?sé‘ﬂﬁ?d by, an f’)"’-"5 #P°UP-hal ogen”

i ncl udes fl uofPused héreinQ«cybloaliMlalkFefedO an alkHBgrdee shbsGuRd by an Yoyl refers

to an -0-al kyl group. iExarrpI e al koxy groups include nethoxy, ethoxy,

propoxy &®€uYRy., n-propoxy and isopropoxy), t-butoxy, and the |like. As used

herein, "thio b f eq a rau d " oal koxy"
ﬁéofﬁgeg here h§te¥o%ga§'l VT l'e@f% td % gg?ﬁgndi&? suB&tfied

refers to an - oal kyl "grou n-exanpl e h Xy “group IS 3. 10 As
us edlher lxiterpcattogytlplagriyp. oEydmple heterocyctylalkyl gyaips andiyde. “hatsroagdalkyie (adlcyd,

"aral kyl " refres to an, alk grqup.substituted. by, a ryl gr ) used

her ei n, *“5’9‘@%‘8 I k‘?f alab‘ggﬁroarglif e to'?%W%YFf?&fkyg'P‘A’ﬁp gﬁlg%lt i tsgtfsgg’%&/@ﬁ

cycl oal kidtero@iclvdlkyl)Adn ssiéledibsdihénts, hbRtceyaIgiIkl Y gratpsyiave FroMmeY ® Maonal Kyl
noi ety substjtuted by 15 heterocarbocyclyl group. Exanple

het er ocy®PPF 1 additiop t,etieast org ompigg BeteAPMal kyl " (al kyl substituted by
heteroaryl) aldusedgieinCexs! Redyl=g kyl " (al kyl substituted by

het erocycl oal kyl ). I'n sone enbodi nents, heterocyclylal kyl groups have from 3
to 220 car bon The compounds described herein can be asymmetric é.g., having one or more

stereocenters). All stereoisomers, such as enantiomers and diastereomers, are intended unless
otherwise indicated. Compounds of the present invention that contain asymmetrically
substituted carbon atoms can be isolated in optically active or racemic forms. Methods on
how to prepare optically active forms from optically active starting materials are known in

25 the art, such as by resolution of racemic mixtures or by stereoselective synthesis. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the
compounds described herein, and all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the compounds of the present invention are
described and may be isolated as a mixture of isomers or as separated isomeric forms.

30 Resolution of racemic mixtures of compounds can be carried out by any of numerous
methods known in the art. An example method includes fractional recrystallizaion using a
“chiral resolving acid” which is an optically active, salt-forming organic acid. Suitable
resolving agents for fractional recrystallization methods are, for example, optically active

acids, such as the D and L forms of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid,
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atons in addition to at |east one ring-formng heteroatom As used herein
"oxo" refers to =0. 20 The conpounds descri bed herein can be asymetric
(e.g., hawwpaosngses nore stereocenters). Al stereoi $AISS0sHUBIE as
enantioners and di astereoners, are intended unless otherw se indicated.
Compounds of the present invention that contain asymetrically  substituted
car bon amanfslic agid.yealicsanidit lagtic acidpr the yrriQusaptirally astive ﬁ@éh@%ﬂﬁéﬂmmd%t hods
on oW 4% BY BRANSh AN SR Aol Uihdr WsolvBlTohs QERBRE fof MabiorBELrh3fASkiBRT | NG
materials are kno I'n e art, suc S by resolutiron o acem c m xtures
or by stmethodsdhelade steesiyonidiRallypurbfonins of @anethylbenzyamire ®8.gQfS and & forrss, C=N
doubl e bonds, and the |ike can al so be %gg’sen I n the, . conpqunds descri bed
herei n, Yncliggtqreamerically spywre jfewmsd, 2-BheaYiglyisinghyp ngrephedrine; hephsdrnes nN-

| nvery i Ofjeth{lephedife, cydOexIRMFRIIhE 11258MRMScRIohblme CAIMALAKS of the present
invention are described and’may be isolated as a mxture of isoners or as
separ at ed i sdtaselutiorf of raeemig miRurss can dlembegdareduirby elutisn on @ solumnpaksdunds can
be carri - of t ' ré . l e

ot od. 1 7 04 SRHE R GsfPER ey (TF, AREOnSOB e PR IO o o
whi ch i ssolvenoqimpositiby carche deeermiet by boe skilleg inthgani. c aci d. Suitable resol ving

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

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

generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are
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solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable

25 solvents can be substantially nonreactive with the starting materials (reactants), the
intermediates, or products at the temperatures at which the reactions are carried out, e.g.,
temperatures which can range from the solvent's freezing temperature to the solvent's boiling
temperature. A given reaction can be carried out in one solvent or a mixture of more than one
solvent. Depending on the particular reaction step, suitable solvents for a particular reaction

30  step can be selected.

Preparation of compounds of the invention can involve the protection and

deprotection of various chemical groups. The need for protection and deprotection, and the
selection of appropriate protecting groups can be readily determined by one skilled in the art.

The chemistry of protecting groups can be found, for example, in T.W. Green and P.G.M.
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base such Scheme
0 o]
Mel/K2COs LHMDS/THF
BocHN OH ———— BocHN@)]\OMe >
DMF RN
1-1 1-2
Q o)
LIOH/MeOH
BocHN OMe > BocHN ~~on H2/Pd-C/EtOH
R? THF/H,0 R EEE——
-3 1-4
0

20 1-5
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as |ithium hexanethyl di silazide (LHVDS) to provide the al kyl ated product 1-3
as a mxture 15 of cis and trans diastereoners (4:1 ratio). The mnor trans
di astereo renoved by crystallization follow lysis of the
ester to gﬁroa@ﬁggll.lg$ﬁe resulting enantiopure acid 1-4 i%g@@t‘é&sto a
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Scheme 2 R2 R2 6
the intermediate 2-5.

10
Scheme 2
. R2 RZ
R . 6
Ny HRaneyNi R NHz  (cFyc0),0 .
RS RS NHyMeOH RS R3 DIEA/CH,Cl,
R 241 RY 22
RZ
RS H CF. 9 N
N3 _HCHOMACOH | 'S RS
. . 3 1750, FsC~ °N
R . R2 s R4
R 8 R2 R3
24
R5
HN
K2CO3
»- R4
EtOH/H,0 R2 R3
25

Compounds of formula 3-9 (e.g., 5-aza-tetrahydroisoquinoline) can be prepared

according to Scheme 3. The commercially available intermediate of formula 3-1 (e.g., 5-

15 trifluoromethylpyridin-2-ol) can be brominated by treatment with bromine in acetic acid to
form intermediates of formula 3-2. Lithiation of the intermediates of formula 3-2 using an
alkyllithium such as n-butyllithium or ters-butyllithium followed by quenching with DMF

can give rise to the aldehyde 3-3. The aldehyde can be converted to a cyano group by
treatment with hydroxylamine in the presence of sodium formate/formic acid to yield

20 intermediates 3-4. Following conversion of the hydroxyl to a chloro (3-5), displacement of

the chloro with fert-butyl methyl malonate yields the diester 3-6. Hydrogenation in the
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R1 H2/Raney N R6 NH2 (CF3CO) 20 R6 R3 NH3/MeOH R6 | R3 DI EA/CH2C1l2 R4 2-1
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R3 R6 RS 244 olfsB, N | / RA ELOH H20 2 R3 2-5 ConpydsiaffsofQigmul @ 3-9
(e.g., b5-aza-tetrahydroi soqui noline) can be prepared accorgll ng to Schene 3.
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i nt erqred| - i - SJ xy/| to a chloro (3-5),
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OR6 55

RS RS
N N
NaHCOZ/HCOZ'i N | X RS phosphoryl chioride X I R
HONM; HO” ~N” “R¢ quinoline cI” N7 R
3-4 3-5
RS RS
N\\ R5 R5
o} A . HN ~
tert-butyl methyl malonate | Hz/Raney Ni | _
> \O N/ R* o S O N~ “R*
NaH/THF EtOH ><
o) o>< o~ O
36 37
R® RS
R5 R5
TFAICH,Cl | HN™ 1. BHy/THF NS
o N>Rt 2. (Boc)0 NT O Ré
28 3. HC! 2.9

The carboxylic acid intermediate of formula 1-5 can be coupled with an amine of

formula 4-1 using a standard amide formation agent such as PyBrop or BOP. When X=N, the

10  resulting amide 4-2 can be oxidized using an oxidant such as mCPBA to provide an N-oxide
4-4. Removal of the Boc group of 4-2 and 4-4 using an acid such as HCl in dioxane gives rise

to the free amines 4-3 and 4-5 respectively.
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R Br2/NaQAc Br | RNaHITHF HR5 hC X, HON R4 AcOH HO N R4 n-BuLVDMVF HO N
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HO N R4 quy ' NR4 3-4 3-5 R6 RE N5 tert-bu USsdo | onate O
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5 R TFA/CHzCI2 HNI R 1. BH3/THF HN|I O NR4 2. (Boc)20 N R4 3-8 3. HC
3-9 The carboxylic acid internedi at 8ck@Medrnul a 1-5 can be coupled with an
amne of forrmula 4-1 using a standard am de formati on agent such as PyBrop
or BOP. When X=N, the 410 resulting anRde 4-2 can be oxidi zed using an

oxi dant such as nCPBA o provide ap.N-axi g& 4-4. Renpval of the Boc group of
4-2 and 4-4 Bsidy AciaH sugh a§NHCI| i di oxanﬂ@[‘&@eﬂhse to the free

am nes 4-3 and 4- ®pectivel y. Rs/ 115392 PCT/ US2005/ 016318 Schene
4 OR6 s OH + HN I1_4L1% coupling a BocHN -Rt X R 1-4, 1-5 R2
' 4-1
0 RS 0 R®
RS HCI R®
BocHN‘-Q—,)kN B —_— HzN“@'—)\N ®
R1 ~ R1 P/
X R X~ "R¢
lmCPBA
o) RS Q RS
5
RS HCI X R
BocHN\Q«,)fN | N -_— HZN\@%iLN | P
R N/ R4 ';l R4
4-4 R2 cl) 4-5 RZ O

Cyclohexanone derivatives of formula 5-5 can be prepared using a sequence depicted

in Scheme 5. A heterocycle (R*-X; wherein X is H or halo) can be lithiated by treatment with

5 butyllithium and the resulting anion can be quenched with 1,4-cyclohexanone mono-ethylene
ketal (5-2) to give the alcohol 5-3. Treatment of 5-3 with aqueous acid such as HCI in water
converts the ketal to a ketone. Alkylation of the resulting ketone 5-4 by treatment with LDA
followed by quenching with an alkyl halide such as R®] affords the cyclohexanone derivatives

of formula 5-5. Substituents on the heterocycle can be present prior to lithiation or the

10  heterocycle can be derivatized in later steps according to routine methods, such as additional

lithiation reactions, to form compoumds of the invention.
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4-1 OR6 OR6 BocHN Rs HCI HZN Rs NeRI ~~~ R X~ RN X R4 4-2 R2 4-3 R2
1 nCPBA OR6 OR6 R6 HOIl \ R5 BocHN ;RI NH2ZNR Na NRA NR 4-4 R2 4-5
R2 0 Cycl qpeadagpyderivatives of formula 5-5 can be BEPaLEk oSy 2

sequence depicted in Schene 5. A heterocycle (R9-X; wherein X 1s H or halo)
can be lithiated by treatnent with 5 butyllithiumand the resulting anion
can be quenched with 1, 4-cycl ohexanoMeRshd- et hyl ene ketal (5-2) to give
the al cohol 5-3. Treatnment of 5-3 with agueous acid such as HCl in water

converts the ketal to a ket e hAI kyl ati B of the resultln _ketone 5-4 by
treatment with LDA R%Xlomem_ﬂﬂﬁm 35 k e such as R8I
af fords the cycl ohexanone dei 5 5. Substl tuents on the
het erocycl e can be” bresento I|th| ion or the 10 het er ocycl e can be
derivatized in k& e¢aidet eps ac r(9 ng to I‘gLP[I ne met hods, such as additional

lithiation reactions, to form®npounds of the invention. 21 WD 2005/ 115392
PCT/ US2005/ 016318 Scherre 5 g butyllithiumHO p~ HOOIH0O 5-1 R X --r R9 O~

0 X=H, halide 0="" ~~0 5-3 5-2 R8 R9 O LDAIRBI 1xR9~O 5.4 5-5 Conpounds
of the invention canHB senbl EgNﬁlﬁ shown i rH® rre 6. Reductive
RQ@O R® o)
5-4 5-5

Compounds of the invention can be assembled as shown in Scheme 6. Reductive

amination of a ketone of formula 5-5 with an amine of formula 4-3 using a reducing agent

5  such as sodium triacetoxyborohydride produces compounds of formula 6-1. The linking
amine of 6-1 can be optionally alkylated, acylated, protected, and the like according to

routine methods to form derivatives of formula 6-2.

Scheme 6

RB 0 Re
HO RS
RS o + HN AL Na(OAc)BH |
R xZ R4 THF
43 R?

m@@” o — Y

Methods

In some embodiments, compounds of the invention can modulate activity of one or

10

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

15  methods of modulating a chemokine receptor by contacting the receptor with any one or more
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am nation of a ketone of forrmula 5-5 with an amne of fornula 4-3 using a

reduci ng agent 5 such as sodiumtriacet oxyborohydri de produces conpounds of
formul a 6-Wo 20bsz11kdonki ng ami ne of 6-1 can be optional | ye@lkszb@loesdis acyl at ed,
pr ot ect ed, and the like according to routine rrethods to formderivatives of
formula 6-2. Schene 6 Rs 0O RS 5 R9~ 0 + 1-12N - | R Na(OAc)3BHE --- R
X R4 THEO%ﬂls cgmpoundgopgompysfiongdescribgdshereis. fdm spme embodlmfnﬁacqqmorw% o R -(~-

R 5 p'FQer(t\ln%\rltlgn chiOadias Bﬁuﬁ%r@oﬂcl@m%km@%%fo?@% furltRr SABBIIRERQI ment s,

conpounds of the invention can dul ate activit one or nore chermkl ne
r ecept or the cPmpounds of thedovention tan ke ysedint mpdiﬂatefagwlt}'cofamhampkln@ yeceptor incr ease

or decr gx?%ﬁw?cﬁl%lslwnte%(%glfjmgdqlft%%ptf%{e Ie é?o? Fbg aﬁﬂl steri %rrgjmgé‘.ﬁgtm%fan}onﬁt ghvent il on

can be usSe dul at RENDK] ne orece by contacting
t he rgceptanpound bf Bovyhutele or nore 22 WO 2005/ 115392 PCT/ US2005/ 016318 of

t he conpounds or nposi ti ons ri bed herein. | 0 enbodi nment s
conpounds of ?‘H}eerg%erli’for? FR/E(H‘PF ‘?fﬁsﬁn%?:otmp%mﬁi%ﬁf‘% iaPn@P%mB&QEtﬁ é’ﬁﬁ)‘fgene
recept or gny éuamwrne R&JepRALBfidHR ¢ hibodirhéifts, SRR e Féceblde bEID dg%rtbltmccan be
used to nodul ate activity of a chenokine receptor in an _individual in need

of nodul Bmilypishemeldng &eeaﬁ% Anghyding; forfxample; RERA, 4B GERACEROUHERDF 5 a
bi nd_ andy oo s ] R e ok R et .
t he l:(hermkl neTheewpnoamdsbef theggvantion lean BC seleetiviel yByf sal¢ntivek ismpeant thapiaor s
ccreo. 1 Foruesiad HBREISTon s, & Rkl fecePlel b Sk By oF oency; - ¢
respectively, compared to at least one other chemokine receptor.
Compounds of the invention can be selective inhibitors or binders of CCR2, meaning
that the compounds of the invention can bind to or inhibit CCR2 with greater affinity or
15  potency, respectively, than for another chemokine receptor such as at least one of CCRI,
CCR3, CCR4, CCRS5, CCR6, CCR7, CCR8 and CCRI10. In some embodiments, the
compounds of the invention have binding or inhibition selectivity for CCR2 over CCRS. In
some embodiments, the compounds of the invention have binding or inhibition selectivity for
CCR2 over CCRI. In some embodiments, the compounds of the invention have binding or
20 inhibition selectivity for CCR2 over any other CCR. Selectivity can be at least about 10-fold,
at least about 20-fold, at least about 50-fold, at least about 100-fold, at least about 200-fold, at
least about 500-fold or at least about 1000-fold. Binding affinity and inhibitor potency can be
measured according to routine methods in the art, such as according to the assays provided
herein.
25 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
30 indirectly linked to expression or activity of the chemokine or chemokine receptor. A
chemokine or chemokine receptor-associated disease can also include any disease, disorder or
condition that can be prevented, ameliorated, or cured by modulating chemokine receptor

activity.
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associated macrophages, TAMs) into tumors or diseased tissues.

As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” the chemokine
25  receptor with a compound of the invention includes the administration of a compound of the
present invention to an individual or patient, such as a human, having a chemokine receptor,
as well as, for example, introducing a compound of the invention into a sample containing a
cellular or purified preparation containing the chemokine receptor.
As used herein, the term “individual” or “patient,” used interchangeably, refers to any
30 animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans.
As used herein, the phrase “therapeutically effective amount” refers to the amount of

active compound or pharmaceutical agent that elicits a biological or medicinal response that
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case of a viral infection.

