N ((IR 2S,5R)-5-(TER T-BUTYLAM NO) - 2- ((S)-3 -(7- TERT-

BUTYLPYRAZOL( 1, 5- A] [ 1, 3, 5] TRI AZI N- 4- YLAM NO) - 2- OXCPYRROLI DI N-

1- YL) CYCLWBEXML46GETAM DE, A DUAL MODULATOR OF CHEMOKI NECRESEHIQR28CTI VI TY,
CRYSTALLI NE FORMS AND PROCESSES 5 BACKGROUND OF THE | NENTI ON FI ELD OF THE

| NVENTI ON [ 0001] The present invention provides

N ((1R 2S,5R)-5-(tert-butylam no)-2-((S)-

103- (7-tert-butyl pyragoh@ldk swal {ErF- BTVl AR INot2 Yt BB A0)eRs- oxopyrrol i din-1
- yl)cycl ohexyl)acetam de, or a pharmaceutically acceptable salt, solvate
or prodrug, tHEfEOEEYRaZPOhglInédpect BRIAZENi4-YbAMIYPA2-RQEOPVRRYLIRINsst al | i ne
forms of the pr i | gﬂgb o) i Phab et

conposi tions gbg?gﬁﬁy%gﬁgﬁgtgg%gfan %ﬁ%ﬁ%@gdo &gfggﬁthe sa%g%EgNggents
for the treatment RHCHPATORaAGBRINITY, ORI SRS EENA BARMSY ND, PROEEASESUNE,

met abol i ¢, _.cancer and/or cardi ovascul ar di seases is al so an objective of
this inven?ion. The present disclosure also provides a process for
preparing conpounds of For muBACKIGROUNDIORITHE INENTION

N((IR 2S,5R) -5-(tert-butyl am no) - 2-

((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidi
n-1- yl)cycl ohexyl)acetam de: RipcpMyiRreron®ONwherei n R1, R3, RO, R10,
andare as descri bed herein. Conpounds that are useful internedi ates of the
process are al®8lbr ovheipgsameingeniion pevidss Nr( 529 PR het erdubdmpbundsS)-

phar maceutjcak_€opESL it N re PY: gvided herein.
DESCRIPTI&RICE(%%%pgéwk*ggﬁﬁﬁ%qﬁg3%%?%%@65 %ﬁg%?éﬁgaﬁﬁgﬁg¥é%tic cyt oki nes,
of nol ecul ar weéyghhegdaéetdDds, or a pharmaceutically acceptable salt, solvate or prodrug,

thereof, having unexpected desirable dual activity. Crystalline forms of the present
invention are also provided. Pharmaceutical compositions containing the same and
methods of using the same as agents for the treatment of inflammatory diseases,

15  allergic, autoimmune, metabolic, cancer and/or cardiovascular diseases is also an
objective of this invention. The present disclosure also provides a process for
preparing compounds of Formula (I), including N-((1R,2S,5R)-5-(tert-butylamino)-2-
((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-ylamino)-2-oxopyrrolidin- 1 -
yl)cyclohexyl)acetamide:

20 |

wherein R', R®, R®, R'®, and @ are as described herein. Compounds that are
useful intermediates of the process are also provided herein. Metabolites of active

compounds, pharmaceutical compositions, and use thereof are also provided herein.



that are released by a wwde variety of cells to attract and activate, anong
ot her cell types, macrophages, T and B | ynphocytes, eosinophils, basophils
and neut rephiig4s{icevi ewed in: Charo et al., New Eng. JPChH$201085228610-621
(2006); Luster, New Eng. J. Med., 338:436-445 (1998); and Rollins, Bl ood,
90: 909-928 (1997)). There are two major classes of chenoki nes, CXC and CC,
dependi ng on whether the first two cysteines in the amno acid sequence are
separated by a single ami n%@%ﬂP&@ﬁ@bﬁH@R@L@‘ﬁE@C@m (CQ). The CXC
chenoki nes, such as interleukin-8 (I1L-8), neutrophil- 10activating

pr ot ei n- 2 (NAF%Q;] an&hemolans ree dreowepticstyigkieatod mplegelar weight kol n ( MGSA)

henot act I the CC
hemoki nes.  sUehTeTEhd b Pip B STHL § AR bR AL ER g PG 11
proteins (MCPéybgs, MaBrophaghiR-aBl H\Y&ﬁpchywﬂlcéomhm bamhﬂmmema)ghﬂs (-1 and

[ yiphocyt s, teabir ke heneh Por ¢ Bt PSR DEZRRTRES Mok e <o

exi st the chepokenessigephoiiacs): ﬂtleOIIII}SUBJb@HaXI)tQOQQZS(@QVb Chaberaki nes),
and fractal ki ne, ga CX3C %hermkl ng% %’ fall to eért her of the
mej or chemoki F&1% EBfsshYT Gherokifgsg F 1?\%%“18}1?1 rihs 1YERPT i ¢

cell-surface tRESRLMN e Qﬁir@%id%%deﬁcetdﬂ@sefpﬁfﬁkh%y@fsmgte%ﬁ’ﬂcﬁdcm led
seven-transnenbrane-domain proteins (reviewd r uk rends Pharm

Sc., 15:159- 185 adimoma§GOMmHibe X4 demekingsdsuch e iticnentdHeft sewrophifn bi ndi ng
their COogRgt €, 9aNAd5 ot EIOAP- Qﬁnﬁ%&?ﬁbﬁagr&&tﬂmr B uh gﬁr@{éﬁl' l'ul ar

signal though the associated trineric ot el ns anong ot her
responses, a fMpiSd) ana(t;h@a@@ctlcrprlmtlb’dbemduuminls@ad Ellmlmoyt@ewhfzramtbm changes

0 cell shapec lghoAReduEkRrERRIPY e eI Af yAINGRLA0IBlEGH] o,

degranul ati on, ronotion o rat here” area (feast ten
human chenoki pﬁ)tern&c(EﬁIRal Mcehat MaiPR] MTP- Fl,empdmdP SDarﬁGlhtEdfmmﬂSI(F‘ieﬁld\AR)th t he

foll owi ng characteri sti atter iewed in Zl ot t al | nMruni ty,
191151 (000) 1 chihe iy S oo G b ereonedy dolocMoiep. 5 e 4
RANTES] ( Ben- Basidoghilk, @éndatic cel@einh,ba%ghlﬁl&%&awob%sﬂle ciedibklagst er, New Eng
J. Med., 338:436-445 (1998 ;. CCR-2A and CCR-2B (or. 30 "CKR-2A'/"CKR-2B" or
" CC- CKR- 2A" / " BERBRReHRE )y pifopctin- 2#@11@011&@1“368) pepiactalipp(Ef X charo et al .

Proc. Natl. Aggghokieh thatdAot Bl 1%3@3h&%5@16%?09%)1@m&% slub'ﬁhﬁ'fes New Eng. J.
Med., 338:436-445 (1998)); CCR-3 (or " 3") [eotaxin-1,

eot axi n-2, RANPEY, MEhe @leﬂmﬁ&l@m wmvbcaﬁ¢ @@uefﬂc%mceptojs beﬁﬂr}@lng tCHem |,
270: 16491- 164 5 1998
GR 4 (o~ Ottt PP e bl lorlihropeifieddedsfd | 19AR

270: 19495-2(19561(Or1(k1%5()1s Pharvd. Scisters59-éwl By, which %t&rme(ﬁf&ﬁemﬁﬁnﬂ45 5
(1998)); P-113] (Sanson
Lo B ontedin, Ot heiggmc igady Mk redpoh gzt A o)
[ LARC] (Baba ﬁitlal:elLulaﬂ s1gBilﬂlouglﬂh@ﬁ$spcﬁtE21rihﬂ&Q3} PABA8, (L0 ih; anﬁKﬁB 7 (or
"CKR-7" or "CC- CKR—?&@ [ ELC], .(Yoshj e et é Leukoc. .Bi 0] 62: 634- 644
(1997)): CCR- 8theigiespo 98”%?““%@? @{ﬁm@e@ulftrfa B9 CPRETBIoT ShBEeY Nal ., J. 10

| mrunol ., 157c@V%@pez7&%a£eﬂ%§&k§510n@&1ﬂt@ar(aﬁlﬁesmglﬁ%lék:q es, Qfe% aﬁ;ﬁatgﬁ%nho )
[MCP-1, MCP-3] (Bonini etal., DNA Cell Biol., 16:1249-1256 (1997)); and

CCR- 11 [ M2P- 1proppon of eeanigrapon ] Thesaigal ledeien hwparpghemolgine miegiptors digem |
rznermg |5 |5 gn( 2008 or £6919c%}]t(1) Pcafldhiuion Wi tﬁ%ll%@%bér%erﬁh@ Hﬁk&r{%&ew@@@cpt ors,
in Zlotnik et al., Immunity, 12:121 (2000)): CCR-1 (or “CKR-1" or “CC-CKR-1")
[MIP-10, MCP-3, MCP-4, RANTES] (Ben-Barruch et al., Cell, 72:415-425 (1993),
and Luster, New Eng. J. Med., 338:436-445 (1998)); CCR-2A and CCR-2B (or
30 “CKR-2A”/”CKR-2B” or “CC-CKR-2A”/”CC-CKR-2B”) [MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5] (Charo et al., Proc. Natl. Acad. Sci. USA, 91:2752-2756 (1994), and
Luster, New Eng. J. Med., 338:436-445 (1998)); CCR-3 (or “CKR-3” or “CC-CKR-

0.



cytonegal ovi ruses, herpesviruses and poxviruses have been shown to express,
in 15infected cells, proteins with the binding properties of chenokine
recept or sworeuiigemd in: Wells et al., Curr. Opin. Biote®bT/us801643228818
(1997)). Human CC chenoki nes, such as RANTES and MCP-3, can cause rapid
nobi lization of calciumvia these virally encoded receptors. Receptor
expression may be perm ssive for infection by allow ng for the subversion

of normal i mmﬂqeo%yﬁﬂ €MV EIR ARNES Msl3 rﬁ@@%}%eorﬁ&d?e@e étrat eﬁte fN.
Addi tional |y, human chenpki ne receptors, such as CCR3, CCR-5

and CCR-8, cafhewt 2Hslcddl-detdpi ¥ aﬂd)LufttﬂeNemEeg:tﬁ Mﬁd 0338n493|6ﬁ4&5| an cells by
m cr obes as t iFu HI
mggg>%egéRagm@4 &ﬁdblﬁﬁﬁzig?iors &% P f%? ol (H V)

[ 0005] The ch their cognate rec been i mpl'icated as
bei ng i npor t afterme?iitatodp s 19500i(h995armaLostyr, NemEeg M% 3@rdoiddtrunor egul at ory

as” aut of mone A hor agre, AR R ReURR e U R EsahIFIT ore ™

scl erosi s; ancBalﬁ’eblaaQﬂleothe&‘rﬁsa@zess 3626196 NeT OS¢l (6 ‘T Rs-6amd - abet es
(reviewed in: Chan, 6 621 (2 06) ; Z.
et al., Chem Cﬁ&ﬁ %@8@(—}5@@ tahos %JOZCgféf”erzniﬁg? 1‘@8? FL99B ¢C R@I{%rm B| ol .
6: 510 (2002); “(TKRW?C& “et- @tR 7ABDC] Bam@iléfeﬁall\/?(?keu@}emoz 635634 %h4(2000) ;
30Saunders et al oda 8&999 Premack et al., Nature

TP P T S M T TG R A m@mﬁ%@@w»@
Chemoat {1 agt & f M-k 396 190 22801 01, GE RRTBI e, RRESRY iR, ( OO 2)

pl ay a pivot al e In attracting | eukocytes to sites of Iam"ratlon and
i n_subsequent IyM&&3] VRenimgt th&\éﬁ cel Bigl., l‘ﬁhléﬂ%lh@ (dﬂ%hhl@nﬁ@cmﬁ [Md-nds to

CCR-2, L4 Lndycased APl ASEARRELDLLALS 968! bl Rrseake) umGencent rat i on.

i ncr eased expre55|oh 0 ar “adnesi oh - ol ecul ¢ ronotion of
| eukocyt e m gfbi4jon. IiDeltivatte ek ineumnedliah ble:mdkpremcaptos obhmtakanMCP- 51/ CCR- 2

i nteraction has bee ovi ded h riments wt netically nodified
S N e R R SRR AR S R gt N
inflamatiion aifécesd SBY proddingiifif méamumtg)p&qerteﬁ ofdhléhhﬂﬁn@lfb@éﬂt@f@(l@wé%ﬂ B. et
al., J. Exp. Med., 187:601 (1998)) - _mce were unable to

recruit monoc¥¥ g@uéﬁt%r cHiicer w%léfef:’ér%ﬁ4177%ﬁé%97%§iqn&ﬁld%(a0hmohm%u| ous

eXOgenOUS agehichas RANIE%EIhd M3 ]cgh@éﬂﬁé)%kﬁ“ﬁotﬁflza%oigcawﬂlVl'a"tlfe%e did not
mgrate in response to MCP-1 (Boring, L. J. din. Invest., 100: 2552

(1997)), t her &tsllycrapesied recantpivg Reerptos pmrf:SfSloelntay bepemtigiverde: infeotm ty
interaction. | 19$ RE th AL QRS o F %%%ﬂgﬁﬁ%%@’su%@%&%ﬁd S@Q&n\é@ e“t

results with ent strains o zi el
Proc. Nat R0 AcadectiSei AddnmaHQAIum@ﬁBBenong&qupE)md Slléhras hECR4, CCRet CéJIR— .

Exp. Med., 18 Vi abl | i and ner.a nor ma heal th of
the MCP-1 _/_Qa%éééé&g%ﬁfé Canac %0 RS KK fﬁ‘g“"“ft“h“%{“ ?%Btb?’on of
t he MCP- 1/ CCRmzcrobek @ @ﬁhlfolrbxdmee ﬂhehummdmmnphl@f&ianb}ogmad (HIVD sis. Taken

to t e concl usi on that nole t hat bl ock

the act ons ofNEP. o AbCRcr ke SR ERF FEr b DA Gegn TR e
i nfl ammat ory mremrﬁédmm 8f AsamdeRS idfE@VIL WeHinininoRk@llairy Mor8drs Md .
25  diseases, including asthma and allergic diseases; as well as autoimmune pathologies,
such as rheumatoid arthritis and multiple sclerosis; and metabolic diseases, such as
atherosclerosis and diabetes (reviewed in: Charo et al., New Eng. J. Med., 354:610-
621 (2006); Gao, Z. et al., Chem. Rev., 103:3733 (2003); Carter, P.H., Curr. Opin.
Chem. Biol., 6:510 (2002); Trivedi et al., Ann. Reports Med. Chem., 35:191 (2000);
30  Saunders et al., Drug Disc. Today, 4:80 (1999); Premack et al., Nature Medicine,
2:1174 (1996)). For example, the chemokine monocyte chemoattractant-1 (MCP-1)
and its receptor CC Chemokine Receptor 2 (CCR-2) play a pivotal role in attracting
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20 Exp. Opin. Ther. Patents, 16:49 (2006); and Dawson, J. et al., Exp.
Opin. Ther. Targets, 7:35 (2003)). This hypothesis has now been vali dated
i n a nunbwo 20fvdsdiber ent ani mal di sease nodel s, as descrchas2melosness
[0006] It is known that MCP-1 is upregulated in patients with rheumatoid
arthritis (Koch, A et al., J. din. Invest., 90:772-779 (1992)). Moreover,
several preclinical 25studi es have denonstrated the potential therapeutic
val ue of ant a%ﬁéc?rf@s@cfsﬁeb@f&{ﬁ:fmmét{o‘ﬁ%d%léuBEc%ﬁ@rﬁlBr'a@t‘f‘vahﬂg ’Eh"eé%aéellﬁgwhglﬁunat oi d
arthritis. A DNA vacci ne encodi ng MCP- was shown recently to aneliorate
chroni ¢ pol yatliewhemekinandGEedbindstthp CORFS if mducast %raplﬁom@ef: in igfracgtlulag . | J.
din. Invest. 0) i Idbe
controll ed vi 8a1é?1?1g§;?@en§%}%ﬁi l)él%l}e%ls'lte ?Eﬁ% ? l%grol%l Ty %g(gl% %ﬁlgﬁ%&@gt s wth
30col | agen- i ndwowdoapt lvkocyts n(igdg@dna, Ddrhonettatiah of thg 1m1Rataha:1:| of thel2P106

o ol 9585 Gen st oV ide PR R G b e PR G, ooy F e

ant agom st of nMBPMCP VOP il deOwef 6 )inablana Secsikiomon degtehint s ies efviafiimittmase onset

and to reduce ase s toms (dependin onthet| of admnlstratlon) in
the MRL-1pr sao et dieEt BPEYA "enﬁenf( @&ﬁalgeﬁw - g2 Med. £h§g:60
186: 131(1997) J1998hr ER¥RIse, CER-DAS nﬁ&eﬁergﬁﬁ%ﬂbstb'i&iﬁﬂmeﬁ@yﬁgﬂﬂﬂ}b&fcéa“ on of

smal | nol ecul e -2 antagoni sts reduced clinical score in rodent 5model s
of arthritis [BE&ET wben challgpeedith variouy exqgapays agents; Mpsosg7ihe (2005) ; and
Xia, M etjal;y k&a/t% PaekiLal 1'r9'8 2ARGLORERLAR ¢ &ﬂfﬂ[‘ﬁ&rf tjQp of an
anti-CCR-2 antelub SOad vary g1 %?@gg s%gn rrurﬁl:bﬁee f Eencﬂ%ng on the

time of adnmi nklstr @lm dmve€t8r10®1l25521-€199e7t)) Hiereby Qlem‘I)rmr@ltmgl the Spt(?lﬁm&gﬁ t1Q004)) .
Recent studi €1 y%C%CB n%eﬁagtlon %&8 8&?13/ gro%a"é%gge 1&1 B(ﬂ:@i{l ge Eécf ergl]tulvﬁfent

can exacerbate ro rrtr's no Specitic e
ci r cunst ances rastis widnd ffereM sRainedf @CR52 -4 mi€d (Kuzwll Wastet al., Bﬂd& B&6 Ac2004) ;

VP11 s upr o8 HOLd R0 BB e Talrodst 7hkieds PREETGLR homn ¢ nat

circulating | eueblablﬁfy a&i@lgerﬂeraalyelofrﬂﬂmeﬂﬂh dflﬂfequgh 1t r eaa TeRt2 W dnimillo@r apeut i c
agents (Rezai e-Mjd, Arterioscler. . Vasc. . Biol

1522: 1194- 11990t(“2%‘2§ )nth%é‘%é‘f?&ionRE&heMQPdﬂ/é?&Rh%lWéer%lﬁﬁH%%SP&E’éléuqehe pot enti al

therapeutic vgﬁﬁeowglcaaa&s@sg%kamogahérhﬁesléﬂaﬁ’raléa@@ﬁe?oth@&&leaabh @Rrin treating
at heroscl erosis. For exanple, whe 1 -/- mce are crossed with LDL

recept or - def i mobﬁﬁle?ﬁhé@loﬁﬁhwlﬁseﬁ%@?@ﬂ@?ﬂ aonidi be w¢fpl g tgepggi t i on was
observed (Gu fﬂﬁl

was geneti cal ' | at eamFM%b{ %g%llrﬁo(n:ne V\ﬁe %&&%?Qé‘égwe?i}g}%%%s?\ggeﬂug .
apol i popr@bei Esz 0mméfhere€a¢iem ng: 4191(2@6\)9e1néQawmre¢teed o rdEt.Héeoscl eroti ¢
oot on Ol g o848 o 0, R 5 RBR FEIMA fLBe AP0 1S,
are cr ossed vvdiffareapmhmplameastcenoﬂeE as/desdnibedbel@v.si gni fi cant decrease in the
Il\lgf L?Snce of B(?]r 0s (ftl 1§ f;r?ot\x!ncthalltﬁ&lg)rllsls l\llpvar'esgu al;[)esdeilr‘l\{)aet(ljengsl%v%h rﬂgdma%éidglt’thr?’cgs' '
, (Koch, A. etal., J. Clin. Invest., 90:772-779 (1992)). Moreover, several preclinical
25  studies have demonstrated the potential therapeutic value of antagonism of the MCP-
1/CCR-2 interaction in treating rheumatoid arthritis. A DNA vaccine encoding MCP-
1 was shown recently to ameliorate chronic polyadjuvant-induced arthritis in rats
(Youssef, S. et al., J. Clin. Invest., 106:361 (2000)). Likewise, the disease symptoms
could be controlled via direct administration of antibodies for MCP-1 to rats with
30  collagen-induced arthritis (Ogata, H. et al., J. Pathol., 182:106 (1997)), or
streptococcal cell wall-induced arthritis (Schimmer, R.C. et al., J. Immunol., 160:1466

(1998)). Perhaps most significantly, a peptide antagonist of MCP-1, MCP-1(9-76),
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25394: 894 (1998); Dawson, T.C. et al., Atherosclerosis, 143:205 (1999)).
Finally, when apolipoprotein E -/- mce are adm nistered a gene encodi ng a
pepti de ambagomi4etiéof CCR-2, then |esion size is decreaget/ispaopbrgtie
stability is increased (Ni, W et al., Crculation, 103:2096-2101(2001)).
Transpl antati on of bone marrow fromCCR-2 -/- mce into ApoE3-Lei den mce
inhibited early atherogenesis (Guo, J. et al., 30 Arterioscler. Thronb.

Vasc. Biol., &3 dthfn6R043hevelUisel@dni®t HdBreEd BGhs: sglﬁlfmetﬁéﬁgdih sions
I Thromb. Vi Bi ol 25:1014 (20

(GQuo, J. et al., Arterioscler. asc. Biol., 05)). WO

2011/ 046916PCPH IS2010/ 0622882 @0TBHPAR lefr s1owia hodey peartirits dinsel-Hret | i t us
typically exhipitpinsphi fd PRI GO@NEdi80aRG: B obdichphldiRiid eat ur es of the
di sease. Insuli’'n"resistance 1s al so associ’ated wth the groupi ng of
abnormal i ti esadkmiowmatas dfleeall meteatto IGCR -3 ymalyooive' rediced dinnt @oee iXrddemhi ch

i  5eckel et et S AREEE B8R G Y Bhe T o 3P T bR S € e °

i nfl ammati on pl.ay4d., &.3. CuBlidatioreXa.00&a0dn g3t Reindhiseaise opArDGEsSCRA type 2

di abetes and the "syndrone X' pathol ogi e revjewed in: en, H,.

Phar macol ogi o Aptibg B vopns .feﬁgg)n@%@%)cﬁgég?@n&onéh@ timg g]aél”llﬁ?trqt‘ﬁ(}est .
116: 33 (2006) (BR0AIANE, £nAlnol. AT ob CERIMIRaken «A0ic24h 88RA 2082} Pi ckup
et al., Diabetologia, 41:1241 (19982{). -1 is recogni zed as pl ayi ng 10a
rol e in obesi bgeishgaseled hirhdalation of eSRst @ csacerbytecpdontgrthritin medels gy eadi pocyt es
consti tutipyel y eemreﬁgémnmfcﬂan{sgﬁ&@%@ﬁhonew.-p, Qehl . cadpgss nabagy. 175 81
(2001)). CCR-ZpIS expressed on adi pocytes; Addition of MCP-1 to

di fferenti at eR0d); QuopnessM . eyilt, /oW dle bleé a84803 @8AD). n- st i nul at ed gl ucose

upt ake and th pressj pn. of al. adi ni en Lpl, adi psin,

Gy “apo, 19UFEr R B B RICE T ARPRRAN FodER et Byon AT

Proc. Natl. Ab&u.sh&en thatdGAplabg 680L20{MAPA)aye reBadet] b whvitcbtmenyweh 2 di abet es
had greater levels of circulati -1 than non-di abetjc controls (Nomnura,
e oo o MRy e itiahe My 1R (BeG0y R i rEadlior neP 1 from
adi pose tissue2:¢coul diobexgoeduseerd key stedtIMRAE dhditrabd ihe gbel@fli ¢ t her api es
such as netformn or thiazolidinediones (Bruun, J. M et al., J. din.
Endocrinol . MACERCUticgglup o830 1erpm)of hedCPi ket gdnteneionin (fsdingl so
over expr essed,ihBroflidrbie X B JIE Wneh MEdel/smek sRResistywitR DB WaSpf-i Mari |y
produced by adi pose tissue (Sartipy et al., Proc. Natl. Acad. Sci. USA,
100: 7265 ( 20093f)cient picghas®s “miedection feaastiphind densnition wrorbservpdtdi. br eiceded and

occurred concyf nent i i j IS . et al.,
R T I e ks S L

expr essi 080 of mideRviiclPBrpadi ¢vievespressed humiradpolipaprethinih dhe rembigginnicd Were

e oS P S A B e weodin i b et o
resi st ance i ncclwotiiczi(Geslinasl. armt| J. arlat Boese] 103173V ®ope Médcivisedehedt | on of
MCP-1 or by g -] nduced expression af a dom nant negative peptide (Kanda,
1 et al 3. CERy b i Aserosotn oDy By - e AN BERbErLe coul d
al so 30 be demRnsdideAtEsk atiRYREBHMAE REROWaLibs MEE Bokifg,adePAS Vukhssue pronot ed
insulin resistance &Karrel em, 281:26602 (2006)).