One or more additional pharmaceutical agents such as, for example, anti-viral agents,
antibodies, anti-inflammatory agents, insulin secretagogues and sensitizers, serum lipid and
lipid-carrier modulating agents, and/or immunosuppressants can be used in combination with

30 the compounds of the present invention for treatment of chemokine receptor-associated
diseases, disorders or conditions. The agents can be combined with the present compounds in
a single or continuous dosage form, or the agents can be administered simultaneously or

sequentially as separate dosage forms.
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opiate agonist, a lipoxygenase inhibitor such as an inhibitor of S5-lipoxygenase, a

cyclooxygenase inhibitor such as a cyclooxygenase-2 inhibitor, an interleukin inhibitor such
as an interleukin-1 inhibitor, a TNF inhibitor such as infliximab, etanercept, or adalimumab
25 an NNMA antagonist, an inhibitor of nitric oxide or an inhibitor of the synthesis of nitric
oxide, a non-steroidal antiinflammatory agent, or a cytokine-suppressing antiinflammatory
agent, for example, such as acetaminophen, aspirin, codeine, fentanyl, ibuprofen,
indomethacin, ketodolac, morphine, naproxen, phenacetin, piroxicam, a steroidal analgesic,
sufentanyl, sunlindac, tenidap, and the like. Similarly, the instant compounds can be
30 administered with a pain reliever; a potentiator such as caffeine, an H2-antagonist,
simethicone, aluminum or magnesium hydroxide; a decongestant such as phenylephrine,
phenylpropanolamine, pseudophedrine, oxymetazoline, ephinephrine, naphazoline,

xylometazoline, propylhexedfine, or levo-desoxyephedrine; an antfitussive such as codeine,
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25 sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenarnic acid derivatives
(flufenarnic acid, meclofenamic acid, mefenamic acid, niflumic acid and tolfenarnic acid),
biphenylearboxylic acid derivatives (diflunisal and flufenisal), oxicarns (isoxicarn,
piroxicam, sudoxicam and tenoxican), salicylates (acetyl salicylic acid, sulfasalazine) and the
pyrazolones (apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone,

30 phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors; (h) inhibitors of
phosphodiesterase type IV (PDE-IV); (i) other antagonists of the chemokine receptors,
especially CXCR-4, CCR1, CCR2, CCR3 and 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,
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phenyl but azone); (g) cycl ooxygenase-2 (COX-2) inhibitors; (h) inhibitors of
phosphod erase it ot her antagoni sts of the chenoki ne

receptoréﬁar}n %eé‘e‘é"”%Fm"’lﬂ&‘E&“?‘%é@é“&é%ﬂz CCR3 and CCR5 ; (j) chol esterol

| ower i ng agerWhersumhoﬁaﬂ as Hh/ﬁnﬁ@e%tlbﬂﬁluhﬂmohﬂﬁsidf%ﬂﬁﬂa(bﬂM&Sid&iilhiﬁtcred

Si rr# aﬁ ravast.a fl, uvas_lte]_l atin, atorvastatin, nd ot her

st at Ons)m “eﬁ’ acep F%@P%‘% e PMPIPILARS ‘15‘85’? P“‘r??‘i? R /ML d, 27
WO 2005/ &amawﬁq I thS R LR dBart,f MUOEdD b adAliflerd® rHyV@t\ﬂ(al'i?@ &fIRxites brozi |,

clofibrat, fenofibrate and benzafibrate), and probucol

ant i - i nfdepprdinguporh Whetbe localgemsystemie fircatmeninisi depigrd epdupeR dke, argmtto bp( - 1
recept ory, CaEELAAélln%stﬁ%ﬁ P90 tofibH @ldding-ophuRithicPA! BSmuddud fHhbradlsabetic

agents su
including intranasal, vaginal and rectal delivery), pulmonary (e.g., by inhalation or

25 insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), oral or parenteral. Parenteral administration includes
intravenous, intraarterial, subcutaneous, intraperitoneal intramuscular or injection or infusion;
or intracranial, e.g., intrathecal or intraventricular, administration. Parenteral administration
can be in the form of a single bolus dose, or can be, for example, by a continuous perfusion

30 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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I nsulin, sulfonylureas, biguanides (netformn), U glucosidase inhibitors
(acarbose) and 5 orlitazones (troglitazone and pioglitazone); (m

prepar at i opg 20¥sni3v£r f eron beta (interferon beta- |o. porRisgfsfisefz Pet a- |
P); (n) other conpounds such as ami nosalicylic acids, antimnmetabolites such

as azat hi oprine and 6-nercaptopurine, and cytotoxic cancer, chenotherapeutic
agents. The wdisgarentign also veludeephapnassuiiral eompositiopnvhish Gentain, asike astive ent

inventi q&grweﬁths.bégmaﬂ GGhé \f@mwﬂa@ef EmulRY amewarcbﬁﬁmam Withlonggpend upon

the effective ose of each 1 ngredient. For exanple, a CCR2 antagoni st
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form of ipthe rfare afi tehletse (bl stomiderss lozm,ege sachptpo sacheisn slixiss svepepsiensared in a
manner n hgg a r d by a
vari ety gﬁlgrl%ﬁét §§ﬁtl Jgﬁ"pg ng%’?fe sJet('f;1 h‘LéorlﬂI grcl rgi lﬁ% P& dﬂxﬂﬁ]{ ;&e@%lfgret%t i's
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(i ncludin hthal mic and.to. us ranes udi n ntranasal , vagi nal
tnd r ectArfiR paeiptiep el TP e autions, saf Rcie rBPRaRe PoueR. LT T Pat i on of
powders or agh Qf€dasing | ) Edritfllation b3hengdiive i coffpoundeardtbe adtiRal to pravidanasal ,

epi dermal and transdermal), oral, K or parenteral. Parenteral adm nist rat i on
i ncl ude<PPIORRtE PatiGISIZeiPRPT i £Pmbining mﬂs@seﬁvaws&ésentsr HitheA58YS ¢Brronnd

i nt ra”“ﬁ?kﬂb@fan@aflly 1Hdoﬁ$btlé RTtalf be }nmédstb anrtlclérsw'e'&? [e@ﬁhﬂﬁ‘ﬁ@d mesh. F-the ddalé at hecal
or intraventricular, adiinistration. Parenteral adm nistration can be in

t he ¥or reomipoends nm@betawmlwsw@tets golubde, thepaisle gige cax hepadiusted\byaméling ithuous
per {uS! Qorife PUBRnElI FREAH s BlLuSORRASh RSo0g. 8L Abdors or topl cal

adm ni st rat I on can rans intnents, [otions, creans,

gels, drops, S@nmpmntpmsuﬁ‘ssultabje a:)mplehtsqucldd;e tactbse pdbndeses su@oswemﬂaltolnal
phar maceut i ¢ carriers, ueo owder or aily bhases, thickeners and the
e ey OBl R B3 aGh: Papiva DRSS RSB EBDe S BB | ke ry

al so be sjliaRf Hxhcro&?stme?mlﬁtol&%%;@W%éﬂ%ﬁﬁ&&w&hsﬁw K@ Retyn al so
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i ncl udes phar mac cal conpositions which contain, as the active

i ngr28di etlulogmeThey fmwéatlefls AR additiontlhd dncitderdubrigating agensy Surth a8 olsh nat i on

with ONGnf¥nesium stearate, and mineral oil, wetting agents; emulsifying and suspending agents;

preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and

flavoring agents. The compositions of the invention can be formulated so as to provide quick,

sustained or delayed release of the active ingredient after administration to the patient by
25 employing procedures known in the art.

The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 to about 1000 mg (1 g), more usually about 100 to about 500 mg, of the active
ingredient. The term "unit dosage forms" refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined

30 quantity of active material calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient.

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

appreciate that this embodies compounds or compositions containing from about 5 to about
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nore pharnmaceutically acceptable carriers. In making the conpositions of the
I nvention, the active ingredient is typically mxed with an exci pi ent,
diluted vaéQmﬁ)i?dsﬁ ent or enclosed 5 within such a Cali)&jr%zvﬂ(n%m for m of ,
for exanple, a capsule, sachet, paper, or other container

excipient serves as a diluent, it can be a solid, sem-solid, or liquid
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i ngr edi t f ills,
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such as met hye somanmdbrpymwé? P PAYBd T LOBDOsiHoRset dhd mgerargem@amefrm

tlavori! o@tgj%ﬁttiabo-ﬁl??o Hg%{hte'a five if e%l r.f)Hé/ ﬁmn’g&d&% &@1 {nah&ih @higd so as

to provide quic sus &d or del'a el ease e-active 1ngredient
aft els achppn'ciaterthdtltlnmembodldmecopmbm&istor bompdBioespintaining fromoabedi 0630 kv in t he

art. onpPosy ti can f or mul at | n.a unt_.dos dosage
cont ai n?sr?g ‘PBh‘?‘ﬁgg@fo 0 tggongﬁﬁ?‘a %gg%? u'géyo frgm %glgtégﬁlt‘{/‘qbgﬂw 100 to
about 50Ebnigbo@f700 e ab&uiti 766, fromabeEl E0tto abbet 808) FromUdbiolt SEISRADHOHOEIE" ref ers
to physically discrete units suitable as unitary dosages for human subjects

and ot heformabruh B0 tosabont Yl fromabeut 900 1e aboys Pedor &iom #@&t%’fa@aﬁ»ﬂt 1000 o

active ’Iﬁ%@fth@hct hggitpifd to produce the desired therapeutic effect, in
associ at w th a suitabl e pharmaceuti cal excljg)l ent. In some enbodi ment S,

t he %brrpounds’rhgracbmmquundrpsncbk effectivenovsniai wide closagsi nanger and isagsoerally t o
about 50 :}e eh ﬁﬁﬁ geultlg%eg’fegtwe amr%lgt I?takmlllrb% lﬁ)‘ldgl‘lst%g& %owé{lér th5 hé he art

w | | apSrec I'eés “‘conpounds or conposi’tions tontar ning
f r om abaniount bf)thatmm&)ourﬂﬁadﬂﬁll&(iﬂﬁﬁﬂiﬂﬁﬂ&%Emﬁww&mﬁ:ﬂ&y a physician,

according to the relevant circumstances, including the condition to be treated, the chosen

route of administration, the actual compound administered, the age, weight, and response of

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

invention.
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10, from about 10 to about 15, from about 15 to about 20, from about 20 to
about 25, from about 25 to about 30, from about 30 to about 35, from about
35 to abouyo%Byshs9in about 40 to about 45, or from abggriSesee3faout 50 Ny
of the active ingredient. In some enbodi ments, the conmpounds or conpositions
of the invention contain from 5 about 50 to about 500 ng of the active

i ngredi ent. Ghe téhdats wgnth off theipresegik inivention caibe egatedvirlotherwispeasepicandedithat t hi s

enmbodi es_co | n fr
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from aboti 5 incpmoratigfor 1asiministigiiogy orgl oa@m%«”—tl%m@ dgraqueony spiionst i ve
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however , suchas cottanseedrmliesamie dily eoeoontpeilired psanutiall] 3s wdhamlsmeraad sighilar usual | y

be deter hysi cian, according to the relevant circunstances,

i ncl udi n%ﬂ ?rﬁ%ce@%cﬁg\l/{fn%%s to be treat ed, the chosen route of adm nistration,

t he B%t ual cdrmnpusdtoadrfomimhbnad,ortlhﬁfﬂ@en ineludd tsolutions mispasps:fsmt; in25 t he

I ndi vi dugl patien the verity of the tient's,s 0 e |like.

For pr epBPPREFELGRI ALRFBE B S MR et T THE PR ABAPOSET ve

i ngr edi efe Jiguid &8 s6RE cHhpdlitfond Rk rtestslutsui%te Fhafhatetiidally AcdepaBle @x&ipiehd

prefornmnul ati on conposition containin a honogeneous m xture of a conpound

of the predsseribefl surat Ingiomeghodinesmis; thersgmpesitionssase admiaistared Pythesmel or

conposi t ersed 30
a%&%eﬂﬁm{w{' ﬁﬁ%?'tb%al ME‘gst@ﬁtc e ct' &Qﬁ@gélﬁ&{s ih Sar Xé’h%l&%ie rtgsl?

evenly t rougho e conposition so t osition can adily
subd2®/i deftinéemhgases. dgbnalized s@ﬁtﬁmstmaydaethnathed dgreqly ﬁqm e isbdizingsdevmbloeths, pills

and capsul e tionJis en .subdi vi ded.into unit dosage
For . of Seizpg danes Sut bp st ® Beh flksks 1990 P GRERP PRSP aRestte  §
about 10BYQathing ehachine. Sifhitidﬂﬁsdsﬁ@fsibdl &fowdtr dontpopitioneeiin bel adwiriétered orally

or nasally from devices which deliver the formulation in an appropriate manner.

The amount of compound or composition administered to a patient will vary

25 depending upon what is being administered, the purpose of the administration, such as

prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In

therapeutic applications, compositions can be administered to a patient already suffering from

a disease in an amount sufficient to cure or at least partially arrest the symptoms of the

disease and its complications. Effective doses will depend on the disease condition being

30 treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the disease, the age, weight and general condition of the patient, and the like.

The compositions administered to a patient can be in the form of pharmaceutical

compositions described above. These compositions can be sterilized by conventional

sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
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30 WD 2005/ 115392 PCT/ U52005/ 016318 The tablets or pills of the present
I nvention can be coated or otherw se conpounded to provide a dosage form
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i nhal at iadmimistration of thegompauids e hgaltlsaniducondition gf the patignsraid dhesjuidgment of

har mac ' , u | G.S - ] r.es
Phar oof e hESrtngAHE LA R BRHESG: ShcetbRN o bSOt BLTLtlE? | 1) e
pharlfac eu phamlatentied cepipabition ean | yare dependmg wiwaca innendbers vf rfactors ninsloding
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directly fromthe nebuli zi&g devi ce or ! he nebulizing device can be
at t achecPolusion eqpainipgsrout dhi | tooaboutt 0%i Werrf ghssicempeund, dors pagenteml eat hi ng

v o, . S8 it

Cral| ) ettt S oREHR &l rlee MK SBIROPLLAS 650 PEIEIT LT o ©

appridpr i wdightipandet In sbire enibodinients] thealopoiange s froanatpats(.01 ap/ledoiabogtiéded to a
tient wjl 25 d di .what i s, bei dmi ni. d, th

P e ke ot Bodt vt RED . J¢ dgSagnis ey o dspend Gh 5] VARSI OBE Lher

pat i ent ,antiRRteAPSTIREgresion GTHHY diddasd brifisorddnthd Beerall K&ith kfatus o eledRRituias

applications, conpositions can be adm nistered to a patient alread
suf f er i rigtientothe zelativeebislogical gfficapy pft the (qompepmrdhseleeted yfasmulation of ethe t

parti al l t: : e ' Lt | | ]
Bt et v AR S i ogH SffinStaoRTEAEAE RGN, U SyBORC 3R A0 |
wel [20as respotiseccupved derived foim irhérraorn amirdal mepdel testisgstems. dependi ng upon factors

such as the-severity of .the disease. th e i ght _and .general condition
of the pat i o camaous of ricineriR ¥ also Be RotEinictel i Noritiandh M bae 8, e
can be imoreheldftionsh adtive Hagrediemsitwiiel can include any pharmaceutical agent such as
antibodies, immune suppressants, anti-inflammatory agents, chemotherapeutics, lipid
lowering agents, HDL elevating agents, insulin secretagogues or sensitizers, drugs used for

25  the treatment of rheumatoid arthritis and the like.

Rheumatoid Arthritis (RA) Treatment Regimen
Rheumatoid arthritis (RA) patients, treated aggressively with disease modifying
agents (methotrexate, antimalarials, gold, penicillamine, sulfasalazine, dapsone, leflunamide,
30 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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conpositions described above. These conpositions can be sterilized by
conventional sterilization techniques, or nay be sterile filtered. Agueous
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two days, before discontinuing or dose reducing the DMARD and continuing on CCR2

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

etanercept, adalimumab, kinaret) are typically given either i.v. or s.c., requiring doctor’s
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type 2 diabetes, hypertension and coronary heart disease.

One of the strongest correlates of impaired glucose tolerance and of the progression
from an insulin resistant state to type 2 diabetes is the presence of central obesity. Most
patients with type 2 diabetes are obese and obesity itself is associated with insulin resistance.

25  Itis clear that central adiposity is a major risk factor for the development of insulin resistance
leading to type 2 diabetes, suggesting that signals from visceral fat contribute to the
development of insulin resistant and progression to disease. In addition to the secreted
protein factors, obesity induces a cellular inflammatory response in which bone-marrow
derived macrophages accumulate in adipose depots, becoming adipose tissue macrophages.

30 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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is required.

25  Atherosclerosis Treatment Regimen
Atherosclerosis is a condition characterized by the deposition of fatty substances in
arterial walls. Plaque encompasses such deposits of fatty substances, cholesterol, cellular
waste products, calcium and other substances that build up in the inner lining of an artery.
Plaques can grow large enough to significantly reduce the blood's flow through an artery.
30 However, more significant damage occurs when the plaque becomes unstable and ruptures.
Plaques that rupture cause blood clots to form that can block blood flow or break off and
travel to other parts of the body. If the clot blocks a blood vessel that feeds the heart, it causes
a heart attack. If it blocks a blood vessel that feeds the brain, it causes a stroke.
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significantly reduced macrophages in fatty streaks generated as a result of high fat diet or
genetic alteration in lipid metabolism.

Patients who demonstrate high circulating cholesterol, low HDL, or elevated

circulating CRP or present with vessel wall plaque by imaging, or any other evidence of the

25  presence of atherosclerosis could be treated with a substance that inhibits the expression

and/or activity of CCR2 including, for example, nucleic acids (e.g., antisense or siRNA

molecules), proteins (e.g., anti-CCR2 antibodies), small molecule inhibitors (e.g., the

compounds disclosed herein and other chemokine receptor inhibitors known in the art). In

some embodiments, the substance that inhibits expression and/or activity of CCR2 is a small

30 molecule CCR2 inhibitor (or antagonist) such as a compound of the invention. The CCR2

antagonist can be dosed orally q.d. or b.i.d at a dose not to exceed about 500 mgs a day. The

patients can be withdrawn from or have a decrease in the dosage of their current therapy and

would be maintained on treatment with the CCR2 antagonist. Alternately CCR2 antagonist

treatment may be used to supplement their current therapy to enhance its effectiveness in, for
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different from the atomic mass or mass number typically found in nature (i.e., naturally
occurring). Suitable radionuclides that may be incorporated in compounds of the present
invention include but are not limited to *H (also written as D for deuterium), *H (also written
25 as T for tritium), ''C, °C, "*C, PN, N, "0, "0, "*0, '*F, *s, *cl, *Br, *Br, Br, "'Br,
131 l24I, 1251 and *'I. The radionuclide that is incorporated in the instant radio-labeled
compounds will depend on the specific application of that radio-labeled compound. For
example, for in vitro chemokine receptor labeling and competition assays, compounds that
incorporate *H, '“C, #Br, '%1, I, S or will generally be most useful. For radio-imaging
30  applications ''C, '*F, '¥°I, 121, "1, 'L, Br, *Br or "Br will generally be most useful.
It is understood that a “radio-labeled ” or “labeled compound” is a compound that has
incorporated at least one radionuclide. In some embodiments the radionuclide is selected

from the group consisting of 3H, MC, 1251 , 35G and ¥Br.
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noncritical parameters which can be changed or modified to yield essentially the same results.

25 EXAMPLES

Example 1
4-[((1R,3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1H)-
Yllcarbonyl}cyclopentyl)amino]-1-pyridin-2-ylcyclohexanol

30 Step A-1
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exanple, for in vitro chenokine receptor |abeling and conpetition assays,
compounds that incorporate 3H, 14C 82Br 1251 1111, 35S or will generally be
most  usef We »fg8f1edi 0- 1 magi ng 30 applications 11C 18pr3¥,%§200§,&§318 1241,
1311, 75Br "1613r or 7713r will generally be nbst usefu I't I's understood
that a "radio-labeled " or "l abel ed compgund” is a conpound that has

i ncorporated at | east one radionuclide. Fn sone enbodi nents the radi onuclide
is selected fromthe group co%si i oWk 14C, 1251 , 35S and S2Br. 37
WO 2005/ 115392 PCT/ US2005/ 016318 Hﬁ‘gy etic nmethods for incorporating

radi o-i sotopes into _organi c conpounds are aagl i cabl e to conpounds of the
i nvent i Sfetauh ! Raf G- 4nkiteri-Ritommsanbanyljearingl eyclorertzaiens- {-6@répedaté onpound of t he

| nvent i on caTolaokFEH of RS RISy hEmirb HBloblniacehel sl pRrTPOUNdS.
In general ternms, a newy synthesized” or entl onpound (T.e., test
co rrpou ndyldc(h(hO lgeddemaiol)dn EMF 625 mLywasidded yotasslmembfmatn (638 1894 o8 mnind)

r adi |l e Y/ t e.ch i C

nccosdi gyl REMRANT Sodide 418 i hindih, e it T, A5 i EftpGaoure

r adi o- | abemiptt, deveautiod nfiRturdwidifugedtvith m/&hmb@mmn wasoegshetl with watet | y
correl ates t0|téhb|nd|ng affinity sent i nvent.i also

t Th
i ncl udedoBHimaraBe BEpGene ting.¢rigd @rfa$04j51aaﬁ5< I"%‘B%&?Hﬂ? ﬁretswéw waj drig

prevent ipigh QfcubRMEHRIIBR: ﬁﬁﬁf&i&t e tﬂlesmanmlpfg i9994)udles QE'I@uth%d NfBf e
contai ners contai ni ng a pharmaceuti cal ITPOSI t1on conpri Si ng a

t her ape&izialNOy: (M*ﬁ@cﬂﬂ?/efoumhtﬂlrit Woa+ﬂbnﬂbM GEDEh) MHL& (m, 2HhcA9ki t s can

phar e 46 P 90 IR E 5l 20 8] b SR RIS one o

nore pharnmaceutically acceptable carriers, additional containers, etc., as
w il be g‘ggl | y apparent to those skill ed in the art. Instructi ons, either
as i nser¥® as labels, indicating quantities of the conponents to be
adm ni stered, guidelines for adm nistraton, and/or guidelines for mXxing
t he conponents, can al so be included in e kit. 20 The invention will be
described in greater detail by BaghN yec?Me ¢ exanples. The follow ng
exanpl es are offered for illustrative=pygrposes, and are not intended to

limt the invention in_any ner. Those of ski in the ar readily
Fecogn e TG Llsr B RoROIgminadr e BPASIRPEN e b baiRed o

modiyisi ed to Vel doEeseRitod ok Hibhdhe heamR My Ritihtide in BIF ROAVIILED -8 cNwhl CF3 HO
added a solution of methyl (1R,4S)-4-[(tert-butoxycarbonyl)amino]cyclopent-2-ene-1-

carboxylate (22.10 g, 91.59 mmol) in THF (36.2 mL) over 10 min. The solution was stirred at
-78 °C for 30 min before isopropyl iodide (10.0 mL, 100 mmol) was added in one portion.
The mixture was then moved to a freezer reading at -24 °C and kept overnight. The reaction
20  was quenched with aqueous ammonium chloride and the resulting solution was extracted
with ether three times. The ether layers were dried over sodium sulfate and evaporated in
vacuo. The residue was purified by flash chromatography on silica eluting with 10% ethyl
acetate/hexane to give the title compound (20.2 g). MS calculated for C;sHysNOg4: (M+H)"
284; found 184.2 (M-Boc+H)".
25
Step A-3
O

!300HN~CKL OH
—

(18,4S)-4-[(tert-Butoxycarbonyl)amino]- I-isopropylcyclopent-2-ene-1-carboxylic Acid
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I\ ~N Exanple 1

4-[ ((1R, 3S)-3-Isopropyl -3-{[7-(trifluoronethyl)-3,4-di hydroi soqui nolin-2(1H)
-yl Jcar bomghdosayszbopent yl ) am noJ- | - pyri di n- 2-yl cycl ohexaugtooSPesilsep A-1 38
WO 2005/ 115392 PCT/ US2005/ 016318 O BocHN-ewe Met hyl

(IR 49)-4- [(tert But ox?/carbonyl)am no] cycl opent - 2- ene- 1- car boxy| ate To a
sol uti on of a tion methyl ~ (18,4S)-4-[(tert-butoxycarbonyl)arnino]-1-

1R, 4S I id
(10 0 g Pl e 8 € R e S0 T b ( £%:°0, 45.8
mol ) Bﬁf)@hd MU(WQ mTE)t\MgSI add@biltham‘( hydooxnd_e menphydrate)(5.0Afet &9 mevohgThet i rred at

t t OQAc. Th
ol 1t 1 o Wi BeBUE YA, oyting REF (MM TLEViGuibR Sl Btk bt &, %0 00y
and Gonstrtingahaterial THke bgahiduelvums vdure eethaved éf vadwgind\m@ dqueons/ Byer @i t o

rovide the title co n 11 cal cul ated f Cl12H 9NO4: (M+H) +

Do 1o grarceaal pRETEOURP to fenftivs e tsspatien “Girgti aferiel. The 28BN 1hg

4. 80 ( mwak bbidifidd &zth(cﬁnceﬁffated BCY V\}(FIEM while be?ngl:‘c:bo(emm ddice bath8Bhd rddultldgd) , 1. 42
9H) . Step A-2 BocHN ~~~WJJJJ~

E 1S, 45) sqlumrt wiag cﬁmcewelywla trsatiylens ghipside fhrﬁgéwreép%% p¥iraspenere Arisd OVer car boxy!
ate 15 Jmﬁggﬁégﬁeétb'& PavohL sbl d Qg ﬁ@%ﬂ&%'a%&%&&f 127 el ddehatd 202 ML)

at -78 a so |on o

( | R12S) (22 inl) end hmnm(()ié@nﬂc) rwelrg addedd)q dlpcsbblpemt'ﬁ@ sohitiofl - was alowdx gdadede (22. 10
g, 91.5 The s tio t| red at

96 ¢+ ApWEES haoht tehirbakity bERR R T £ SR rebiifip 30 TGO 24 Al BlE S %

Ene por idays) the driystalsi wérelrémuvad dffiand nimy Hquid ovaz dvepated in aacion® give ti4 C and
ept overn

andl t o GFRel P R uedHA S0 At S0, M FIAHEE o RSB HORQU e ot hor

| ayers weo.goaid 9. 1Q¥eBosAdy UM sul fate and evaporated in vacuo. The residue
was purlfled by flash chromat ography on silica eluting with 10% et hyl

acetlat e/ hexane to give the title compound (20.2 g). M cal cul ated for
C15H25N%p/£_MH)+ 284; found 184.2 (M Boc+H) +. 25

0]

BocHN-GgJ\OH
—

(1S,3R)-3-[(tert-Butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic Acid
To a solution of (1S,4S)-4-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopent-2-ene-
20  l-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 Cj4HzsNO4: (M+H)* 272; found 172.1 (M-Boc+H)".

25  Step B-1

FaC

2-[4-(Trifluoromethyl)phenyl]ethanamine
[4-(Trifluoromethyl)phenyl]acetonitrile (10.0 g, 54 mmol) was dissolved in a 2.00 M
solution of ammonia in methanol (100 mL) in a Parr flask. To it was added Raney Nickel
30 (approx. 1g). The mixture was shaken under hydrogen (50 psi) for 20 h and filtered through

celite which was then washed with methylene chloride several times. The filtrate was

40



Step A-3 O BocHN CH

(1S,4S)-4-[ (tert-Butoxycarbonyl)am no]-I-isopropyl cycl opent -2-ene-| -car boxyl
ic Acid 3Qy¥%02913842115392 PCT/ US2005/ 016318 To a sol upépisRbsdieiify!
(1S,4S)-4-[(tert-butoxycarbonyl)am no]-1

i sopropyl cycl opent - 2- ene- 1- carboxyl ate (18.42 g, 65 mmol) in THE (500 ni),
met hanokorcBi@tatedto) affond| thnattlyrco@rw&nm a vplid. M ealculatediforGdilidiNx (MdeH)”

nonohydr%%l{n% 19318]4 A The mxture was heated to reflux overnight.

Af ter our's ca ed a very trace anmpunt of 5 starting naterial.
The organic solvents were renoved in vacuo and the aqueous |ayer was
extractg, h ether (200nL) to renpbve the unreacted starting material. The
aqueous®f was acidified with concentrated HO to pH=4 whil e being

cool ed |n an ice bath. The resulting soEuti gn was extracted wi th nethyl ene
chloride three tinmes. The extrac yed3over MySO4 and concentrat ed

to give a solid (17 g). The soli s dissplved in hot ethyl acetate 10 (22
m.) &nd hexanes (550 nlL) weref3&dded to the solution. The solution was slowy

cool ed @%y\@ [¢1) nto a freezer reading at
-22 to 2 éﬁz?or{)?&P{Q {ﬁgpﬁ%@%&ﬁ#ﬁﬁégegﬁgkééﬁm}g’% removed off and the liquid
was evapor at &d aisnlutiar 962-t['b(tgﬂueromh@yl)nlvsylﬂﬁhhnpmwd@t7 gas44anmhl|)taed Nd\é-rry solid
0
E EI\BA ;g C?_%lgp%r leglséarsmgg gi %n?_nglng 4 %n%hgilene (Mo (8(? Zn(?.,) o8t % e Qe
3R) 3- [ bathrwasBilswoly yadded aiflilo}qabétitoahhydridel (905 MDY b4 yohelp et aspimebagyd i ¢ Acid
sol uti

'( | SIQS) ng G@fé“r‘{ inghe isg ety 96 10 minytheisp bath; vaspupyadand stiping continysd fory

1- car boxy lauitigfdl B0 Rin/ T3 reGioR WHIjukndhdd HyhaRdftlon(#SRatel indBR RdfiGEg 10%
pal I adium on carbon (550 ng). The m xture was shaken under hydrogen at 55

pSi oveﬁ@intﬁn wah extracted ayithumethilene gitloriddl tvriee. Thagompined gisacimwereashadat ed i n
vacua t fif t
Crarpsnoift | r AL, SIEAVRBYAS et bl conckifeed MR Gl Uit Tody
2-[4-(T(14.2 g).ltﬁ}rynmhinybx) }ﬁl@ﬂﬂEﬂQﬁ&i dxdrieramee provided the title compound (8.5 g, 68%)

15  as white needles. MS calculated for C;HoFsNO: (M+H)" 286; found 286.0.

Step B-3

Fac)LhOQ/CFa

2-(Trifluoroacetyl)-7-(trifluoromethyl)-1,2,3,4-tetrahydroisoquinoline

20 2,2,2-Trifluoro-N-{2-[4-(trifluoromethyl)phenyl]ethyl }acetamide (4.00 g, 14 mmol)
and paraformaldehyde (0.63 g) were combined in a flask and dissolved in acetic acid (11
mL). Sulfuric acid (11 mL) was added slowly. The mixture went from a cloudy solution to
clear and an exothermic reaction was observed. After 40 min, the flask was lowered into an
ice bath. The reaction was quenched with cold water and the resulting solution was extracted

25  with EtOAc three times. The combined extracts were washed with water, saturated sodium
bicarbonate and brine, dried (MgSO,), filtered, and concentrated to afford a yellow oil (4.1 g,
83%). MS calculated for C;HoFsNO: (M+H)* 298; found 298.0.

Step B-4
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[4-(Trifluoronethyl)phenyl]acetonitrile (10.0 g, 54 mmol) was dissolved in a
2.00 M solution of ammonia in nethanol (100 nL) in a Parr flask. To it was
added Rangyp Mosk®Rbkozs 30 (approx. I g). The mixture was spakpshobdifigiis hydr ogen
(50 psi) for 20 h and filtered through celite which was then washed with

met hyl ene chlori de several tinmes. The filtrate was 40 WO 2005/ 115392

PCT/ US2005/ 016318 concentrated Fehe title conpound as a solid. M5
cal cul ated for COHLOF3N. ( MtH) + 9 und 173.1 (MtH- NH3)+ Step B-2 H
NyCF3 5 F3C 1A 2, 2, 2-Trill

uor o- N- PaTFifludromethylivd 200 tetnphydrbizsoguifodinby | ) acet am i de To a sol uti on of

i | sopr opyl otk sHERT Hph SRR T2 P bRt Rbs [ 4 (5 03 cool ed
in an iﬁﬂnolmmlmsveah@wdhunowm@mullfdtasﬁiumadaﬁioh@teqmbxgdrz’9 dendlParldSwatdr, 64

mmol) via a_syrin After 10 being irred in the ice bath for 10 mn, the
i ce Dat K Wid VY%%‘%‘EG a&ﬁ&h%mnﬂtwen\gasc@ﬁ eﬁ‘ufgﬂ 2hy (Afteg £ogling, ta']P“oWé‘l‘“oBOW?ﬁ n. The

reacti ogj\ie$ “ﬂmem&%doé'xtﬁ@féa twlﬁﬂdleﬁlo%{eﬁfan@%tthﬁesr §h& cbinBiled SQkddls ON was
extracted wth nethylene chloride twce. The conbined extracts were washed

with 1 MNerdCldriedd (MEgS€l), dilteead, ( mmcemaqder Burificatian c & dvighr apressureo oi ve
th ! f 0 i ded
B, 0%y e R DB S TS

1H9F6Nowma}us%momﬂm 2B 6= 01 %ISHRHBAEOM) oFGCAM mitFprovided the title

2- (Tri ouor oacet qu|noI|ne 20

2,T -TF?‘FP‘H’Bﬁéy ég}[’h}‘}(%#?“ﬁﬁﬁ%‘re%ﬁéwﬁw%)%r{gﬁjﬁ 2{’%3}' %gig&{z m de (4.00 g, 14
mmol) and parafornal dehyde (0.63 g) were conbined in a flask and di ssol ved
in acetic acid (I I m). Sulfuric acid (11 nL) was added slowy. The
m xture went froma cloudy solution to clear and an exotherm c reacti on was
observegy A jer 40 mn, the flask was lowered into an ice bath. The
reaction ﬁ/as guenched with cold water and the resulti ng sol uti on was
extracted 25 with Et OAc three tinmes.9The conbined extracts were washed with
wat er, saturated sodium bi ca{g| NP _gxr 'ﬁw >Fadried (MySO4), filtered, and

0

concentrat ed to afford a yaot/ow H ) 83% . MS cal cul ated for
CL2HOF6NO. ( M+H) + 298: found 298. 0/\

15  tert-Butyl ((1R,3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
ylJcarbonyl}cyclopentyl)carbamate

To a solution of 7-(trifluoromethyl)-1,2,3,4-tetrahydroisoquinoline (1.7 g, 8.45 mmol)

of Step B-4, (15,3R)-3-[(tert-butoxycarbonyl)amino]-1-isopropylcyclopentanecarboxylic acid
(2.75 g, 10.14 mmol) of Step A-4, 4-dimethylaminopyridine (0.70 g, 5.73 mmol), and N,N-
20 diisopropylethylamine (7.0 mL, 40.2 mmol) in methylene chloride (30.0 mL) was added
bromotris(pyrrolydino)phophonium hexafluorophosphate (5.119 g, 10.98 mmol). After being
stirred for 36 h at room temperature, the solution was concentrated in vacuo. The residue was
purified by column chromatography on silica eluting with 20% ethyl acetate/hexanes to give

2.1 g (55%) of desired product. MS calculated for Ca4H33F3N,03: (M+H)" 455; found 355
25 (M-Boc+H)".

Step C-2
0]

/\
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Step B-4 41 WO 2005/115392 PCT/ US20051016318 HN, \ CF3
7-(Trifluoronmethyl)-1,2, 3, 4-tetrahydroi soqui nol i ne

2-(Trifl uswoasmshissyz 7- (trifluoromethyl)-1, 2, 3, 4-t etrahpdiesnogeisnel i ne (4.1
g, 12 mol) was di ssol ved in et hanol (16.0 nlL). Potassium carbonate (4.0 g,

29 mol ) and wa re added and the m xture was refluxed for 2 h.
After c6dhidd- Ist’ﬁféﬁé’oﬂ ([7r(8rﬂweﬂa11)r%{éd'ydaowqm91@r and extracted with

di chl orgpﬁ.} rj?gg,bfogﬂﬁc ana];bﬁ‘e conbi ned extracts were dried (MySH),
filtere and concen Purification by high pressure chromatography on

silica gel elert-Butylwit h((éRQﬁ'h@I-ﬂ%)mopblf3 {Gesnioremethyl-B,4¢dihydroisoquinolin-

cmﬁﬂﬁaﬁ%ﬁm@@%ﬁ%‘%@%yﬁ@ FOEG%HHE@\IQ"“? l\?ﬁ{if%gdé rhef E)%ljezoz 0.

St ep5 C kol@ioMofCHE! iBd@-dibxdner(106 Bilt)yAfter being stirred for 2 hours, the solution was

| R, 35)-3-1sopro 7-(trifluoro di h 0i.s | no 2(1
1) car b BTAFPTES Bt it ihb et PRI Lt DAY o an ML S RAS haad =(1 0~
7-(trif Ifémlgqu;mb) (M+8)*354; foahd 3$wyxlr oi soquinoline (1.7 g, 8.45 mol) of
Step B-4
(1S, 3R) 3 [ (tert-butoxycarbonyl)am no]-1-isopropyl cycl opent anecar boxylic

aci d %‘:‘Dg 10. 14 mmol) of Step A-4, 4-dinmethylam nopyridine (0.70 g,
5.73 mm and N, N 20 diisopropylethylamne (7.0 nL, 40.2 nmmol) in

met hyl ene chloride (30.0 nmL.) wa tris(pyrrolydi no) phophoni um
hexaf | uor ophosphate (5.119 g, 1R8. ¢ fter being stirred for 36 h at

roorlrpterrperature t he sol ution Waé‘l concenpr ated in vacuo. The resi due was
puri fi ed-Ryyidinl-yih 4alioxaspitaf¢5pdeoyn-8ol si | i ca eluting with 20% et hyl

eS8 Al et G520 4 M SRR 1
42 WO 20Q051ed 46382Phvdé HS&QOgddQA‘é%éﬁnoﬁ b2 3Pt PRARY (363mL). After fthe

| uor onet hyl ) - 3, 4- di hydr oi soqui nol i n
addition, stirring was continued at —78 °C for 1 hour. To it was slowly added a solution of

15  1,4-cyclohexanedione mono-ethylene ketal (15 g, 96 mmol) in anhydrous ether (300 mL).
When the addition was complete, the mixture was allowed to warm to 0 °C and stirring was
continued for 1 hour. The reaction was quenched by addition of an aqueous solution (100
mL) of ammonium chloride (4.5 g). The organic phase was separated and the aqueous phase
was extracted with methylene chloride 4 times. The combined organic phases were dried over

20 MgSO;, and concentrated. Crystallization from EtOAc provided 7 g of the desired product.
The mother liquid was purified on silica gel eluting with 10% MeOH/EtOAc to give another
3 g of the desired product. MS calculated for C;3H;7NO;: (M+H)* 236; found 236.0.

Step D-2

HO

4-Hydroxy-4-(pyridin-2-yl)cyclohexanone
The above product was dissolved in THF (30 mL) and a 3 N solution of HCI in water
(30 mL). The mixture was stirred at 50 °C for 3 hours. After cooling to room temperature,
NaHCO; was added to the solution with stirring until no bubbling occurred. The organic
30 phase was separated and the aqueous layer was extracted with EtOAc three times. The
combined organic layers were dried over MgSO, and concentrated. The residue was triturated
with EtOAc to give 5.5 g of the title compound. MS calculated for (M+H)" 192; found 192.0.
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2(1'H yl]carbonyl)cycl opentanam ne tert-Butyl

((1R,33)-3-isopropyl -3-{[7-(trifluoronethyl)-3,4-di hydr oi soqui nol i n-

2( 1H) -yl ] ¢vs Regyistaycl opentyl ) carbamate (0.80 g, 1.76 pgBus08s6HESSol ved in
a4 M 5 solution of HCl in 1,4-dioxane (10 m.). After being stirred for 2

hours, the solution was evaporated in vacuo to give the desired product

(0.64 g, 94%9 as an HCI salt. MS calculated for C19H25F3N20: (MtH)' 355;

f ound 3%@ $3Step D1 HOO 10 GO 8-Pyridin-2

yl -1, 4- |€xaspiro[4.5Jdecan-8-oI To a solution of 2-bronopyridine (14 g,

88.6 mml ) in anhydrous ether (300 rrL)o cooled at -78 C was slowly added a
0 kfj S

solution of 2.5 Mn-butyl lithi . Cthe addition, stirring was
2@' sl added a solution of 15
ne kéta 5, 96 mmol ) in anhydrous ether

continued at -78 C for 1 hou
1, 4- cycl ohexanedi one nonoxet
(300 nL). Wen the additjo s conplete, the mxture was allowed to warm
cohtinued for 1 hour. The reaction was quenched by
ion (100 i) of ammoniumchloride (4.5 g). The

to 0O C and stirring was
addi ti on of an aqueous s

organic sepay at apd the €0 hase. tracted with
nethyleﬁ@ﬂggﬁgﬁgﬁ%wﬂgyé%%Egﬂ?ﬂ@"BﬁﬂBﬁﬂ%d*@%ﬁ%ﬂﬁ@“nggézﬁihre dried over 20
MySO4  apbcdrborsEiejdlcren) aming Pl Dykidimad-yloytidhesinoEt OAc provided 7 g of the
desired product.  The nother It quid was purified on silica eluting with

. . el
10% McOH Et Ob@ agsplugipy gf éﬂ’d@?ﬁ’éy""P&'“&mo?‘ylrWélO&é’S@Pde(Qr%ﬁlﬁc@.zg]l\/@“@é)l ®ful at ed
for Cl13 ; ' i RV . inolin- .
4- Hydr 05& 5 2@(3 %) r@.ﬁﬁéﬂ}]ﬁf—&?f@) lg%%gx{ﬁé%g u%gﬁg‘gg\%é‘\ Eifrﬂ ggﬁ?’to a{\;\l/g%hnd%(éls{%l ved in
THE ( 30yhtarbanyt) cyclopentagarningi (403 ofg, BE21 immokh o€ Step( €2 in FH2Glnd8 MYt wase was
stirred 5 . f | i o] r e HCO03 was
added t & eHeS%glo u?llrl%%m%&?{dﬁg % ﬁ?\%&ﬁ?ﬁ’i]Iwnr%ﬂglz'b%ﬁe%%g%gcﬁwg .t ?ﬁ% organi c
30 phasenyrmtnee paemight thededctien agsiqoerchédywith agasous XNaGld.t Elsk salationEv4SAC t hr ee

tinmes. The onmpj rgani c |l ayers were dried qver S and. concentr at ed.
Ther esFieonits LiaoH PR Sapdt Tt ol B wiBo The MR Vormaund.
M5 cal cyliaficdd vidorHRINHb' fﬂo@?de 0o Ndlast@orfrs. H3méO 20QTMS Schalated for

PCTI US2005/ 916318 Step 1-3
C30H33F3N30,: (M+H)" 530; found 530.1. Isomer 2: MS found 530.1.