, N et al., J. Biol. Ch , >
One conf | Pt i AYHPRSUPID) SHoviong Errel gbbescereds did- 4 PO NoAinalyoskemot
effect insulip,fiBshetANES- itc bR IHMidD RYSR elﬂ@(?dix?%asﬁb aRPSAISHis(ffhow, F. Y.
et al., Diabetologia, 50:471(2007)). Consistent with tphe data on MCP-1,
di rect studi eSORi-2, the@BRiqn s{zchedducRsetl anéplegueortdbiliiaane by dNit Waet alt pl ays a
role in the for i . ' Y= ' i.n_resistance.
Mai nt enance o?{ 'g%h%’%lga%@g?gp E |Y2r9§ ?ﬁ'agggsﬁ%%adﬁgggg&g I%a?%g{ tlF(g][lljl ating 5CCR- 2+
i nfl ammat ory EOReZyimgeiimo BobdB3-Wwikeh hicp @nhibied aarlyCGitheroghesdd (Guo,Jl. etG@Li n.

Invest ., % ; %gtzrz%sggg%)f%on?bnq/aép ngol.:£3_:44W (58038)-!%1(1:‘[1?1%6 m'i:ﬁim?lf ef?elct's ’onJ' ain.

I nvest .,
advanced lesions (Guo, J. et al., Arterioscler. Thromb. Vasc. Biol., 25:1014 (2005)).



Genetic deletion of CCR-2 reduced nunbers of activated macrophages in

muri ne adi pose tissue (Lunmeng, C. N et al., D abetes, 56:16 (2007)), but

di d not aWvbeeoti/meqpepul ati on of M2 adi pose macrophages t rougistomwosizas nt ai n
the "l ean" state (Lunmeng, 10C.N. et al., J. din. Invest., 117:175 (2007)).
Genetic deletion of CCR-2 reduced diet- induced obesity and inproved
insulin sensitivity in diet-induced obesity nodel (Wisberg, S.P. et al.

J. din. | nve 116:d:h8 vclap@ﬁe)z dlg%&%élh'tﬁs tyBrcal%t e;ﬁﬂblt’mf gl‘f? ﬁ@nb&@st' on NO
WD 2006/ 01342 AéB dependi ng” on experinmental conditions A et al.
(bes. Res., 18neK Ihe(lszl%ybfeatmwhﬁh@ﬂxs@ﬂw ohswin rgsigengp Iis almlaeamna@d@@rh—z

(Vi sborg, 5. BBy HRGPUERrRRE LINGERIG b Sabaht SFoBBBPHEE 1 uai s

descri bed t hewhivpordwales obresitye athkro@TRods, ihgpdriepaon, am@dyshmdemdumeﬁbwésnul ar

ot LareL 90, sUETRAELE A A AR R RSl Gy 65 8l 35" O
[0810] Iht i; kli’(ﬂwgl &;b@trt;]awﬁig’th%bfdﬁssasu@mgggllﬁty@d2ldmbﬁtusnﬁﬂ tmfffsyndibme ls«gl er85| s,

and it has eensovvnt at e tive ftherapy with inter on_ 3 reduces
MCP- 1 expr essPYRCIPHOERI PYrdr I P&%f%ﬁS?ﬂ%%ﬂ iwh Reseadis)’ %\945%0@4%1% hat
MCP-1 plays actdl & dip. Bivéeass: B (08I6sSFdnalilork lcdsll, AbA. J. @m@t :27G-BG

Neur oi munol ., 123:170-179 200§>) O her studies have denpnstrated the

pot enti al t hef200kPickunetialieDigheialngiagbin] S EPO8Dh M QEbistrerrRzcdB M Er act i on
in treating Mgl b BeSGHRERSE Siulfd llemg}zmcfeh%m?ie ﬁgn@aﬁl iafpoBaEn demonst rat ed

in experinental autoi ne encephal onyelitis nventi onal ani mal
nodel for nul ténstietisdy exposhsl M@Bfﬁ(ﬁieétdrd&thnCdf Eadedripokiged 75:81 (200PH.1 t o

animal s wth E’éﬁ f Qﬁr%%%@%rg c%ﬁiogé dﬂm% oﬁﬁ\/ﬁeﬁ?% cqlfHerth?a?ed(aléfpoc e[gsyzh K.J. et

al ., J. Neur o imol ur t hernor e, hal'é shown
that CCR- 2 -/wtrmcbﬁeaeﬁmslﬂml-ﬁmﬁlmwd@ﬁ@sdﬁﬁﬁak(eﬁhdEh;eea)r&'ssmﬁtof adveral J.  Exp.

Med., 192:899 (.2000; | zi kson, ., 192: 1075 (2000)). A
subsequent r epHPRECBIGEERRISHPL ﬁ@é’%‘%ﬁﬂl%ﬂapab@e {%@ere%h%%% t he

ef fect s ofj5s CCRuaifeb &k boPrbd NHCEhir QM kA HEBI (1849 RipAgenlsGAHPRpe B. et al .
Am J. Pathol. 2:139 (2003)). Not abléﬁ adm nistration of a snall

mol ecul e CCR- Qlah%@%gérgre@ter &W@léomr@maéag (Pehthan p@fb@lﬁ‘&@ﬂ@ﬁfqlsrﬂ‘@@ﬂ&/ 6 nice
(Brodnerkel, & M, E'ézf;ﬁmé%n)zmwlzmwmWdél%?&egé%mép Pll Idoke 15 known

that MCP-1 is upregul at atients evel op 5bronc ti's obliterans
syndronme af t etissueipguld bemélpﬁeéhy geitoant(Reéyangdisbeacitherapies fch e& mafformigor Hear t

Lung Tr ansl st GHi(ak: 430, 2025 BeLREThan oy 6l Al og e Chh) 1 nvest.

108: 547- 556 ( n a nurrne no onc {4"s 701
syndrone, 2ad randes/tse,aMCBrl wvads a0 oaerexpredytd 1ﬁ1®nd\7ﬁ5>eﬂpelr1eﬂnﬁablnadeﬂsaoﬁ‘waés@n of

airway obliterafion e wer e n 0 alrvvay
bl 1 1or ati on it Vi et O oo funf oo gl gioe Vi g [vel,
108: 547- 556 ( 28Q1)00: 7269@&)@3);&@0&%9@@@&11&&@&5@5& @JEMUPSUBOprrMéHedMIﬁCR 2 may
be beneficial in treating rejection of organs foll ow ng trans | antation. In

addi ti on, stu@?@ge%muré%lwﬂthﬁ%qOrﬁ?tsorferﬁtlklrbm%tﬁnqe@u HjeteR/2CH%i s was abl e

to prolong th%éyr}’lz\/?ézwiodm' %oalelaﬁwsﬁmvec(thﬁ%eé r@lio@beMcP.1 | mmunol .
171: 6929 égoos) CTrmunol ., 172: 767 (2004)). In rat

graft 15 dep@sltl\@mozrehw@ meFbogly mse i hovpsrigenapel agippsegisbugtadeni¢en grafts that
devel op graft t uchl g, a
Transpl ant ., \Y&%%&p&%%?&%?%gaﬁgt 95(201:.6 %1)& bonsm\gent mlﬁ% é_ené ther apy

attenuated gr dé\telopasumfmrsahmsps@ﬁmeun db/d@\m@twalamehmwé mtlus aia@enetfﬁhr onb.
Vasc. Biol., 41e .on_of.
el

. t10n 0 1\%@9?4 %) ne- qu uc cfi%c desicr{ ojtgecfi 1nan ne ative pe
experi nent al gl att" n&ornF TR F oF RELY'S B gge of
20( Tat ewaki , EKanﬁh Ralet al., J. ChagmvestSULQ1494420062)3 @hé 1’@61:3) Jonverse could also

30  be demonstrated: overexpression of MCP-1 in adipose tissue promoted insulin
resistance (Kamei, N. et al., J. Biol. Chem., 281:26602 (2006)). One conflicting result

showing that genetic deletion of MCP-1 does not effect insulin resistance in the db/db

-6-



[0012] O her studies have denonstrated the potential therapeutic val ue of
ant agoni sm of the MCP-1/CCR-2 interaction in treating asthma. Sequestration
of MCP-1 wot2biizo4pmat ral i zi ng anti body i n oval bum n- chal lpemgsdonios2ss esul t ed
in marked decrease in bronchial hyperresponsiveness and inflammation
(Gonzalo, J.-A et al., J. 25Exp. Med., 188:157 (1998)). It proved possible
to reduce allergic airway inflamation in Schistosoma mansoni

egg- chal | enged, 1ica8s Ll b P‘lyﬂl §§1r uh for MCP-1
(Lukacs, N W eoiﬂea ; %QME e&f@ho%ﬂ e @tldbgﬂ)l%ga @Q z:oér?g?s ent with this,

MCP-1 -/- mi CQOGHI%W Wbéheadataemdﬂga 1|z é@??bﬁséle&\M%ﬁ@Rr?eﬁﬂg?é\/[@PﬂHe@@mr)st osonm
mansoni - ¢99 (e B e il BBy ks 00 S0 GHGL Y RLQOT3] O et

st udi es have em)nstrate potenti era eut cV ant agoni sm of
t he MCP- 1/ CCRiRulimtcgrstactki Mamtenahcreeﬁtalhtr@ fkt dietegcrehsetethseumbkdmfmnsnlamtg on of

ti bod f -1 d | t ed
I NN e T T R e T R
col I agen (LI oyt7:902 (M07}andlApoEd/- niix(TadlRdF . et 118Y. CBA InedQ9T):185 (20038 di ti on,

MCP-1 -1 - th j nduce ot oxXi serum nephriti showed
signifi canuy%le%f‘é@ defﬁmn %frg%%ﬁé@[éw?w Kl Pctwetsﬁeawopﬁ%gswtwaﬁrts (Tesch,
GH et al., Jdip&kiiBsue (DR, ¢ NLOBiL7BidbA938)1) (20000 SRMRK @ffecsh Udi es have

denonstr at ed the potential therapeutic value of ant agoni sm of the

MCP- 1/ CCR- 2 | hersyaien pBM2|aﬁllpp$ee‘a%qr%&wgey§hoeahtdo Maptedn the yiche nddte §anengCr- 2 - / -
m ce exhi byt egd prolionged, SHLW Y- 1?&@0@9@&%5 @é’&ion%&‘eéﬂsfreaﬁéeahie\’e to

their WI counterparts in a nurine system ¢ | upus 10erythenat osus
(Perez de Lenmmdu@d obesityland 1rﬂpromd11n$bnsenmelphy n dig:igbead §ire0snydel These dat a

o gomati o Golwpkide (S e gaeR: PROLE Y QPAEbAGH dorp BT fl PEFER 51 uSh €9
43, 1121 (2004)>ub11':mmo mgizowmmzy A2), dEpepdintyea expemﬁfammcbadmmg(emn or

1121 (20 ci
A thritis Rhotntt aaghobke’ (38EL0H00LT A RniE iR BB e 3015 A

remar kabl es 30aﬁt@gdﬂ15t 1[50 ﬁ@ﬁ@ved nsGERsedditiligninfids PPhode] (W BRReE K st Mas
observed in the smal |l bowels from Crohn's patients relative to non-di seased
il eum (Connor - (ingInveyt., §]0:11562900)53: 1287 (2004)). Al so of note, there was

an expansi on ygpodpe %%%ﬁlhle@hesehs&uh@ﬁﬂﬁwame%f*b@@lﬁﬁ/h%@ﬁm@mnocyt es in
patients with active 20Crohn's disease relative to controls. Several rodent

studi es have dénendsescataeimflemamagon. eemgdgling. hed Rypetitopky (Bushd. of alant agoni sm of
the MCP-1/ m@pér&%ﬁ?ﬁ%k%@ﬁ?O@?} fsﬁﬂ)taélp%cgtghrt’zﬁc @, §eﬁsl%§fjf D3 CCR-2 -/ -

m ce were protecte rom-t s of dextran sodium su -i nduced
colitis (Aadr&Wlo0P. Gt 1eknoaxlnthatMCH’ “imuupotgulaidiin 68080 mﬁmee)sﬂerommndiitst ration
of a small nolecul e ant CCR-2, .CCR-5, d CX mur i ne bi ndi ng
ottt es oo De R it thepie sabanbyg) b 3P SOV S SR st
dextran sodi um @ﬂbﬁ@alwdadmedu&&k bélisssuégdékﬁ@’tﬁﬁlmcﬁl pidysalrole id difeasd NMTunol .,
17: 1023 (2005)). Finall {qr -1 -/- mce substantially reduced

col oni ¢ danag@roéﬁ’é%l?fl%r oSc¥pi-c/ é’ﬁWOF’W’é’E@IZ 0@30159)17? ﬁzoé?z}ia%‘thérrﬁ-“i%uced

nmodel of col i hig deKDRARrate ﬂepo?éntlﬁlther 1p% ic Valuet (t}")éﬁﬂagénls(ﬁ"fl&ttBQM@Peﬁ/bCRL' ver
Physiol ., 291: G803 (2006)). ]ﬂr\/\o reports describ

over expr e38i oA lmrawmmlltr?'«wngﬁel tlprlﬁﬁé‘ psirapll eﬁh@ﬂqemﬁleﬂs heelheel an mucosa
of patients V\'ﬁ &peménmto%r}{u& \ﬁ%phgbﬁﬁgﬁ% (EAE), the conventional animal

model for multiple sclerosis. Administration of antibodies for MCP-1 to animals with
EAE significantly diminished disease relapse (Kennedy, K.J. et al., J. Neuroimmunol.,
02:98 (1998)). Furthermore, two reports have shown that CCR-2 -/- mice are resistant
30 to EAE (Fife, B.T. etal., J. Exp. Med., 192:899 (2000); Izikson, L. et al., J. Exp.
Med., 192:1075 (2000)). A subsequent report extended these initial observations by

examining the effects of CCR-2 deletion in mice from different strains (Gaupp, S. et

-7-



(Rei necker, H C et al., Gastroenterology, 108:40 (1995), and Gimm MC.
et al., J. Leukoc. Biol., 59:804 (1996)). [0017] One study descri bed the
associ at iwo 20f1/q@saaot er pol ynorphismin the MCP-1 gene WwCrhiSsabesnder na

(systemc sclerosis) (Karrer, S. et al., J. Invest. 5Dermatol., 124:92
(2005)). In related nodels of tissue fibrosis, inhibition of CCR 2/ MCP-1
axis reduced fibrosis in skin (Yamanoto, T. et al., J. Invest. Dermatol.,

121: 510 (2003); A:nf?rﬂﬁdtm 16’2 M9 @6036}3 Nota]ol aaﬁﬁﬁﬁfsttrau&?%ff@smlu moldegft 1900
(2006)), lung (uma, T. hol., 204:594 (20

Ghar aee- Ker maRICR-Mantegonit alSO k(b}ftt@ﬂ(@mse magr%@n(nz 0033Y/6 nnmﬁ?e@/dnqeldreﬂ,ag awa, K.
et al., Am J R Wada, T. 10et al., J. Am Soc.
Nephrol ., S%a‘%‘%oﬁf’?’a’”@%éart%%g%?@)dan| S. et al., Grcul ati on,

108: 2134 (2008)0)11] andt i kmmthélfM@Mﬂas, ulﬁeguéttedahpatielntstwhqlievﬂ’blb Med., 14:837
(2004)) 01 e stu has denons val ue
(2000) - OB S s, SRS R 8 LS ROESTIN: Bl WIS BEEN L Vel ue
ratsbvmdth | gAal, mmmwmrgpzrre;xspraun,gzumww (20D0 R r113terpelaut> ,Gdetianf.x gwalrv@t@{y with
ant i bodi es raised |n rat 15MCP-1 (J the synptons of alveolitis were
partially all é&ﬁ At egs (@@H@s In gmuring modgl OF%@nChlmﬁgﬁtmni%‘ doMey (1992)) .
[0019] Sever al ,&hiddirgfonnAYE afibOWN ot NIEPRAL &Rt Bhuati e BRQHMY oblidAtibe Of

ant agoni sm of the MCP-1/CCR-2 interaction in treating cancer (reV| ewed in:

Craig, MJ. etikarise, CEBnEer migetugsa ragitantieeinyayblipratiop pobeysemesedel, 1. et
al ., Sem ﬁ‘é‘rsgéegp SRNESL a1 By A1pOYy, t29081§h7%% (ﬁ@%ﬁg“)rhes@d'aé%u Rl al ., Curr.
Cancer Drug Target 6: 659 (2006 fs) When | mmunodefi ci ent ce bearing human

breast carci n@mtagoazlesm o MieP-8/GGReamet babtiefiaial mnteauﬂmemmmflomady i nhi bition

of lung mcro ast nd. e [ Vi re. [V, Sal cedo,
R et al., Bl gg%W%@g:?a%%ﬂ ﬂ1<o %b%@ﬁloﬁfs udlesﬁlaﬁeasn o :A%lt ggﬁ‘%fﬁnrr%fﬁ\qggem mens,
CCR-2 expr essﬂ/@CRAasXms/ss)ﬂjlatoqﬂolmgthe purmﬁhlrca?hﬂetmam&mt @rogdressj.on 25(Lu, Y.

et al., J. Cell. Bioche 2007) I n vi res i on has
been shown t o W&Hi%t ﬁﬂp%gdogbe%ghée?t Ze% iy WH%W%Q@S%& . Y. et
al ., Prostiat emoés, TIIRLE 2R06)0P; 1 fvek Shbeh m&lpré‘gﬁ&eh 1ﬁ§ﬁft§&ﬁeabvbmp @faqatst ate

cancer cells |nduced human bone marrow progenitors faor bone resorption (Lu,

Y. et al., CaWeeylopaly (Hogiguedgds et dod7yger? Bopdoropiat tal P O0eh-e® have
descri bed the,RRt&tiuliRlanti NECBPGHEd tBerdR) M@n&ﬁed@?&@%@ﬁl%@t}gff shilg, NCR- 1/ CCR- 2

interaction in treating restenosis. In humans, MCP- l'evél's correl ate

directly withakif&leripgyery Bapepdsiss Bid. éﬂ}lW%ﬁn@OO‘m (e S&ld}’ deyyribet i oscl er .
Jhront. Vasc. o orflpctfienfaP Ot bkt o8l Pho il Rty IR #REpH N MOP- 1

showed reductions I n I nt |rra rea an eln aratio
(relative200 Wdtatagkpél. ki dlt &rifmd. S8ig..a5t18B6 Q00en.i al i nj ury (Roque, M et al.,

Arterioscler. nb Vas 2 A et al., Grec.
Res., 95: 1125["26 %’84) Ot ﬁ]“d‘\?@ijaveg?m%rfStrateéﬁ‘ch’S% fi1 0 ﬂﬁr%?ﬁw Valdzdd " commun.
310: 936 (2003)11)tagdnl‘$rrfﬂf&l$a MCPanSCRM in@facdn id tdaifgridthinan8gicstgion ohi bi tor of

MCP-1 in the rruscle Ira, et al., ﬁ:ir_c. Res 90; 1
(2002)) al so ST E ulh e evaen 9%@%5}/ Sl Rl Tt PR 2 BkSbkade of
CCR-2 using agaesks alurdichrl @%ir&@dﬁéﬁeﬁ@s’d @ﬁ‘(ijmﬂ@lﬁfnﬁﬁéﬂ@mfbmp@rm asi g after
stenting in primtes gHorvat C. et al., Grc. Res., 90:488 (2002)).
25  Exp. Med., 188:157 (199@)) It proved possible to reduce allerglc airway
inflammation in Schistosoma mansoni egg-challenged mice through the
administration of antibodies for MCP-1 (Lukacs, N.W. et al., J. Immunol., 158:4398
(1997)). Consistent with this, MCP-1 -/- mice displayed a reduced response to
challenge with Schistosoma mansoni egg (Lu, B. et al., J. Exp. Med., 187:601 (1998)).
30  [0013] Other studies have demonstrated the potential therapeutic value of
antagonism of the MCP-1/CCR-2 interaction in treating kidney disease.

Administration of antibodies for MCP-1 in a murine model of glomerularnephritis

-Q-



10[ 0021] Two reports descri be the overexpression of MCP-1 rats with induced
brain trauma (King, J.S. et al., J. Neuroimunol., 56:127 (1994), and

Ber man, Jw@L0at04ed16, J. | mrunol ., 156: 3017 (1996)). |n adaiuscan/528%di es
have shown that both CCR-2 -/- (Dimtrijevic, OB. et al., Stroke, 38:1345
(2007)) and MCP-1 -/- mce (Hughes, P.M et al., J. Cereb. Blood Flow
Metab., 22:308 (2002)) are partially protected from 15i schem a/reperfusion

injury. [0022}dtitddSn K%ﬂ@dh@&&as@ﬁ@&}{&ﬁﬁ{ E@&%ﬂ%‘%&%n E’Ac?dép@é?ndn’m‘?)gieant role
in the devel opnent of neuropath pain (Liu, T. ., Pain, 86:25

(2000)). Consi eellegen (hayd. €M st ﬁoth@m Mgd pbYSeriTi é199ﬁbl & 4dgitiogdRCP- I # t he
treatment of eh)}rﬂthni];llh?cm %é{?ﬁé‘%nﬂﬁﬂé%%é TR Hlfi@%ﬁlyﬁ%@%bﬁﬁ?c” bed

recently. CCR- --mce s tere respons & 10 ammat ory pain
relative to tuanargeVﬂanahané?Priar/frsg)unmpeimdireegh r(éH[ucteadi pdilin. lvedvayi03r73aft er

i ntrapl ant L@Pgﬁl ininjection and slightly reduced mechanical allodynia
after intr CFA injection (Abbadie, C. et al., Proc. Natl. Acad.

Sci . USA, 100[07)94]7 ( 304291 htudichhaddieinbiate@did-pdtential thergRudd ¢hiweadf di spl ay
significant nechanical_ al|l &dgﬂig ay;ter sciatic.nerve j qj ury. Likew se, a
smal | nol ecul avtegepism SEhaMEEHHESR-ZIRGIREEY! rdepiie sesiFmig) waym a to -80% of

pre-injury | eygtigmafot@ c@irab -adidcikpiblial Cg@l'@n%eﬁtmﬁima@andQed&Ed fthal, PCT
Publ i cati on No. WD 2004/ 110376 [ 0023] One study described the critical

rol e of MCP- 1diseps¢ eeddiiwpricetheir Wl mn@mwwmurm%b@ﬁsaﬁﬁm lupsG et al.
G rcul ati gg, é;ézﬁxea%s&s?@% geL @@{als%%ys&e bﬁ@ﬁgb%zl@% ERYaL! on of

experi nment al t farlure oW ng I nhibition © yashi dani, S.
et al., G rcublaeperonsiodt 2iBahe(@eag)nodifyd@a«iidhhenndinudicasstilies @npr ovi ded

evi d.ence that (9 c]_é let?on o\fﬁ@(wﬁsl%%dée et alawhous IO IQegsye Oég)hce?fzhlnm

menti oned above. ese reports provi correl at MCP-1
ant agoni sts c@obd); mesch,s@fmletd‘lh.ém}xpemd CID0f181 3 61199%) oi sledasiegatioAndd her st udy

ogear e b Pa LSS haeRl R A Pl i cBb por &
arteriosclierosi ®défupaah bt lupdsE. et al ., Proc. Natl. Acad. Sci. USA, 90: 6086

(1993)). 5The overexpression of MCP-1 has been noted in the |ung
endot hel i al cHMSl of Agampikakle 3Qfeld incrratsyaitiRs2 plam%rvéﬁpylaflxrﬂmgwgs was

(Antoni ades, bhddve@tin @t smalﬂ'ﬂd%@els Ngh brolﬁ%ﬁﬁtle@fdatlk@%’ nof@ Yisekbd ilfd?92) ) -

Simlarly, the over expr essi on of been noted in the skin from
patients w th(Guopel &di ¢ al.Detreld B3/ (M04}9t Aéﬂo of ngte, tivere vt ) expgesion inflg: 228

(1996), _and %th)!sét f QﬁCulaﬁng @CK’% /CDI]4 /dlf%egion%%[ glﬁfbemefn]’s wﬁtﬁjactjf\?g (1993));

correlative di ngs w th predom nance ave al so been
reported @WesCerhgaaligaseGelative to controls. Several rodent studies have demonstrated the

potential therapeutic value of antagonism of the MCP-1/CCR-2 interaction in treating
Crohn’s disease/colitis. CCR-2 -/- mice were protected from the effects of dextran
sodium sulfate-induced colitis (Andres, P.G. et al., J. Immunol., 164:6303 (2000)).
Administration of a small molecule antagonist of CCR-2, CCR-5, and CXCR3

25  (murine binding affinities = 24, 236, and 369 nM, respectively) also protected against
dextran sodium sulfate-induced colitis (Tokuyama, H. et al., Int. Immunol., 17:1023
(2005)). Finally, MCP-1 -/- mice showed substantially reduced colonic damage (both
macroscopic and histological) in a hapten-induced model of colitis (Khan, W.I. et al.,
Am. J. Physiol. Gastrointest. Liver Physiol., 291:G803 (2006)).

30  [0016] Two reports described the overexpression of MCP-1 in the intestinal

epithelial cells and bowel mucosa of patients with inflammatory bowel disease



et al., Acta Derm Venerol., 84:353 (2004)). Finally, a recent report has
shown that MCP-1 is overexpressed in the brains and cerebrospinal fluid of
pati ents wot2h114s41&8- associ at ed denenti a (Gar zi no- Deno, PAT/USRG0/0R2288 | cat i on
No. WD 99/46991). [0025]1n addition, CCR-2 pol ynorphi smhas been shown to
be associated with 15sarcoidosis at |east in one subset of patients
(Spagnolo, P. et al., Am J. Respir. Git. Care Med., 168:1162 (2003)).