15
(o)
HO <
N
&0
Example 2
4-[((1R,3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1H)-
yl]carbonyl}cyclopentyl)amino]-1-(1,3-0xazol-2-yl)cyclohexanol
20 StepA

N HO
Lo~
o
4-Hydroxy-4-(1,3-oxazol-2-yl)cyclohexanone
To a solution of 1,3-oxazole (2.0 mL, 30.41 mmol) in THF (20 mL) was added 1.0 M

solution of borane in THF (30.4 mL) at room temperature. The mixture was stirred for 1 hour

25  before being cooled down to -78 °C. To the above solution was added a 1.6 M solution of n-

44



O Nf NI CFR3 Iliz~= HO/N 4-[((l] R

3S)-3-1sopropyl -3-[[7-(trifluoromethyl)-3, 4-dihydroisoquinolin-2(113)- 5
yl ] car bon)g{,@%(,g,llgg@znt yl )am no] -1 pyridin-2 yI cycl ohexap@Jr,Ug'g,Ogoﬁghut i on of
4- hydr oxy- 4- pyri di n- 2-yl -cycl ohexanone (42.3 ng, 0.221 nmol) of step D2
and

(1R, 3S) batyllgkipmdp hexape {[I7mL).rAfter stirringat 179 1°C {6, ehe diohyy drsolutionyof héidioxa2( 1H) -

1] car ORI SYELABERA D EO(AT i 818710 B olad] SRL bR 2 (2

sti rr edaat78r'@ofor SOhduesypier rehetion wasequemgiad bytaddition attai DM walaticpueiHOEth wi t h

aqueous oH T on S. extract wth CH2CI 2. The. or ayer was
cancen: PRI ALY AGaevulinE Blion s SEELH sodm femperatuse aperiieht SRR 1 wo

di asger Qﬁﬂi?o&smhﬁ@%bnake and SeracRd WithEtOAc f.lﬁéc tll’%‘) |T|33 Ecthided e)(tllﬂﬂ'tk")«vere530

found 530 | sonmer 2: MS found 530.1. 15 vv~ HO cO_ Exanple 2

4- [ (( 1RIZes over MegyR4aRd concertrated; PP‘Fﬁ‘iﬂB‘Plbh?éﬂHih 9hrgnatosrpnlgw9@ﬁlbmqﬂpm i n- 2(1H)
-yl Camnﬂkiﬁ@’ﬁ‘fd&ﬁé?ﬁﬁ%'&e%% gr]oaﬂc't((i-9‘?g %%Oirc?mg'ck&méabﬁmqmogo Step A

N HO C NO roxy-4- azol-2 Yl')cyclohexanone To a ution of
1, 3- oxaiWH)(lZﬁZqudeSZ)Ml mmol) in THE (20 nL) was added 1.0 M sol ution of
borane in THE (30.4 nL) at roomtenperature. The m xture was stirred for 1
hour 25 before being cooled down to -78 C. To the above solution was added
a 116 Mssplpition of n- 44 WO 2005/115392 PCT/ US2005/ 016318

N=

/'\
&0

4-[((1R,3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
yl]carbonyl}cyclopentyl)amino]-1-(1,3-oxazol-2-yl)cyclohexanol

HO

To a solution of (1R,35)-3-isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-

15 2(1H)-yl]carbonyl}cyclopentanamine (113.0 mg, 0.3188 mmol) of Step C-2 of Example 1 in

THF (1 mL) was added 4-hydroxy-4-(1,3-oxazol-2-yl)cyclohexanone (80.3 mg, 0.443 mmol)

followed by triethylamine (0.5 mL, 3.6 mmol) and finally sodium triacetoxyborohydride (135

mg, 0.638 mmol). After being stirred overnight, the reaction was quenched by addition of

NaOH solution. The resulting solution wés extracted with methylene chloride. The extract

20 was dried over MgSO4 and evaporated in vacuo. The residue was purified by flash

chromatography eluting with EtOAc/1%NH40H to give two isomers. Isomer 1: 73 mg. MS
calculated for C,3H36F3N;303: (M+H)" 520; found 520.1. Isomer 2: 56 mg. MS found 520.1.\
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45



butyllithiumin hexane (19 nlL). After stirring at -78 C for one hour, a
solution of 1,4-dioxa- spiro[4.5]decan-8-one (5.22 g, 33.45 mmol) in THE (10
M) was agggdepsAisey being stirred at -78 C for 5 houpgrukhiBshBagti on was
guenched by addition of a 3 Msolution of HO in water z‘ % rrL?l. ﬁ%he

resul ting sol ut| on was stirred at roomtenperature overnight, neutralized 5
wi t h pottdERIN-3dsepnopyle3- Hﬁdtle&uqrawﬁul)vM-thﬂm@qum@ -A{Hbs. The conbi ned

chr omat S efey iy GReRYBRmMUTh TR RESERRLRRA (' he tesi ot pr oduct

(3.9 g, S#P¥H) . LC-MS cal cul ated for COHi 1N03 (MtH)© 182; found 182.0. 10

Step BO NNCOCF3 ~~~~~~ JJJJJJ/~NHOHO4O[((1R 3S) - 3- Isopropyl 3-[[7-(trii
| uor onet hyl ) - 3, 4- di hydr oi soqui n
yl }car boxyl } cycl opent yl ) am no] - , 3 -2 I ) cycl ohexanol To a sol ution

of (1R 3S9)-3-isopro trifluaromethyl)-3,4-di hydroi soqui nolin- 15
2( 1H - y By g J}lc’py%#wp@m'm{gnﬂf{@a('ﬁ@ 0 ny, 0.3188 mol) of Step G2 of

Exanple 1 i nTo y's'glu(ﬂm '6‘?)2 b‘P@rﬁop@‘iﬁﬁ‘ﬂ ne (0.20 g, 1.258 mmol) in dxa' methylene chloride
80. ol f ol | owed

4- hydr ox 3-oxazol - 2-y és ohexanone

by tri et(%g) \m; c(rgp\swcmddeg gﬂmf )z-baty&llthluniamwxwdwmmk) atcé8 SxyBlesr ohydri de
135

fquench @gw o%"egqt\@bz-?so u -?%?ﬁ: Bﬁ‘ﬁleg\rlazé’%: %tsgﬁﬁ%mg §a°% isbts\évitsract ed

with mstghy Bé nenadhinoCHgE, (3TihE) evas added dRPpwises Thie reachom\mrs shibye(D4t dﬁdCefmapor at ed

n C The r.esi duye rified b fIa ra tin W|th
et ol 3 SR s, Wi 8 gpols spibriom F el B find Rk 18 1)
CZS mGFW&mrél\ﬂibﬂmxtﬁ%QvasfthiMem @Hgd? QHFed tikes. The BEmbiNG £:@1409 v@?eo 1 \' O

N N I HO N N 25 Exanple 3 45 WD 2005/ 115392 PCT/ US2005/ 016318
4-T(( 1Rdgg§ ower| MgdPe dijtereg. and concentrated in vacuo to provide 0.50 g of crude product.

[7-(tri fP'uH ia%ﬁt yLéluﬁP%h%xﬂéf 915 O&P'sﬁgk '] %(u{nﬁé)wn 0 -> 50% EtOAc in
yl } car bonyl } cycl opentyl')am no yrim exano
hexanes provided 0.159 g (54%) of desired product as a light brown-yellow solid. MS

15  (M+H)"237.2.

Step B

GO

=N
4-Hydroxy-4-pyrimidin-2-ylcyclohexanone

20 To the product from step A (190 mmol, 44 g) in THF (200 mL) was added aqueous
HCI solution (300 mmol, 100 mL). The reaction was stirred over 2 days and extracted using
diethyl ether. The aqueous layer was then neutralized using aqueous NaOH (50%) to obtain a
pH of 11 and extracted using EtOAc (6 x 300 mL). The organic layers were combined and
dried over MgSO4 and concentrated in vacuo. The residue was purified via flash

25  chromatography on silica to afford the desired ketone (18 g, 49%). MS (M+H)" 193.1.

Step C

CF3
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Step A} CNNH ~/ '"OOD 5 8-Pyrimdin-2 yl-1,4-dioxa-spiro[4. 5]decan-8-ol
To a solution of 2-bronmopyrimdine (0.20 g, 1.258 nmmol) in dry nethyl ene

chl ori de v(@zdas/ms)gzwas dropw se added 1.6 M of n-butyl bit/pée68di6s1pexane
(0.86 nL) at -78 C. The reaction mxture was stirred for 29 mn at -78 C

and 1, 4-di oxa-spiro[ 4. 5] decan-8-one (0.196 1.26 mol) in CH2A 2 (3 nl)
was addéd((dRé&m?—b@proméﬁ{é’a@wﬂmﬂomﬁb%ﬁ ﬂfdtbdrfatoquimhn:?{ )-10 50 min and

guench er being warned to room
t enper a?léérlgéb(b?ﬁgwﬂq% %}ﬁm%az?é’%traag%émg be Cl2 three tinmes. The conbi ned
extracts werBo adsolution wf et-hydyd44-pyrithidir 2¢l-cyribhexamoaa (5%8 e, 0B lvamot) t o

i de 0,50 f duct i £icat h h
B T e g o ot g e Bt aR 3 ot B e S a8 P op o
desi 5edyl}éa?&iﬂgl}cﬁﬂop%n{ahﬂmnel?TlQ)Viﬂg,)Oejﬂrﬁfﬁbﬁ@fStép OVBof BfanpW HirfCAR1, 20 Step B

~NHO Vv dr oxy- 4 I n-2 cycl ohexanone 20 To_the product from
step A pl9ovasmisided 4@!1131}1 cmﬂbemﬂf};}ﬁ)(lﬁb@%dﬁ@j mipel odler haing stredt i on (300
mol , 1 t V, si ng

i ot hyi Drighs mEAE sOBBE A0 dHBoh e i Rlded 1 BB IR L IOEL B IS \aon

(50% t edotibgngensto @Ielquvalbnts, Mw stirringafot embthesisniys BhOseaction wag@@&noked. The

I d d S trated i
a0, YHE PSSR PRRER oot e 3 AR B B i
"o o Eﬁﬂb‘ﬁ?%ﬁ?‘*ﬁ?ﬁﬁ%@%@% URO05 16318 L (LR v o o M
3S) - 3- | Sypmatggraphy fqllowed gr ?%&mm&s?mgs ASneTylpndii 2nMS Gajpulated; 1)

yl Jcar bep\d ;m+§1311| psuhd 53pyri m din-2 yl cycl ohexanol To a sol ution
of 4- hydrofg/}% %3??& di n- 2-'yl - cycl ohexanone (59.8 ng, 0.31 mmol)

(0]
H
HO < .
N=
15 &S

Example 4

4-[((1R, 3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1H)-
yljcarbonyl}cyclopentyl)amino]-1-(1,3-thiazol-2-yl)cyclohexanol

Step A '

OO0

20 S o}
8-(1,3-Thiazol-2-yl)-1,4-dioxaspiro[4.5]decan-8-ol

A 1.6 M solution of »-butyllithium in hexanes (8.1 mL, 12.92 mmol) was added to a

solution of thiazole (1.0 g, 11.75 mmol) in THF (10 mL) at -78 ° C with stirring under N,.
After being stirred at -78 °C for 1 h, a solution of 1,4-cyclohexanedione mono-ethylene ketal

25  (1.84 g, 11.75 mmol) in THF (10 mL) was added to the solution via syringe and stirring was
continued for 3 h at -78 © C. Water (5 mL) was added, and the reaction mixture was warmed
to room temperature and extracted using EtOAc three times. The combined organic layers
were dried (MgSOy), filtered, concentrated in vacuo and chromatographed to yield 2.53 g
(89%) of the desired compound. MS (M+H)" =242.2.
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and

(1R, 3S)-3-isopropyl -3-{[7-(trifluoronethyl)-3,4-di hydroi soquinolin-2(1H- 5
yl ] car bon nt anami ne (110 ng, 0.31 nmol) of St < anple 1 in
CH2Cl 2 (1yé%§/\5\%§ﬁadded sodi um tri acet oxybor ohydri de ?@%%8%8522 nmol ) .
After being stirred overnight, nore sodiumtriacetoxyborohydride was added
to bring the equivalents of the reducing agent to 5 equivalents. After
stirri ng f%r another 5 his, the reaction was quenched w th aqueous NaCH.
The restf®fnhg sol ution was extracted with EtOAc three tinmes. The 10 conbi ned
extracts were dried over MgSO4 and Hdpeentrated. Purification by flash

chr omat ogr aphy fol |l owed by HPLC [gayre =Q@oners. |Isoner | and isonmer 2: M
cal culated for C29H, 7TF3N402: (l\/HrSi) 531; found 531.1. OCF3 NN 1111z HO

15 Exanplmgdfoxs-4-(if (ﬂﬁmzol-Z cyclohexanone
3S) - 3-1 sopropyl - 3-{ tr| I"uor onet hyl ) - 3, 4- di_hydr oi soqui nol i n- 2(

H)
yl ] c&r bonyl }é)ﬁ@l‘l@%ﬁf béﬂhlmql-2ﬂy1)fh,4@10mspg9m 5]Q°%jsc®1dl@r8€ﬁdﬂ@lm@i@p A N HO
O 20 r, 1 XASEY p[ 4 1.6 M
sol ut 1 02> Tt 7 N CAELy Ry sl st o5 D€L o aREERGGRe Yoeal i o &
sol ut i orenyglerature athmhaxt(xﬂe Wagtreatet With Naxl0s tDrle's @hd @&macmd)wh;h EtQ&c thf}:ew t
stirring und er bei stirred - a, solu n
T 0y PBHE TS aninGeh REeeBEesh v iaeRia v el Moy Bl el i (10
M) was (Mgsiog, ind coh@nafteditd give 08@g$98%)ﬂgﬂle’otl’t[é cdhipblind) (MBESI+HYOA 98121€d for 3
h at -78 C. Water (5 nL) was added, and the reaction m xture was warned to
roorlrpterrperature and extracted using EtOAc three tinmes. The conbi ned organic
| ayers SWB'ce dried (MyS04), filtered, concentrated in vacuo and

chromat ographed to yield 2.53 g (89% of the desired conmpound. M5 (M+H) + =
242.2. 47 WD 2005/ 115392 PCT/ US%_POS/Ol 318 St ep B N HO

6
to
h

HO /\

4-[((IR, 3S)-3-Isopropyl-3 -{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
ylJcarbonyljcyclopentyl)amino]-1-(1,3-thiazol-2-yl)cyclohexanol

15 To a solution of (1R, 35)-3-isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-
2(1H)-yl]carbonyl}cyclopentanamine TFA salt (46.8 mg, 0.132 mmol) and 4-hydroxy-4-(1,3-
thiazol-2-yl)cyclohexanone (30.4 mg, 0.154 mmol) in dichloromethane (10 mL) was added
triethylamine (23.6 uL, 0.169 mmol) followed by sodium triacetoxyborohydride (56 mg, 0.26
mmol) at room temperature. After being stirred overnight, the mixture was diluted with

20 dichloromethane and neutralized with NaHCO;. The organic layer was washed with brine,
dried over Na,SO4 and concentrated. The residue was purified by flash chromatography on
silica to give two isomers. Isomer 1 and isomer 2: LC-MS calculated for Cy3H3¢F3N;0; S:

(M+H)" 536; found 536.2.
0

: |

~CFs
S
HO 2 N

ZI
4

25 Example §
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S 4-FWdroxy-4-(1,3-thiazol-2y|)cyc|ohexanone 5 A solution of
8-(1, 3-thiazol-2-yl)-1, 4-di oxaspi r o[ 4. 5] decan- 8- ol (1.0 g, 4.14 mmol) in 20

ML of THEYXy@20ysfifsse 1: 1) was stirred for I h at 50 lkifdg to room
tenperature, the mxture was treated with Na2CO3 to H%Ir@% g@télgcted W th

Et OAc three tinmes. The conbined organic | ayers were washed W th saturated
NaCl soM((@R3S)-GIsquropy Ny 43 riflwordmethyt)eT8-diltyd co-1 6-miphehydidin-6(FH)98%) of t he
title copgpound. M-HL' = 8.2....10 St O NN CF3 vv/~ HO ¢S 4-[((!
R 39)- 35&'38?36?)‘?)"\/%&“{%“?{9”&3t@%&'ﬁ&’ﬁ\?%ﬁ%c&‘em"ﬂydr oi soqui nol i n-2(1 H)

yl ] car bg'ré)sl,q).g:ycl opentyl)am no]-1-(1, 3-thiazol-I yl)cyclohexanol 15 To a -
solution of (1R

3S)-3-isopropyl -3-{[7-(trifl uororre §F34 di hydr oi soqui nol i n-
2(1 H) -yl ]carbonyl } cycl opent anam ne salt (46.8 ng, 0.132 mmol) and
4- hydr oxy-4-(1, 3- thiazol - 2- yI)c Héxanone (30.4 ng, 0.154 nmml) in

di chbor grBroharse(tiflibromethyipsridtdBdl tr| et hyl am ne (23.6 uL, 0.169 mmol)

Lamor ot ur 6. TArR SPRRN Ab SEOMEALIPGRI-ok (57 ke OF SVRBL 811588 wi  h 20

di chl or gpgibasey @“@4 Hﬁﬁgl)”\la %ﬁéﬁi d%ﬁd“ad}@(‘ﬁCELg Wae a@déﬂaﬁ}bﬁldea(ﬁ%?) nigseswas hed
with brine, 'dried over 4 and concentra he residue was purified by

flash cmmoehebpoaptempsraturs The avhite clpudy selwton Sléwa tunqdsigteep cleapePWnsoner 2:

0 v SRS Gt B HESER 0 Forchs 1 1B B P ool T 5

4-[ (101 RinperBurk sangd tiognydvaforfted under reduced pressure The residue was neutralized with

[3(tr|fluor )-7,.8-di hydro-1, 6-n i di n-6(5

U1 Sar borRe B sohisnds R & 1hs frRhe sdlfonvis b pih Bigpe thre
times. The combined extracts were dried over MgSQ,, filtered, and evaporated in vacuo to
yield 15.1 g (99.8%) of the crude product (15.1 g, 98.8%) as a white solid. LC-MS calculated
for C¢H3BrF;NO: (M+H)" 241.9; found 241.9/243.9.

15 Step A-2
0]

H | N CF;

HO” N”
2-Hydroxy-5-(trifluoromethyl)nicotinaldehyde

3-Bromo-5-(trifluoromethyl)pyridin-2-ol (8.20 g, 31.2 mmol) was added in small

portions to a suspension of sodium hydride (0.8575 g, 33.94 mmol) in anhydrous THF (76

20 mL) at room temperature. After complete addition, the reaction mixture was cooled to -78 °C
and treated with a 1.7 M solution of tert-butyllithium in pentane (40.0 mL) which was added
dropwise via a syringe over a period of 15 min. After stirring for 5 min, anhydrous DMF
(8.16 mL, 105 mmol) was added slowly while maintaining the temperature below -50 °C. The
reaction mixture was then stirred overnight allowing it to warm to room temperature. The

25  resulting light brown mixture was quenched by addition of a saturated NH4Cl solution. The
pH of the solution was adjusted to 9-10 by addition of aqueous NaHCO;. The resulting
solution was extracted with EtOAc four times. The combined extracts were dried (MgSQs),
filtered and concentrated to provide a brown solid crude product (7.33 g, > 100% crude
yield). MS calculated for C;H4F3NO, (M+H)" 192; found 192.1.

30
Step A-3
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Step A-l BrCks | HO HO 5 3-Brono-5-(trifluoronethyl)pyridin-2-ol To a
solution of 5-(trifluoronethyl)pyridin-2-ol (10.52 g, 62 mml) and sodi um

acetate (5v8%08118¢k Mol ) in glacial acetic acid (38 nmepprr@s0e6dsid br om ne
(3.36 mL, 65 nmol) at roomtenperature. The white cloudy solution slowy

turned into a clear brown sol ut Non whi ch was heated at 80 C for 2.5 h. The
m xture was allowed to cool to ro t erature and then evaporated under
reduced pressure. The residue was naptrﬁl ized with saturated NaHCO3
solution to pH = 8. The resul ti ng4gotNt1 on was extracted with Et OAc three

times. Th extr s were dried over MgpSO4, filtered, and evaporated
in vacu-cr?’?%f’ %P’Hﬂﬁ@%‘f’g VWHEOBIRITTE + he crude product (15.1 g, 98.8% as a

white solid. ALGriMareC 3f Quhydlr & -S5-{tAfluéz6ineBy s déanaldbhyde (32801 £9;17(90 wiisbl
241.9/ 243. 9. 15lStep A-2 o%%tHoule pribbiina ( _g ,)
2- Hydr oX3ppeax; OPYapirset sodiumm feretendi4det 2§ mmol), hydroxylamine hydrochloride

3 B 8o baf brd 4 HAHCRTR ihtlia B (36 4n) Ghs bifeedh fooritmdeBBL dor Y3oRURET 1

snal ortrfons to suspensi on of so |um 33.94 'mmol ) in
anhydr olbsowiHEoljtith) 2ad theh haated teoreflie ppernight(fiest cmrar bro“cmqmt@netham dioudyon, t he

reaction _m e . was co edto tr dwthal ol.ution of
Fort- budghrr el PR SRfkaRPmo Brimp R Bl mifed ol i 2

SYr i nge v rand exx€icted dvick EtOA cnthite uAfe"s ETheSoinbiried grdanic 1oyt Wereavﬂswﬂr\oius DVF
(8.16 nL, 10 ded sI Whl| mai nt ai nj e te ture bel ow
J50 T. THET "&Q&"%P/Ymt 81&53% n'éﬁt? revecur & Wie@%t bg g‘%? P{Jto war m
L0 neompe psleat tide J&ctﬁ%&ﬁﬁmﬁwgﬁuﬂyg% DHRWM TbKd.UMS ‘éﬁﬁul%@%hed by
addition of a sat ura sol ution pH of the solution was adjusted

to 9- 10 Gi:EdePt D 8%dfawesBINLHCOS. The resul ting solution was extracted
with Et OAc four tinmes. The conbined extracts were dried (MgS™4), filtered
and concentrated to provide a brown solid crude product (7.33 g, > 100%
crude \eplat¥. MS cal culated for C7HAF3NO2 (MrH)' 192; found 192.1. 30 Step

A-3 49
N
X ~~CF3
|

Ci N
15 2-Chloro-5-(trifluoromethyl)nicotinonitrile

To a mixture of phosphoryl chloride (1.28 mL, 13.6 mmol) and quinoline (0.834 mL,
6.92 mmol) was added 2-hydroxy-5-(trifluoromethyl)nicotinonitrile (2.93 g, 11.7 mmol)
(crude, 75% purity). The resulting mixture was heated to reflux for 4 h. After cooling to 100
°C, water (7.0 mL) was slowly added. The mixture was further cooled to room temperature
20  and neutralized carefully with saturated NaHCOs. The resulting solution was extracted with
EtOAc three times and the organic layers were combined, dried over MgSQs, filtered, and
evaporated in vacuo. The crude product (2.35 g) was purified by flash chromatography
(15:85 EtOAc/hexanes) to afford 1.81 g (75%) of the desired compound as a dark brown
solid (>85% purity).
25
Step A-5

tert-Butyl Methyl [3-Cyano-5-(trifluoromethyl)pyridin-2-yl]malonate
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WD 2005/ 115392 PCT/ US2005/ 016318 NCF3 HO N
2- Hydroxy-5-(trifluoronmethyl)nicotinonitrile A mxture of

2- hydr oxy wiy 40b$/i1k3g40r onet hyl ) ni coti nal dehyde (3.80 g, Pcf/@s2o5Rhd318 (PP OX.
90% purity) , sodiumformate (1.46 g, 20.8 mml), hydroxyl am ne

hydrochloride 5 (1.47 g, 20.8 mml) in formc acid (36.6 nL) was stirred at
room t enper al@resuspemsian fof (solliomdlyydside P 752 Igu 29.8rpmahdnt Fidh (Heatlodinder r ef | ux

overni g ft.roéér{ \;vg acf:ﬂle&\ ﬁxropbrsgvmﬁo l Ut k‘ & t'-buk)t]%etgl ou é/nat 8%818@1% Qfé oBel ng

cool ed oom enperatu O 84¢ uenc wat er
and ext inedry SHR(1SImEY Ydkeyrirpe @iRrihg aperiodlbfel Sanniorrheﬁbaouimmmé ape stmader e

hed t water, d d d d t
Vel d sls20grinerronsgluin GRS ddsi e e b B BERIERS (LB B PRS0, pur i Ty)
as asbr gyHs qbo %Ls}'\@asca%ihw kRWeA Afff& being RN oofMekbérahd ovdrRighd the89. 0.

Step A-4 N - 15 "2- Chl or 0- 5- tr|fI uororretgﬁl)m cotinonitrile To

a M xt ureaclism Wirdese asyquenthed itheaqueosgNFHCL. THFgwasnismpvesh it viskeend the (0. 834
i, t le (2.93
g, 11. 78@ngﬁg>é&llztmswd£de‘l§g%ﬁd tlé{tlﬂ tﬁggjxc ?ﬁé& Fl*gfgﬂ | %ﬁltbméh)o %a?lﬁ: M%%‘;efeeld e (

refl ux toed dven Mg8Q¢filtered| andgvaporadtedin i&cuavaﬂercr@dk lﬁowh)prmimt @l log) \yasadded.
The mi f h I 2 I d
car ef ul P T Qeshhipiasoentoed S FRORRbEIRR G et e (@O Fala wi e

Et Of¢ t bfodfctlas ABRIIGWAilt DE-MS dalbultted 8+aT,SH ENBOF QVBIH)E d45; FoarficD 43\0eM-My SH4,
filtered, and evaporat ed in vacuo. The crude product (2 35 g) was purified

by flaskQBushlbgr aphy (15:85 Et OAc/ hexanes) to afford 1.81 g (75% of the
desired conmpound as a dark brown solid (>85%purity). 25 Step A-5 CF3 05 N
O OX tert-Butyl Methyl (3-Cyano-5-(trifluoronmethyl)pyridin-2 yl]nmalonate 50
WO 20058&p2382 PCT/ US2005/ 016318

HN | N CFy
2

o) N

#oX

15  tert-Butyl 7-Oxo-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine-8-carboxylate
To a solution of tert-butyl methyl [3-cyano-5-(trifluoromethyl)pyridin-2-yljmalonate
(4.02 g, 11.7 mmol) in ethanol (60 mL) was added a slurry of Raney Nickel (0.60 g, 10
mmol). The mixture was placed on a Parr apparatus and hydrogenated under hydrogen at 40
psi overnight. The suspension was filtered through celite and the filtrate was evaporated in
20 vaccuo to afford 3.68 g (99.6%) of the desired product as a yellow oil. LC-MS calculated for
C1aH15F3N;05: (M+H)" 317; found 217.1 M-CO,tBu+H+1)",

Step A-7

Z
o) N
25  3-(Trifluoromethyl)-5,8-dihydro-1,6-naphthyridin-7(6 H)-one
To a solution of fert-butyl 7-oxo-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-
naphthyridine-8-carboxylate (3.60 g, 11.4 mmol) in methylene chloride (14 mL) was added
trifluoroacetic Acid (6.75 mL) and the resulting mixture was stirred at room temperature for
0.5 h. The solution was evaporated under reduced pressure and the residue was dissolved in

30 CHCl,. The mixture was neutralized by the slow addition of a solution of saturated NaHCO»
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To a suspension of sodium hydride (0.752 g, 29.8 mmol) in THE (18 ni) under
nitrogen was added dropw se a solution of tert-butyl nmethyl nalonate (3.18

m., 17.9 R¥@hbdos/1ispe2dry THE (15 nl) via syringe during pcpekiedshieiigld m n.
The reaction m xture was stirred for 30 mn before a solution of

2-chloro-5-(trifluoronmethyl)nicotinonitrile (4.0 g, 14.5 mmol) 5 in THE (30
nL) wasandibie gresnigdaypr was removidThg agueopy layeravasegisaatedowite Che Gl oW digieni ght , t he
reactiog 4u | ik Hﬁﬂ\% N LEPDREL Ion vacuo
and the&%ﬁg%{flgnso %ﬁgnﬁ?b\/\g&e\géx%g?e §?H%Etg§g\b;{dh%rv \ggé?ti nmes. Thig conbi ned
or gani caffard@r4S gid 08%) df desttedpredudvgsSOrgllon Jolidr leGtMSicalcwatedfor £ :NO:vacuo.

The cru _pro (7.1 g) was purified by flash chromatography (10: 90
Et OAc/ hg;§ﬁigwt§’“ﬁ$?§}r% 4.20 g (84% of desired 10 product as a yellow oil.
LC-Mp cal cul ated for CL5H15F3N204: (MtH) + 345; found 245.0 (M CO2t Bu+H+1) +.

Step AA-6 HN CF3 O N O Ox 15 tert-Butyl
7- Oxo- 3S(eP|'4'r‘$I uoronet hyl)-5, 6, 7, 8-tetrahydro-1|, 6-napht hyri di ne- 8- car boxyl ate

To a solution of tert-butyl neth . ~CF3

[ 3-cyano-5-(trifluoronethyl)pyrigl n-R-yl]mal onate (4.02 g, 11.7 mol) in

et hanol (60 nL) was added a slurr ney Nickel (0.60 g, 10 mmol). The
m xture s.,pl ace arr . a rat us ,and. hydrogenat ed under hydrogen at 40
pSi over?irlﬁrdﬂ'?".mmgﬂg'gﬁe‘gﬁtr@ﬁy‘&gg’?ﬁ"f’?’é’?’é’ "fhrough celite and the filtrate
was evapor at gl al VelRW Vidperstont 6f @J:gtfri@lhgroﬁwﬂﬁl)%,ﬁ-aﬂr 806 1,6mapHgridas7@HEL product

as a yellow oil. LC-Ms calculated for Cl4H 5F3N203: (Mrﬁl-_l) +317; found 217.1
(M &00t Bre-(408) g, 9.6 mmol) in THF CFBmLyvas added slowly a 1.0 M solution of borane in

Cort bl ST BB A BN e L bt il [ on o
napht hy N dveraight. dftebovephightaedcBos,Gwg pedks weradatdciedi Thenmhjoy peakd >80 bwasde (14

m.) was ,added trifluoroacetic Acid (.6.75. nd th td ng M xture was
stirred ﬂ};ft g%r’rﬁ%’éréf JPRo% B?ak ﬁ‘.’%{lﬁ.&fﬁg}b&%ﬁgi eﬁ&vﬁz% afﬁ'oﬁ%gfreg) under
r educed bfrakdosw the Borand ¢tenpl@s iiLotoud seadiicioiaixnae wias trédled by dedpwisd bdditionkt ur e was
neutralized b ]Ehe sl ow addi tion of a sol utjon of saturatfgﬁg\a}ggﬁ 51 WO

20037 11956 MpA) US04/ bares smounts of pebley aach heat v gerpzale
aqueous gk Ao TclNas yelxdw sQhsh Wad firfehi2CGodmf @Mperhtuf®Svernight. After evaporation

of solvents, the yellow crude product was dissolved in 25 mL of DMSO and slowly treated

with TFA (4 mL) to get a yellow brown clear solution, which was purified by prep-HPLC to

provide approx. 2.60 g (63%) of desired light yellow sticky product as di-TFA salt. LC-MS
20  203.0 (M+H)".

To further purify the product, the TFA salt obtained above was neutralized by
treatment with a NaOH solution. To the resulting free base (270 mg, 1.3 mmol) in
dichloromethane (10 mL) was added di-tert-butyldicarbonate (580 mg, 2.7 mmol) followed
by diisopropylethylamine (520 mg, 4.0 mmol). After being stirred overnight at room

25  temperature, the solutiori was diluted with dichloromethane, washed by saturated NaHCOj3,
water and brine, dried over Na;SOy, filtered, and concentrated. The residue was purified by
flash chromatography on silica eluting with 50% ethyl acetate in hexanes to give the Boc-
protected product. The product was treated with a 4 M solution of HCI in 1,4-dioxane (10
mL). After being stirred at room temperature for 2 hrs, the solution was evaporated in vacuo.

30  The residue was treated with ether to give the desired product as a white solid (159 mg). MS
calculated for CoHgF;N>: (M+H)+ 203; found 203.0.
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and the conbi ned organic |ayers were dried over MpSO4, filtered, and
evaporated in vacuo to afford 2.45 g (100% of desired product as a yellow
solid. LCwb20mhessbated for COHZ/F3N20: (MHH) + 217; f owpeaguddebstresds Step A-8
HNICF3 N 3-(Trifluoromethyl)-5,6,7, 8-tetrahydro-1, 6-naphthyridine To a
yel | ow suspension of 3-(trifluoromet hyI) 5, 8-di hydro 1, 6- napht hyri di n-7( 6H) -
10 one (5'26170'819 9.62 mol ) in THE (14 nmL) was added sIovny a 1.0 Msolution
of borane in THE (48.5 nL) and the pesulting clear yellow solution was
stirred at room tenperature under htg,: After overnight reaction,
two peaks were detected. THechHNs eal %% was the borane conpl ex, the
m nor peak was the desired produ /pea I n order to br eakdown t he
borane conplex, the cloudy reaction mxture was treated by dropw se addition

15 of 6 tem-Bay! (1B ﬁ&)?-lsqpawwa{{rb(rrzﬂgorememwl%@hzdm Ikémphmrlérng@(ﬁ@-at ed. The
I I I d
resu _t| R/g &%h)g}r}&ngp&bgﬂ M, );zg ow solution was stirred at roomtenperature

overnig i on - %of sol vent s, the yell ow crude product was
di ssél ved inT85 ra_ osfoh[ﬂvBO anfd s‘&l-(mﬂqorctmﬂhul)ad6m-teltraﬂ')ﬁ@o -1 #-maphthyridigeet a

yel | ow bg,0 | ear s tion i-Gh was puri.fi dby L rovide
appr ox. g?? Eloflg%o 8%#] 08 I’ggg‘?‘ﬁl gﬂ‘[m%% %6w tf’?ck Q?Pt gﬁégoh(’g A salt.
LC M5 %Qto%?&rlfbné' 1stpfdplytcba6pda%eéavbdxb&c @cﬁ@wgt g, 6.7% mhfofy sfadeép obt ai ned
above was neutralized M reatnment with a OH solution. To. the resul ting

free bady4ipbrample 14n dichlopmethane (1) mh) wﬁréﬁéma‘hém(eilw Inopyding {3 me,
di - tert ojt yhﬁiﬁ(ﬁf‘r hR @atcﬁlsgﬁ’g”@'lé[ﬂylmgmz ”gmb e gl | 9yed mabdi) folhowed by

di i sopropyl et hyl am ne bei ng stl rred over n| ght at
r oort025 bmmmﬂaymlsédmo}pbonimhm hexafleerophiosphated(27P kg, di Fhinmobmdftkmbeing washed

by sat urg k- [ d bri f and

concent ra gh%a L1930 uggl erg&f)ulr?hf “Eﬁ‘mg g?*‘&ﬁ“@%ﬁ?%%er%mﬁ&%ﬁedsl i

el ut i ng witkt knuﬁ&%l NdHCORceitat andi l'ImthﬂﬁétBSvetrd\I:gS% filezed3Qmd qvapuraed ed

product. The _product was tre th a 4 Msolutjon f HCl i oxane

0L jracus 1B SHe VIR bR af P REiERPRY Oh cHich =i v Stohstbi or on

was evara@éta% af Heﬂaﬂé@%'%w@ﬁ’()o-rh@ SfeSdsHME pMtict! MR EABuINEd Torethen,Fi,@i ve the
ct as a white solid (159 ng). M5 calculated for COHOF3NZ;

desired g@ *1
( MrHP+ ANEH)T 636 doumd 3562 (WbBewdH005/ 115392 PCTI US20051016318 Step B-1

Step B-2
O
HZN,G_:)LN | X~ CF3
/T N7

(1R, 3S)-3-Isopropyl-3-{]3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5 H)-
20  yljcarbonyljcyclopentanamine
tert-Butyl ((1R, 38)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]carbonyl} cyclopentyl)carbamate (300 mg, 0.6 mmol) was dissolved in
a 4 M solution of HCI in 1,4-dioxane (20 mL). After being stirred at room temperature for 2
hrs, the solution was concentrated. The residue was treated with ether to give 250mg of
25  yellow solid. MS calculated for C1gH24F3N30: (M+H)" 356; found 356.1.

Step C
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XO BocHN.( NN CF3 N tert-Butyl ((1R

3S)-3-1sopropyl -3-([3-(trifluoronethy!)-7,8-di hydro-1I, 6-napht hyridi n-6(5H) -

yl ] car bon ntyl)carbamate 5 To a sol ution of

3-(trifl uﬁ%ﬁﬂ@%ﬁﬁ 6,7, 8- tetrahydro 1, 6- napht hyri dll;ICeT/USZO%S/Oé?%%hI ori de

(159 ng, 0.574 mmol ) of Step A-1, (1S, 3R) 3-[(tert-

but oxycar bonyl )-am no] - 1-i sopr op Icycl opent anecar boxylic acid (0.21 g, 0.79

mmol) of Step A-4 in Exanple | s (10 nL) were added

4-di net hyl am nopyri di ne (38 p¥ m@g‘rﬁadl i sopropyl et hyl am ne (180

ng, 1.4 mmol) followed byydQ rmtr/\py oIN/di no) phophoni um

hexaf | uor ophosphate (270 yrg,/~9.57 mmol ). After being stirred overnight at

roomtenperature, the sofuiion was diluted wi th dichl oronmethane, washed

wi th saturated NaHCGB, and brine, dried over Na2SO™4, filtered, and

evapor a hers [ Y t ogr aphy on
Wﬁ(“,? gg) Yo Ropy }12{ @ﬁﬂ%ﬁm%ﬁ) -P8Ldikyarsl1 BYnd ?hﬁ&hd:ﬂ*b’ég?@ :

silica elut acetate in hexanes to give ng of desired
pr oduct y/jevsbaral}cxdlapennt]) amino-2 AH3 ke 33 cyclgheganal)) + 456; found 356. 2

M B 2.0
gS) - g?rslj%;r oﬁ I S?IF%O"(téfl\hgbﬁdﬁgtlﬁ%ﬂﬁpﬁ%{%l(ﬁg oronﬂemgl)napﬁihﬁyrl d?'n- 6( SH) -
gg) yg ] cm&mﬁuws?pgwm?pbmopmﬁmﬁgm ;7/(1433 (m_g”hezgz mlmol) of Step B-2, 4-
- | -1 tri uor onet -/, o-.Ql rQ- 1, o-
abht hy FrPR S0} alsustOxegane o shvd) o FFRel:. Sadtamgle d: e¥hol ) was
di ssol vegHyhmiae 40.064 fILUt0. mnﬂﬁolﬁﬁ nieﬂlyﬂenélcﬂrogaamm a0 Wis addld tsediumei ng

stirred at roomterrperature hrs, the solution was concentrated. The
r esi duetriggetoxyberohudride (78 reg, We%S mmo Biat eoonBtsmgersiure. 2sfter being\stised Rirooms

e AURIC S gl S SR st

R, 38) - 3NkHOM:.OPly orgari§ Bayét wias washed mmymr ahd Wing] dhyed ovet Na2504, filtered,

S |- ;] 25 2|t o éygh%fc\t% nH?aacuX "l'l'?earrég e’ wzsCB/ ﬁ%ﬁ) %9 tﬂ%sl? %1%mngtl)graplsy on si 1ca eefutmg 2

with 0% to 5% triethylamine in ethyl acetate to provide two isomers (15 mg and 13 mg). MS
calculated for C27H3sF3N4O, S: (M+H)" 537; found 537.2.