[0026] I't shoulihidlcR, BE:. @pal:le@a&%;zte%zld%@ﬁ) (o), dnmrfnﬁ@tm geul

co-receptor for sone strains of ranz, B.J. et al 85 1149
(1996)). It haekatdolbeRBOHEORO I ned t hat the use of CCR 2 as an HV

a3 e, TRATE TEREEHE Fealim AT ARRRERL AL RIS [ e
recent fi nd| nwamageﬁehﬂthmcewnm (©f stamiCGRerBsisKamdr, S.CCR:, 2- Biddsy. i s _
(i th, M v Gl T (oS P8 a8 s b gt iEs 488 not been

i npli cated i n2mnhese aﬁﬂ’s@ﬁﬁs&ef&roﬂlimlﬁﬁm (bemihad, MePall Jambagorisd:sl t hat act
via binding t t her apeu ects in del ayi ng

t he di sease p?%]g%s(zf)qr}g egr%g‘l?\églvﬁbgtn f:(lcl%“fa‘?:g watﬂatlé(éﬁ%@f(g?%@zl?‘]“gt shoul d

be noted t hat @@Qﬂmﬁlaaﬁlﬁpaihbﬁ 20%6@(2@0 (f Oharh &K EHHARNME BED zia%eIVCP 2,
MCP- 3, and Lust er 338: 436- 445 1998 §| nce t he

new compounds 26264 GPRRIN. X1qnpy (Iﬁ@g@wﬁeat Herlwi h Pafiodghifi B8 (W)
bi ndi ng tqgt hg, GO &, KECARLHLL., 15t9 Bﬁloﬁﬁeﬁ&ﬂt(HE%%ﬁarﬁOSITBPM”@%%nJrPr mul a

(1) are also effective antagonists of acti1 ons of

MCP-4 that ar éoﬁr%kiiﬂdﬁ(&i))bgnd@@a AsudgcBradrnghy /. MirleHed. ef4e338r2@4))s made
herelnto"an ni s 1. |t to. b suned that this is

equi valent to (ﬁ)gglt agggrlllle %trlhdg%P BRBW; tr?g%hstpOtenﬁa:hltq I?ecgal Or¢ ‘@&3 Qfamagomsm

[ 0028] Accor di nfjthy Mo lvp]manimtetrmm imekating dvelieroWihaeraaotithighyimsank d
denonstrate a w ange of utilities in trea i al l ergic,

nfl a
e 2 rBl S R 52 et et v b S B s e SR et rucy

Publ i cati gn Neg:p- V\QEBQﬂéiy%lo'moof/élveémtmwr@wrﬁmchl16@51@11 Wohs, M.Qf.%f gnge and
assigned to present A@pl i cantéD WO 2008/ 014381 A, WD 2008/014360 Al and WO
2008/ 014361 AMmigiokel9xd4¢6gdlnds t hat nodul ate MCP-1, MCP-2, MCP-3 and

MOP- 4 act i Vi tyooybp CORrcfal sihlis hRLGRGREES pabafil HlenBh RS aNaLE S RKACESSES 0
prepare these conpounds including 10nultistep syntheses that include the

i ntroduction ahitic YB5E§GEnT intaspatipn in tofatipg epneert(femgwgd ou peaig, M. J ctal,
Cancer Metastasis Rev., 25:611 (2006); Conti, 1. et al., Seminars in Cancer Biology,

20 14:149 (2004); Giles, R. et al., Curr. Cancer Drug Targets, 6:659 (2006)). When
immunodeficient mice bearing human breast carcinoma cells were treated with an
anti-MCP-1 antibody, inhibition of lung micrometastases and increases in survival
were observed (Salcedo, R. et al., Blood, 96:34-40 (2000)). Using human clinical
tumor specimens, CCR-2 expression was associated with prostrate cancer progression

25 (Lu, Y.etal., J Cell. Biochem., 101:676 (2007)). In vitro, MCP-1 expression has
been shown to mediate prostrate cancer cell growth and invasion (Lu, Y. et al.,
Prostate, 66:1311 (2006)); furthermore, MCP-1 expressed by prostate cancer cells
induced human bone marrow progenitors for bone resorption (Lu, Y. et al., Cancer
Res., 67:3646 (2007)).

30  [0020] Multiple studies have described the potential therapeutic value of
antagonism of the MCP-1/CCR-2 interaction in treating restenosis. In humans, MCP-

1 levels correlate directly with risk for restenosis (Cipollone, F. et al., Arterioscler.
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[0029] 1t is desirable to find new conmpounds with inproved pharnmacol ogi cal
characteristics conpared with known chenoki ne nodul ators. For exanple, it

i s desiraWbeotio4bdind new conpounds with equi potent dual PCTRS2¢15/052288 bi t ory
activity in 15 conparison to selectivity for CCR- 2 al one, predom nantly
CCR-2 versus CCR-5, predoninantly CCR-5 versus CCR-2, or other G

protein-coupled receptors (i.e., 5HI2A receptor). It is also desirable to
find conpoundsgyw,ihy&dUkpOtg b, dal ) CoRed RakRhd J%lct(kr )’oﬁﬁtM(‘!P f ¥n@ng
advant ageous characteristics in one or nore of the | owm ng cat egori es:

20(a)pharnaceGﬂP@EmSpﬂb@émﬂwb@e%ﬁwenﬂws@nm%mﬁhﬂ$ﬂ0@@bﬂﬁawﬂv<ﬂ ¢ amenability
to sustained Tﬁérg% §) Jif Mgf#@pf%ioqu M. et all %tegz?ssc?egenfr rgblll}aw S (e.g.

| ower dosages an once- factors "decr ease
bl ood concent2&6&@@0¢9a&m®baLAoﬂgh(@haRacﬂénugﬁ(ﬂb4XEhm‘Wﬂbﬂaﬁrance and/ or

vol ume of dis n): 25 facto cr.ease ncentration of
e or us Sptaet A B Condh oo IR B LR aREOE ™
di stri buti on) dorh@hitactaie irﬂﬁ‘[ﬁﬁbr dﬂﬂcea&ﬁ tﬁehﬁelhﬂaﬁrbuéclet(Egéisﬁi’ra,(ﬂ. ienalG alirc.

drug-drug interactiaons ochrome P450 e i nhibition or jpduction,
such as CYP 206%iilB £%<0§¥9 alsg prdppeddatapal & Dlasiy afigr arterigl njury pfy pRFRE ok net .,

38: 41- 57 (2000) ccriy &hhgiachdiehy aﬁ%d@l‘}%d%@écﬂie@ﬂmﬁ;ﬁl @E@[a@ﬁ%ﬁ}n stéhfiflg
(Of actors that decrease the potential for adverse side-effects (e.g

phar macol ogi c#1 PrieatasdHppthy Cort pbrid" GRe: ot0t3 (&8Pl ed receptors, potential
chem cal 187 hﬁbm 'Tgvo r%?t% 'dé’slcﬁ% thl: bﬁré@%s%om@@t lr%'v@ﬁ 1ndhf3@d &Qﬁh” nel

sel ectivity). Is especially desira nd conpounds having a
desirabl e contraln“aﬁ (Komg, dfS. tthb, A%al@mwn@néﬁjlﬂﬁzh?%@@ﬂ@gnmuw etal, J.

characteristi %% JZOPS%OJOI%I( gﬁ T ad(a%soln(r:snuc!les have ?hlahbcgtRC%r Oﬁ” de new

and/ or |nprovéﬁmprotess ese processes may be
characteri zed(DNmﬂhhmrw, OlB et ﬁlaﬂtm/ﬂ?, 3813{3%)(20@37()) dné M@@cpt-/atrmm(}]tughdsa]? yer scal e

producti on, such | ant or Wit a in rocess steps
el ot achn Hiits dacki Plegli it olhonr 0 LR R ey Tk B Rg oni r e
purity), ssabmkmﬁyw&@aﬁm@xﬁq@g,of handl i ng of intermedi ates and/or fina

10conmpounds; and/or c). fewer process steps. BRI EF SUMMARY OF THE | NVENTI ON
[0031] The pr efl32] i nltdnkiaym tb%témna@ﬁeSén%&Pélﬁgeamaa@a fpRgrtant role in the

N-((1R 25, 5R) dgve( ficht of neuropathic pain (Liu, T. et al., Pain, 86:25 (2000 Consistent w1th
but yl am no) - (% 3-(7- ter% F yrazolo[l 5-a] 5? triazin-4-ylam no)-
2- thls notion, a potentlal role for C R-2 in the treatment of oth 1nﬂammat0ry and
neuropathic pain has been described recently. CCR-2 -/- mice showed altered
20  responses to inflammatory pain relative to their WT counterparts, including reduced
pain behavior after intraplantar formalin injection and slightly reduced mechanical
allodynia after intraplantar CFA injection (Abbadie, C. et al., Proc. Natl. Acad. Sci.
US4, 100:7947 (2003)). In addition, CCR-2 -/- mice did not display significant
mechanical allodynia after sciatic nerve injury. Likewise, a small molecule CCR-2
25  antagonist reduced mechanical allodynia to ~80% of pre-injury levels after oral
administration (Abbadie, C. et al., PCT Publication No. WO 2004/110376).
[0023] One study described the critical role of MCP-1 in ischemic
cardiomyopathy (Frangogiannis, N.G. et al., Circulation, 115:584 (2007)). Another
study described the attenuation of experimental heart failure following inhibition of
30  MCP-1 (Hayashidani, S. et al., Circulation, 108:2134 (2003)).
[0024] Other studies have provided evidence that MCP-1 is overexpressed in

various discase states not mentioned above. These reports provide correlative
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15o0xopyrrolidin-1-yl)cycl ohexyl)acetam de, or a pharmaceutically acceptable
salt, solvate or prodrug, thereof, having unexpected equi potent dual CCR-2
and CCR- Swoeompieei6éi nhi bitory activity. In addition, thecprss@asizeyenti on
presents a novel and unexpected conbi nati on of equi potent dual CCR-2/5
activity and desirabl e pharmacol ogi cal characteristics. Crystalline and
netabolite forns of the present 20invention are al so provided.

Phar maceut i calyigQrpast M'C‘Pnlsarﬁa%%@%s@bﬂ@b& H&ﬁﬁ%p%ﬁ'tf&s @&tsﬁ&fiﬁséaiesus' ng the
sane as agents for the treatnment of I nflammatory di seases, allergic,

aut oi mune, mAnethel shely headrreonsisaiel] e ovardrosas el VEP-1dh sedsserrdias al so an
obj ective of ; . sent QR ovides a process
Bl oFaflsny ggés'(t) ?Q?:oorT%ﬁ)f g/fc?ff,ﬂnlhgkaﬁgéﬁ%%{s%f%%& Rf P

for preparing conpoun
N-((IR 2S, 5R) aﬁer(osécmmb(RLWedﬂnME)et @-, Proc. Natl. Acad. Sci. USA, 90:6086 (1993))

s oS & B R E T i Bl TR b AR P AR s TV R
EH co N 1.r Riwth3dibf8lic bulﬁﬁndry%ﬁ)ﬁlel(ﬂntailadd%&{mgtal Reyc. sunflalced 8si. descri bed

herei n. Conmpounds_t hat i nternmedi ates of the process are al so
provi ded her efn? @[ﬁdééf}*?ﬁ)g EF@ t NEPYEEPEsTTEn 8l N6 P e Peradofddn tise of

N-((1R 2S, 5R) sién @ﬂoﬁ tients with psoriasis (Deleuran M et al J Dermatol Sci., 13:228
but yl am no) - (9% 7 tert-butyl pyrazol o 5 tr| azi n-4-yl am no) -
2- oxopyrrol i 6i%06) BI}A NrearoResk ol Ve fsé,ﬁed@am? 101 127 (1993 ; correlative

N((IR 2S5,;8R (
3-(7-(2- h;}gr O)}?}ﬁ/mgés‘i&&h @E&&ﬁlﬁ%ﬂg? QP(F@%yz&?zeg have alSO bienlrep?,o rtgjl Weisger a%rd4cyl amni no)

-2- oxopyrrol il nActQDeW)I@yMObr@xw%(é%ﬁ)al’ﬁl@@y, aeceat phent hatcbowi that | y
acceptabl e s aMCP—l is overexpressed in the brains and cerebrospinal fluid of patients with HIV-1-

associated dementia (Garzino-Demo, A., PCT Publication No. WO 99/46991).
[0025] In addition, CCR-2 polymorphism has been shown to be associated with
15  sarcoidosis at least in one subset of patients (Spagnolo, P. et al., Am. J. Respir. Crit.
Care Med., 168:1162 (2003)).
[0026] It should also be noted that CCR-2 has been implicated as a co-receptor for
some strains of HIV (Doranz, B.J. et al., Cell, 85:1149 (1996)). It has also been
determined that the use of CCR-2 as an HIV co-receptor can be correlated with
20  disease progression (Connor, R.I. et al., J. Exp. Med., 185:621 (1997)). This finding
is consistent with the recent finding that the presence of a CCR-2 mutant, CCR-2-641,
is positively correlated with delayed onset of HIV in the human population (Smith,
M.W. et al., Science, 277:959 (1997)). Although MCP-1 has not been implicated in
these processes, it may be that MCP-1 antagonists that act via binding to CCR-2 may
25  have beneficial therapeutic effects in delaying the disease progression to AIDS in
HIV-infected patients.
[0027] It should be noted that CCR-2 is also the receptor for the human
chemokines MCP-2, MCP-3, and MCP-4 (Luster, New Eng. J. Med., 338:436-445
(1998)). Since the new compounds of formula (I) described herein antagonize MCP-1
30 by binding to the CCR-2 receptor, it may be that these compounds of formula (I) are
also effective antagonists of the actions of MCP-2, MCP-3, and MCP-4 that are

mediated by CCR-2. Accordingly, when reference is made herein to “antagonism of
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10 solvate or prodrug, for the manufacture of a nedi canent for the
treatnent of inflammtory di seases, allergic, autoi mune, netabolic, cancer
and/ or cawdiouviameubar di seases. [0033] The present discl esurs2@o®s2288 ovi des
nmet abolites of active conpounds, or pharmaceutically acceptable salts or
prodrugs thereof, pharmaceutical conpositions 15t hereof and nethods of
using the netabolites in the treatnent of inflammatory, allergic,

aut oi mune, &GOV iGq 10IRAERMANM s i B[N LHARCYh@EorNnS GBRERokiRAT L1 cul arly
di abetes, nultiple sclerosis, Crohn's disease and/or atherosclerosis.

[ 0034] Accor di Hghylatiatiod€)(&s2d herein are novel nodul ators of chenokine
activity, ;(00% gh rg%giﬁgl&%%ﬂpéﬁncgﬁﬁagﬁoﬂ% cﬁ&% ﬁneOJcti%Ff&fIlHigs thereof,

havi ng an unexpect ed esirable ar macol-ogi cal
charact eri st i demorsO@85 widverapgead @nlitiadiis gtaing irglapmeidirgdedeigrasuteioaune.c al

conposi tiops copprising a pharmaceutical.ly ac le.carri and a
Cherapeut | al YRS PRy Rp i G ted PER LM FE o By ands of ¢ he
pL es en]E |[ 8\6 ggn@roﬁmzosomphawﬁmiﬁw h&éih Ibly radeeeRtaabbsigad tﬁ pgdssel]gxrapﬂlﬁdagt),f orm

t her eo resent dis re _al so provides metho for treatin

i nfl ammat ory, ?%(%é(}lé?&%%ﬁ&/%ﬁ@pl 9%&5@ &0 g%é(gr‘é@n‘ﬁﬁdlﬂs"@é‘? di ovasgul ar
di seases, par bhhpulld Mar3iRRBREREP- IMNIED-PINCB Sl 80 REIIE4 oLV RIaSCEiR 28aSE

and/ or atherosclerosis, conprising admnistering to a host in need of such
treatment a t ABe EHEERCETA] dischgse sptquy arogeroene Pespargthoseemipognd ipfludipg

conmpounds ;g hﬁﬁisféé“s‘?rﬁﬂésf%ﬂgé?{t‘;?éﬁ;]&r{he fﬁfro&cﬁ&%ﬂﬁ%ﬁﬁs‘éﬁﬁe@lﬂe%yﬁ%@ept abl e salt

or prodrug formthereof e present disclosure provides a process for
preparing conpotastss di0disscl osed herein and internedi ates useful therefore.

s R S T e
of conpounds ofiardcheisfitsesmpired with khowreeHeinokint atodtlaersrdouéaaipiy; & iof a

T o IR0 R B Sl AR 3 YL
15  comparison to selectivity for CCR-2 alone, predominantly CCR-2 versus CCR-5,
predominantly CCR-5 versus CCR-2, or other G protein-coupled receptors (i.e.,
SHT2A receptor). It is also desirable to find compounds with equipotent dual CCR-
2/5 inhibitory activity and advantageous characteristics in one or more of the
following categories:
20 (a) pharmaceutical properties (i.e., solubility, permeability, amenability to
sustained release formulations);
(b) dosage requirements (e.g., lower dosages and/or once-daily dosing);
(c) factors which decrease blood concentration peak-to-trough
characteristics (i.e., clearance and/or volume of distribution);
25 (d) factors that increase the concentration of active drug at the receptor
(i.e., protein binding, volume of distribution);
(e) factors that decrease the liability for clinical drug-drug interactions
(cytochrome P450 enzyme inhibition or induction, such as CYP 2D6 inhibition, see
Dresser, G.K. et al., Clin. Pharmacokinet., 38:41-57 (2000), which is hereby
30  incorporated by reference); and
(H) factors that decrease the potential for adverse side-effects (e.g.,

pharmacological selectivity beyond G protein-coupled receptors, potential chemical
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0040] Figure 1 di scl oses the experinental
and sinul at ed powder patterns of the

N ( (I R 2SyBRpHF4641€er t - but yl am no) - 2- ((S) - 3-(7-tert-but ylPpyrnszabofsd-
20a][1, 3, 5] triazin-4-yl am no) - 2- oxopyrrolidin-|-yl)cycl ohexyl)acetam de.
[0041] Figure 2 discloses the differential scanning calorinetry analysis of
N-

((1R 2S,5R) - 5|‘o1( hehbg1 R WA, N6 Phacdafidi, ﬁ&lr.ﬂm%}i yhiRyiiRaohal 1, 5-a] [ 1, 3,5

Jtriazin-4- ylam no)-2-oxopyrrolidin-1-yl)cyclohexyl)acetam de, free base
Form N-1. [ 004p@Eilgidesirablefiodid gge@poundehaviveer adegirabld ¢pmbinagompithgsi s of

N ((IR 2S, 5R) - 5- - - g
25(tert-buty|%ﬁ?ﬁ%?y%¥?€@§?§9?%?ggfy¥(ﬁ?§P%§razolo[1,5-a][1,3,5]triazin-4-y
| am no) - 2- oxopyrrolidin-1-yl)cycl ohexyl)acetam de, free base Form N1

CEra L0, ESCHET, T I AUETLEN, (9007 LS8 Sl gL pr ol e

fotznut yl ami no) pl%gﬁré §)ch3co|£nf>oﬁrﬂ:§.t ﬁlb:!s& Fﬂoﬁe}éﬁe’gzﬁyg{ekhﬁacaédzb%?wiﬁiohflﬁrﬁizdtila}q,lﬂf- yl am no
-2- oxopyrrolidin- 1- cyc exyl )acet am de, or pharmaceutical ly
accept abl e saioft’ a) Qele\ﬁgﬁﬁgt&n tbfaa%ﬁr é@?e RIAGICHEH: ,S“‘IJi‘eNipﬁEf AT QUBRTES RS pot ent

dual CCR-2 angafdcHs) Droc8GaRbOEndsitiécthighes eNeldlinkii@p@dlénfentd iRendfueisent i nvention
provi des a novel conbination of desirabl e pharnacol ogi cal characteristics.

Crystal | i ne forefadingehisgbpybo stelabty ond pheasppidwadiing of iderpicdigtea prd/ ¢ fggl
provided.lghagaﬁﬁﬁMgigﬁbmqggga§gﬁk8@§wﬁgntaining the same and nethods of

using the sane as agents for the treatnent of inflamuatory 5di seases,
al l ergic, autoimune, netabolic, cancer and/or cardiovascul ar di seases is

al so an objective of this &ﬂﬁgp%bﬁﬂﬂAﬁ@%PP&EﬁﬁﬂRTgh§5§°sure al so provides a
of Formul'a :

process for preparing conpounds i ncl udi ng
N ((I'R 2S, 5R) {®3(1 er Thbpiteydnainverdion Provides a novel antagonist: N-((1R,2S,5R)-5-(zert-

(-3, (T ter tobutxlpuragal ol 132l L 3] S L FESdi h3Tg) 2 oxopyrrol i

15  oxopyrrolidin-1-yl)cyclohexyl)acetamide, or a pharmaceutically acceptable salt,
solvate or prodrug, thercof, having unexpected equipotent dual CCR-2 and CCR-5
receptor inhibitory activity. In addition, the present invention presents a novel and
unexpected combination of equipotent dual CCR-2/5 activity and desirable
pharmacological characteristics. Crystalline and metabolite forms of the present

20  invention are also provided. Pharmaceutical compositions containing the same and
methods of using the same as agents for the treatment of inflammatory diseases,
allergic, autoimmune, metabolic, cancer and/or cardiovascular diseases is also an
objective of this invention. The present disclosure also provides a process for
preparing compounds of Formula (I), including N-((1R,2S,5R)-5-(tert-butylamino)-2-

25 ((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
yl)cyclohexyl)acetamide:

- 14 -



wherein RL, R8, R9, R10, andare as described herein. Conpounds that are
useful internmediates of the process are also provided herein.

[ 0044] N- (WORpDB46Rp- 5- (tert - But yl am no) - 2- ((S) - 3-(7-t er pchutsgéppsazol of 1, 5-
15a][1, 3,5]triazin-4-ylam no)-2-oxopyrrolidin-Il-yl)cycl ohexyl)acetam de,
unexpect edly denonstrates equi potent dual CCR-2/5 receptor inhibitory
activity. [0045] Additionally,

N((I'R 2S,5R)-5-(tert-butylam no)-2-((|§)-3-(7-tert-

butyl pyrazol o[ 1, 5-a] [ 1, 3, 5] tri azi n-4-ylam mO)- 2- oxopyrrol i di n-1-

yl) cycl ohexyl ) acet am de denonstrates a u| e conbi nation of equi potent
dual 20 CCR-2/5 receptor inhibitory @ctivi ty“and phar macol ogi cal
characteristics including a surprisi o] di gh degree of oral

bi oavailability in conmbination with igdigations that it is highly

ef ficaci ous and has excellent safety \tN:;éTL&o
2011/ 046916PCT/ US2010/ 052288 [ 0046] @ dul at ors of chenoki ne receptors,

such as those disclosed in PCT Publi 1 on%Nos. WO 2004/ 071460 Al and WD
2005/ 021500 Al (U. S. Patent No. 7,163 937 i ssued January 16, 2007,
assigned to present Applicant) are Rg6t \Sﬂdffl ciently efficacious, as
measured by their CCR-2 or CCR-5-binding ability (a 5Snmeasure of efficacy),
and/or they |lack appropriate criterialfor safety as indicated by ion

channel selectivity as neasured by~hERG and Na+ ion channel studies.

[ 0047] O her known nodul at ors of ki ne receptors, such as those

di scl osed in RGIrelUD| RERL O ablos 0D 20Q8d0dr#38 herbln, MBPIABHRL4360 Al and
WO 2008/ 014361 Al, are sel eg;tl ve as anta oni t or _parti al

agoni st / ant agBti W AntEMCEERs 9 ti‘ép’FOé%Séﬁf%lSOé’é‘?‘il dihgreinowever, these known

nodul at ors denpnstrate predominantly CCR-2 activity and are not equi potent
dual antagonists, as neasured by their CCR-2 and CCR-5-bi ndi n? abl lity.
1

[0048] Ot he? kHWAAI modhe pricens digglossirertrirpddasdlcayse of N; (19ughoRsS-

di scl osed I st 17 2008)
are dual CCR- l}(tglgﬁllh{r’rg (?é 4'7 te{)tﬁ)t ﬂg‘f %Blogg?o ??3 tg&gﬂ? ??e%lgt%%r saf ety as
i ndi cat ed by pxpyohldindtylppdleokyhdcttpmate, NEARZBIRBY ((ERByRNAndEH($on

channel st udi 049] 1 Gont as_illustr dat present ed
herein in t heg' né'é'}q‘éﬁo’h F dég eEha’PBW%OeIO E’% a:]ﬂa gjrl(%‘éllnca f%lct eristics”

infra, oxopyrrolidin- 1—yl)cyclohexyl)acetamlde or a pharmaceutically acceptable salt,

gli ,E I(’ : EZIZE Q oj (tt e)prgé]rug lfg'rn-ile manu%ac%res)of 2113 mgzlcament[ fotr)l’[ﬁe treg%r/l{e%tz 8 O[ 1.5-al[1,3,

1nﬂammat0ry diseases, allergic, autoimmune, metabolic, cancer and/or cardiovascular
discases.
[0033] The present disclosure also provides metabolites of active compounds, or
pharmaceutically acceptable salts or prodrugs thereof, pharmaceutical compositions
15  thereof and methods of using the metabolites in the treatment of inflammatory,
allergic, autoimmune, metabolic, cancer and/or cardiovascular diseases, particularly
diabetes, multiple sclerosis, Crohn’s disease and/or atherosclerosis.
[0034] Accordingly, disclosed herein are novel modulators of chemokine activity,
or pharmaceutically acceptable salts or prodrugs thereof, having an unexpected
20  combination of desirable pharmacological characteristics.
[0035] The present disclosure provides pharmaceutical compositions comprising a

pharmaceutically acceptable carrier and a therapeutically effective amount of at least
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20oxopyrrolidin-1-yl)cycl ohexyl)acetam de surprisingly exhibits equi potent
CCR-5 and CCR-2 binding ability. In addition,

N ( (I R 2SyBRpH1F46416r t - but yl am no) -2- ((S)-3-(7- PCT/US2010/052288
tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1-

y1l) cycl ohexyl ) acet am de denonstrates a surprisingly high degree of nenbrane
pernmeability, and yet nmaintains equi potent CCR-2/5 dual binding ability
along with 25@%&*&1%}1’0%5%@f’H@rﬁ%sen?t%\%ﬁﬂdnvdrra%hm{nﬁgé%ﬁﬁf%&ﬂdﬁw M the
present invention provides new chenokine nodul'ators havi'ng equi potent CCR-2
and CCR-5 bi ndtmgdlaqurmtbermfd i mproves phar macol ogi cal characteristics that

et abol s ¢, calRab andfop el 4 AFHAR O HIRLA o R R @ o051] 1

one enbodi ne n'al,lergm audnmmhnrs ure@bblic, danceicingtr taydiNy GR)125]iER)es a(ticelatly

but yl 7=t t b 5- 3, 5]t 4-vy|
DUty o ok 2L Sl B SR AR RR R b kg5l g 4y am -
phar nmaceut i cahdifinaegi@ptadh®t Bakédof shétet@ahenk @ dlrpbinktMesffeiotharnséf i s a

crystalllneformof N-g’hIRZS 5R) tert-

but yI ani no) - 2#(lgasj ong.qf etCQF‘PO‘Hﬁ‘F;‘?f \39 SN B EIn a9 THRPTRACEHICANN - 4- yI ani no) -
2- 100xopyr r ohdcdhtnik s ()r(f)y ¥t knegeet am de. [ 0053] Anot her enbodi nent is a
crystalline formof N-OR?2 ) -5-(tert-

but yl ami no) - 214088 - 3T(Ie/plte&etnt dlmlqudgr%é%lad{rqce&fa]ml?asmsmmpmﬁ 4-yl am no) -
2- oxopyrngli Qfsélgs]edlfl%)e E%%h)apeg%%@ 54? I\@,her ein the crystalline form

conprises the Form not her enbodi nent is a
crystalline fd0dBlof I‘ﬂhmem‘; &iR)lesrqfirevitles for the use of the compounds of the

present invention in therapy.
[0039] The present disclosure provides the use of compounds of the present
invention for the manufacture of a medicament for the treatment of inflammatory,

15  allergic, autoimmune, metabolic, cancer and/or cardiovascular diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Figure 1 discloses the experimental and simulated powder patterns of the
N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-

20 a][l,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide.
[0041] Figure 2 discloses the differential scanning calorimetry analysis of N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide, free base Form N-1.
[0042] Figure 3 discloses the thermogravimetric analysis of N-((1R,2S,5R)-5-

25  (tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-

oxopyrrolidin-1-yl)cyclohexyl)acetamide, free base Form N-1.

DETAILED DESCRIPTION OF THE INVENTION
[0043] The present invention provides a novel antagonist: N-((1R,2S,5R)-5-(tert-
30  butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, or a pharmaceutically acceptable salt,

solvate or prodrug, thercof, having unexpected equipotent dual CCR-2 and CCR-5
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butyl am no)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-
2- oxopyrrolidin-1-y1)cycl ohexyl)acetam de, wherein the crystalline form
conpri seswoheli4d91bor m [ 0055] Anot her enbodi nent is a crgstsbéions2280r m of
N((IR 2S,5R) -5-(tert-

20butyl am no)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no
)-2- oxopyrrolidin-I-yl)cycl ohexyl)acetam de, wherein the crystalline form

conpri ses the ey Oftifi E&l‘itmnbl % Lamtih@ntion @H{fﬁesfé)ﬂﬁbl Mbination of
2011/ 046916PCT/ 82010/ 52288 not her enmbodinment is a crystalline form
of N OR 2S, 5Rylesgalqlt: ehatrmacologlca characterlstlcs Crystalline forms and metabolites of the

but yl am no) 2 e%im%ir%tlonkfgaﬁsogﬂ %g@g[@%}l& élﬁamﬁ 031111{9&5’1‘[ n?lc(t)r{télf’s?lflgﬂ] 4 yl am no)

2- oxopyrroI| ere he er ine form
conprises the sdﬂaejanﬁmmequm oSwsogttbnsanalak ygqnisrfer tho rrpatmBht@@ Bﬁljammtdnp r

enbodi nment |sdth QL For characte |bzled bn)é ua%é} cell aparlar@t ers.
substant i af | yEHH&Y 2 %glfr?é‘of%‘in}l%%m‘*ﬁ%%feﬁ i R 98 FBHY LI SRegighis 6y p=
16. 257(1) 10cakso 2Ro&Bify pf thisFnROtidn3 The Pesdnt AisBRsudp aAlS@ i@ deya IHBde'ééLﬂ)l
15Mol ecul es/unit cell

crystal is at pﬁp%ré}%ﬁél"é?‘ﬁ}dé%ﬁ%erg%iﬂﬁl ]Gd‘@g%{%b%gfﬁﬁb%%éf%ﬁﬁel e |s t he

N-2 For m char gs{-ex7ZedbRyipl@rolbiayl traOROMRIEmnof-23x Bhyirfolidit i-on pattern
substanti al | ye(agzcérdl ng %/lgﬁ Fi gﬂre d]].El %059] ,%\‘rﬂl%t hergerrbg[bdI ment is the N-2

For m char act eVDoelphpgyeestamidsi ng) a

wherein R', R®, R®, R'®, and @ are as described herein. Compounds that are

useful intermediates of the process are also provided herein.

[0044] N-((1R,2S,5R)-5-(tert-Butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-

15  a][l,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide, unexpectedly
demonstrates equipotent dual CCR-2/5 receptor inhibitory activity.
[0045] Additionally, N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-
butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
yl)cyclohexyl)acetamide demonstrates a desirable combination of equipotent dual

20  CCR-2/5 receptor inhibitory activity and pharmacological characteristics including a
surprisingly high degree of oral bioavailability in combination with indications that it

is highly efficacious and has excellent safety criteria.
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differential scanning calorinetry thernogram substantially in accordance
with that shown in Figure 2, having an endotherm c transition above ca. 205
C. [0060]woabhieeEnbodi nent is characterized by (or havipa@jusaomlsr2ssl
gravinetric 25analysis curve in accordance with that shown in Figure 3.

[ 0061] Anot her enbodinent is a crystalline formof N OR 2S,5R)-5-(tert-

butyl am no)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-

2- oxopyrroli gjods] - Y kh6¥k hREX%0E) FCRIATRIAG cccpRP Lichial thobOlitINed in
characterized by the unit cell parameters found in Table 1; and/or a powder

x-ray diffracPtdRuplatier Nogib0BeA4LN el AY 2ed BT HI0AE21 WORA lglt- & Prtent

(1R 25, 570 501 B Dut o1 o e o R L PRI AP B 38T 35 21 (1, 0,5
Jtriazin-4- wiféoemly)efReaoioopys mohsudidrpy theyl §CR-Cloo KERyS-padaiabilitde(aand

e o b a5 el Rk A ORBAAPLRSY BRI 1 2
OR, 28, 55) - g I( Icﬁi_rchaﬂ;iﬂdtz geleaﬁ@ifm)sn%gg(r&)blyar]zl(R)K} ﬁI&TNa:biUﬁ lﬂ)la(hy[élt&ﬁﬂ_leg[ 1,5-a][1,3,5]t
riazin-4- 5ylam no)-2-oxopyrrolidin-1-yl)cycl ohexyl)acetam de,

phar maceut i cal4%}7lacc&pteakrevsgpquiators ﬁé?@ano?émaﬁe&eﬁorﬁhﬂé}rsmtaeﬁﬁd&alw

accept a?! e caffpeEr Put{ldQQt?ﬂl]I\}ﬁ!%QW@ﬁfoogmwlfmUW(b 3068/ PR3ERE et Werl

conposi tion conprised o ' ' ' ' '

R, 25, 52) - 5|- (& 8(?62@%&@#%}%2«9(8353@%{@ét;;@mglﬂt/@wmd;g{ @CB-23][ 1, 3, 5]t
riazi n- 4- a ST N

phar naceutl?{caﬁcgkﬁarccggpgb Cfavge%ﬂéglie%s, Oﬁ}ereg%, aar%{ a?ﬁ%@g oﬁ%nﬂgddi tional

t her apeuti ¢ a§ERt2 aduedp bjdmondternuippbodiuntentagogsta arpichoddfbyrthamd@UR At | ng

chenoki ne or c¢ch i ne Lecaptor activity conprising admnistering to a
. . an -5- Indin IhtP" . :
patient in nee ereo erapeutically effective anount of

N-((1 R 2S, 5R) {048}t er Ottivu kiydvaninodlatdrs of Semdkind receptors, such as those disclosed
ort buty oy el ol L Bl L Pl e o ey n L
[ 0066] Anotiher npahedisBaniack sppropiatcheittriafformattty AtihdiGhitddTy-ién @ndndCR- 5
selectivity as measured by hERG and Na+ ion channel studies.
[0049] In contrast, as illustrated by the data presented herein in the section titled
“Comparative Pharmacological Characteristics”, infra, N-((1R,2S,5R)-5-(tert-
butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
20 oxopyrrolidin-1-yl)cyclohexyl)acetamide surprisingly exhibits equipotent CCR-5 and
CCR-2 binding ability. In addition, N-((1R,2S,5R)-5-(fert-butylamino)-2-((S)-3-(7-
tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
ylcyclohexyl)acetamide demonstrates a surprisingly high degree of membrane
permeability, and yet maintains equipotent CCR-2/5 dual binding ability along with
25  excellent ion channel selectivity.
[0050] Accordingly, the present invention provides new chemokine modulators
having equipotent CCR-2 and CCR-5 binding ability and improves pharmacological
characteristics that are expected to be useful in treating inflammatory, allergic,

autoimmune, metabolic, cancer and/or cardiovascular diseases.

30
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receptor activity conprising admnistering to a patient in need thereof a

t herapeutically effective anmount of

N ( (I R 2SyBRpH1F46416r t - but yl am no) -2- ((S)-3-(7- PCT/US2010/052288
tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1-

20yl ) cycl ohexyl ) acet am de and pharnmaceutically acceptable salts, thereof

[ 0067] Anot her enbodi nent is a nethod nodul ating MCP-1, MCP-2, MCP-3, MCP-4,
MCP-5, MP-la, MP- |b and RANTES agipybinekirgt is nediated by the CCR2 and
CCR-5 receptor conprising administering to a patient in need thereof a

t her apeut i cal 1895t f edn ¢neeendbadinent, gfe disclosure is directed to N-((1R,2S,5R)-5-(zert-

SI-S'E (elr'ltq gﬁt i:qg)yré %]F P_%b(gg)y%_?r_?e@%é P&S(azg?okﬁs % R ) _ytl)a%p))rrol idin-I-

yl) cycl ohexyl yapetraidicle -ydiegcl pivay aceoidecal | y accept abl e salts, thereof

[ 0068] Anot her enbodi nent is a nmethod of nodul ating MCP-1 acti vi ty
conprising admnistering to a patient in ne thereof a therapeutically

ef fecti ve anount of

N((IR 2S,5R)-5-(tert-butylam no)-2-((S)-3b{(7 tert-butyl pyrazol o[ 1, 5-
30a][1, 3,5]triazin-4-ylam no)-2-oxopyrroli N1kl -yl)cycl ohexyl)acetam de and
phar maceutical ly acceptable salts, t her\NJiJf*( WON2011/046916PCT/ US2010/ 052288
[ 0069] Anot her enbodi ment is a nmethod_of treNet] ng a di sorder, conprising
adm nistering to a patient in need t@g}\he(&f a therapeutically effective
amount of N

N((1R 2S,5R)-5-(tert-butylam no)-2- ((%3) ﬂ( tert-butyl pyrazolo[1,5-a][1,3,
5]triazin-4- ylam no)-2-oxopyrrolidi y1 cycl ohexyl ) acet am de and
pharmaceutically 5acceptabl e salts, eo®, said the disorder is selected
from di abetes, obesity, netabolic syndrome, stroke, neuropathic pain,

i schem ¢ cardi omyopat hy, psoriasis, hyper t ensi on, scl er oder ma,

ost eoart hr| tis, aneurism fever, capi ovascul ar di sease, Crohn's disease,
congesti ved heart failure, autoi mune'di seases, HI V-infection,

HI V- associ at eahdighaniceatjcalhg arck@ablS salts dhapat hi ¢ pul nonary fi brosis,
transplant 10 arteriosclerosis, physically- or chemcally-induced brain
trauma, inflammatory bowel disease, alveolitis, colitis, system c |upus

er yt hemat osus [008gphr AheMkbiCenfRU HBnNRRRFYstallfhe fghpm @R@sglm)lst(lte&s- ast hma,
mul tiple sclerosis, atherosclerosis, vasculitis, ner abl e pl aques,

rheumat oi d_ar PHY M) 2r(E9e{oerdutipimsaol heall hf’ﬁﬁ’é‘l‘znhﬂﬂ&nﬁp@s% a,

di al ysi s- gpaf Bxd})‘?{-}bmmﬁ%h)cw&?e&?l?a{%%ﬂaﬁadearte“ o-venous shunt intinal
hyper pl asi a, organ 15transpl antation, chronic allograft nephropathy, and

cancer. [ 0070]0Qﬁblt heAnetibioaibediment is agrystilngdorof ofti¥-€@ARi28¢Ra-Sdvesor der
conpri sing adgi, 9faﬁ1§1?05 NG 1R Al G NE4H1 S BRESA 431085 aReut cally

effecti ve anopun

N( (1R, 2S, 5R) - Bdpyeplidibutylcastolnayh@enSle: Shdrdintierdrysoulind foyn eaapropsehs- a] [ 1, 3,
5]triazin-4- ?(]J m no)CP 12 oxopyrrol i di n-1-y1)cycl ohexyl)acetam de and
phar maceuti ca Fca%zi bt8bl e salts, thereof, wherein said disorder is

sel ected fisonmbisapet @x%oth@lb@ﬁdoﬁﬂnengsQh@s&lldie&‘@tﬂﬁ&N p(saersesR)s (rért:ll opat hi ¢
pul nonary fibrosjs, transplant arteriosclerosis,

chemi cal 1 y-i nBuBEISYAHE S Hofe dusiiprariohl-al | 66%@?211&%/&&%0) 2&| veolitis,

colitis, syst Qfﬂp‘}rrbhkﬁhtﬁ ﬁic%llil%&?@é&éﬂd&iden@ﬂé}éﬁttl@‘drfsta‘-‘ll%{el{mn'i‘@d@ﬁﬁrls&é the
glonerulonephrltls iple scierosis, atherosclerosis, and

rheurmtoid  N-IForm
[0055] Another embodiment is a crystalline form of N-((1R,2S,5R)-5-(tert-

20 butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, wherein the crystalline form comprises the

N-1 or P-1 Form in substantially pure form.
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25arthritis, restenosis, organ transplantation, cancer, venous neointi mal
hyper pl asi a, dialysis-graft neointimal hyperplasia, and arterio-venous
shunt neowotnrnmd4chigper pl asi a. [ 0071] Anot her enbodi ment iPeTAISREDINSIESOT
treating a disorder, conprising admnistering to a patient in need thereof
a therapeutically effective amount of N

30((1R 2S,5R)-5-(tert-butylam no)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3
, 5] triazin-4- P)OIS gm n%ot%eloéﬁ%ﬂfrﬁe% isq'cﬁrsgall}{é)f&iﬁ%fqlﬂﬁ%R'z)s%@?tsa('?@rﬂe and

phar maceutically acceptabl e salts, thereof, wherein said disorder is

sel ect ed fronbdyhabete (Db, butymymnloél ﬁaﬁéééhrlazslyéfy@mw)r%pus

eryt hemat osus |, C i si s,
rest enosi s, or g kf}?ﬁ e{ﬁsli gyb%g{]g%e&gliace%n%ughﬁee%?}Let |rﬁﬂ?1lﬁr}$ M@{@%LS%Q

di al ysi s- gr af N-hBennihisaskanhaiygrupd esna, and arterio-venous shunt neoi nti mal

hyper pl a5| 72] Anot her e odi nt..i.S. a net treating a di sorder,
conpri si ng adﬁdog? ef P ertednba‘? Py gﬁ?e %J'ﬁ%ﬁé%gﬁﬁr?‘ncg?r%% b%mflﬁ apeutically
effective am)p:li‘rhm@t%rs substantially equal to the following:

NOR, 2S, 5R) -5-(tert - bgtyl amno)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]
triazin-4- ylam noYSbdiBRBEYST ol i di n- 1-yl ) cycl ohexyl ) acet ami de and
pharmaceutical |y acceptabyeo@edts, thereof, wherein said disorder is

sel ected fromnultiple sclerosis, 1lOatherosclerosis, Crohn's disease,

di abet es, venous neoi nttF@25R¢per pl asi a, dial ysis- graft neointinal

hyper pl asijg, and arteri 0_2’ gf) shunt neoi ntimal hyperpl asia. [0073] Anot her
enbodi rrent is a nmethod treating a disorder, conprising adninistering to
a patient in need therex.‘}f—%) t herapeutically effective anmount of

NOR, 2S, 5R) - 5- (tert-butyl, a)r(g no)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1,3,5]
triazin-4- 15yl am no) - (9pyrrol i di n-1-yl)cycl ohexyl)acetam de and
pharmaceutically acceptﬁalgg salts, thereof, wherein said disorder is being
selected fromrestenosi's, organ transplantati on, cancer, venous neoi nti nmal
hyper pl asi a, di al ySitase goap tP2edi nti mal hyperpl asia, and arterio-venous
shunt neoiati mal hMBEEﬁ!:s‘?‘lﬁhtacellg 074] Anot her embodi nent is a method of
treating él abetes, conprisin mnistering to a patient in need thereof
a therapeutical |y Béfsggtcake- camﬁ)uht94of N-

OR, 2S, 5R) - 5- t - butyl t t vl | 1, 5- 1, 3,5]t
R o AR b et A A b DS et ot o apg LE 3

pharmaceutical |y acceptable salts, thereof [0075] Another embodinent is a

nmet hod of treati ng Crohn's sease, caonprising 25adm ring to a patient
in need t her e§058l thé\ﬂla%ﬁﬁmclwéweyt st i foam shastfterzed Byiiﬁavm@

OR 28, 5R) 26- ( p&kdr=a Mﬁ‘ﬁa[&&%at%n{éu@tarﬁraﬁ? aéc%fcﬁﬁgtlHtFYéuPé’f azolo[1,5-a][1, 3, 5]t
riazin-4- ylam noﬁ 2- oxopyrrolidin-1-yl) (f)fgc ohexyl )acet am de and

phar naceut i call%9acc éﬁ@@h‘] anbpginegt is - @dform Characterlzed by (or having) a

differential scanning calorimetry thermogram substantially in accordance with that
shown in Figure 2, having an endothermic transition above ca. 205 °C.
[0060] Another embodiment is characterized by (or having) a thermal gravimetric
25  analysis curve in accordance with that shown in Figure 3.
[0061] Another embodiment is a crystalline form of N-((1R,2S,5R)-5-(tert-
butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, comprising Form N-1, characterized by the
unit cell parameters found in Table 1; and/or a powder x-ray diffraction pattern
30  substantially according to Figure 1.
[0062] Another embodiment is a pharmaceutical composition comprised of N-

((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
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[ 0076] Anot her enbodinent is a method of treating nmultiple sclerosis,
conprising 30adm nistering to a patient in need thereof a therapeutically
ef f ecti vewarmoun4eat N- PCT/US2010/052288

OR, 2S,5R)-5-(tert-butylamno)-2-((S)-3-(7-tert-butyl pyrazolo[1,5-a][1, 3, 5]t
riazin-4- ylamno)-2-oxopyrrolidin-1-yl)cyclohexyl)acetam de and

phar maceutical ly acceptable salts, thereof [0077] Anot her enbodinent is a

method of treakhiig Qtd}%ﬁﬁ%ﬁﬂdﬁ{P?l)c%rclo%&%‘é&e%dnﬁge atliiRketcagy to a patient

in need thereof a therapeutically effective anount of
50R, 2S, 5R) - 5- QQCélPtﬂblbﬁﬂltﬂtéﬁie@fo) 2-((S)-3-(7-tert-butyl pyr azolo[1,5-a][1, 3, 5]

t 4- vyl

phay rmceut | Lol g aec Asoae S odid! bl BOSN AR ARHS FIE  1s s

met hod of t r edtiRA2§, SReét(eanomtgammo}fmqssm@ -tadnityipstagolbligh-4]01, B 5 jpdetzineht i n
dth th t f f N

T00R, 28, 579 - SUEPURY 2RO Hrainey SR ELa SR g Rl e bor g A6 8. a) 1. 3, 5

Jtriazin-4- ykar] tﬁﬁ}oﬁa@mﬂlﬁfma@butdalﬂy docyptdty &dnadiexyl ) acet am de and

pharmaceutical |y acceptable salts reof [00Q79] Anot her enbodi nent is a
met hod of treHt ﬂ%ﬂlg oy ert?‘%’??ﬁ’i‘e&h’ts&t Hﬁlac%‘g‘ﬁﬂPP@PW&Wﬁpﬁd@f Mg to a

patient in negqRgt f hLaReWb I L ¥ n zin-4-
N((1R 25 58 o (e ort byl araasy {jf?% MR EA L %ﬁ?ﬁlﬁ%%‘ﬁ%g
a] [ 1, 3, 5] t ri arlemunp)Zraaprelidm: bx @fﬁl)a¢qﬁanydypﬁmpwwéaé§4ay%@tb de and

phar maceuty cal iy tﬂ&%@fpinﬁll%'tf‘e &%h& Radiddhal tﬁ%&p&lﬁ%%e]nﬁ”m her enbodiment is a

met hod of treating cancer, exanpl e reast c¢ancer, |iver cancer,
prost at e cancé063ind ﬁmbﬂimmnwodmmpmasnmlg)defdnmm%attmgnhgmkmea)rzmqmakiir@nt in

lr)]ﬁted thereof a t(g rape g,t | cal IIS% ef fect e|r1\r/1e amunt .of el}%ﬁ% R.,2S, 5R)-5-(tert-
yl am no) - 2- (Cf ? Y et % pyraz TH‘% ﬂli T%r|a2|n4ylamno)
2- oxopyrrol i dierepeidticalyt éfﬁeyﬁ&mdmmuyﬂ Ofan‘,e(tlRﬂSﬁR)ar(ebrphaylmﬁeum((saBL(y
acceptabl e salLs, thereol LO0R1] Anather enbod)rent 15 method of treating
15  ylcyclohexyl)acetamide and pharmaceutically acceptable salts, thercof.
[0066] Another embodiment is a method of modulating CCR-2 and CCR-5
receptor activity comprising administering to a patient in need therecof a
therapeutically effective amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-
tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
20  ylcyclohexyl)acetamide and pharmaceutically acceptable salts, thereof.
[0067] Another embodiment is a method modulating MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, MIP-1a, MIP-1b and RANTES activity that is mediated by the CCR-
2 and CCR-5 receptor comprising administering to a patient in need thereof a
therapeutically effective amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-
25  tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
yl)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof.
[0068] Another embodiment is a method of modulating MCP-1 activity
comprising administering to a patient in need thereof a therapeutically effective
amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-
30  a][l,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and

pharmaceutically acceptable salts, thereof.
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25hyperpl asia, conprising admnistering to a patient in need thereof a

t herapeutically effective anmount of

N ( (I R 2SyBRpHF46416er t - but yl am no) - 2- ((S) - 3- (7-t enbut yl ppcaastaphs2sa) [ 1, 3, 5
]triazin-4-ylam no)-2-oxopyrrolidin-1- yl)cycl ohexyl)acetam de and
pharmaceutically acceptable salts, thereof [0082] Another enbodinent is a
nmet hod of treating dialysis-graft neointimal 30hyperplasia, conprising

admi ni st eri ngygopgop p%tnbﬁiE'Eenﬁ%dﬂﬁe%@hsfahﬁerﬂ%fof@re&thl ra%!?s%i’ﬁek (‘c@hlbb{mﬁ% fective
anount of N-({IRZS 5R)-5-(tert- but%aamno -2-((9)-3-(7-ten-

but yl pyr azol opdmiBisggyipg tea @]tlpn‘ql@_zq‘:th Wfarﬂimmemzcaﬁxe’ff%ﬂmﬂm@lmﬁofm ) cycl ohexy

ehbodi ot 1 o SRS Rg G pF Eak o E IR G B R o SRR AR e
hyﬁer pl asi a, ykanqurq)émxgpﬁdmdmBymCh)gex}d))aeetmﬂe mltphnarmaaaﬁutalﬂmer eof a
5t her apeut |

N((IR 2S, e, %\é}zt?tél}? falts %?}F?aifrm ailfgl;h glst)r %1‘)15 gelfofed from diabetes, obesity,

tert-butyl pyr acaboliclsybdraink, lstr3k& htrbgaahid pdin YiboABIn R@hrd2onop Ly, pebridisn- 1-

y1) cycl ohexyl ) acet am de a har maceut.i cal | ceptabl e | t t her eof
[ 0084] Anot her?’g??ﬁtﬁ%fﬂ%?ﬂer?%‘ ‘ga r?é‘te%”gméif apgu ’Enrfc? eaﬁ"‘rglﬁ’f’*}s‘é ISPy di sease,

al l ergic, aut@rdmUNEscad¥BiRBEKIVE heafTRIIRE, aGRIHh AR M ATHIY-RRABES HFQPIPT i Si ng
10administering to a patient in need thereof a therapeutically effective
anmount of N- associated dementia, psoriasis, idiopathic pulmonary fibrosis, transplant