H
HO S
N=—
15 /Q\/S

Example 6
4-[((1R, 35)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinelin-2(1H)-
yl]carbonyl}cyclopentyl)amino]-1-(4-methyl-1,3-thiazol-2-yl)cyclohexanol.
The title compound was prepared in a fashion similar to that described for Example 4
20  starting from 4-methyl-1,3-thiazole. MS calculated for Cy9H33F3N>O; S: (M-*~H)+ 550; found
550.2.

CF;

>I‘IZ

HO
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To a solution of (1R

3S)-3-isopropyl -3-{[3-(trifluoronethyl)-7,8-di hydro-1,6- 5

napht hyri di 5 »Yyl } carbonyl } cycl opent anam ne (41 ny of Step
B-2, 4- h%?%"%’?‘ﬁ%(zl, 3-thi azol - 2-yl ) cycl ohexanone (46 lr’r%],%%z.%%@lgmmml ) of
Example 4, and triethylamne (0.064 nL, 0.46 mol) in nethylene chloride
(10 nL) Exmapledded sodi um triacetoxyborohydride (73 ng, 0.35 mmol) at room

was’ i | tubER S hemtmpr b iforamel i s afar Desmanthy i RDs e - ©
or gani CyjjeyBsnyIRFcIp&itpNaninb 1 (@ nfthyd 18- thidzZoR2-ylhcy @6haxumél. Na2SO4, filtered,

and evaporated 1.n vacuo. The residue, was_purified by flash chromatography on
silica elutiHs title campoynd; wasorrenagadnip anfsion gnapgrys tacbabdesciibedyfdyi de two

i songrs : Q. + 537;
Fountd S5 pd A Forfimel-| S BEH AR e CFTAHpARROPS: (Y
3S) - 3- | $hlpdfawdISSB3{[ 7- (tri fl uoronet hyl) -3, 4-di hydr oi soqui nol i n-2(1H) -

yl }carbonyl} cycl opentyl)am no}-1-(4-nmethyl-1, 3-thiazol -2-yl)cycl ohexanoL
The title conmpound was prepared in a fashion simlar to that described for
Exanple 4 20 starting from4-nmethyl-193-thiazole. M5 cal cul ated for

C29H33F3N302 S: (MrH)' 550; founp . K3 HO~ N -cS 54 WO
2005/ 115392 PCT/ US2005/ 016313 e 1 4- R,
3S) - 3- 1 sopropyl - 3-{[3- (tribl onmet hyl )™~ 8- ydro-1, 6- napht hyri di n- 6(5H) -

yl ] carbonyl } cycl opentyl) a 1- (4-nethyl -1, 3-thi azol - 2-yl ) cycl ohexanol .
The title conmpound was pyepared in a fashion anal ogous to that described for
5 Exanple 5 starting from4nethyl -1, 3-thiazole. M cal cul ated for
C28H37F3N402 S: (MtH)' 5%1; found 551. 3.

Example 8
10  4-[((1R, 3S)-3-Isopropyl-3-{|7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1H)-
yllcarbonyl}cyclopentyl)amino]-1-(5-methyl-1,3-thiazol-2-yl)cyclohexanol

Step A
s HO o}
OO
N o}

8-(5-Methyl-1,3-thiazol-2-yl)-1,4-dioxaspiro[4.5]decan-8-ol

15 A 1.6 M solution of »-butyllithium in hexanes (5.70 mL, 9.12 mmol) was added to 8-
(1,3-thiazol-2-yl)-1,4-dioxaspiro[4.5]decan-8-ol (1.00 g, 4.14 mmol) in THF (10 mL) at -78
°C with stirring under N,. After being stirred at -78 ° C for 1 h, methyl iodide (0.71 mL, 9.12

mmol) was added to the solution via syringe at -78 ° C. The reaction mixture was allowed to

warm to room temperature slowly and stirred overnight. Water and EtOAc were added. The

20 aqueous layer was extracted with EtOAc three times. The combined organic layers were
washed with saturated NaCl, dried (MgSQO,), concentrated and flash chromatographed using
20% EtOAc/hexanes to give 0.77 g (71%) of the title compound. MS (M+H)* = 256.1.

Step B

s HO
O~
25 N

4-Hydroxy-4-(5-methyl- 1, 3-thiazol-2-yl)cyclohexanone
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O NNy C/Fg HONP \/S Exanple 8 10 4-1((1R

3S)-3-1sopropyl -3-{[7-(trifluoronethyl)-3, 4-di hydroi soqui nolin-2(1H)- yl)

car bonyl } sy beogentyl ) am no) - 1- (5- et hyl - 1, 3-t hi azol - 2- petyeyebsdieanol Step A
S HO O ~NPOO 8-(5-Methyl-1,3-thiazol-2 yl)-1,4-di oxaspiro[4.5] decan- 8- oI
15 A 1.6 Msolution of n-but ithiumin hexanes (5.70 mL, 9.12 nmol) wa

added to 8- Mo30%9%1%1-:!12&1;/{},3@142%2@51)1&ﬂr%{aamsiﬁékia?ﬁnsg61|(1(018,664g 4. 14
nmol ) i t oc\2 stirred
R s A K ST ot R

sol ut i owmppatlsyrthmgwextalte wa'ﬁarea@d WlﬂeNazé‘eQ;tto@H $riand exteactedswith EWeithres warm t o

roomte atyre s y g added.
The 20 gg'ggéou@el ‘éoyebrme\f\j/acs) EXt {'c’etrré’g‘;i ;«ﬁgl&d C&&h s\é&h% ?fé@é%& gn\(lz\%grﬁ? ned
or gafi C(MQS@J),Saxweamcemsddetd gwé 0.82at (998%)esf tha Qesiredr product. MMS4M+H)brcent r at ed
and flag{;zihromat ographed using 20% Et CAc/ hexanes to give 0.77 g (71% of
the titfefconmpound. Ms (MHH)' = 256.1. Step B YS HO 25 "N

4- Hydr oxy-4- (5-net hyl -1, 3-thi azol -2 yl ) cycl ohexanone 55 WD 2005/ 115392
PCT/ US2005/ 016318 A sol ution of

8-(5-rre5449p-1 3-thiazol -2-yl)-1, 4-di oxaspi ro[ 4. 5] decan 8-ol (1.0 g, 4.14
mml) in 20 nL of THF/ 3 N HCl (1 1) wgs stirred for h at 50 C. After
cooling to room tenperature, the xt re wa tr@ ed with Na2CO3 to pH 8
and extracted with Et OAc three ned organi c | ayers were
washed with saturated NaCl t|o ad / hSA4), and concentrated to

give 0.82 g (99% of the H3Rsired product MS (MFH) + 212.2. Step C
Ne .

Y
10  4-[((1R, 3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
ylJcarbonyl}cyclopentyl)amino]-1-(5-methyl-1,3-thiazol-2-yl)cyclohexanol
To a solution of (1R, 35)-3-isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-
2(1H)-yl]carbonyl}cyclopentanamine TFA salt (40 mg, 0.1 mmol) of Step C-2 from Example

1 and 4-hydroxy-4-(5-methyl-1,3-thiazol-2-yl)cyclohexanone (32.6 mg, 0.15 mmol) in
15  dichloromethane (10 mL) was added triethylamine (31 pL, 0.22 mmol) followed by sodium

triacetoxyborohydride (56 mg, 0.26 mmol) at room temperature. After being stirred

overnight, the mixture was diluted with methylene chloride and neutralized with NaHCO;.

The organic layer was dried over Na,SO4 and concentrated. The residue was purified by flash

chromatography on silica eluting with 5% MeOH/CH,Cl, to give two isomers (13 mg and 10
20 mg). LC-MS calculated for C39H33F3N3;0; S: (M+H)" 550; found 550.2.

0]
CF3

HO /T

Example 9
4-[((1R, 3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1H)-
25  yljcarbonyl}cyclopentyl)amino]-1-(1,3-thiazol-S-yl)cyclohexanol
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O NNCFs Pvw~ HO NO ~S 10 4-[((1 R

3S)-3-1sopropyl -3-([7-(trifluoronethyl)-3, 4-dihydroisoquinolin-2(1 H)

yl ] car bonwlg nygiiepent yl ) am no] - 1- (5- met hyl - |, 3-t hi azol pcr/ydpeyeésphexanol To
a solution of (1R

3S)-3-isopropyl -3-{[7-(trifluoronethyl)-3,4-di hydroi soqui nolin-
2(1H)-yl]carbonyl }cycl opent anam ne TFA salt (40 ng, 0.1 mml) of Step C 2
from Ex gphe 1 and 4- hydroxy-4-(5-methyl -1, 3-thiazol -2-yl)cycl ohexanone
(32.6 nmg,” 0.15 mmol) in 15 dichloronethane (10 nL) was added triethyl am ne
(31 L, 0.22 nmol) followed by seditif et oxybor ohydride (56 g, 0.26
nmol ) at room tenperature. AftelL el R red overnight, the m xture was
diluted with nethyl ene chloride ahd neutr lized with NaHCO3. The organic

| ayer V\&gﬂ,mmolei;ﬂ} 1 Madi&X04piand, S¢dmareitol at ed. The residue was purified by

| soribrs (13 Aonfeh £ Z3pnrgySiydigeC i 1534 P kB RAR N (ki +
550; f oatjadd BPD1.8 M Soluthéref nl-\blﬁﬁﬁtmdﬂqnmes (1 1GaRP1 £0Pméro] (4t 173, ° C with

3S) - 3- Isopropyl e‘%@ trifluoronethy I%o d|h dr oi soqui nol i n-2(1H) - 25
yl | car b¥iging wider Np grgfwﬁayd at. 7§ % B0 S 1b .58 uypl} e@bﬁw@szbﬁmedwem
2005/ 11y &?e gléyﬁﬁgpéz]@]g%ﬁw rgrfn%g it T8 @0 mL) Qs %@decMoSt‘hél Js?lﬁti?_ﬂ"h%m'

yl)-1, 4- |oxa ) ‘an- 8- A solution”of 2-trinet yl -t hi azol e
(2 5 g, sylﬁgésaldrstmm)g was qasEingiofonrl )h aNa’éS &d¥ater(d mlL) Bnd Htﬂ)églwgtq asdedy

n- bH} ylL ttlﬂl lflégcﬁon m )&ueev%s(va‘a}med to i'oom teglpergu}-r% dea E:xtfazéd vSlzﬂlV\fE,ttd]Ac three

times. The combined organic layers were dried (MgSOy), filtered, and crystallized from
EtOAc to yield 3.4 g (90%) of the desired product. MS (M+H)" = 242.1.

Step B

N \HO
YO
15 l\S

4-Hydroxy-4-(1,3-thiazol-5-yl)cyclohexanone
To a solution of 8-(1,3-thiazol-5-yl)-1,4-dioxaspiro[4.5]decan-8-0l (0.95 g, 4.14
mmol) in THF (20 mL) was added an aqueous solution of 3 N HCI (10 mL). The mixture was
stirred for 1 h at 50 °C. After cooling to room temperature, the solution was treated with
20 NayCO; to pH 8 and extracted with EtOAc three times. The combined organic layers were
washed with saturated NaCl solution, dried (MgSOy), and concentrated to give 0.78 g (98%)

of the desired product. MS (M+H)" = 198.2.

Step C

ZI

O
HO

@C©/0F3
/\
25 N\\/S

4-[((1R, 3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
yl]carbonyljcyclopentyl)amino]-1-(1,3-thiazol-5-yl)cyclohexanol
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stirring under N2. After being stirred at -78 C for 0.5 h, a solution of
1, 4-cycl ohexanedi one nono-ethyl ene ketal (2.48 g, 15.89 mmol) in THF (20

nm.) was a 4 Qsfohe solution via syringe and stirri .lz@stz(g@g glued for 1
h at -78 V\ét er (5 m) and Et OAc were added, 10 angq; ?egcts:'lon m xture

was warned to roomtenperature and extracted with Et OAc three tines. The
conbi ned or gkma soliitégneois(1Re3 8- 3disbmdp>(l+9b{$@4tpﬂubtolme§wé)eﬁ 4-diteydroispquinplin-zed from

Cro 1SS Cepbrudybptlaniink e ASALISY B ks ool Wekd S Cars, o °P
$H(E 1(2 Btumpo!1- S0 14)yirokyd- (&)@ﬁ?zgl@?-ﬁ)l@]gdﬁemoﬁe q03. qo?%sogm ‘miad) imrol ) in
was %é@"\caﬁa‘" ?ﬁ '%{3 i edsifl 1&‘86&@93’2?6 "fwol_éﬂqg Wﬂlﬂ&% glb

sol USI 0§bdi‘t@r§ trtaeaaimraﬂyahdéazl\'ag?@% fnfhobHat 8@%@&5@@ ReteVbdi &ﬁ@&c three

ti mes. The conbi ned organic ers were washed with saturated NaC

sol ut i opverghte the( wijsag) waSaﬁt!ut wddndicklpwmethgngjapd nputrgizgd (W/&aturefedt he

desire au . ' 4-1 ((IR
3S) - 3- ?@gﬁpgopﬁfm?@f‘(fﬁw n%?’%%é?tﬁ%f‘ﬁ?’sdﬁigarﬁﬁ&f%%% no 3%‘?{)

yl Jcar besidig wycpwified tbylfbastnclnaﬂatﬂzgr@ph)&rt dilicazzel elbting \)mlyd%dHeQHfQHz%ﬁoV\D

2005/ 115392 PCT/ US2 To a sol.uti.o

35)-3- 1 B FapyemeTs (LM 1o g SRR, Y EunEd 5% COPBF N 5, QHD" 536

2( 11 - yiohadsgmy!l } cycl opent anam ne TFA salt (30.0 ng, 0.0846 mmol) from Step
C-2 of Exanple | and 4-hydroxy-4-(1, 3-thiazol-5-yl)cycl ohexanone (23.4 ny,
0.119 mml) in dichloronethane (8 nL) was added triethylam ne (0.0236 ni,
0.169 mml) followed by 5 sodiumtriacet oxyborohydride (42 ng, 0.20 mmol) at
roomtenperature. After being stirred _overnight, the m xture was diluted
wi t h di chl oronet hane and neutral jzed th saturated NaHCO3. The organic

| ayer was washed with brine, dri s concentrated. The
residue was purified by flas ﬁssmfrgphi asilica gel eluting with 5%
MONCH2ClI 2 to give two igo LC— bo¥'h i sonmers: cal cul ated for
C23H36F3N302 S (M+H) + 536 _

st

Example 10
15  4-[((1R,35)-3-Isopropyl-3-{[3-(triflueromethyl)-7,8-dihydro-1,6-naphthyridin-6(SH)-
yl]carbonyl}cyclopentyl)amino]-1-(1,3-thiazol-5-yl)cyclohexanol.

To a solution of (1R, 3S§)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]Jcarbonyl}cyclopentanamine (41 mg, 0.12 mmol) of Step B-2 of
Example 5, 4-hydroxy-4-(1,3-thiazol-5-yl)cyclohexanone (46 mg, 0.23 mmol) and

20 triethylamine (0.064 mL, 0.46 mmol) in methylene chloride (10 mL) was added sodium
triacetoxyborohydride (73 mg, 0.35 mmol) at room temperature. The mixture was stirred
overnight, diluted with CH,Cl; and neutralized with saturated NaHCOj;. The organic layer
was washed with water and brine, dried over Na,;SO,, filtered, and concentrated. The residue
was purified by flash chromatography on silica gel eluting with 0% to 5% triethylamine in

25  ethyl acetate to give two isomers. LC-MS for both isomers: calculated for C27H35F3N4O; S:
(M+H)" 537; found 537.1.
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10 found 536.2. O NNI CFs HO N NvS Exanple 10 15

4-[ ((IR, 3S)-3-Isopropyl -3-{[3-(trifluoronmethyl)-7,8-di hydro-1, 6- napht hyridi n
-6(5H) - yWoeaodnswk} cycl opentyl ) ami no] - 1- (1, 3-t hi azol -geyis20ismhesiexanol . To
a solution of (IR 3S)-3-isopropyl-3-{[3-(trifluoronethyl)-7,8-dihydro-1,6
napht hyri di n- 6( 5H) -yl ] car bonyl } cycl opentanam ne (41 ng, 0.12 nmol) of Step
B-2 of Exanple 5, 4-hydroxy-4-(1, 3-thigzol -5-yl )8 cl ohexanone (46 ng, 0.23

nmol) and 20 triethylamne (0.0 i’ et hyl ene chloride (10
' , 0.35 mol) at room
overmight, diluted with CH2Cl 2 and

m.) was added sodiumtriacet gxy
tenperature. The m xture wga

neutralized with saturateg_Na . The organic layer was washed with water
and brine, dried over Y\, filtered, and concentrated. The residue was
purified by flash chronat oNTaphy on silica gel eluting with 0% to 5%
triethyham’ ne in 25 ethyl acetate to give two isoners. LC-MS for both

i somer sEXRpledlat ed for C27H35F3N402 S: (MeH) + 537; found 537.1. 58 WO

2005/ 11 | : R 2 OR
syt R S el (05

car bonyylearbomyllcyelppontybaminol-1(2-methyiyl,3-thiazol-fiyherelolexpnolcy c| obexanol 5 Step
A H% SS/&;') droxy-(2-nmethyl -1, 3-thiazol-5-yl)cycl ohexanone To a sol ution of
1,3-thiazole (1 g, 11.76 mol) in THE (20 nL) at -78 C was added a 1.6 M

sol ution of n-butyllithium (9 an,,.\NPt stirring at -78 C for 1 h,
i odonethane (1.7 10 g, 11.76 I/?v@(ﬂed. Stirring was continued at -78
C for 3 h before the addition a
4-Hydroxy-(2-methyl-1, 3-thiazol-5-yl)cyclohexanone
To a solution of 1,3-thiazole (1 g, 11.76 mmol) in THF (20 mL) at —78 °C was added
a 1.6 M solution of n-butyllithium (9 mL). After stirring at =78 °C for 1 h, iodomethane (1.7

10 g, 11.76 mmol) was added. Stirring was continued at —78 °C for 3 h before the addition of a

1.6 M solution of n-butyllithium (9 mL). After stirring at —78 °C for another hour, 1,4-
cyclohexanedione mono-ethylene ketal (1.8 g, 11.76 mmol) in THF (5 mL) was added. The
reaction was stirred for another 3 hours and quenched by addition of EtOAc and brine. The
organic phase was separated, washed with brine, dried over MgSO, and concentrated. Flash
15  chromatography on silica gel eluting with 20% to 50% EtOAc/hexanes provided the ketal as
an oil. The oil was dissolved in THF (5 mL) and 5% aqueous HC] (10 mL). After being
stirred at room temperature overnight, the solution was neutralized with Na,CO; and
extracted with EtOAc three times. The extracts were dried over MgSO, and concentrated to
give the desired product (0.8 g, 30%). MS calculated for C;;H;3NO,S: M+H)" 212; found
20 212.0.