((1R 2S, Sky- 5a1(térﬁ)'§$letg§lg ébllﬁé'faaﬂ?) ?ri?chél{ngml)gmﬁaceh Bt @é{ﬁﬁ'a Hleraﬁﬁﬁﬁ Q}L ﬂov?e'l a][1,3,5

]triazin-4- ylam no)-2-"0xopyr di n-1-yl')cycl ohexyl ) acet am de and
phar maceut i caIdise;asa@b@plnt@bttéltls&bfﬁtsmwtlmetyfthep@ms&s] AmhtrM@rlc garpodeptetis, | s a

met hod of tr egfg %lcﬁlegﬁlrﬁ%h a\é\?hlm% 1%3#6 sc%g“os %ﬁérosc?e?o%ﬁst {fa% 1}{15 gn?'ch ed by

CCR-2 and Sl mni ent T h nee feof a
t her apeuti cal b}ﬁqmjlﬁedmamdmmum re@téndshs( an&;s&ﬁpﬁlﬁ)nth}@b@ﬂdsrabmhlykmgraﬁo)

2-((S)- 3(7tert bu razoI015 triazin-4-yl am no)-2-oxopyrroli
1) O T R AR o e b R et St & 2al 1

t her eof [@9861rm§tah@ﬁoream@dﬂcrm6graﬂt Sephrdpathp 0thd@hnadsi Ng

N-((1R 2S,5R)-5-(tert-

20but yI ani no) | 027{01( S) Agother qnghodingt i |2 Nsthesdf Gpating aghifordes c8MPFSiBG j n- 4- yI ani no

) - 2- oxopyr I oh g Rrdiny to &ya@lbﬁ&hﬁhyéd)tﬁ&@&f%%&@peu@&ﬂy BAAKTBERMKH 6AN! ¥
acceptable salts, thereof, in preparation of a nedi canent for the

treatment of ilRBSRS:S- (tﬂﬂé@tylymlnﬁiat’-é@m%(& g y-huty iezolsllySoklel, 3. Aktiazayat hi c
D SEPST SRR SRR e - OSSILAS, Tuc PO LR gl o0
congesti véo heachEptﬁlae kalts gtheraeft wherpmnad disselasie s¢ledttMromilabttesonbesty,V-
Crohn’s disease, psoriasis, idiopathic pulmonary fibrosis, transplant arteriosclerosis,
physically- or chemically-induced brain trauma, inflammatory bowel disease,
alveolitis, colitis, systemic lupus erythematosus, nephrotoxic serum nephritis,
glomerulonephritis, asthma, multiple sclerosis, atherosclerosis, and rheumatoid
25  arthritis, restenosis, organ transplantation, cancer, venous neointimal hyperplasia,
dialysis-graft neointimal hyperplasia, and arterio-venous shunt neointimal
hyperplasia.
[0071] Another embodiment is a method of treating a disorder, comprising
administering to a patient in need thereof a therapeutically effective amount of N-
30  ((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically

acceptable salts, thereof, wherein said disorder is selected from diabetes, obesity,
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associ ated denentia, psoriasis, idiopathic pulnonary fibrosis, transplant
arteriosclerosis, physically- or chem cally-induced brain trauns,

i nf | ammatwoyobimsedicdi sease, alveolitis, colitis, systemPCTIUSpU®/052288

eryt hemat osus, nephrotoxi c serum nephritis, glonerul onephritis, asthns,
mul tiple sclerosis, atherosclerosis, vasculitis, vulnerable 30pl agues,
rheumatoid arthritis, restenosis, venous neointinal hyperplasia,

di al ysi s-gr af prdigal d‘sfebs%aé sQ%WlﬁP&s%?}tﬁemeﬁ&sh?rg'lcgne\fﬁa%ﬁrltsfsh%itl pldt i mal
hyper pl asi a, organ transpl antation,” chronic all ograft néphropathy, cancer,

venous neoi nt baiebsihyeroptlershia, rGSéﬁnaaslwur@ngliaaﬁpﬂantﬂél@n vehgralneeipiyerlpl asi a, and
t nt th

arbodi ment ¢ By S8R Qe BRI R R 4RERELS ek sRAPT Nt

(tert-butyl ammt}m@mypl&q 7-(2-hydr oxy 1, 1- di net hyl - et hyl )pyr azol o[ 1, 5-

5 1,3,5 i di.n-1 - h tam de: OH

ST ant p R Rhe o toP BaT b R hmedh Pl b o acct am de

conposi tions e@fihitching & d@ﬁwﬁt&ﬂﬁeeﬁﬁﬁbrﬁﬁhhﬁiﬂ@e@ﬂicaﬂﬁ efigtivbemowief s agents
for the treat nt._of infl ory eases,

| aut ne,
net abol i c, szséﬁé“/scffer & %‘g'& P-({ddi- g‘été{ gaz‘?lg 1 %]Bl %ﬁ]trgare‘?ﬂ’o%ﬁ nment of
this inventi 09}amE’1{%§J@Fo§§p>EP@%Li\@)BﬁloﬁlQ;Qﬁ)§létﬁn@e Bﬂdrp‘hfan@dmméhl%ﬁ t he

di scl osure provides a process for preparing a conpound of forml a I, or a
sal t form t hepesgptable salgsithereyf, wheyein spig g deis gelacteyl firgp multiple sclerosis,

10  atherosclerosis, Crohn’s disease, diabetes, venous neointimal hyperplasia, dialysis-
graft neointimal hyperplasia, and arterio-venous shunt neointimal hyperplasia.
[0073] Another embodiment is a method of treating a disorder, comprising
administering to a patient in need thereof a therapeutically effective amount of N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
15  ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically
acceptable salts, thereof, wherein said disorder is being selected from restenosis,
organ transplantation, cancer, venous neointimal hyperplasia, dialysis-graft
neointimal hyperplasia, and arterio-venous shunt neointimal hyperplasia.
[0074] Another embodiment is a method of treating diabetes, comprising
20  administering to a patient in need thereof a therapeutically effective amount of N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically
acceptable salts, thereof.
[0075] Another embodiment is a method of treating Crohn’s disease, comprising
25  administering to a patient in need thereof a therapeutically effective amount of t N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically
acceptable salts, thereof.
[0076] Another embodiment is a method of treating multiple sclerosis, comprising
30  administering to a patient in need thereof a therapeutically effective amount of N-

((1R,28,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-

_23 -



conprising: 1)converting a hydrazone conpound of forrmula I-cc to a conpound
of fornmula I-bb; and 52)coupling the conpound of formula I-bb with a
conpound WO 2havoawdia | - aa; wherein: R1 i s i ndepen#emtusgolopsazegen or
an am ne-protecting group selected froma carbobenzyl oxy group, a
tert-butyl oxycarbonyl, a fluorenyl met hyl oxycarbonyl group, a benzyl group,
and a p-net hoxybenzyl 10group; R8 and R9 are independently hydrogen or

G _6al kyl ;' R2}jalntnd79:oxopyrrolid HEyh & c e3Pk @RS ¥ndSitRshdcbiiced, 3- to
14- menber ed heterocycl o ‘or heteroaryl bicyclic ring having at |east one
ni trogen het epesaptabie saindhasefG i s -OR16, wherein R16 is G _6al kyl, phenyl, a

o5- to 7 ”e”be{(@%]het 'hgﬁléryémcﬁb\ﬁiéﬁ'ﬂgi;%?ﬁeat‘lﬁd ogﬁ%ﬁ%ntca os 618 Fc%%gfi{igé“ NS, or

0O, or a3 to menbered cy are opl’lon
substi t ut ed wadrhiniktetiog 8 agpavigpsn seldedred aftiiavapeh@daldyg effgctiGE-amaumt GF N6al kyl .

20[ 0089 | n;a sepand enbodl et L1 dschosute, proviidas &P gRess, pherein

t he conpou

N-( (I R 2S, 5R) yamiiogrtoxbpirydlidm- ng)eydtohéS) yadetdntidé axid fhainydcpyticaizol o [ 1, 5- a]

[1,3 ,5]triazi n-4-%l aqi ng) -2-oxopyrrolidin-1 - yl)cycl ohexyl)acetam de. WO
2011/ 046916 PCTER2DI 565 89 [0090] In a third enbodiment, the disclosure
provides a prawess  ahofdbeRolMebndlis @RI 1QdtinkEhbas, lcoPaiigt n t he

conpound of f gcanlrilfllgstaérilné ?oba Il)astier?:[ ir(1: ggc-rglq[}lljquof (a)lfthe;[rat]p%utfic%br/néltlf?c:tive amount of N-

10 ((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically
acceptable salts, thereof.
[0079] Another embodiment is a method of treating organ transplantation,
comprising administering to a patient in need thereof a therapeutically effective

15  amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-
a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and
pharmaceutically acceptable salts, thereof.
[0080] Another embodiment is a method of treating cancer, for example, breast
cancer, liver cancer, prostate cancer and melanoma, comprising administering to a

20  patient in need thereof a therapeutically effective amount of N-((1R,2S,5R)-5-(zert-
butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically acceptable salts,
thereof.
[0081] Another embodiment is a method of treating venous neointimal

25  hyperplasia, comprising administering to a patient in need thereof a therapeutically
effective amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-
butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
yl)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof.
[0082] Another embodiment is a method of treating dialysis-graft neointimal

30  hyperplasia, comprising administering to a patient in need thereof a therapeutically

effective amount of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-
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5[0091]In a fourth enbodi nent, the disclosure provides a process for
preparing a conpound of formula | wherein the coupling occurs via an acidic
wor k- up fwbl2omededay t he addition of a base. [0092] 1 n a fPriitus2enioseztssrent ,

t he di sclosure provides a process for preparing a conpound of formula
| wherein the acid in acidic work-up is selected fromcitric acid,
10tartaric acid, glycolic acid, and hydrochloric acid. [0093]In a sixth

enbodi nent, tbﬁyfgl_yﬁ%l@%wa 1%9]%42&84 NaPERS Ok op@folidfepar i ng a conpound of
formul a | mhereln ase is selected from K2ZHPO4, Na2HPO4, NaHCO3 and

KHCOB. [ 0094] vhcyglobexpdlaediarngidd el ihermaceyticellyjicsetddaradts.phasifdes a process for

preparing 2 LRSI oundual e e, | MRS B SRINRLR DGR ke, hydrazone

conmpound of f e compoun nprises reacting
t he hydr azonencompa hybaqjlasi@nmnbmlﬂg-admlmtbﬂmgn agetydnain megd &@mnf 3 a

Mt er copti o JerRouieRherTEliS ] draTRRs Pa g stdteaddEeedha
tertiary anlnﬁvb@ﬁﬂpﬁﬁnﬂdﬂﬁz@n3&1kﬁthwwﬁmnﬁpnnkqb@oﬁ&ﬁpound of fornula

| - bb. 20[ 0095] n el hth enbodlnent di scl osure provi des a process
wherein the a# %@f @%ﬂ?l?ng%WEWFEH“? %ﬂ?ﬁ%ﬂgﬁﬁﬁﬁdgﬂSchhlorlde oxal y

chloride, thi gyl ChLA%B!hElleen?d%%n&lﬂPﬁ,g%ﬁb@hode%ﬁ[r@QhYnf&ﬁM?'Eﬂé@as@xych| oride.
[0096] In a ninth enbodi ment, the disclosure provides a process wherein the

tertiary ani nalldsgiseujoimmanc metdolic: and/ordaetiqrpscalfr discass qmPriFiaspr opyl - N- et hy|
am ne, tr ' ?({ﬂm? f%}%fdg ?ientl}'ﬁ H@etdnlé{ére rtl@?%eh%ll?@ﬂectwe ?m nt o

1, 4- dlazablcyc ane, prefera di 1 sopropy et yi am ne WO
2011/046916PcmﬁRBS@BOﬁ&EQQ@BﬂP@@@Y?K@Dé(ﬂeﬂfhwembaumnﬁdiﬂ[khéﬁdﬁ§e+osure

provides a progess. wherein fhe e.ds.selested from di methyl
o o nopyri di BB HasRe AL DS SRR ke PR B o1 2bi
di met hyl 4- anh@£pwmbdﬂmﬁhmk&098]ln an el event h enbodi nent, the disclosure

provi des a pr S in th 5ampunt of nucl eophj in the reaction
5 0 to 4P oNGERE  aRaHE Crippdru B Sarpd s R yae,” eoct on
embodi ments t patisiysabastd By OCRVI SETER- Wc@ﬁl@ﬁ§n%:ﬁkﬁﬁ1ﬁisfér1h£lﬁ> DpaGiOki@h Or

al koxi de is selected from phenal, entafluorqg enol , net hanol, ethanol,

sodi um net hox nerd thgtepfa shrransiinaln sffestize apewt of Ais{ \R.2Hnviterr-butylamino)-
2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5triazin-4-ylamino)-2-oxopyrrolidin-1-

yl)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof.
[0086] Another embodiment is a method of using N-((1R,2S,5R)-5-(tert-

20  butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, and pharmaceutically acceptable salts,
thereof, in the preparation of a medicament for the treatment of diabetes, obesity,
metabolic syndrome, stroke, neuropathic pain, ischemic cardiomyopathy, psoriasis,
hypertension, scleroderma, osteoarthritis, ancurism, fever, cardiovascular disease,

25  Crohn’s disease, congestive heart failure, autoimmune diseases, HIV-infection, HIV-
associated dementia, psoriasis, idiopathic pulmonary fibrosis, transplant
arteriosclerosis, physically- or chemically-induced brain trauma, inflammatory bowel
disease, alveolitis, colitis, systemic lupus erythematosus, nephrotoxic serum nephritis,
glomerulonephritis, asthma, multiple sclerosis, atherosclerosis, vasculitis, vulnerable

30  plaques, rheumatoid arthritis, restenosis, venous neointimal hyperplasia, dialysis-graft
neointimal hyperplasia, arterio-venous shunt intimal hyperplasia, organ

transplantation, chronic allograft nephropathy, cancer, venous neointimal hyperplasia,
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10[ 00100] In a thirteenth enbodi nent, the present disclosure provides a
process wherein the second tertiary am ne base is selected from

triethyl anoree11/dMedNdi | sopr opyl - N-et hyl am ne, tri-n-propycanisa@o/obtaet hyl
nor phol i ne, and 1, 4- di azabicycl o[ 2. 2. 2] oct ane, preferably,

N-N-di i sopropyl - N-et hyl am ne [00101] In a fourteenth enbodi nent, the
di scl osure provides a process wherein the 15solvent is selected from
acetonitrile, dgiygigIg%pﬁe%mﬂﬂﬁhﬁ%ugﬁaandmﬁma{o%slﬁasm!ammaﬂe [00102] In a
fifteenth enbodi'nment, the disclosure provides a process wherein the
reaction and hﬂtﬁﬁ@ﬁptlon is carried out at a tenperature in the range of
anbi ent tenpergkyr e ] t he

di scl osure prL ZES §9<¥§%§%§%§%§$é%% hgmggah%%n§%&€j§ ﬁﬁ#a - g is a
conmpound of thertfootyianhm) ((S)-3-[ DU oxly A, hdm@ﬁfyhbmgmmazem{)b& ment, the

present inyent r.ovi des a process conpound formul a
l-cc is pr pa?Eggﬁﬁngmbgaﬁﬁgggé%ﬁﬁ?Y%?H@lggﬁf%%g?ﬁﬁgc arazone conpound
of formula I-dd RR1 H2 N)1' R22 - R23 |- th orthoformate in the
presence of an acid at el evated tenperatur td"?ield t he hydrazone conpound
of fornmula I-cc; wherein RZ1 is =0; R22 igs-~NH NH2; and R23 is cyanoal kyl ;
or R22 and R23 may be taken together to f%r a 5- to 8-nenbered ring,
wherein the ring may be optionally suQﬁ; uted with one or nore
substituents sel ected fromam no, alkyl, , or heteroaryl and may
optionally contain 1, 2, 3, or 4 h oat ons i ndependently selected from
the group consisting of N, S, or 0;;5&f00105] In an ei ghteenth enbodi nent,

t he di sclosure provides a process whereign the orthofornate is selected from
trimethyl orthoformate, triethyl orthokor , and tripropyl ort hof or mat e,
preferably, trimethylorthofornate. 00126] In a nineteenth enbodi nent,

t he di scl osure provides a process einthe 10acid is selected from

acid, preferably, acetic acid. [ In a twentieth enbodi nent, the

di scl osure provides a process where{ n the reaction is carried out at a
tenperature in e ran f 40- 00108] In a
tuenty first EnbORTHERT et SLanbShi e i BB B el n 15t he

conmpound of f esdtaihiag theddme sndSiadtReds d ufin O dartORRQ Lo thetthemfear srul a:

acetic acid, trifluoroacetic acigéiggfrochloric acid and net hanesul fonic

inflammatory discases, allergic, autoimmune, metabolic, cancer and/or cardiovascular

10  diseases is also an embodiment of this invention.
PROCESS EMBODIMENTS

[0088] In a first embodiment, the disclosure provides a process for preparing a

compound of formula I, or a salt form thercof:
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[00109] In a twenty-second enbodi nent, the disclosure provides a process
wherei n the hydrazone conpound forrmula I-dd is prepared by a process
conpri si yo2011o@pdensi ng a conpound of formula |-ee, R2BE®/US2ADISESS

car bazi de conmpound of fornula I-ff: 21 p H2ZN '22 [|-ff in a sol vent
the presence of a base to yield the hydrazone conpound of fornula |25dd,
wherein R21 is =0 and R22 and R23 are as set forth above. [00110] In a

twenty-third

enbodi nent ,

t he di scl osure provides nHRIr ocess wherein the

solvent is selected fromethanol, 2-propanol, 1-propanol and methanol,
ethanol. [00111] In a twenty- f ourlt odi nent, the di scl osu
provides a process wherein the base is sel ected fr nlsodlun1acetate

preferably,

pot assi um ace

tate, triethylam ne and N-Ndii sop B;hy
preferably, sodium acetate. [00112] In a tﬁng fth enB g{ﬁ%? t he
a

di scl osure provides a process wherein 5the con

nsatl on occurs

tenperature in the range of 20-60 C, preferabl 25-55 C:[T§9113] In a

twenty-si xth

enbodi nent ,

t he present |nventlﬁﬂ’ﬁTwN|des a pr 0€ess wherein

t he carbazi de conpound of formul I-ff i s, semcarbazide hy ro¢hIQﬁ|de
[00114] In a tmenty-seventh enbo t he_present |nveDEf3 ﬁﬂbV|des a
process 10\/\/neﬁe cormpourtd OF TI -ee is pivalo cetBnitrile.
[00115] In a

process for prepacetng N-((IR 2 S, SRNtE-(tert but yl am no)ge2-

twent y- ei ght h enbodi nent , the pr esent |nvent|ﬁn provi des a

t&S) - 3

-(7-tert-butylpyrazolo [1,5 - a] [1,3 ,5 Jtriazin-4- ylanln?) 2 -oxopyrro
lidin-1 -yl)cyc | ohexyl)ac etam de conprising the process set forth in the
fol | owi ng schesmprising: 0 H2ZN ANHNH2 AcONa, 50 C Ou,/11---N

10

15

20

1) converting a hydrazone compound of formula I-cc to a compound of

formula I-bb; and

2) coupling the compound of formula I-bb with a compound of formula I-

aa; wherein:

R; is independently hydrogen or an amine-protecting group selected

from a carbobenzyloxy group, a fert-butyloxycarbonyl, a

fluorenylmethyloxycarbonyl group, a benzyl group, and a p-methoxybenzyl

group;

Rs and Ry are independently hydrogen or C;.salkyl;
R21 18 :O;

HET is an optionally substituted 3- to 14-membered heterocyclo or

heteroaryl bicyclic ring having at least one nitrogen heteroatom; and

LG is -ORyg, wherein Ry is Cysalkyl, phenyl, a 5- to 7-membered

heteroaryl having one or more atoms selected from N, S, or O, ora 3-to 7-

membered cycloalkyl, all of which are optionally substituted with 1 to 3

groups selected from halogen, CF; or Cy_galkyl.

[0089] In a second embodiment, the disclosure provides a process wherein the

compound of formula I is N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-

butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-

yl)cyclohexyl)acetamide.
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1, 2INr Fri 1 1. POCCI3, DVAP, D EA 2. PhOH, D EA [00116] The present
i nvention may be enbodied in other specific fornms without departing from
t he spiriwoaniigas|nti al attri butes thereof Thus, the abeve/uscdodsizest s
shoul d not be considered Iimting. Any and all enbodi ments of the present
invention 20 may be taken in conjunction with any other enbodi nent or
enbodi nents to describe additional enbodi nents. Each individual elenent
(e.g., pref erﬁfbbg’l or 1S PRGabABRERT S dBEloM@pl%UfQQQA ﬁE%EEs§fdr§reb£r§ng0aV‘“

i ndependent enbodi ment. Furthernmore, any el enent of an embodi nent is neant
to be combi nedompaund aﬁ@arrauﬂellafhtremtthwormoemﬁbmfgrmul@h’olaw comppdiofthet t o
describe an agdditjonal embodinent. In addition, the present invention
enconpasses conbi nations of different enbodlnent parts of enbodi nents,

definitions, descrlptlons and exanpl es t he |nvention not ed herein.
SDEFI NI TIONS [ 00117] The follow ng are initions of terns used in this

specification and appended clains. TRe thitial definition provided for a
group or termherein applies to th Lonup © term t hroughout the

speci fication and cl ai s, individu y oh art of another group, unless
ot herwi se indicated. 10[00118] The Y al K | " refers to straight or

branched chai n hydrocarbon groups haying 1 to 12 carbon atons, preferably 1
to 6 carboh atl®ftl vmemﬁmuhbmb@ﬁmgpeaﬁdkdosu@mbswﬁdxmnq$$®rpmh%ﬂswnbol "C',

the Sub scri pt O{Ejoluﬂg 3f 1 I’l’l’llrﬂ? awﬁlgrell‘i_ﬂ c'ofuI lcrff;ﬁ'[é/ccurs gn?lglc work u fotlpo eat ons t hat

a particular g ers "o strai ght
and branched bh&mmdahkwbﬁQMQmps mﬁth 1 to 6 carbon atons, such as 15net hyl,

L MR I S UL I SN A

2) hydr oxyal k%orh%tﬁxhéll dem e %yrelnhuédatmmrﬁeidayxbormg iy deRy Yokhyiric adbky!
gr oups naipbe substituted with to 3 ﬁﬁoups selected from (CL_ 6)a|ky|

(C24al ken Hare3sHd: ghspligreid, a’é@/%}f%oc icpgld- CF3, 0(G _6al kyl ), OCF3,

0 H 0 l k 81X me SC I 14¢ Qxr a
_C(S()CI 6;( kyl) § ﬁos;ﬂg KlrlH% Ot%%%@%lj )QO%@Q& fal Bgﬂo)va Mﬁ@@&@f ??épkaﬁlg}
S02( G _6al kyl pomiguadpf Ormdal kirbremehnpse 1s@elﬁ09c( mm MHPQyD@nIémH( al kyl ),

SRR il b S e M DT e SO L s

het er ocycl o, aMEA]orImm5wmnbeﬁbmbmhﬁr@ddhéb@mm@nyﬂesWMQﬂmﬁﬂmphsnh@wted

alkyl is 15  compound of formula I wherein converting of the hydrazone compound of formula I-
cc to the compound of formula I-bb comprises reacting the hydrazone compound of
formula I-cc with an acylating agent, a nucleophile, and/or a tertiary amine base in a
solvent followed by interception with either (i) an alcohol in the presence of a second
tertiary amine base or (ii) an alkoxide to form the compound of formula I-bb.

20 [0095] In an eighth embodiment, the disclosure provides a process wherein the
acylating agent is selected from phosphorus oxychloride, oxalyl chloride, thionyl
chloride and phosgene, preferably phosphorus oxychloride.

[0096] In a ninth embodiment, the disclosure provides a process wherein the
tertiary amine base is selected from triethylamine, N-N-diisopropyl-N-ethyl amine, tri-

25  n-propylamine, N-methyl morpholine and 1,4-diazabicyclo[2.2.2]octane, preferably
N-N-diisopropyl-N-ethyl amine.
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25 substituted with an aryl, heterocyclo, cycloal kyl, or heteroaryl group,
said ringed systens are as defined bel ow and thus may have 0, 1, 2, or 3
substi t uenbD211Al46m6as defi ned bel ow. [00119] When t he tecmuUSadikps’288 s used

together with another group, such as in "arylalkyl", this conjunction
defines with nore specificity at |east one of the 30substituents that the
substituted alkyl will contain. For exanple, "arylalkyl" refers to a

substituted aldoyh) 9r aUpiad HpblinRe:, ARAVRIMIE bRV 5?1%%&% QMEreRithd he
substituents is an aryl, such as benzyl. Thus, the term aryl (C04)al kyl

i ncl udes a subed¢ophiiel s¢lesigd frem Kiprethya diangnapyridisg simeshdambing pgidyetanduent and
al so incl udesan. ar { > D . anot her group, i.e.,
aryl (Co) al kyl hﬁ'{aﬁlgl%%ﬁe%hgﬁ@g%{%gp%qﬁgﬁéﬁm%r efers to straight or branched

chai n hydr ocaf@98] gr dupselhauthregnbaditent] the clscloeure atoites apecat wheastthone

bond ar e mbst B ar o PRSP RRASHY b & fipen iy B CuBT O wA RN aRr bea

above for al kyduig@ups. [00121] The term "al kynyl" refers to straight or
branched chai n hydrocarbon groups having 2 to 12 carbon atons and at | east
one triple boH¥9a kyhy IV egibipodgpens thestTosurenery GRECERAVRER g one

triple bond apRomst alRE:EdcEE §@tedAtdRY Picho Ip QitIRIoABAGY I, BR(RUBIS tthdddi €d as
descri bed above for al kyl groups. [00122] The term "al kyl ene"” refers to

bi val ent st r abem giethgridp ek demaphonolyidrselaiabynpigpolups having 1 to 12
carbon at ggs, gfb'i ]sr ?P!tl %lir%'eﬁtﬁ eﬁbS@%@%}hg 8t dRkcBsure foﬁdgs':}prgf‘%g’ger einnis

1 to 12, prefera ower e groups, tha S, | ene groups
of 1 to 2 car bbacatthnecomirtertinysiminy whessddctediien trathpdartiiaé, ey | ene” 15and
"al kynyl ene" refer to. hival ent radicals .of .alkenyl and.al kyny] groups,
espoctivery, e NN EHEHE A RERRL SrEfRlmadlNE QI Pl en as
descri bed abodazdbirycialdyplogamy pferdtd N28]diiddpeodyb vathydlhkniky” refers to an
oxygen atom s herein, For exanple, the term

jtuted by alkyl, as defi ) ,
"al koxy" or |r@ﬁ{’ﬂdteg&‘te%@“éf’%‘ﬂbgn-ﬂ??ﬁ%lsenéSIP%?C?OSE@[%‘M%&FprS?'? EibLEr i pt i s

used withisef esemen sbRctdd frahkestynitrid) dRBloKIhetiine aRd MasdHo¥phonishe subscri pt
refers to the nunber of carbon atons that the group may contain in addition

to heteroat on8¥YPOHIR5] It shoul d be understood that the selections for all
groups, incl ugTO'TGZ]f Or[naﬁfteenﬁf@ﬁ%hﬁ&m,@}eﬁf?@&%smlegk%egxIproc@s@@vh%f&ﬂ"tﬂ@l kyl

w Il be nmade by one skilled in the fie 25t o provide stabl e conpounds.
[ 00126] The t eaptiohgad dergdption sfeerrsd oot & aldmerasure icthe bogy bf amloeny - C(=0) - .
[00127] The term." "ofefers to a carbonyl group linked to an organic
radi cal , nor e%p F{aﬁlg%{ogrol ? the group C(=0)12,, as well as the bival ent
group - C(20) 103 wWhiichsiateenth embk@limém, the disciosmre @ovidal agprocEewlgir@npheRe can be

sel ected from al kyl %al@e |, al kynyl cl oal kyl, heterocyclo, aryl, or
het er oar yl ascﬂgﬁq{ﬁgafg g Fﬂ',gc 53%3&1&%%&5%%, t he corresponding
bi val ent group, e.g., alkylene. o
« 1\>—€
N .
[00104] In a seventeenth embodiment, the present invention provides a process
wherein the hydrazone compound formula I-cc is prepared by a process comprising

25  reacting a hydrazone compound of formula I-dd
R21

H,N” “Rz—Rzs
I-dd
with orthoformate in the presence of an acid at clevated temperature to yield the

hydrazone compound of formula I-cc; wherein Ry; is =0; Ry, is -NH-NH»; and Ry3 is
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[00128] The term "cycloal kyl"™ refers to fully saturated and partially

unsat urated hydrocarbon rings (and therefore includes "cycl oal kenyl rings")
of 3 to 9vopredfmsably 3 to 7 carbon atons. The term "cyelcoalskei/vsizeg! udes
such rings having 0, 1, 2, or 3 substituents selected from (G 4al kyl,
(C24al kenyl , hal ogen, hydroxy, cyano, nitro, 5CF3, 0(C 4al kyl), OCF3,
C(=0)H, C(=0) (G _4al kyl), CO2H, CO2(G 4al kyl), NHCO2(C _4al kyl),

S(a _4al kyl'), Nﬁ'galk}'f\ln'g 2 43 IKY by bMa@elflﬁg%’tﬁélr)tgforM(ag fbdeHbb3t rin

S02(G _4al kY1) CL 4al Ky vl ene) N 4al ky! ene) NH( al Ryl

and/ or C(=0)( @hemmltkw@w@w\h@pmml wu')szltutemélth eferpr Hmméntkgnlts seb*;r:t@d)

i ncl udes such ( i ncl udi ng
benzo, het ero{:{(}féllrb%ﬁng'g ?83?@%8%&%dﬁqg%@ﬁg%aﬁlg%ﬁalg légr%?)rn4 carbon bridge
of 3 to 4 car beteroatbmsrmdq@eﬁhﬂérﬁlg]sewaed fremnhe'dralpocongistinglvdNo§em'O.ref ers to
chloro, brono, fluoro and iodo. [00130] The term "hal oal kyl" neans a
substituted al kyl having one or nore halo substituents. For exanple,

"hal oal kyl " i ropio&ies iman@ghtévinth ditddinfent, hhb(lﬁ@[@ﬁﬂa)bkowde@@igﬁib]:ssmﬁreﬁrer m

"hal oal koxy" n al koxy havj e or 15sub tltuents.

For exanpl e, q}% B%‘ia%%?/“ Sﬂﬁ@?‘hﬁ%‘g lth]@R'% qrgfe, ?‘W&‘yioé'?‘ﬁ\pmﬁ%t’?eap at ons"

shal | incl udetr NFRho bt praBdbR finRagHrinbRRAE3] The term "aryl™ refers
fl uorenyl 1- napht hyl and 2- naphthyl. The term"aryl"

to phenyl,

i ncl udes such ?és e/ ningfeaith gmbogliraent 3hasdjpslesuronsenides saressserhordin fhe

(G 4al kyl , ( %%) 0( G 4al kyl),

20 ocF3, & gﬁé ﬂggt)@%'hamfa@%t{%g@ga wifife Qﬁﬁ&%ﬁﬁﬂfocﬂbglé ch\ﬁ%@( G 4al kyl ).

S(Cl4al le) NIeIQlan NH@iic atad, pydfgrabIN(aCitibaickly 1) 2, N( G _4al ky1) 3+,

S02( G _4al kyl C K aI Kyl en H(alkyl),

and/ or C(=0) (@%%I Kk rfetrl‘f‘('a R%Ef%kﬁPﬁgﬁﬁdﬁlﬁﬁé%fé rtg,*crers’rsls‘)vﬁl ré er%cycl o"

or "heter ocyckdacnonr@éanai dud aswdaslperbmtead tiendnge2® 40498 00 sirtfetabpd4non@r omat i ¢
whi ch may be ia or f Iurated to 15- nmenbered rings havin

(1 to 4 he%/er 05@6% gh%ﬁveﬂy § Pj‘éené 1he; %S%Wﬂdéaaﬁﬂlﬁ% cree Sr oups, k

7- to 11- nenbefe@dmPbiM&f fsimaaQURSs se@é&fbdl‘%mai@bnip%uﬁ@m}ﬁé femtki cyclic groups.
Each ring of the heterocycl o group cgnt ai ning a heteroatom can contain one

or two oxygen or sul qu at ons and/or gmlto 4 nlth@wgen atons provi ded
30t hat the total nurrbe Qfn hetero Mh rip r less, and
further provided th8Nthg J{Z—néfcont ain | east one c tom The fused
rings conpleting bicycli@e—and Mricyd¢ckNc groups opay coRrt ai n onI y carbon

atons and nay be saturat ed, partlally saturated, or unsaturated. The
nitrogen and sulfur atons nmay optionally be oxi di zed and the nitrogen atons
may optional | ypghgojauat @fv&@nﬁﬁs@conﬁrbﬁlbla@ihﬁﬁpﬁﬁé%s@lo@ﬁr@Bﬁ)vmyaBﬁ)c@sg LaeRed at any
avai |l abl e nitrogen or carbon atom The heterocyclo ring may contain O, 1,

or 3 substi t utwthydigenespapound donnuil-dth iablephred PYO2 pwyesh kemptisinghal ogen,

hydroxy, C L 0

d(=0) (G P sl o g@&@f“??f f%ﬁlﬁzﬁ% K}INQ(%%%E}MH%(E ‘%Oﬁpo‘g‘(dcﬂf sal kyl)
NH2, NH(Ci 4afdrmhba1 (G _4al kyl) 2, N(Cl4al kyl)3+, S02(C _4al kyl),
( 0)(C| 4al kyl ene) NH2, C(=0) (G _ 4al kyl eﬁe) NH( al kyl ), and/ or
C(=0) (Ci _4al kyl ene) N(O 4al kyl ) 2. Exenpl gf'y heterocyclic groups include
azetidinyl, pyrrolidi nyI oxetanyl, it aZ@binyl, oxazolidinyl,
i soxazol i nyI , 10t hi azoli d| nyl, isothi azol}dl nyl, tetrahydrofur anyl ,
pi peridyl, piperazinyl, 2- oxopiperazi n}'l 2- oxopi peridyl,
2- oxopy' 1 ol odimwdoivedr 19%1@66}%@%&)/&321 ba%ap yiad the Hydr:&'oﬁ@édn%ﬂh{d of formula I-
t et rahydr ogyr anyl , phol i ny t hi anor phol i nyl, thianorpholinyl sulfoxide,
t hi amor phéP i n§ VS}@F@FQ)RE is TO3DQjRG>@B¢ Bereare %fL?iethEh RRAVEYI , tetrahydro-1, 1-
di oxot hienyl and the |ike. 15[00135] The term" heteroaryl " refers to

substituted and unsubstituted aromatic 3-
[00110] In a twenty-third embodiment, the disclosure provides a process wherein

the solvent is selected from ethanol, 2-propanol, 1-propanol and methanol, preferably,

ethanol.
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to 14-nenbered rings having 1 to 4 heteroatons selected fromO0O, S, or Nin
at least one of the rings. Said rings can be 5- or 6-nenbered nonocyclic
groups, 9woaniil@esiaenbered bicyclic groups, and 11- to PéTrsniuensadss
tricyclic groups. Each ring of the heteroaryl group containing a heteroatom
can contain one or two oxygen or sulfur 20 atons and/or from1l to 4
nitrogen atons provided that the total number of heteroatoms in each ring
is four or |egpipnd %ﬁ&ﬁveﬁl{aﬁt%um&n%dﬂa&ﬁ%e @8Gosaft ﬂ?@ﬂdé%ta%ceg_sh@hefréh% ed rings
conpl eti ng the bicyclic and tricyclic groups may contain only carbon atons
and may be sathgrbaseasiselgstadtfiom sodivemaagiate pefasstim apatgter Wicthybaeninerind MVt r ogen and
sul fur atons nitrogen atons nay
optionally beﬁgﬁgﬁﬁﬁgﬁﬁﬁgl%nBEg@%&%gfyﬂdﬁggﬁ£gﬁhhlCh are bicyclic or
tricyclic nus{00ilh2]l udiea etentyef@fit erabvoeirhankt, Ite @sadnmtelpmomdasg poacesstwierat her f used

2t ached af al) VBTN SHNLY BN Br A Bb s Sl Snpry e T

het eroaryl ring system may contaln 0, 1, 2 or 3 substituents selected from
(G 4al kyl, (C24al kenyl , hal ogen, hydroxy, cyano, nitro, CF3, O(Cl-

304al kyl ), oci¥ll é) Hwegp=gtp eﬁnb MRY} e plespinvesrop erovadss ¢ &yr%ess

NHCO2( Ci _4al k%ia}remsﬁ&a.tﬁla%id'é%bﬁlpmm&l%f fo'ﬂlﬁ'_(llgl_fflﬁ|s&ﬂ1kﬁrbazN(ecﬂyd&ﬁh%Mée) 2,

N(C _4al kyl) 3+, 502(C _4al kyl), C(=0) (G _4al kyl ene) NH2,

C(=0) (G _4al k{i0dHH) Nix %M@W)sevglrﬁl@imbod@(lefmybmﬁsenhmkw@mel)om(d@ ZRIORSPL ) 2.

[ 00136] np pyrazol yl ,
pyrazollﬁéﬁ kﬂ&-g?%%&#&%%%%£ﬂﬁ8ﬁ?§¥%§§g ﬁ%ﬁ%g% #2%0 lyl, thladlazolyl

i sot hi azol yl , [mnlﬁnym1auhmeﬂy@nhEmMaMmaﬂghgmexpymwdybnppynhzapyk%s

pyri m di nyl, r|da2| , t z

benzodi oxol yI PCXB) arln Z %fg %@ngg%?rﬁngﬂpn}gz 2 (?@rkz—ﬁ/— t%u%r ﬂgfrdzolo 1,5-

t etCI r iahydr 0: soai, mc%ttmyﬂ -4- ylasrﬁm;m@lopmyéhdnbe@mynlc?lﬁz}g}ayétamm Idlﬁjlﬁysﬁngnyl | 5
i ndol i zi ny enzof ura coumari ny enzopyr any ci nnol i ny
qU|noxaI|nyI qﬁﬁﬁﬁfﬁﬁ?ﬂ%ﬂﬁy¥£ﬁ&%@V%ﬁﬁ?@mm?uropyrldyI di hydr oi soi ndol yl ,
tetrahydrqu|noI|nyI ando10t he {l i ke, Part| ul ar heterqaryl groups include,
for exanple, 6- SubStlchgﬂmﬂyl aonLp @aGkH )L/N

6-trifl uoromnety i nazotin=-4- [ B0 gfﬁgFLqﬁ—éptionally
substituted, it sh I ARl ubsthute nd URsUbst M uted ‘groups. [00138]
The conpounds herein described may have asymmetric centers. 15Conpounds of
the present invention containing an asymetrically substj téd.edin@bem my be
isolated in optically active or racemc forms. It is | 3 PHOHOY#A i n the art
how to prepare optially active forns, such as by resolution of racemc
forms or by synthegsi. romoptically acliugust@nting rneterial s] Many
geonetric isomers of gflnsH C=N |doubl e7450utfte; an kﬁgrhik can al so be
present in the conpouads d Oherein, and aIIL§gQQ>SgabIe i soners
are cont enpl at ed in e+preséﬁl nventi@n, Cis and|trans geonelric isoners
of the conpounds of the presesn |nvent|om:§ descri bed and may be isol ated
as a mxture of isonmers or as separated,i 50 e forms. Al chira

di astereongric, racemc forns and all geﬁhﬁtrlc i someric forms of a
structure are intended, unless the specific stereochem stry or i soneric
formis specifically

[00116] The present invention may be embodied in other specific forms without

departing from the spirit or essential attributes thereof. Thus, the above embodiments
should not be considered limiting. Any and all embodiments of the present invention
20  may be taken in conjunction with any other embodiment or embodiments to describe
additional embodiments. Each individual element (e.g., preferable or special aspects)
of the embodiments is its own independent embodiment. Furthermore, any element of

an embodiment is meant to be combined with any and all other elements from any
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25i ndi cated. [00139] One enantioner of conpounds disclosed herein may

di spl ay superior activity conpared with the other. Thus, all of the

st er eochewD2bri/@s91ar e considered to be a part of the presenis2010ws1288 on.
When required, separation of the racem c nmaterial can be achi eved by HPLC
using a chiral colum or by a resolution using a resolving 30agent such as
canphonic chloride as in Young, S.D. et al., Antimcrobial Agents and
Chenot her apy, eﬁ@&@m&ﬁ@éd&é@&% ad&llggﬂa‘ffglllba_chﬁelﬁhf@aﬁﬁltloﬂ hag Hﬁ%‘t‘f-n'v&ﬁiohy
acceptable" is enployed herein to refer to those compounds, material s,
conposi tions, e@@dlp@ﬁsemwg@twl@rﬁlfmn&ﬁnmd@mHMmﬁﬁ ﬁfqml@dmtﬁe of sound
medi cal | Udgnﬁgﬁ 1t1c§1§'c¥e€cm ﬂoﬁsogncf‘j&gmglg 810[% ﬁggntﬂltngte{ln eﬁll ssues of human
bei ngs and anima el Gt excessi Ve toxi clt Irri ron, allergic
response, or 5other problemor conplication, comrensurate with a reasonabl e
benefit/risk ratio. [00141] As usedﬁéﬁ%@ "Sphar maceuti cal |y acceptable
salts" refer to derivatives of the 8&1 conpounds wherein the parent
compound i s mpodil i 7]ed Thy fomekingGreddfditions Masensssdd ia tﬁihgfeeﬁtatﬁhaﬁwl es of

phar maceuti cal | iqcccgapt abl e sal ts i.ncl ude, %(ﬁtut are not hmted to, mneral
or organic acPRPRddcligs. Tha dpial defnigeprodifledong ergmp AEEM™ AeTRi4pPISS 1o gor gani ¢
salts of aci difat §88) SUSS) HHUBLAS tHAPRIMUtbCaRUIASS, IRDAIEINS ok hdi®urt ofhe
pharmaceutical |l y acceptable salts include the conventional non-toxic salts
or the quat er AatRer aipwpiniay glhemdsedrdieatrd. par ent corrpound formed, for

exanpl e, figo t n a such
conventi or%gl dggﬂ% ox:ﬁéé {;ea 8I(?ngélf g{mﬁc%ﬂ Q&Jc}g%@g% mﬁl%aﬁogagrggﬂéé{?g SaC| ds
such as hydrohflrr«lllnglto 12bﬂerbz>ea®rrsmréf@nbb/ 1 toBlepdron broowi Whersminihgrsi appeagul f ami ¢,
phosphori c, n&nta{s! SCI'l- gaé l I kgc’)l %ndthe U scsr%lt Elesﬁnpe Hﬁgneoge fp%é)lf}l?rtﬂa”' ¢ aci dS
such as acetic, prop ccinic, f ol ¢St &ari'c, ¢, "l i c,
tartaric, ci tnumberaﬁmlbd*n mmmmmmcmk gnoup niayddsmaqyrmlrexmplq:)hémﬁl@cetl c,

| utam c, benz cylic, I
Cor wamoul T onfetbS o dateh E e aseied bl Lty b oo oRefcms, SUeBEh oni c.
and the |ike. né@;&peﬂqslﬁh pTdslgzl ROBFIFRC Bty lblidy 1, ACARA, ahl & ®ahteof t he

present invention can synt hesi zed fromthe parent conpound which

contai ns a ba&fasciiyt “gc fffscto dred: ey thegproehtdrauetodliehPe®o met hods.
General |y, Sugnycﬁaifa&ypﬁeluat% H?IHFOR rl@@rot?ymétﬁﬁcatnﬂ ﬂgdrgﬂ%ﬂ{y[ e&lk?ﬁgrgulﬁr base

forms of these Ttonpounds wit ?m chionmetri c anoun appropriate
base or acid HnY\hmlé’ﬁtltmedMﬁthdrtOérggamB @elgcéﬂd\feqm (Clca}alli}’h (@2 dﬁilkftrwle of the two;

25 Iy, h
: gener a y Hf&&%ﬁﬁg cn h@ tl‘d(%]%e dg’ﬁ) ébF? }SI_SI’Ct(_g%ﬁe Sa ts ar e

i sopr opanol , tonT il e are
found in Reni ﬂgbﬁrﬂoﬁCPéaathfaNH@Oz(éakaUSd) e‘«i(@e&lkyDYNHz,dﬁH(C&ﬂk}H) PR6L.i shi ng

Conpany, Easto P t ich is hereby

i ncor por at ed akayrDé’ﬁ%(r %%[Z%fag’ﬁ §h @ZC b0 5Hen§w m@)\m to enhance
numer ous desi naalbﬂ@eﬂﬁ@(lalk&l)%(%(@Qﬂhaéﬂwmualmhscs(ﬁycgoalkﬁ @hedill i ty,

bi oavai |l abi|i nuf acturjn etc t he c ds of t resent

i nvention nayi’%@yﬁa]ﬁn\‘/gﬁ’éfg p"??g’liﬂ"éirﬁeﬂé)"l?’ﬁ’r MP q%ﬁgﬁ %ré invention is
i ntended to camebcRIQdrdI88a 6f toldhBelib @SR drYargll Wh@i@ﬁ‘s&ﬁfm%bl@ﬂ(%l ismet hods of
deliveri ngét he same and conpositions containing the sane. "Prodrugs" are

i nt ended i Fifgted At a@@%\lI@Wmcycledwal@alkvsla@rrhe&r@awr@w jad ged an active
parent drug OfyddaR Jpr a%%ﬁﬁed'ﬂ%YO%ﬂdQﬁhs'nﬁhy\ﬂaV@O %Q%r%%ﬁﬁbtlﬂfe%rﬂ& ds S

adni ni stered t0 a manmal | an su bject. Prodrugs in the present invention are
prepared by ndefinegbelgw.

[00119] When the term “alkyl” is used together with another group, such as in
“arylalkyl”, this conjunction defines with more specificity at least one of the

30  substituents that the substituted alkyl will contain. For example, “arylalkyl” refers to a
substituted alkyl group as defined above where at least one of the substituents is an

aryl, such as benzyl. Thus, the term aryl(Cy.4)alkyl includes a substituted lower alkyl
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5functional groups present in the conpound in such a way that the
nodi fi cations are cleaved, either in routine manipulation or in vivo, to

t he paremwoconpaend. Prodrugs include conmpounds of the predsndioiosmeent i on
wherein a hydroxy, am no, or sulfhydryl group is bonded to any group that,
when the prodrug of the present invention is adm nistered to a mammali an
subject, it cleaves to forma free hydroxyl, free am no, 10or free

sul fhydryl  gr giRng & @SREME bMEkibstifE4AIRI £S0 fﬂEluH’és%lraH@%hré ?'ngd’ed tput are not
limted to, acet % formate and benzoate derivati'ves of al cohol and am ne
functi onal gr@mﬂ@rgﬁMPh@ eoffoldids of the present invention. [00144]

" St abl e conpo Saian of a conpound
that is suffiﬁﬂgﬁplyqp%%usthgggidgg%ﬂég?%g%%TP%' %E%n%ﬂﬂ¥&%¥§egree of
purity 15fr onmgaupelactng@ro i x4rboregtomnahdfap taastloat daubld wind. Alkerefl groopcof@us

compounds. * [ 0IHS oo AP RR PV BB Lk Betd e MRgte e <RRS A o

i ncl ude an anﬁupbegﬂmﬁmﬁoﬁp&m&amﬂhbahﬁbpﬂﬁﬁ@ﬂmpsnvent|on al one or an anount
of the conbination of conpounds cl an ampunt of a conpound of the

present i nvent498alli n Theteas niivyti 16 r%WFﬁ“%WH%P”ﬁ@F?&@”?hﬁ?@ﬁﬁ%ﬁts effective

to inhibit bOEQu&QBV& angd 186k oon AbmEhiids datt®nt Ripld BAU. &mywlgv&@; ofdl sorders
as di scussed herein 00146] As used herein, "treatin treat nent"”

cover the trektheawongfons aiildaviseona tepls bond are monaiefer rAhltﬂlamps ina
human, angyi “ﬁlaygg ubs @it a?&%@ﬂlﬁﬂ%&@ Pdlﬁﬁ%?o%g§tate fromoccurring in a

manmmal , in part en suc i sposed to 25the
disease-stateHNHZﬂha§hﬂ®mny@kﬂb@ﬁmﬁﬂma@hmdamSa@ghawbmgdwﬂch@b) i nhi biting

t he di sease-s rest [ evelop n c). reljeving the
di sease-state, &“maﬂmngéh? m”n nggé?%ﬁ 8P Pglg§88§ %%%LmFﬁﬁﬁ 7]The
names used her&Mm-}t,ovitesh grisat '@ 1a, @B&mbfyl I:tof&)LmvereLllgflcne "oNbups, tler is) P- 1"

shoul d not be

onsi der ed respect .to ot her. su t@nce
S oubas oy o SR i P s R S Sl MRS o s
but rathensit ashraulydylbe " ¢edeh Hhaedt fbrils bhakeydas a@l@'ﬂ%']' PRsar e nere
identifiers that should be interpreted according to the characterization

i nformation alseecHrdsentefined apaien Alkgnylsue aroesewydpcTrtsteh dossrbeal
[00148] The prgsRRtorieRbLLAN Provides crystalline forms of the free base of
N-

((1R, 2S, 5R) - 51004231t - Bbe term ralkery” 2efrs 8) arGOX(yzert %@HlSWtiqu)}watﬂ@l éf1,5-a][1,3,5
Jtriazin-4- vy I 1- ¢l e a novel
material, in %@ﬁ%ﬁgﬁ %’%%?%%L%E%g@h%?eu fﬁggéﬁp%gﬁﬁé ﬁ?gfh certain
preferredzenbﬁmmmﬁnt§Ww5@mym¢ﬂ®msm&dhmmm@kmﬁamhenﬁMQa/ﬁm@éqmoe in

substantlally lfrenqﬁr %2 nmbodj Ets of the I ge base are
i sol osed | n’ PR Se~GE EHE o B POPHT SAGGP L1 ShE 19 67 EORTBG) | eved
that the freechagein@iteXitShet@satbhie P-1 forn1and/or a conbi nation of the
N1 and P-1 forns. [00149] As used herein "polynmorph" refers to crystalline
fornms having {0042 @ and should be understood that the selections for all groups, including for
examples, alkoxy, thioalkyl, and aminoalkyl, will be made by one skilled in the field
25  to provide stable compounds.
[00126] The term “carbonyl” refers to a bivalent carbonyl group —C(=0)-.
[00127] The term “acyl” refers to a carbonyl group linked to an organic radical,
more particularly, the group C(=O)R., as well as the bivalent group —C(=0)R.—,
which are linked to organic radicals. The group R. can be selected from alkyl,
30  alkenyl, alkynyl, cycloalkyl, heterocyclo, aryl, or heteroaryl as defined herein, or

when appropriate, the corresponding bivalent group, e.g., alkylene.
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10chem cal conposition but different spatial arrangenments of the nol ecules,
atons, and/or ions formng the crystal. [00150] As used herein "sol vate"
refers towa2erystakbl i ne formof a nol ecul e, atom and/ oPCirarsgomioai2ss urt her
cont ai ns nol ecul es of a solvent or solvents incorporated into the
crystalline structure. The solvent nolecules in the solvate may be present
in a 15 regular arrangement and/or a non-ordered arrangenment. The solvate

may conprise Gjgihgr @h@kﬁhowcm&f"rgt‘eﬁr‘[o ﬂﬁf}%&ﬁ%a@&l‘ QTBhAiLGy AIRYALOf the
sol vent nol ecul es.” For exanple, a solvate with a nonstoi chionetric anount

of sol vent nohededadonmimgs raad therefdre orelyday tayelpalkenybriegs”sef13vte At prefesilythe
solvate. [001pl] J] *Pt?onpa‘io‘?ﬁ 'té}%ﬁe‘égélg{kyrsmkl‘ilh(%gﬁ&dmigg th(%\';lﬁébl de,al,! 3e' sot opes

of atonms 20 occurring inclu t hose
at ons havi ng swbentsartes@etcwdﬁmnr(l(ﬂﬂmaﬂwb(@z 4()hllfa‘ngk hadbgema]ssirmqynman@ nitRy way of

Souter i el e MO PtER Kot Corat R Prtarh s gy "' e
LS ot opi caIt : g nNato?ezé(ﬂ rflmm@dﬁlk@b NH?r?()}g@eEshﬂklfyP)FNQ@P?lmt?lzﬁNgdrjﬂthp& prepared
o ot oceeoes B e H S et Bea iy A B Y at o

i sotopi cal | y- c??@% 4Q1k5/§ﬁc9§1(@1 bRy R). A9 t&fn W&odmgm” Al@éﬂﬁblﬁ&iesrsﬁ@%{g% ot herw se

enpl oyed. [00152 used herein "anorphous" refers to a solid formof a
mol ecul e, at oh@w%%@ndu rgveuse dergte (vt inglpding bgnzp.hheterospiclarmshptitpas! sol i d

does not %Sphg%t)%rﬁﬁﬂg@c%b\éﬁc’érbe'i‘Bn&’gef 3Gk LABoPAbMLEr N 30[ 00153] As used

herein, "subst pure,” when used In reference to a crystalline form
means a conpo[ﬂ%lﬂavﬂhgteanbhﬁdotqr“galeﬁtnéreftrhmhmo\faeorg@tﬂu%o anr:l@ctd.cpm ng
greater than 1 95 96, 9 8.4 99 vvel % .and al so

i ncl udi ng equﬁfb %@ abou%emio Oaﬁfygljhlflé%y fsutéc}tute% i lﬂm sed mor @13(130 wei ght of
the conpound. subtueiesraionéagmplentiatdaidyl dactpdes mOdnhﬁﬂ tfﬁﬂ)l’ol’f(rﬁ@th}d)f t he
conmpound, and/ eaction ippurities and/ o roces i mpurities arising
fromits pr epéﬂ%é%{]o %?:B?Fme s ﬁle?ﬂsﬁta[i@% Hevk arV go?ne or more halo

N-OR, 2S, S5 - Ssubls@tubntd Wo &xaipR0}iraloalkoRy ™ idellides RIF:.