Step B
o
HO /T
{7
\N

4-[((1R, 3S)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2(1 H)-
25 yljcarbonyl}cyclopentyl)amino]-1-(2-methyl-1,3-thiazol-5-yl)cyclohexanol
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1.6 Msolution of n-butyllithium (9 nmL). After stirring at -78 C for anot her
hour, 1,4- cycl ohexanedi one nono-ethyl ene keta! (1.8 g, 11.76 mmol) in THE

(5 nm) wawoadegdszeFhe reaction was stirred for anot hexctAishewspssssnd quenched
by addition of EtOQAc and brine. The organic phase was separated, washed

i th bri sS4 .and d. Fl hr ot h
S cn ot AR FRYRR AT B oR PSR R B eime s Dol BB PR ater a2 an
oi I. Thgim)- &l]mns;l}%m&peﬁ&nmmww Baliiab, oaﬁh(é ﬁ%smuﬁﬂdlfﬁaﬁil Step@-mlox. After

being stirred roomtenperature averni %e)’li ﬁlée solution was neutralized
qy

wi t h NeEanpledd andax‘l-hgtrwuﬁﬁzmﬂm HAdhiezg! hexagpre €3&} d88s 0dP e dr| ed

cal cul T oA EABRFINERETE iy gl FidRRkhGl §1098 L 18 iy (7

CF3 5 HGollowed Wy fqdigrR tri8Bjoxgbdrelopiridpyd2- Be/ 0.20 (tmolj humpmmmmym;ures After

4-di h | i
1 T hsie Sihos S ermiar the ity vy quepched by pddition. of, sagprated NaHCOy The, anol 56
\é\g 2g05/e a?lagm{ ?ﬂ??%&é%&cﬁ&ﬂﬁ C?iﬁ(:l;;l)tﬁxgb gm&aﬂ 'Iglfe dokfBined extracts were
1 SO ri uor one - | r soqul nQ in
2( lH) y\ﬁsg%f B mEy@reépfaﬁf Talﬁa%ﬁw@dmeegm (Ewyreﬂﬁvf B gdiydflasht r om st ep
C 2 of mg YQB%M&E 6% M@(t)deSzb tgw@tmlls&nafi A18Y6H 9hexanone
ny,

(25.1 i) i'n di chl oronet hane was added triethylan ne
(0. WZBGIXEJ_LCEMS@@hﬂﬂDS?mQST@ICIUMVéCfOWmHﬂHBNNtaSr éi@/ﬁgwrﬁﬁ@ﬂ; de (42 ny,
0.20 mml ) at roomtenperature. After being stirred overnight, the m xture
was quenched by addition of saturated NaHCO3. The resulting solution was
extracted with CH2C12 three tines. The {tonbi ned extracts were washed with

brine, dried over Na2SO4 and conF S sdue was purified by flash
chr omat ogr aphy on silica gel | ﬂ i t 50 M: | CH2C12 to give two isoners
(15 and 12 10 ng). LC- M5 fgs h i soffers: €ul ated for C29H3sF3N302 S
(M+H) + 550; found 550. 2. s CF3 HO N N

/(\

Example 12
4-[((1R, 35)-3-Isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydre-1,6-naphthyridin-6(5H)-
15  yljcarbonyl}cyclopentyl)amino]-1-(2-methyl-1,3-thiazol-5-yl)cyclohexanol
To a solution of (1R, 38)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]carbonyl}cyclopentanamine (41 mg, 0.12 mmol) of Step B-2 of
Example 5, 4-hydroxy-4-(2-methyl-1,3-thiazol-5-yl)cyclohexanone (49 mg, 0.23 mmol) and
triethylamine (0.064 mL, 0.46 mmol) in methylene chloride (10 mL) was added sodium
20 triacetoxyborohydride (73 mg, 0.35 mmol) at room temperature. The mixture was stirred at
room temperature overnight and quenched by addition of saturated NaHCOj;. The resulting
solution was extracted with CH,Cl, three times. The combined extracts were washed with
water and brine, dried over Na;SQy, filtered, and evaporated in vacuo. The residue was
purified by flash chromatography on silica gel eluting with 0% to 5% triethylamine in ethyl
25  acetate to give two isomers. LC-MS for both isomers: calculated for Ca3H37F3NsQ, S (M+H)"
551; found 551.3.

Example A
CCR2 in vitro assays
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Example 12 4-[((1R

3S)-3-1sopropyl -3-{[3-(trifluoronethyl)-7,8-di hydro-1, 6-napht hyri di n-6(5H) -
15 yl ] carRy@nydshedses opent yl ) ami no] - 1- (2- net hyl - 1, 3- t hi 3¢q}usao¥biessc! ohexanol
To a solution of (1R

3S) -3-isopropyl -3-{[3-(trifluoronethyl)-7,8-dihydro-1, 6-

napht hyr| di ﬁhs(qapgmtqufcdnpbmyll pamraupgre af Mamvnlélmtp anjagopize chemekipe of St ep

B > i&gﬁngﬁ%g ) g{ﬁﬁ%’ a%e(ﬁ%m mg%hsdgﬁg %ﬂh%%%}eeﬁzé’é)ﬁéelﬁﬁgﬁﬁanone (49

chl or| Cpant (aiﬁy)iﬂorvwnphbdad afgentl cam Qd)tdstedamedroxytbaneﬂxﬂmdacldiécz(tm sy, 0. 35
nol ) at roo The m xture rre amte rature

Over hi GAICHUE dlux NS digats, bindthe, P dhospBiaioR AR atpsplof REETBLRFPR ng

sol lst i cuasa\g»a%r eéHefn@ﬁa&i%d a§!a$' h(s@'Qf&Z eidiﬁ;ﬂ@ HebREgessth eetCaNbiINBh1e X Heat s wer e
wash fil tered and evaporated in

Na2S
vacuo 2I‘7'I3635) é%ﬁ&]dé6%§199§hw¢9@85%ﬁ5 @ﬁg’éﬂ 98M2bat ogr aphy on silica gel
eluting wthy A hitBicdy h@dml By Hich &Wﬁéhﬁéﬁ@%@&;ﬁaﬁ&tq'a\sﬂv&w | somer s.

LC-Ms for both 1soners: cal culated for C2sH37F3 551; found
551. 3. ussmpich bas GCRast mmmpﬂm’aseta/yts @ Fuintiopd OhamtBEStiC 60T masmtham 016318

The ca e nov oun to a ta e, chenoki ne
! ocept RCRA brofein. THE SPE i, pERERY s B Lhindig phIBET o ORorsRaril Ly oo
(e.1®. ., ihhibitor),hr sigrallingpastivigs@ay, Jactivativn ek & Matmenalian G’s\;g'eﬁtn ﬁ‘:ﬁililcthm dfes;tldéd in an

extracel l.ul ar, acjdification assa cal cium fl ux assa | gand bi ndi ng
assay, PASIHERYINGEABHNAES a9ncepté%@5tq§r°ﬁ%9@ Haf |cz'at%i§035 Jas'Bdystigh Ofhenot axi s

assay (spe&fic brfteif h&rylatieDs &IRES $@poRt fict Simul5N6f chemota
273(25)9%15613%;] IEES hSryialiGR SRS Mot flction fo k) ST g chemotaXis bl e

assay, o itfBRIgieryteddiatonrelease bareubecytesdlaad the like. r econbi nantly derived is
used whi ch p. | QEE teristic
of a mamal ﬁgﬁnae%@e%m@ﬂg re#)sglgha:‘r:ésrM osﬁ’f%l cc\éb{r%nﬁrgfl y canb@) g in X

pr ojder tthereafas rrfamtame(hnumieecomhtidng auithblerfod Bindinpi Thet OCR2 recepuogrsa:lohtaclgd act ivity
(e.g., agtivation a na ' ot ei.n, |ndu ion of rapid and

transi € ?ﬁ‘if‘i’%pé‘% W?ﬂ%dma%h ﬁ‘f‘géﬂ’e&ﬁte&m fic free calcium[Ca' -']i,

i nduction ofin spegniple cema&anasmyos:ehmﬁel aiekioﬂhchcz&éhbﬂlﬁéd fRwP lfmEn f unct i on
(e.g., stimulation of chenotaxis i nf Iam‘rator?/ medi at or. rel ease by

| eu kocyﬁeélnl}eralah#apdtqaé cppstgutively eénre%ﬁﬁps’z proteinngteraately, a eelithahingably on
cont ai Ny R@nde &"w@th%rve\éf%? b\?ﬂéepreé%ga%k@&%‘}{avinﬁ a”iﬂicléﬁcadcfbe&(q{féh@@r

condltlons sul ta bi ndi receptor is contacte wth a
cord$ourshicto emdcset‘ht &QRlaredemoan’og qoatenh@tamdtasdhc) soureeasfithe CCR2 protein.

The cells are maintained under conditions appropriate for expression of the receptor and are

contacted with an agent under conditions appropriate for binding to occur. Binding can be

detected using standard techniqueg. For example, the extent of binding can be determined

relative to a suitable control. Also, a cellular fraction, such as a membrane fraction,
25  containing the receptor can be used in lieu of whole cells.

Detection of binding or complex formation in an assay can be detected directly or
indirectly. For example, the agent can be labeled with a suitable label (e.g., fluorescent label,
label, isotope label, enzyme label, and the like) and binding can be determined by detection
of the label. Specific and/or competitive binding can be assessed by competition or

30 displacement studies, using unlabeled agent or a ligand as a competitor.

The CCR2 antagonist activity of compounds of the invention can be reported as the
inhibitor concentration required for 50% inhibition (ICsy values) of specific binding in
receptor binding assays using '*I-labeled MCP-1, as ligand, and Peripheral Blood

Mononuclear Cells (PBMCs) prepared from normal human whole blood via density gradient
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I n an exanpl e cell-based assay, cells are used which are isolated from human
peri pheral blood and constitutively express the CCR2 protein. Alternately, a
cel |l thatwioeeiakdey or transiently transfected w th apoags20us/00631L£XPr €ssi on
cassette having a nucleic acid sequence 20 whi ch encodes the CCR2 receptor
can be contenplated as the source of the CCR2 protein.  The c?l |s are

mai nt ai sralifugasen. Spepicthinding isgselerably fdefingdys s totallingipe (8-« R FRIESBt or and
are COﬁ&é}%&ﬂﬂumE RoABpRURYindAE NonCpedii¢ bRBme PRMMRY b afrdlintireghng to
occur. Binding can be " detected usi nIg standard techni ques. For exanple, the
ext ent il detestedrin the presprcedé exgess undabeled epmpetijer @@, MGClild.abl e control. Al so, a
cellular fraction, such as a nenbrane fraction, 25 containing the receptor
can be used in lieu of whole cells. Detection of binding or conplex

f or nfat i BEample® assay can be detected directly or indirectly. For exanple,
t he ageBt can be | abeled with a suitable | abel (e.g., fluorescent | abel,

| abel , PUSIMEASSAYphe|  enzyme | abel, and the |ike) and binding can be

det er mi ned byudgi BBMC@nvereﬁs_eah@tdse&ﬁ{dmuﬁ&Qﬁitﬁé iavétidh O a GRARRtasdaly VEOrbi ndi ng
can be assessed bg%googgetl tion or 30 displacenent_ stu usi ng unl abel ed

agent ofxample, gA%4 Gl tsre inpplatedoph Qrit tadbhinM qz'éﬁ@bww Lconpounds
of the [aHeq hWaoG elécmeﬁ@sgoﬁilé hﬁw.w-@' LPTvafiBHE BhdetrkiRAs Faui red
o val ues) of IC

for 50% i nhibition ( speci inding In Treceptor binding
assiys compoynd® beltested) BH-1alRRdIVICRS, Wergaqmenarearhy sRigable methets &1 puothased

Mononuclear Cells ,(PB repared,fro r-aal, . haman whol e bl o vi,a densit
o aa enfiotiomer YR s B BRI EeBis AL TR binliiF Bt Fo pRfilmea” TSt 1Y
bi ndi ngin 50 18280 QLATa)bikltihd BFEbr asnsistigg bO1MI HEPESHHJ.2, @nd)0.1% BS A bovin@ on

filters) mnus the non-specific binding. Non-specific binding is defined as
t he ampéfmm @fbugyim, fo5t30 mings reqm émperatyraclhyy kinding eeagtions,were teryinatsd dyed

conpet | Bmesﬂiﬁ%%x&m%@?%%-qyﬁ@]%@tﬁn %uo%n%{ﬁ%&sﬁﬂéés U’*klff_ilgﬁ EnkbfSinper e _used

to test conpo tironin a ng assay. exanpl e, 200, 000
t o 590, 08 melohkedvie 0s3% polyetyedeiminehor(Phbsphate0B @fared $abie-(PBBE|Tdd flOB- 1, with

or wi thout unl abel ed conpet.itaor (10.nM,MCP- or vari ncent i ons of
20 oo B i AppEn ety S3p M r PRl patr Syaihe DSV RACES 88 ont e

net hodstheh dAed, @R #Ramdun® BT s&m&m&a@{ivigeadpdéerﬁﬁ’&ﬂlﬁymoﬁhl on B0ama MA) . The
bi ndi ng reactions were perforned in 50 to 250 L of "a binding buffer

consi st Cagnter(Pengindimen. pH 7. 2, and 0. 1% BSA (bovine serum al bunin), for 30

mn at room ] Walel J ) :

har vesti ng t%g‘%‘g%?‘g?}@% bbyﬂllgg%?zgj #}ng }o[c?lg,‘[f l?éog&l'?%drlé%ggﬁ% gfeg?gg&%l?ggrp%ﬁnl ters
( Pe2&ki nhislert€so)valnies Iebs than abwut3(0adbaked i n 0. 3% pol yet hyl enei m ne or
Phosphate Buffered Saline (PBS). The filters

Example C
Chemotaxis Assay
The capacity of compounds of the invention to antagonize CCR2 function was
25  determined in a leukocyte chemotaxis assay using human peripheral blood mononuclear cells,
in a modified Boyden Chamber (Neuro Probe). 500,000 cells in serum free DMEM media
(In Vitrogen) were incubated with or without the inhibitors and warmed to 37 °C. The
chemotaxis chamber (Neuro Probe) was also prewarmed. 400 pL of warmed 10 nM MCP-1
was added to the bottom chamber in all wells except the negative control which had DMEM
30 added. An 8 micron membrane filter (Neuro Probe) was placed on top and the chamber lid
was closed. Cells were then added to the holes in the chamber lid which were associated with
the chamber wells below the filter membrane. The whole chamber was incubated at 37 °C,

5% CO; for 30 minutes. The cells were then aspirated off, the chanber lid opened, and the
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were rinsed wth approxi mately 600 L of binding buffer containing 0.5 M NaCl
or PBS, then dried, and the anount of bound radioactivity was determ ned by
counti ng wo 2605@a889R Counter (Perkin El ner). Accordi npdrausabis®iddigndi ng assay
protocol, the conpounds of the present invention 20 have IC50 val ues |ess

t han about 3000 nM Exanple C Chenotaxis Assay The capacity of conpounds of
t he i nvBltarigentinremayedagbhsitorofhefilterwastwashedhimepwity BBS rand thechottamavaseukocyt e

chenot ax} usi i oh . l&:omat N @
o 11 iR ThpTIl TR - PP Wi RARRL Rl i Gremd D, 2y
medi a  Filters Were ogmted byemécroscopph aThainegative aomtrol whlduuservddeasi abkgroundrandand
warnmed to 37, T. Th C axi s, chanmber (Neuro PRr.obe s al so.prewar nmed.
900" o eeaihitieiei frm AERE | AtaaRRECPo i, b B e B s BpBR T
fe_x?:espt ﬁLthgoeﬂ ef géll met) Ripited lto ﬂv[egﬁﬁm’ﬂ aﬁmﬁlb&gﬁ arelllaebﬁl&ﬂnbcoﬂﬁ}r&é ahﬁgaﬁrst,lntarrb (r]I ane
ilter uro Pro vas pl ac on top and the c er |i was cl osed.

Cel s &FB@hﬁﬁfaggﬁ%i%e‘ﬁ@It@%b‘?q?“tﬂ@“@ﬁralﬁ%?gﬂic&nmiwsmr e associ at ed
with the chougs I : i ﬂgﬁﬁmr ; : AMigr was

i ncubat ed at 37{%{8%5%}?(%%%11 %lg g%a)fr’riﬂlﬁe&'t%%. The&ggel ﬁngmmg?@%ﬁe@npaspi rat ed
of f, t hlessthamabont 3008 ndpened, and the 62 WO 2005/ 115392 PCT/ US2005/ 016318
filter gently renoved. The top of the filter was washed 3 tinmes with PBS and
the bottomwas |eft untouched. The filter was air dried and stained with
Wi tht Cei nsVariusimod{fisations)of thd-invérgion, inmddition tathese bascribedriesddmpwill beEhe
negative control wells seryed aigqgleo ckground and, .werﬁ iubt .acted fromall
val ues. SPRAEAGIhete skifednio the ae FREQIIE\FeESIAYART Pt RRUHCHIRHEE of cel |
that m g5 iMéhde® td T8I Rt MeCdRapd6f tHeNappehded dMins NEsh feldréiRd, Mokidmgni st, to
t he nunber of cells which mgrated to the bottom chanber in MCP-1 control
wel | s. Patenss patepippplications; apd puklications. ¢ited ay thepresenioanplication ibmeemeratedyent i on
have | : about 3000 nM 10 Various nodifications of the
i nvent %%?lxﬁkyggg?%eﬁgﬁts%gﬁt ose 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 clains. Each
reference, including patents, patent applications, and publications, cited

in the present application is incorporated herein by reference inits
entirety. 63 WD 20051115392 PCTI US2005/ 016318
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VWhat is clainmed is: 1. A conmpound of Formula l: OR6 RS RT NRS NR X R
HO R2 RO I or pharmaceutically acceptable salt or prodrug thereof, wherein:

a dashed Wwongosiiighogat es an optional bond; X is N, NO gictaR3soskiesiss C - 6

al kyl , (Oo 6 alkyl)-O(C,.6 alkyl), (Co-6 alkyl)-S-(C,.6 alkyl), (Co.6

al kyl ) - cycl oal kyl )-(Co-6 al kyl), OH CO2R10, heterocyclyl, CN,

NR R 2, SOEleNN@GR’ 0, NCO2R10, NCOR 0, CR'CO2R O, CR'OCOR 0, or phenyl;
R2 is NR1OR 2, CO2R 0, CONR OR 2, NR1OCOR';
G:O\IRlIO_*R’lZ q\l%%&%%l@ wet erocycl yI CN, NR10-SC2- NR10R12, NR 0-SO2-R12,
SO2- NRIDR 2, or oxo0; wherein said C D 3 al kRf is optionally substituted
wth 1-6 substituents sel egy { 2 F ‘ Is H OH halo, C 4 alkyl,
C, .6 al koxy, NRIORL 1, NRI OG02FN—% 1, NR1IOSO2NR OR 1,