5but yl pyrazol 1 3,5]t triazin-4- Iam no) - 2- oxopyrrolidin-I-

yl ) cycl ohexyl j‘ﬁ’é%%la Rler [ BRicTpyeEs o%ha #ctude pxgensuiene 4119gpst ant i al | y
pure in that idoi89s %hﬁ‘céhht“ Yy B ERLRS Pﬁéﬂ?ﬂb% ir@blenyh 1 38 HiRASH £d Dy means

that are at this tinme known nd genera pted 1n"the art, where the
remai ni ng | essarthtieh Tho tamei “givl” 1%19q1esmmhermgaha\cnm®rl|, ges3 Btbhfetnerﬁmeif(:@l of

N-((IR 2S, 5R) ? er u )
YU 7 ter o bor JPBYEEDRIRY PP sfabh oy oyens BenSEe 9GP of i i n-1-
yl ) cycl oheayl D@@gt@(ﬁom C(%O;(éil M@é) GOZHﬂI(DQ,(CmaHk/ybrNﬂéag(Ul mhkylhﬁ(ﬂli ties
and/ or processin ?1:54 rrg\; :1 rnms may
be provi ded wd¥ lﬂ%sh]g]gﬁgfﬂ 1é‘1§qq§} g\ﬁ é“ab?(@ (ﬁb‘ﬁ@a@hesp 1faﬁ118' )cg?(b?éat he
presence of a,digmndaNT,, apE)nt, 4@Iﬂ<yl@n@NHgil@l)15ﬁ:d/M&t(&bb(IO'l@lﬁﬂéﬂ@w optionally
m nor anmounts of )one or nore other crystalline forns.
4alkyl);
[00134] The terms “heterocyclo” or “heterocyclic” refers to substituted and
25  unsubstituted non-aromatic (which may be partially or fully saturated) 3- to 15-
membered rings having 1 to 4 heteroatoms. Such rings can be 3- to 7-membered
monocyclic groups, 7- to 11-membered bicyclic groups, and 10- to 15-membered
tricyclic groups. Each ring of the heterocyclo group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from 1 to 4 nitrogen atoms provided
30  that the total number of heteroatoms in each ring is four or less, and further provided

that the ring contains at least one carbon atom. The fused rings completing bicyclic

and tricyclic groups may contain only carbon atoms and may be saturated, partially
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The presence of nore than one crystalline formin a sanple may be

determ ned by techni ques such as powder x-ray diffraction (PXRD) or solid
st at e nucweaniwmeneti c resonance spectroscopy (SSNVR). Pom/uszaopbrsst he
presence of extra peaks in the conparison of an experinentally neasured
PXRD pattern with a sinulated PXRD 20 pattern may indicate nore than one
crystalline formin the sanple. The sinulated PXRD nay be cal cul ated from
single cryst agatﬁfratre@-YOrqfﬂa@urat%@”hg‘ﬁhﬂogen dhakulfur afonfs Wofﬂ%ﬁ)”e%%dﬁz@ﬂ

Cal cul ating X-Ra wder Diffraction Patterns,” Lawence di ation

Labor at ory, Lﬁm@hmnr@gen@mmﬁ mmmmon@m&qm@@qupThelhe@%sglo group may be

[ 00155] Prefer se
honogenei ty g@cg%d%tﬁ %\%%123 Hﬂo?& %Q%Iﬁgﬁgiﬁﬁprgﬁééy lgr%g%é, R[Eigln 5% and
nore preferabDyl,Ress snﬁsatmeﬂ%e{béctetdrfmrm @tia)alhyd ak, arleayl, mallogem bxjreryi, ment al | y

measured PXRD pattern i fro e p nt fromthe
si mul at ed PXRE P&y ﬁﬁgl\@@%&f@f’ ? C&é’gj( é@acc(r @2( ﬁﬁlfyi)ecﬁéﬁ‘rﬁ?(ﬁ%vl ng

subst anti al | y4a;mgn)eNpmgClhﬁ)lmg€SOGi JalyW) NH,, NEES, 1aﬂ1@4n) PG QllkyheNtot al  peak
area in the ex er| | 1 r{e% )IE‘S @@gatte psl S|n fro h&g extra 30
peaks that aréa Qacﬂé%lﬂt g 4 ‘f@ ﬁ%?]"’ cedures
crystal PLZ"?E‘?%%‘Q“ 35&??Eaﬁﬁﬂﬁﬁlﬁaﬁﬁi@?ﬁ%ﬁ@?Emﬁﬁ“%gmf bl i ng for
exanpl e, crys#atidinyhpysHidgwl osersdimmidarolapi. onaphgylasetwelaie sol vent

subl i mati b f from anot her
phase, crggt a?llrl%?%@flolng %ﬁ%;@ @65%%%#???&%&13?%3@ Igé)d j%?sprayi ng.

Techni ques f opxapipesazalyl, 2zeopiperidyt, 2r<e®pylll‘>¢1@£llhylz%rtbmamep@ifyl,@zysm}é,l4 ine forns
froma sol vent, ot f?etljaﬂ)%rcgjsr?n [ Rlon@SAMR! Gia O?Ph‘Sf’l%}?%%@ foffy t he sol vent,
decreasingthlp{ﬂog %F{é SaTV ‘E’? m X cr saﬁ) eyéllnga

super sat ur at eshlﬁmide,ethtanmphbhmﬁ safont hie3-dok elend, qwamih/dmyl satahydrdfideze dryi ng

t he sol vent m xtu and, ﬂ‘gl tion of antisolvents (countersolvents) to the
sol vent mxtufllgxo["ﬁfﬁ?? beliket orms may be characterized and distingui shed

using singbe gooyssjal TXe fedy “BitérbarpCtrifon to Wbkbitel 8nd@aseshtiamcdbbhatica- |
nmeasurenments of a single . crystal of a form 10at a fixed analytical

tenperature. R He%.mb%%ﬂra%gé RYIpE | dh* bitero#pms tedicted fogn Gy 3o Qe 2t 1§26t out et
al ., Chapter 3y %tﬁ@a{nét SMGEM%@ca@%%[W@ﬁ%m%}ed Aofbceitd GalpsDliglge- Macmi | | an
Co., New York (1968). Alternafivel he uni que arrangenment of atons in
spatl al rel at membeed hicyelickgsoup yﬂ@ﬂéHtp Aé-npeatbered drigyglic greurshBrchatngof thed
according to rreans of
characteri zi nggfa ﬁggggg Isgonfw{Tﬁﬁ%g%sl?ljroﬁg%%rgheg?n(sfﬁlgé&gp%\?\%g%x>§AH 8“11 ffraction
anal ysi s 26 whiook atdier feomérto mmnogetn aemoyserdutdatdhd torahotmipn Obr of| I eis
conpared to ay SI rru ate ese both run
2t The sare ahargroRTCsBh s ob PR RS a8 e FREREUE oot or m
characteri zed Thﬁfuaedsﬁfgs eSmpl‘etn%&he/allcytﬂﬁ and GRISR] Lhupe mageamsin@hly carbon
characterizing the for na¥ be used, such s solid s e 20 nucl ear

{ Sahrgetr & 8

magneti c resoRSQRE&" P Partially ?aé‘}ratg a2 s mke § mOess g

t her mogr avi metyfug a@ﬁ@Im@lo@nonﬁhsa5@o;ﬂa1&@drﬁfdenesmﬂagen&km B JpE6EhllyHe
combi nati on to characterize the subject form [00159] The term I‘ynegl igible

wei ght | 048, " qureraizes- Slpkcepapnd 2EquRS Wh@hewdma/eh%@rt&l@@hbwumlv%ﬁt&fa%tes t he
presence of ajnediry gu%ﬁﬂﬁéHh%’ﬁh@l@otﬁ’e@f@s%@hn%&rﬁﬂgs %ﬁ%,@@&@ﬁlah@o% embodi ment

of the invention, a crystalTine form of

5-(tert-butyl almmbq TZdS?w@al(y?gltoep majpbe yttapbﬂdaazmmvml@kal}ltr%em BFaurbémzi n- 4-yl a
M no) - 2-  oxopy/ I 0l 1de: g salt, is
provided in su trbhjtdf ?%T%%%Jl(%ér%% Pﬁqﬁ%?’%tggﬁ}é ysoglgfnlqr%ef 12?%1%%@{1/6 Pe errpl oyed
i n phar naceut seda:ltedd‘mmodsulailkyﬂ]$Cysmll<:dfnyhmylogqam hydraetyl, yyamnohmojéZF@,r(e(Chr m)re

oxci i ont 80 oAV LT oyl S B AT Scei ok e Buf EBHT: R Cne s or

active chem cg{c,gikylh,Ngs,, NH(Dklken exiC, nmkes UN@,_,dkyIUGCISa, &S 4a1WD
2011/ 046916PCT/ US2010/ 052288
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[00161] Preferably, the crystalline formhas substantially pure phase
honogeneity as indicated by |less than 10% preferably |ess than 5% and
nore prefwoabliyw4bEss t han 2% of the total peak area in trhe/usz@ensizent al |y
measured PXRD pattern arising fromthe extra peaks that are absent fromthe
simul ated PXRD pattern. Mst preferred is a 5crystalline form having
substantially pure phase honpgeneity with less than 1% of the total peak
area in the e YRR @mthe extra
peaks that ar g??o)g(g%? ?irelé%ﬁnN?iﬁzé(g%lét edng %@%gp?{én??r%%&] I n anot her
enbodi nent, asdloigre H(@n -gkyils. provi ded consisting essentially of the

Tobuty L;PSZLB{){@] e OI25 AR 5Bt SELIPHN GTRONR Bl (7 - tert-

yl ) cycl ohexyl )nmdﬁo@m aezolgly B@cab@isbﬂmzolszalthmdﬁihefl amﬂpmﬂ}m mmmr; thicniyls

enbodi nent may east sed on its
wergnt n T hevudigBll raf pos s pBt Rl et WM pur 11 es

and/ or pr ocesBsédagthiaBP, béizesioxdmyl, hezsatayirbaadhkyyiaqahyiinyGal techni ques
known in the art, such as, faor exa | e, 15chro ogra h magneti c
esonance SpeliBEETHTIRERY. KEEEP Bt G biFaa endniets y. _
[00164] Cryst abéﬂzaﬁlrafn?r Bﬁroﬁ%ﬁ{ylb&u&aﬁmr&ﬁz@yraﬂ N@&hh&inyl ghinb®AiREds, i ncluding
for exanple, crystallization or recrystalli za%/l on froma suitable solvent,
subl i mation, #dataly. mirehparidd) furopyedil dlikdgeiroindobngetsmhndrongpoliybidanot her
phase, cr ¥t alioliAa! baficdikRMaR1 SHRB! RERLL G exdihbil s Btk huiiPhfiy] M-
Techni ques for crysta I zati1on o crystallization of crystalline forns
froma sol venﬂ-yhilndﬁjtrélupwmeﬁdégulhmoh&%aﬁpl e, evaporatl on of t he sol vent,
decreasing th 0t1 telr'lerae r81f1p 1Is %etls%hy i tstltn‘{e tly shal nclil}/d% S st1§u$ dalngl] g a

super saturated so ven XEure® oF e ecule an Forsal feeze drying
t he sol vent nhxsmbs't‘eutecagldumddl tion of antl sol vents (countersolvents) to the

sol vent m xture.  25H gh throu II| ation techni ques may be

opl oyed to. plEsfie Ry ettTRR AR (e AL BOPJRBREROONT 00188] & yst al s
of drugs, 15nclughboehdpet M@Pfeﬁﬁi‘@ 1nvéﬁﬁf0h@ﬂ1’&a1ﬁfng Qﬁ e rﬁ’éth&llly sﬂﬂdtuted atom
characterization of drug crystals are discusse Byr . et al.

Sol i d- Stat e CR@KPgisplptedfin prtigaldy ac?ﬁ%IOIEa?@cnP@)fmeSS@FS W@)@@wwv}al? thyertdew | ndi ana

(1999). 30 [ Q0BG & I%algf AR @dokhg @dnoR b?%@ﬂh&ﬂ@ﬁa&eﬂﬁ& foePboy, sol vent, the
choi ce of solvent or solvents is typically dependent upon one or nore

factors, suchsyshesislfighi Qntlﬁﬂ,lly@mwerﬁéar@ngﬁp@tems Meyssgegnicirieasanesis efeddimb.que, and
vapor pressure_Qfq i b§19& a%'atth 1k%%g$hlg@f>é @@%m% e M«&Bﬁé s TBYip& enpl oyed;

for exanple, the corrpoun beso into a First solvent to afford
a sol utiof) fhérbmwmd alti;sumseabdﬂjldomermare@bntarnplamﬂnrsmb ypesdint tnveid@or €asadt he
utiop,and to.afford t qtlon of

rystal s, an v EOrORREmer i EaRpuit PRogR s e Bhpoira R e
may be isolated as a mixture of isomers or as separated isomeric forms. All chiral,
diastereomeric, racemic forms and all geometric isomeric forms of a structure are
intended, unless the specific stereochemistry or isomeric form is specifically

25  indicated.
[00139] One enantiomer of compounds disclosed herein may display superior
activity compared with the other. Thus, all of the stereochemistries are considered to
be a part of the present invention. When required, separation of the racemic material
can be achieved by HPLC using a chiral column or by a resolution using a resolving
30  agent such as camphonic chloride as in Young, S.D. et al., Antimicrobial Agents and

Chemotherapy, 2602-2605 (1995).
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5solubility. Suitable solvents for preparing crystals include polar and
nonpol ar solvents. [00167] 1 n one nethod to prepare crystals,

N ( (1R, 25WBRpH1F46416r t - but yl am no) - 2- PCT/US2010/052288
((S)-3-(7-tert-butyl pyrazolo[1l,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidi
n-1yl)cycl ohexyl )acetam de, free base or salt, is suspended and/or stirred
in a suitable 10solvent to afford a slurry, which my be heated to pronote

di ssol uti on. Tiagade” Mhe BhcrYnsmAuiasy BEPRLAT (RS AnGHUS RiGdy sOI uti on,

whi ch may al so contain an additional anmount of the solid to afford a

het er ogeneous thebxeampeurds, matgiiale gompopematand/er dSage fatshsewkioh srenvichin thet hi s
regard includ e i v rotic

sol vent s, andgcr%p é? {Jsrogks%%&l?%ﬁ%b%}#brgg{a@fg fcﬁﬁlg(g{en,c%g%ad?ﬂ {shgtflg{sﬂesg&l her ei n.

[ 00168] Seed chysimbeingyayd hemald detlott@xanyivaeoyistty lilritz@n, dlargd netponge, 10 pr onot e
crystallization. As will be clear to the skilled artisan, .seeding is used
as . meanss of ORGPk ERRGARGR. Sem R il AP pIs B RERER or as a
maags of cont [(Ic?hhl']lngATsh@eldpﬁlfdiﬂ,Cbl&rﬁ%ok&tfi}dﬂl?hdfdeﬁtﬂlﬁlb@ﬂ%s%eférﬁ@dﬁ[v&iﬁ%ébﬁi ne |
product. Accordingly, calculation of the 20anpbunt of seeds neede epends
on the size offrdiEloakmpounds S thePIHY CHRRPYIE & @P%ge%ﬁw pking adiefe

product parti 6@ @R KesEr ERasplcd SHphaxABRKially ag%éykaué Bits HelMe, Blit & not

"Programmed cooling of batch crystallizers," em cal Engi neering Science,

26:369- 377 ( lioited to, mincgnd Aeorganic acibepdts of basivapyiduss sush 4y eminess dldli po
effectively conbAplaliifadiio el sbf ¥oLl Ryt iR Ellee. FoEIS OF Siall
size may be generate y steving, 25mlling, or mcronizing of |arger
crystals, or bhermaenteatly peteplabie zatsiindudsithsainu¢ntiond nocCaré shool the be t aken

that mlling or_ mcronizin o{sgﬂﬂstal§ does Qﬁﬁmkg%ﬁ ' ag&n%ggnge in
., C

lt.in
crystalIinityq¥¥%%?Yﬁ%Hﬁ3glf% cry%??ﬁnf%g?ﬁ%ﬂ.e E%ﬁep¥b anor phous or

t o anot her poloximan@idnic pi0GIHY] Aidsobbedanpkt wick comyntmalf iohttetieshltander

vacuum and the isg#at d.s$¥ids 30ma QF ﬁ%ﬁhﬁd mﬂﬁh.a suitabLe.soIvent,
such as cold PEAIGTOsT feriyed from RosgapaAcids sudh & Py Gachieife PO4on Y HOYEN purge to
af ford t hesdegjdrestoicy skt saBahiel phosphdfic,ins@it ahetle HRY; 268 tHBMtsheARal yzed by
a suitable spectroscopic or analytical techniq such as SSNWVR, DSC,

. ue y : . .
PXRD, or the fPREIEANS agils Sheh a6 BFGHiaLRIORIORNE. SPeeinie ebicahs. 8§ Jastia malife f or m of

the product. Theri€ @M Lidd%hiCPHRbR! hilBe, %;Qfd%&hﬁleﬂﬂieﬁ?ﬂa&e}ﬁc i@dueed in an
amount of greater than about 70 weight % i solated yield, but preferably
greater than Doz gheylds wiertc,dracetorybspiqh furadric, toluenesulfonic,

Shuty1 pyr azol G e SR P ag QPO I s b ot ai 1 -
yl) cycl ohéftyl Ji9d42]aniltdepharmaerutiaiie acrepsble s3lts@f thgipnabdtynvengddnopedei n t he
crystallizatl (s)ynthesized from the parent compound which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts can be prepared by reacting the
free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
25  generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Remington’s
Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA, p. 1418
(1985), the disclosure of which is hereby incorporated by reference.
[00143]  Since prodrugs are known to enhance numerous desirable qualities of
30  pharmaceuticals (e.g., solubility, bioavailability, manufacturing, etc.) the compounds

of the present invention may be delivered in prodrug form. Thus, the present

invention is intended to cover prodrugs of the presently claimed compounds, methods
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procedure. The product may be co-mlled or passed through a nesh screen to
de-lunp the product, if necessary. [00170]Crystalline fornms may be prepared
di rectly woamttdaedsiseacti on nedi um of 10t he fi nal proces®CISBPOMOE2288 epari ng
N OR, 2S, SR)-5-(tert-butylam no)-2-((S)-3-(7-

tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1yl)cycl
ohexyl )acetam de, free base or salt. This may be achieved, for exanple, by
enpl oying in Bh@ehfvérﬂ%]th@f{a%eaﬁ§c§r¥1}]§%ﬁ1t1%n§&ln‘t’a@rﬂﬁgf% siﬂlétlﬁE&iniEs”%| vents from
whi ch the conmpound may be crystal Alternatively, crystalline forns
may be obt ai nadendgd tpsnnllscteualn}/a@\ia«lﬂnﬂbborsi@ﬂv@ﬁ@rsadﬁmhtr?«l@%eta@e%mew@gt Sui t abl e
sol vents for I ri bed herein,

i ncl udi ng pro%l{El %fHﬁlég?e%glglléldegfr}l%dé%gﬁ)g#hgéS%Fggﬁgfgg%Xa (tﬁ’%éeg%gﬁ c pol ar

sol vent s, suchlammakat ohest. fraGiyTh By prayntofivegéeredrabreguredioynmediftinge react i on
m xture ma red to renoye any undesired i nor gani c

o ts, andbt nomelt R SRl By s Y Sl ey TR e Bl PSS 2t on
sol vent. The tcleswl}dither i8 @butint araniFaptikicordo noenbd ﬂﬁtpeﬁ:nt@nfpeﬁme)redfﬁ@ss

sol vent or gaseous constituents. |f di stl |latjon i.s enp ltimate
amount of di sfﬁcﬁ‘ﬁﬁfgnﬁ%lpﬂse@tt]é@rﬁsﬂ}t {Eyon gegend; Sroesﬁ aBP @g%,u fﬁi&@f/ﬁ

i ncl udi ng, Fro@fﬁ@srﬂ@)h@ed t¥ @8 BlouS1héd€ whéit the prodel gCARRYréskhtMnveaiih khe |1 ke By
way of general guidance, the reaction solution may be distilled to about

1/10 the ori gRdiaIISEEdiepamakien Fubiesh iagaycsrte fraceireiy dfosyle fpg #Bigoout . The
reaction fgy Qlefr%as'imhﬁﬁiylag? a%%@eﬂ‘r\del} Op.d %g‘g@ﬁdﬁl@&n@%@%t £ pfthe reaction

and the wt % produ In acc ance with s ocess techniques. |If
desired, addi tlmdnfhlo St fqyma@@hd/bmzomgiertyetlm@é@lcqhol peinepviediiungicopt i mi ze

reaction conc concentration is adjusted to
about 50 wt 0 {;%I COHP { %l'l éres&p Ve%ltclzoa ly results. 30[00172]1t may be

preferable to[(mdd4]sof Srtehsib swﬂpmmd’t dng “Mabl'e Iseucm&aCire arames selcatiat hout
distilling the reac i.on. tf Ereferred s&lvents f(%lrf%hls ose are
t hose which n&y"RAY Wé{‘éls‘x}f‘g GPEY OPEA{ ST U HYE Ry 8 £ 3P g‘ieﬁP as

di scussed 18b0%8miate£00R a6itle and binthlHi0h ¥R6 kn EXEdaNg eherapbititaigah. trh@ final

concentration may vary dependlng on desired purit recovery and the |ike,
the final conE’é’?ﬁnFHltVPIH‘r?néﬁ‘mf"*ﬁ%edftPé’é‘bWeYsSéabilerFO%Pm on is preferably about 4%

to about 7% Jdugss)easti eﬂﬂiéﬁl&'éﬁedﬁ%’arﬁﬁmﬁﬂs Eft&fled @) thQWINS SRLNERL addi tion
and simul taneously warne By way of illustration, the 5 reaction m xture

may be stirreedorfprundbbihe pmsmwwewm@nmmwmbofabmmnbmn@a offhe reaction

s preferably fhlhgied, ol AR YRsNed ShbhyIdil 08 iheagkign sol vent. the

sol vent added or’a conbi nati on er eof crysta S may be added to any
crystal li 26t i oomisodtionivoth diter amvbn@r@immw&aﬂwatz athitgrhot] OOR Z3AndAKERLAr | ous
fornms descri bed ui shabl e from one 10anot her through

the use of vari® fp {Went&“g'f% BTGV?“@%R%%{?@% ﬁﬁugeﬁq}{eﬁelme of ordinary skill in

'([jh fef art. SUC? [(IOQ@(’S]I’II %Lls ??edl Heedin) di&eatﬂﬁgﬂ oratreatmeht” kover tl%dreh@en?@&d?;ea@é— ray
iffraction (PXRD), di ren-ti a sc nni ng ca DSC) . and/ or
t her nogr avi rreﬁtf‘ﬁedz > SR y ing highag v@?'ﬁ T BRI g sagee-

characterized statrécirom &%hﬂﬂﬁ? iSOREmHSI, li}gpaﬁt'ldﬂlgi'r BwIeh ¥ adtthanimaay pdiiffdsactol on,
which is based on unit ce
the disease-state but has not yet been diagnosed as having it; (b) inhibiting the
discase-state, i.e., arresting it development; and/or (c) relieving the disease-state, i.e.,
causing regression of the disease state.
[00147]  The names used herein to designate a specific form, e.g., “N-1" or “P-17,
should not be considered limiting with respect to any other substance possessing
30  similar or identical physical and chemical characteristics, but rather it should be

understood that these designations are mere identifiers that should be interpreted

according to the characterization information also presented herein.