NR - S02-R', heterocyclyl, RINO2, SR 0, SORW SO2R10;
or SO2-NR1OR"; R4 is H GoSb C, F, Br or phenyl; R5is
Cl4 al kyl, C,.6 al koxy, §C16alkyl) C16th|oalkoxy pyrldyl F, d,
Br, C4.6 cycloalkyl, C4.6 cycl oal kyl oxy, phenyl , phenyl oxy, C3.6

cycl oal kyl, C36 cycl oal kyl oxy, heterdocyclyl, CN, or CO2R10; wherein said

C .6 aI haﬁﬁa 8 %ﬂ{: &9% ke et nore OHor F wherein said
C 6 aI can%wgé&% F drfp‘n‘ém t‘P{!Eh{)‘fog?lgroxy are optionally substituted
with one or mmdﬂxnemma@smsatlmabwrlddyl phenyl or phenyloxy is optionally

substituted e snore substituents selected fromhalo, CF3, C .4
al kyl and C(%Aﬁlbgb%\%gpe’l n said C3.6 cycloal kyl or C34 cycloal kyl oxy is

optional |y sRisCiJ alkeld(Chisalkyr@(Of, alo)e(Colsalkyh-S-6C . alkoB3 (CoGhlkgnakyl , F, O,
261 ok el hcloat® beprproeh R U SRR okl S
NCO;R', NCOR", CR"'CO,R'®, CR!'OCOR, or phenyl;
R? is H, OH, halo, C 3 alkyl, NR'°R'2, CO,R'?, CONR'’R'?, NR'°COR"";
OCONR'"R'?, NR!®CONR'’R'?, heterocyclyl, CN, NR'*S0,-NR'’R'2, NR'°-S0,-R"2, SO,-
NR'R'2, or oxo; wherein said C,.3 alkyl is optionally substituted with 1-6 substituents
selected from F and OH;
R® is H, OH, halo, C,alkyl, C1alkoxy, NR'°R", NR'°CO,R""; NR'°CONR'R",
NR"YSO,NR'PR!!, NR!°-S0,-R"!, heterocyclyl, CN, CONR'R'2, CO,R!%, NO,, SR, SOR'?,
SO,R'%; or SO,-NR'R'};
R*isH, Cr alkyl, CF3, OCF;, Cl, F, Br or phenyl;
R’ is C14 alkyl, C,. alkoxy, CO-(C.¢alkyl), C1.6 thioalkoxy, pyridyl, F, Cl, Br, C4¢
cycloalkyl, C4.6 cycloalkyloxy, phenyl, phenyloxy, Ciscycloalkyl, C3cycloalkyloxy,

heterocyclyl, CN, or CO,R'®; wherein said C,.¢alkyl is optionally substituted with one or
more OH or F; wherein said C.¢ alkoxy, CO-(C,.¢ alkyl), or C;_¢ thiocalkoxy are optionally
substituted with one or more F; wherein said pyridyl, phenyl or phenyloxy is optionally
substituted with one or more substituents selected from halo, CF3;, C 4 alkyl and COleo;
wherein said C;.¢ cycloalkyl or Cj.¢ cycloalkyloxy is optionally substituted with one or more
F;

R®is H, CF3, C,5alkyl, F, Cl, or Br;

R’ is H or Cy.¢ alkyl optionally substituted by 1-3 substituents selected from halo, OH,
CO,H, CO,-(C,.¢alkyl), or C,.3 alkoxy;
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64 WD 2005/115392 PCT/ US2005/016318 R8 is H, C .6 alkyl, F, Ci1.3 al koxy,
C, . 3 hal oal koxy, C3.6 cycloal kyl, C34 cycl oal kyl oxy, OH, CO2R10, OCOR O

wher ei n s@wiododsinGoml Kyl is optionally substituted w thhcang2esomise
substituents selected fromF, Cl.3 al koxy, OH or CO2R10; or R7 and R8

together form a bridging C2- 4 al kyl ene or -(Co.2 al kyI) O (C1.3 al kyl) -
group to foernlaHBCW @ alkoryy Crzbalpalkerys €s-orygloplkiyl, Sae Pystealoxyubst i t ut ed

h 1- 6 al k I
hal o, - OMERRCOROR™ BFRR M iy %‘*‘% SR AP AR ™ ) NribRI6
2&33512???“5@“@“"‘.‘%&'““ @‘Eﬁ‘ﬁmmmm e of chB cyelaal kyl o
wherei n sai ' anéR %f%er fr%‘ﬂfiﬁ"dgmﬁ Fle eory C‘BZ aévqugﬂ@//ﬁkﬁg o%t i onal | y
subst i tgtbegitd/yoﬁiﬂﬁ 'Bmslﬁbﬁedﬁdgf rom haI o CH, Cl 3 al kyI C .3 al koxy,

C02-(Cld al d H .OH , 6 Cl4 alkyl, Cl4 alk h |
or Cg} 6 c;lclﬁo/a‘F k%?rOCMro@Flﬂ“as”étlsﬂbSt@i@ ‘Q%*kifﬁ IHEDtS. Selg me (316 @313 Preny

| | t t <] 18 H dct ed f
ﬁgcooa OH;/J, 1ke?1yp|6egl Qm?]t}lyhi&@ , ihhIBAIRA, N Nt;%o(gt]zs Lcttltﬁ ;lécﬁﬁng slc cﬁetz _eR12r?;n "
Ol KO NBERS NR SRR Sonrdt wslcq:@akk NR o R SO, 1

benzyl 16 igycloal kyl is optionally substituted with 1-3
substltu@r? sm%iel eﬁéﬁﬁ%rﬁ halo, OH C1.3 alkyl, C, .3 alkoxy, CO2H CX®-(C

1.6 al kyl) aRQisGEC.sRIG], dunnlzyﬂ?]pﬁex@d,eoréazhycloaﬂ(yepﬂmhmsdlgrCu,—alkﬁ;tblenaj'lkyI C 4

cycl oal Kiel B P gkt pionap €t R b P oo iR 1 16

hal oal kyll?,l CZfalléleyeOQLH mz-@,éajky},)@yd CFaryl, cycloal kyl, arylal kyl, or
cycloal kyl al kyl ; ~or R15 and R16 together W|th the N atomto which they are

at t ached forl?'n is B QH, Geralail.der-salkosy:Seganphenyil. s ©3-6 oyclealieyLowhgsainsaid of ¢l ai m |
wher ei ncg dl?yl %e?fn)]'l,:ﬂve\ﬂ)g?%ri %ﬂ%{ﬂgﬂmqpﬁtﬁﬁalﬁj ﬁbmtéiemm?s%btﬁu% 4. The

conmpound of . The conpound of claim|l
wher ei nsekctqd§r halo, 0, Cis@lkybKa 3@&9@0WHOC0¢K€1M&UGYD/M@3¥1 R2 is H OH,

hal o, or Vﬁlz?sl Ilfy(lJ Fgflk@f? b}é}%ﬁ (Ptgéﬁ 36 cyc%%k%%% ?én‘? g‘aﬁg’ %l 1-6 allZyl bclﬂ%]corrpound

of claim1l erein’
phenyl, or Cj.¢ cycloalkyl is optionally substituted with 1-3 substituents selected from halo,

OH, C,.; alkyl, C,.; alkoxy, CO;H, CO,-(C,.¢ alkyl) and CF3;

R" and R" are each, independently, H, C, alkyl, C,¢ haloalkyl, C,.¢ alkenyl, C2.6
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

R' and R" are each, independently H, C, alkyl, C;.¢ haloalkyl, C, alkenyl, C2.4
alkynyl, aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl;

or R"*and R'S together with the N atom to which they are attached form a 4-6

membered heterocyclyl group.

2. The compound of claim 1 wherein X is N or NO.

3. The compound of claim 1 wherein X is CR>.
4. The compound of claim 1 wherein R'is C1 alkyl.
5. The compound of claim 1 wherein R' is prop-2-yl.

6. The compound of claim 1 wherein R?is H, OH, halo, or Cy.3 alkyl.
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8. The conpound of claim1l wherein R3is H OH halo or C1.6 alkyl. 9. The
compound of claim1 wherein R3 is H 10. The conpound of claim1l wherein R4

is H 1lwdbRsgmgaound of claiml wherein RS is Cl-6 atkybk2088/giist uted with
1-4 F. 12. The conpound of claim1 wherein R5 is CF3. 13. The conpound of
claiml wherein R6 is H 14. The conpound of claiml|l wherein R7 is H 15.
The conmpound of claim 1l wherein Rs is H 16. The conpound of claim1l wherein

R9 i's @eterqgéxé:ngﬁhgp?gi%%péﬁﬁqg with 1-4 substituents selected from

.6 al kyl yny hal o, Cl-4 haloal kyl, CN, N2, OR
SR' C(OR14, C(OOR3, C(O NR15R16 NR15R16 NRI 5CONHRI 6, NR15C( O R14

S L R P e P SR B ERIRERS. 17, e comound

opti onal Iy substituted with 1-4 substl tuents selected fromdC -6 al kyl, C2-6
al kenyl al kynyl , hal Cl4 | gal kyl, CN, NO2, OR13, SR13, C(O) R14,
( O) : C( g? °f°'RR1 reNF#%‘@:@IHRlG NR15C(O RI 4 NRIS5C(OORI3 S(OR 4
S(O 2R14 S(O) NR15R16 or SO2NR15R16 18 The conpound of claim 16 wherein
said heteroaryl is pyri pyi m di pyrazinyl, pyridazinyl or
triazind, ébehommundwéplzyﬂémﬂem {] #l.with 1-4 substituents selected from
Cl.6 al kyI C2.6 al kenyl, C2.6 al kynyl, halo, Cl4 hal oal kyl, CN, NO2, OR17,
SR1}, C(O RI 4, 66 WO 20051115392 PCTI US20051016318 C(OOR 3 C(ONR SR16
NR15R16 INR FEekbijdniief 8ain0) RiharehFR 50D ORYSuBO)E with $4F).2R14 S( O) NR SR16
O SO2NR15R 16.. 19. The conpound of claim 16 wherein said heteroaryl is

t hi enyl furanyl t hi azoyl, oxazolyl, or imdazolyl, each optionally

substi tygt ed ]%E&nﬂolﬁdwbﬁtmﬂmk&néﬂs@ﬁed fromC,.6 alkyl, C2.6 al kenyl,
C24 al kynyl, halo, C,.a haloalkyl, CN, N2, OR', SR', C(O)R'a C( O ORrR13

C(O NR SR16 NR15R16 NR15CONHR16 NR15C( O R14 NR 5C( O OR13 S(OR14 S(O 2R14
S( O NR1ZR16 16 cﬁ%ﬁ\lﬁ‘&%ﬁgﬁm 2Q, e;gQgRCfglypound of claim 16 wherein said
zolyl,

heteroaryl is oxazo pyrimdinyl, or pyridyl, each optionally
substituted by 1-3 F, d, Br, I, rret hyl, ethyl, nethoxy, et hoxy or

trifl uoy Omtﬁ%lcompoundol?clal légz‘finﬁfisﬁ.ai m 1 havi ng Formula I1: O

15.  The compound of claim 1 wherein R® is H.

16.  The compound of claim 1 wherein R’ is heteroaryl optionally substituted with 1-4
substituents selected from C, alkyl, C,.¢ alkenyl, C,.¢ alkynyl, halo, C,4 haloalkyl, CN,
NO,, OR"”, SR", C(O)R", C(O)OR", C(O)NR"R'®, NR"*R "%, NR'*CONHR¢,
NRC(O)R", NR'*C(0)OR", S(O)R"*, S(0);R", S(O)NR'*R'® or SO,NR"*R®.

17.  The compound of claim 16 wherein said heteroaryl is a 5- or 6-membered heteroaryl
optionally substituted with 1-4 substituents selected from C,.¢ alkyl, C,.¢ alkenyl, Cz
alkynyl, halo, C;4 haloalkyl, CN, NO,, OR", SR", C(O)R", C(O)OR"?, C(O)NR"*R'¢,
NR"“R'¢, NR'*CONHR ', NR"*C(O)R ", NR"C(O)OR", S(O)R", S(0):R", S(O)NR'*R'S or
SO,NR"R'S,

18.  The compound of claim 16 wherein said heteroaryl is pyridyl, pyimidinyl, pyrazinyl,

pyridazinyl or triazinyl, each optionally substituted with 1-4 substituents selected from Cy.g
alkyl, C,.¢ alkenyl, C,.6 alkynyl, halo, C,4 haloalkyl, CN, NO,, OR"}, SR, C(O)R",
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RB HNN~ CF3 R~ X HORO II. 22. The conmpound of claim 1l having Formul a

[1la, Illbor Illc: 0O HNCFS HNNCF3 HOO HOO NRORB Ilialllb ON
CF3 HN QvollesRgssbd 1 c.  23. The conpound of claim1 sq-bem;sgﬁsjbf@m 67 WO
2005/ 115392 PCT/ U52005/ 016318 4-[((1 R, 3 S)-3-1sopropyl - {

7-(trifl t hyl 4-dj_hyd ip-2 b
Ecyt(:l (r)lpﬁ(@gslr‘ arr&{ 3]5 nglléi(prérrriglséoqw qﬁé‘iﬁa@rﬁﬂosl‘ I—Wsjg(car qné/lol)%ospropyl 3-{
7-(t 8,4s I 2(1
)[/I ] f:a: Isgb&?} g@)g%ie@rﬁlyfs a I{:%I]d&?l ?gqgl ggalzgl ( |;I))cycl ohexanol; 4-[((1
R, 3S) - 3- 1 sopr opyl - 3- {[7 (trifluoromethyl)-3,4- d| hydr0| soqw nol i n- 2( 1H)
I R
[

(
| | | 4-
5] S5 TR0 A% pomBmaor bR 16 wheini it Betektbi oY ik, RSB st 20 1 |
3F/{ I ]3% ?r hﬁazdl}lpmhllﬁwalw bé@rﬂpﬂ@ﬂlallys(lﬂstﬁnédwm Msabsﬁln)e@mlenblea 808 C,.¢4-
ropyl - 3- s
Ls O abaroienyh & saliynyl gl 6:-a honyby ey NOu AR sg«'.ha C<0>R‘

I spb Sy6 BEONHR P iNGT | NRYE 144- | R,
%5%0? It%@((i)hg&r)iq{;a}}/It L7 Rﬂ m? ]Nﬁrrgth yl) - |3 4%?%5& ol soqw nol i nb%R L

yI ] car SEYR'G SCORRIR'Y bg&@:hﬂb R (4-methyl -1, 3-thi azol - 2-yl ) cycl ohexanol

1) -
((1

20.  The compound of claim 16 wherein said heteroaryl is thiazolyl, oxazolyl, pyrimidinyl,
or pyridyl, each optionally substituted by 1-3 F, Cl, Br, I, methyl, ethyl, methoxy, ethoxy or
trifluoromethyl.

21.  The compound of claim 1 having Formula II:

0
CF
R® HN N S 3
R
X
HO

RQ
II.

22. The compound of claim 1 having Formula IlIa, IIIb or Illc:

HO HO
R® R®
IIla IIIb
0
N/
HO 0
R9

IIlc.

23.  The compound of claim 1 selected from:
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4-T((I'R,
3S)-3-1sopropyl -3-{[3-(trifluoronethyl)-7,8-di hydro-I, 6-napht hyridi n-6(5H) -

yl ] car boryd reyeisepent yl ) am no] -1 - (4- et hyl -1, 3-t hi azopeRu¥ioh9oed@hexanol ;
4-[ ((IR

3S5)-3-Isopropyl -3-{[7-(trifluoronethyl)-3, 4-di hydroi soqui nol i n-2(1H) -

yl ] car bony| #4{(tR3PEAlsdpyepyl- ﬁdll-ﬁttlﬂ@)rmﬂhyl)ﬁlﬂ d&hydrpisoplinglingd(Jdyrcl ohexanol ;
4- |

3s§ (g V§8%P%Hﬁ°y§°‘€"[“9’1)("{“r‘??]|lu%y“d‘"'%'ﬂ§/“ly§19§e,"£{’%?r hydr oi soqui nol i n-2(1 H)

yl ] car bony| J4§(tRGFPAIsdpyapyl-8d] 7-{rildordmethyD3c1-dihydtbisoquinadined(aHpl ;  4-[ ((1
R, 3S)-3-1s rpI-3-{y} . .

Koo 1 PHFEBRSBYsippentsh aming ey e bomzel- 3D lPPIPs- o( 51 -

yl ] carbonyl hqugsy-mw YSHH- Bq17-tmﬂdor8m5dn B3W- dnﬁydfbbssqmﬁcqmez(mpl 4-1((1R
3S) - 3-1 sopr opyl - 3- -(trifluoronet roi soqui nol i n- 2(1H)

yl ] car B8e3rbg EV@BWXJ)%NJM)U@@@MWPMP‘&@H hi azol - 5-yl ) cycl ohexanol ;

and 4-[((1R -
35) - 3- | sopr ops 1 rg PR3 ORrep 7 Srflueromethyl) 3 ndihydrolsoguigol AU L v i di n- 6( 5H) -

ylh] car tydn?rb(}wbb'dpmﬂ{aﬁg{no]rioqlﬁﬂl@éﬁé)hévhwcldhpmh| azol - 5-yl ) cycl ohexanol ; or
armaceut i a ere Sj co sing a
Eonpound of ﬁgh Kéﬁggg OPECfpé'F'Pﬁ?ﬁl hu%rgmgt&ml)% %’ﬁ?ﬂ%ﬁaqgée)mpth@gpw g@@ept agl e
carri EIyl]cﬁ'BonyP}clyﬂbﬁaﬂyl)hﬁmgK]dllJ(lai th{i@oﬁ'l‘rylt)cr?lclqheﬁnoa chenoki ne r ecep]'E orI .
conprising ¢ ct sai or W a e of clains
Lo 23 26, fﬁ@gﬁéﬁagg‘seﬁr%ﬂlél {7 St lgprometiud- gm%@ésﬁgwpol k! 68 27. The
net hod yptarbbd) lﬁgé’lépé’mﬁfa%hﬁb 1S13{40mbmiu] Mx%l&%’l)’é?‘e‘l&%%lt 0 i nhibiti ng. 28.

The usé of a‘t eutically effective anount a corrpound ofé&%%none of

claims 1 t@&-[A3RiI)Brieonrepit3aldd-(iridlupromethybell.&-dihydno- .emaphtlyridine t of a
di seas ) [ £S § jermoki ne receptor. 29.
The usgllgéﬁglwgc%agg%m%gpelﬁplsgi @Etg?lspﬁ é@%ga;‘r?x ch{’lreqfar%;’t ory di sease or
i mmune di sm[(:(eR BSam-Isa'ﬂsxepylsae{[Gf(trﬁlxmromeﬂ&l)memmydrcsmdmdhm—eaw I's rheumat oi d
arthrit er oscl er osi.s | cl rosis,' neuropat hi ¢ pain,
transplyzia]ﬁ%rb h}é? ’EIPB?T‘W%“BB@fIéLS ‘Rﬁ‘ﬁylogg @P&’l‘ 8?' XgWL of clai m 28 wherein
sgl d di tseasa [(($RC§B)f3fl'sopr3ﬁ yl- 3Th[e (&ﬁmoﬂa‘me@ﬁﬂ) m%%yakméoharnoﬁ&mM)SI ng
adm nistering an anti-in
yl]carbor?yl}cyclopentyl)ammo] 1- (l 3 thlazol S-yl)cyclohexanol
4-[((1R,35)-3-Isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]carbonyl} cyclopentyl)amino]-1-(1,3-thiazol-5-yl)cyclohexanol;
4-[((1R, 38)-3-Isopropyl-3-{[7-(trifluoromethyl)-3,4-dihydroisoquinolin-2( 1H)-
yl]carbonyl}cyclopentyl)amino]-1-(2-methyl-1,3-thiazol-5-yl)cyclohexanol; and
4-[((1R, 3S)-3-Isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(SH)-
yl]carbonyl}cyclopentyl)amino]-1-(2-methyl-1,3-thiazol-5-yl)cyclohexanol; or

pharmaceutically acceptable salt thereof.

24. A composition comprising a compound of any one of claims 1 to 23 and a

pharmaceutically acceptable carrier.

25. A method of modulating activity of a chemokine receptor comprising contacting said

receptor with a compound of any one of claims 1 to 23.

26.  The method of claim 25 wherein said receptor is CCR2.
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27.  The method of claim 25 wherein said modulating corresponds to inhibiting.

28.  The use of a therapeutically effective amount of a compound of any one of claims |
to 23 in the manufacture of a medicament for the treatment of a disease associated with

expression or activity of a chemokine receptor.

29.  The use of claim 28 wherein said disease is an inflammatory disease or immune
disorder.
30. The use of claim 28 wherein said disease is rheunatoid arthritis, atherosclerosis,

lupus, multiple sclerosis, neuropathic pain, transplant rejection, diabetes, or obesity.

31. The use of claim 28 wherein said disease is cancer.

32. The use of claim 28 further comprising administering an anti-inflammatory.
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