-38 -



15neasurenents of a single crystal of a given format a fixed anal yti cal
tenperature. A detailed description of unit cells is provided in Stout et

al ., ChapveroBo4s%1Ray Structure Determ nation: A Practi ealr/uSaéides228acnmi | | an
Co., New York (1968). Specifically, the unique arrangenent of atons in
spatial relation within the crystalline lattice may be characterized
according to the observed fractional atom c coordi nates. Another 20neans of

charact eri zi ngyof o CrT’l?etIﬁ‘és'ehtrlﬁve%M‘ﬁfob'iﬁ@s drysstJ?IYneFIQMﬁEle the fr@¥%add JfiN-act i on
anal ysis in ich the observed diffraction profile is conpared to a

si mul ated pr of(llRésé&ér(é@r%@tﬁﬁmmok%@é @rigrsbutylpstazeletlvr-dl lda s WiazPotwer
x-ray diffrac E Eﬁﬁq S racterized as a
series of 20 %gﬁiue ?‘ﬁ‘? 19{‘# 10&1?5 8%051%8,?%?&3%?83%%%@]}1 atgljfn%aﬁs of

char act eri zi ngartibgarf mrarphaagacla&icmlise@pemabdmfoas bodertdingtettrecd2brbodineats, magnet i ¢
resonance (SSN ctrosco ifferential scannd a pmetry (DSC),

t her mogr aphy 8%/§)alﬂjlpgg§m§x§tﬁ? ﬁé‘% 'Pa(?ﬂargfm Pbstagiially PG fp Wg I%Fe ﬁ%rphous

mor phol ogy. Tme@iniﬁa{t@.m&heere Wy araldBelok itl #RAxahipl6Od¥IhaT8L1i fofin.t O
characterize t ect 001 One of ordinary skill in the art wll
appreci at e thégg‘& %tffwagﬁ F‘él{?fg‘ﬁ %éaswtawﬁt%ﬁlgﬁ%é ot dmed with a
measur enent eE(gr%mgtfa,ﬂtof{hgI\ﬂggﬁpﬂq%mgpon t he nmeasurenent conditions

enpl oyed. In Eqﬂtltl cul ar, is general |y known that intensities in an x-ray

diffracti on pH0dd?n még/usredb@rm Pelyaerdn gifery tauppyel iedeimsdirsig theowdliet i ons
enpl oyed agd Eﬁbﬁnﬁgt QltioTBLPARE BB pQial L%ﬁng%é’rﬁst@t{t eﬁlBleéh&%tnge further

under st ood t hat e Intensities nay o vary dependi ng upan
experi ment al ewohdiieisdpsniagithe casebr di ngl y, the exact order of intensity

shoul d not beh g(ﬁn I:Qé[ gsegﬁerellflln‘solvaﬁ‘ddrle%el S%Q%lcl ta}l* eq[e OLF a rrrﬁ?c{uleeatror%r of
diffraction a for™" 2" Convent i 'onar raction patternrs

typically abouﬁd/&} 1&152&t\ﬁa{h¢e&nm’1nslrﬂca&uleproeﬁ @arladmlt yr @bebis itodPra2dl ival ues (as
di scussed her naftgg? iﬂﬁ oﬁj aree, of e ment g)rpror shoul d be
taken into ac Gﬁfsm ﬁEP“t“éan Go AT REleGHe R r?P VB WY IFPIT Lt B angl es.
Consequentiby, rdghlal &rdn@erRént Widle sSicaQslddroiBdrrah fendht Y Blcab veRMmiy Bfnptifte i nst ant
invention are not limted to the crystal fornms that provide x-ray

di ffraction p&itheep HSicBEmsITetEPnsIOFHmtiTicamog of hesalveagolryles defi on

patterns depi ¢f@ghid B sEife A5EATBRARAENOMEHO ¥hnEcht OF SHABRHINGEGHA, redily CTYStal
forms that provide x-ray diffraction patterns substantially identical to

t hose di scl osé&dmipartishlesseefcolrpadipinnige Filyaie.es fall within the scope of the
present !nvenLd 0751 Thﬁleap@éseﬂt_dve%ﬁoﬁ%(ﬁ%&d%&R) ?H{f&éﬁﬂ%ét@ Leghhities of x-ray

diffraction patterns 1s wt € purview of one o |nary skill in the
art. 15 SYNTHESuSinSdhdrgrdentlRpmpamas.i boropss ilmhdicalzan etoms deavikPthe same
atomic number but different mass numbers. By way of general example and without
limitation, isotopes of hydrogen include deuterium and trittum. Isotopes of carbon
include *C and "C. Tsotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
25  processes analogous to those described herein, using an appropriate isotopically-
labeled reagent in place of the non-labeled reagent otherwise employed.
[00152] As used herein “amorphous” refers to a solid form of a molecule, atom,
and/or ions that is not crystalline. An amorphous solid does not display a definitive x-
ray diffraction pattern.
30  [00153]  As used herein, “substantially pure,” when used in reference to a
crystalline form, means a compound having a purity greater than 90 weight %,

including greater than 90, 91, 92, 93, 94, 95, 96, 97, 98 and 99 weight %, and also
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[00176] A carbazide of formula I-ff, such as sem carbazi de hydrochl ori de,
was 20condensed with a conmpound of formula |-ee, such as piyal oyl

acet oni t rwbepivmdcaésol vent, for exanple, ethanol, 2-propamalsoidsopr2epanol
and net hanol, preferably ethanol, in the presence of a base, for exanple,
sodi um acet ate, potassium acetate, triethylam ne and

N-N-di i sopropyl -N-ethyl amne, preferably sodiumacetate, at a tenperature

in the range gfndf; queﬁ:to NG ﬁﬁ)ﬁ@@lﬂ % &@c}ﬂﬂ)oﬁ@d@%as@a 03%6%1%50?‘[‘1% provide 25

the hydrazone corrpoun of formula wherein R21 is =0; I'sS - NH NH2;
and R23 is cyesioRiury. Thememmmgamerﬁt@mmyemhqrékr@mwé@@tCh@pound fngfah a 5- to

B member ed. ! AR Bifls { AT G ITRYhS ARRNBOh BURTRLLACH th one or

more substit uent ecte m am roaryl and may
optionally conXaampme 1cry21;alliﬁemm140fhé((éRQSISBDF§ -(tenelep@admni-2y(Ss8k(@etred from t he
group cons 2 Preﬁyr t| o? of hydrazone of

o

Formula |- éStB‘Ttg]Ipyrcaé&l%%ﬁgl] %trﬁaﬁ}i?%%gﬂlém%gr%% rmul a 1-dd, such as

50)'LNH NN)C}N(BhényaE’d’bhmlde free b2dy oNsf; H’c\lyb&\laé‘enfe&aﬁliseﬁnmytﬂilreailﬂ that it
orthof ormate, for exanple trlnethﬁ//orthoforrm'{ trleth | ort hof ormate, and
tri propyl or t hBGYRE e eHFTdhar Koy it p eHBERypres yifeReet {beeed @ kit ABF or mat e i

the presence Qﬁovﬂf‘ar@?\eﬁ%mlfﬁco%ﬂﬂ kiR artd& Bk cheac@mgmn% 1ds§ @1 @AeRhi% aci d,
hydrochl ori ¢ acid and net hanesul fonic acid, prefera acetic acid, at
el evat ed of material comprises other form(s) of N-((1R, 28 SR) S-(tert- butylammo) 2-((S)-3-
10 (7-tert-butylpyrazolo[1,5-a][1,3,5 Jtriazin-4-ylamino)-2-oxopyrrolidin-1-
yl)cyclohexyl)acetamide, free base or salt, and/or reaction impurities and/or
processing impurities.
[00154] Samples of the crystalline forms may be provided with substantially pure
phase homogeneity, indicating the presence of a dominant amount of a single
15  crystalline form and optionally minor amounts of one or more other crystalline forms.
The presence of more than one crystalline form in a sample may be determined by
techniques such as powder x-ray diffraction (PXRD) or solid state nuclear magnetic
resonance spectroscopy (SSNMR). For example, the presence of extra peaks in the
comparison of an experimentally measured PXRD pattern with a simulated PXRD
20  pattern may indicate more than one crystalline form in the sample. The simulated
PXRD may be calculated from single crystal x-ray data. See Smith, D.K., “A
FORTRAN Program for Calculating X-Ray Powder Diffraction Patterns,” Lawrence
Radiation Laboratory, Livermore, California, UCRL-7196 (April 1963).
[00155]  Preferably, the crystalline form has substantially pure phase homogeneity
25  asindicated by less than 10%, preferably less than 5%, and more preferably less than
2% of the total peak area in the experimentally measured PXRD pattern arising from
the extra peaks that are absent from the simulated PXRD pattern. Most preferred is a
crystalline form having substantially pure phase homogeneity with less than 1% of the
total peak area in the experimentally measured PXRD pattern arising from the extra
30  peaks that are absent from the simulated PXRD pattern.
[00156] Procedures for the preparation of crystalline forms are known in the art.

The crystalline forms may be prepared by a variety of methods, including for
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10t enperature, such as 40-90 C, preferably, 40-75 C, to yield the hydrazone
conpound of fornmula I-cc, wherein RR1 = 0 and R22 and R23 are as set forth
above. Scowermiide@enver si on of Compound I-cc | - ccl - blpCTA[SOQD/HBI28A
hydrazone conpound of fornmula I-cc is converted to a conpound of Fornul a

| -bb, wherein LGis -0Rl6, wherein R16 is C _6al kyl, phenyl, a 5- to 7-
nmenber ed heteroaryl having one or nore atons selected fromN, S, or 0, or a

3- to 7- nmenberedC¥akAMAY I or Rlckys Rl MM CRoRE SuilBlel s8R MibBMBSIH tuted with
1 to 3 groups selectéd from hal ogen, CF3 or G _6al kyl, by reacting the

hydr azone conpgowitltfron axesiosahdlsttd transformagiondieangiogher phase, crystallization

agent, o ol Do BACL R i e ealihl| AEh s M bR AY D or Oa
tertiary am nechasBization o cyslalimntom domexsiyhenixase tohide, o epmple,

di chl or orre% hane an netath fFrl\osppor us. O@é/cthl oritde, f.ol | g,wetd .b\;{l i nt er eption
with either (FyPERVEl YTRDIOYRE HREHiredgargstily o MRy VdpE s §VE/ ne base
or (ii) an al kedinda stiyerfaqirited dodveaomxaue of té mdEtale and/6er sk HeczEXaimplies of

acyl ating agents that may be used. are phosphorus. oxychl ori de (POCl3),
oxal yl chl ori &Ven ASHy RGeS agﬂwlrﬂws(g@ﬁ?@o}&e $Lipahew CNtRFULE- | ng

agent is POCLl{o137|i et BfdRay ﬂ%cwaﬁ&tieﬁ&araﬁcpmlsm{\gughéwﬁsnﬁgrﬁr%fe &R
trin-propyl amne, N-net hz‘l norphol i ne and 1, 4-di azabi cycl o[ 2. 2. 2] oct ane
(DABCO) are elariifiagtions wiish isbapad carinieclbmsesaronieats ofayingle cps@hof aforme

conver si oty Aqff G{8GHAMid:Plchb %Y@ M BRI Bidl FAnit BORSE Blolifea fphe amount
il h 2010 4.0 bly, 3.0

of nucl eop e used In"the breaction 1s 2. , prefer ,

equi val ents. BsoahglabsClopteaB.coRat §reruraleoriideson: aPravtsn! Geidesed in the
conver si on ar g RSN, REOLALL YRIRNENGLec B AENAkye SLARNRL o SRGhUD

met hoxi de and 'sodi um phenol a enol " bel hg erred alcohol .
Ceneral | y, t hepatielachii@nwalid thertrertatiaptiatdce maybdrhacetetiteddcaudingto the

e oL e AT Sl LRI S (8 0, Gy e, &

15  crystalline structure is by powder x-ray diffraction analysis in which the experimental
or observed diffraction profile is compared to a simulated profile representing pure
powder material, both run at the same analytical temperature, and measurements for
the subject form characterized as a series of 26 values.

[00158] Other means of characterizing the form may be used, such as solid state

20  nuclear magnetic resonance (SSNMR), differential scanning calorimetry and
thermogravimetric analysis. These parameters may also be used in combination to
characterize the subject form.

[00159] The term “negligible weight loss,” as employed herein, as characterized
by TGA indicates the presence of a neat (non-solvated) crystal form.

25  100160] In one embodiment of the invention, a crystalline form of N-((1R,2S,5R)-
5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-a][ 1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, free base or salt, is provided in
substantially pure form. This crystalline form may be employed in pharmaceutical
compositions which may optionally include one or more other components selected,

30  for example, from the group consisting of excipients, carriers, and one of other active
pharmaceutical ingredients or active chemical entities of different molecular

structures.
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=H NyCH3 0 R8R9 1 wi th a conpound of fornula |I-aa, prepared in a
simlar manner as described in WO 152008/ 014381 Al, wherein: Rl is

i ndependewol2giinseriegen or an am ne-protecting group sel ecrars2010082288

car bobenzyl oxy (Cbz) group, a tert-butyloxycarbonyl (BOC), a

fl uor enyl net hyl oxycar bonyl (FMOC) group, a benzyl (Bn) group, and a p-

met hoxybenzyl (PMB) group, preferably hydrogen; R8 and R9 are independently

hydrogen or @@i]kylprefe’?aw ﬁletgﬂstahlﬁ;g fbr%l 139 SQJg{ahfmglﬂuye SRSt debiRshy 3-
14- menber ed 20het eroc%;: o or het’eroar bicyclic ri'ng having at | east one

ni trogen het erviatiseed py sssetharbl 0o, tordere Yﬂe@mhan é‘t/oahndhé@repméqrm 165%‘@9)1@0 ally
four nitrogen g‘toqg@e’ﬁ[ af(%e the e)ﬁﬁglglen g\f(}?ﬁlgdsﬁreﬁq?%@page g¥1{pm phenyl ,

a 5-to 7-rre ere oary avi one nore a romN, S,
or 0, or a 3- thea@xffa p@kbthaiee dgseﬂtd@hktyb smmlldtedd?XRtmpettermrMoﬂmtafﬂrfalhd; y

Substituted w t ted fro halo yl, to
obtai n thes corvealish gt Sk ERRR IR rhG R oR PR iy an et

N ( (1R 2S, 5R) tdtal peak area in the experimentally measured PXRD pattern arising from the extra
(tert-butyla S 7-tert azolo[1,5-a][1,3,5]triazin-4-yla
ni no) - 2- oxop9?ﬁ?<6ﬁaﬁ?r Igant féﬂ“} @ﬁé’l“ﬁ’%%{@?ﬁ@@f‘%’i‘ de, or a salt thereof
Coupling may R1pA" f omBEhEYenRMRIch) Y cHRPRAZS ICHOTRE donkiBiMbsicRtiant |

alternatively, via an acidic work-up foll owed bé the addition of a base
Exanpl es of aef @8 ciyptallingrfymp ef N4dR. 3 BhergebutytmignR-(P-Rteeti tri c aci d,

ok 30 gl R R DA Sl L, Srorml e of bases
[ 00180] Speci f ybaiclopexyNa¢qtdnRde $eg RyseHr (alerkhe bummsamnmé)m@n(ll(og)m@t (avtert-

comprise at least 90 weight % of the form, based on its weight in the composition.
[00163]  The presence of reaction impurities and/or processing impurities may be
determined by analytical techniques known in the art, such as, for example,

15  chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry or
infrared spectroscopy.
[00164] Crystalline forms may be prepared by a variety of methods, including for
example, crystallization or recrystallization from a suitable solvent, sublimation,
growth from a melt, solid state transformation from another phase, crystallization

20  from a supercritical fluid, and jet spraying. Techniques for crystallization or
recrystallization of crystalline forms from a solvent mixture include, for example,
evaporation of the solvent, decreasing the temperature of the solvent mixture, crystal
seeding a supersaturated solvent mixture of the molecule and/or salt, freeze drying the
solvent mixture, and addition of antisolvents (countersolvents) to the solvent mixture.

25  High throughput crystallization techniques may be employed to prepare crystalline
forms including polymorphs.
[00165]  Crystals of drugs, including polymorphs, methods of preparation, and
characterization of drug crystals are discussed in Byrn, S.R. et al., Solid-State
Chemistry of Drugs, 2nd Edition, SSCI, West Lafayette, Indiana (1999).

30  [00166] For crystallization techniques that employ solvent, the choice of solvent
or solvents is typically dependent upon one or more factors, such as solubility of the

compound, crystallization technique, and vapor pressure of the solvent.
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butyl pyrazol o[ 1, 5-a] [ 1, 3,5] triazi n-4-yl am no) - 2- oxopyrrolidin-|-yl)cycl ohex
yl )acetam de may be prepared according to the foll ow ng schene: 1.

PCOCl 3, DNeB,20DVEHE912. PhCOH, DI EA [ 00181] For the proce®sTafS2a410i052288
invention, starting naterials are comrercially available or can be readily
prepared by one or ordinary skill in the art. Solvents, tenperatures,
pressures, starting materials having the desired groups, and other

20r eacti on copdinbin@fishs oFBIVAR h&Aichplel.86¢ 8ImBR. APBSARIuhd@hfiy BY one of
ordinary skill in the art. The process can be scaled up in order to prepare
| ar ger quant i selelyliestl inthe fie splvent & dford apatuticn. followedby the additien fenmer ci al

product | on Tagidihut o E@S@é‘ﬁ’&ﬁ%ﬁ%@%ﬁ@thmgmggdddqmwolﬁm{%d% afitrg 4! rat e

enbodi nents o e inventive ¢ S an arting materrals, a are not
i ntended to | farnktidnhe cestpre Aof “abiive veh@iinssolsh0i 283dh tAscappuophdsddve,

reactions re.copduct under an at nosphere of dry nitrogen. (or argon).

For anhydr%ﬁssqhéég?'i §H§£’k‘dﬁfv§t‘i§%l’§%ﬁa€)ﬁ?f¥“§l? %“%R/%%‘i%ldé‘ﬁﬁﬁ)%{’ed. For ot her

reactions, reagedis.grade or HPLC grade solvents were utilized. Unless

otherw se stated, all commercially obtainedrea %nt§ wer e used, as_received.
HIRSS

[00184] Lo/ Mvol9PdETyr Shheone rcthar & BRass sraeialydy- R Rt ipreWiter s zQ

10si ngl e quady@pRol & ¥BssyBPasdIs[@Fed a3, MuhLinth-SH SR -oesydrolidh- it he peak of
interest are reported from positive-node el ectrospray ionization. NWVR
(nucl ear magnEbsvelohesdregivnaiie. dive bpser 4t & sugnsnpdediang/obri meyswiabler uker or

JEQL 400 ' - ' i G Al
g/ﬁizf a6k i élﬁ%},%ﬂ&%& Behehi§d &%St%hli%gol R nY Gk ferm

chem cal ts are reported in ppmfromtetranmethylsilane with the solvent
resonance as t'fhery htsarspdhergtanctas e satdrptefihrutids pbch maly abatentanent ypi cal | y

reported as f QCEC{I’[?OVI\II%I an%%%ﬁﬁé so?ig itg gfforﬁnd lh%tiel%lgcien%ioﬁsy m£x§ure= atsai grf%net '
temperature. Suitable solvents in this regard include, for example, polar aprotic
solvents and polar protic solvents, and mixtures of two or more of these, as disclosed

15  herein.

[00168]  Seed crystals may be added to any crystallization mixture to promote
crystallization. As will be clear to the skilled artisan, seeding is used as a means of
controlling growth of a particular crystalline form or as a means of controlling the
particle size distribution of the crystalline product. Accordingly, calculation of the

20  amount of seeds needed depends on the size of the seed available and the desired size
of an average product particle as described, for example, in Mullin, J.W. et al.,
“Programmed cooling of batch crystallizers,” Chemical Engineering Science, 26:369-
377 (1971). In general, seeds of small size are needed to effectively control the
growth of crystals in the batch. Seeds of small size may be generated by sieving,

25  milling, or micronizing of larger crystals, or by micro-crystallization of solutions.
Care should be taken that milling or micronizing of crystals does not result in any
change in crystallinity from the desired crystal form (i.e., change to amorphous or to
another polymorph).

[00169] A cooled mixture may be filtered under vacuum, and the isolated solids

30  may be washed with a suitable solvent, such as cold recrystallization solvent, and
dried under a nitrogen purge to afford the desired crystalline form. The isolated

solids may be analyzed by a suitable spectroscopic or analytical technique, such as
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br s = broad singlet, d = doublet, dd = doublet of doublets, t =triplet, q
= quartet, sep = septet, m= nmultiplet, app = apparent), coupling constants
(Hz), andwombaguedison. [00185]One of skill in the art wrCli/usecio®sizze t he
standard abbreviations utilized herein. For ease of reference, the

abbrevi ations include, but are not necessarily 20 limted to: Hg = nercury;

sat. = saturated, HPLC = hi gh-performance |iquid chromatography, AP = area
percent, KF —s§§MK DseCh&RD, aﬂhellﬁ@msglﬁm&aﬁw&tﬁe%&f%éd ér?ﬁ&lhﬁé ed
otherwise RT Is a tenpérature of about 0, 1 nol es, HRMS =

hi gh-resol ut i med$he pspraet rﬁ@é@pvmg @‘YﬂtaH@glf@’@slS wlogllmrodmgd in mqlmgmhm or

kil ograms, ¢ r liter or

liters, nL 25?1‘?{5%&& a%ﬁtl i1 t tﬁmﬂh ?{ema ljﬁl!)lg%h%{@thaﬁggr or hours,

M= nolar, N werght%asedmnmhmﬂgmw N (QIR?JS ORit- %tﬁrtmlmm@ghf(@)‘B _27,—teanLv =

Do L oL M P 1 S LUSLAB B RGP0 = el gnt percent,

13"i< | :?"dand Ecyc&mex}s)‘aeammd&]e“f&eade od e, grigihalBresnpl @ id the clyoallibaka

30skilled in the art. EXAVPLE 1 ,

N-((I R 2S, 5R) pwf{% tTth%D et aYd)e-co-ifley orpagsed thapyehid psrh sFEA8I98T 1, 5-

al[1, 3, 5]tr|aamﬁﬂﬂe%baﬁhnpﬁag$g§opyrroI|d|n 1- yl)cyclohexyl)acetanlde = NH
Step 1: To a 3 L round-bottom flask was added

-..7?7 [00187] Exa :

seni car bazi delooggﬁydr%‘b’ﬁfﬁlélﬁ? famg map bppigpared dioecy fragythe I@W@n@gﬂhuat@ft onitrile
(112.2 q, 8 e@@éi' tdon of

addi tion, lghea$g§%t|%% nlQﬁ%rggags%%%gl%%gfogsgéygﬁ%ﬁgnd02% d?on sodi um
acetate (73 Sk@thﬂwﬁﬁammﬂééyldﬂgiaddmdlﬂthOBadKMDmnhéhlthe anhydrous

sodi um acet at &1 g\%??ohgxy% aenlilH‘é cfrete%gsgo %(al%?h%én% ‘tgeha hltfg;?l ;r;urﬁd O 22-25 C.

The reaction ?41) Sl Tit al ne Y60- 90
m nut es. Afteemphymgmumeﬁnﬂmﬂmeﬂa&bmmnh@mxﬁunﬂumnﬁs@ﬂaMMhﬁdwhthELC, whi ch

i ndi cated that the formation dr zone I, 0 nmedi at.e S npl et e.
[00188] xampranround gl Boe S leod DR B STt R R R IRE 6s. 72 C
and trinmetihyl aktiigibos biellenf 4idRion téhnidud8 STRAESIoIWaE fadBie gugosd ilgud 5- 10

m nute period. 15The reaction mxture was allowed to cool to 40-45 C and

then acetic adpaefese golyentydesyibgg hereip. iRglydiggaeodic aokRT 10§V 1BCB B i nut e
period. Upon groRi€hi®prifc RAHLSIVQR, such as ketones.

[00171] By way of general guidance, the reaction mixture may be filtered to
remove any undesired impurities, inorganic salts, and the like, followed by washing

20  with reaction or crystallization solvent. The resulting solution may be concentrated to
remove excess solvent or gaseous constituents. If distillation is employed, the
ultimate amount of distillate collected may vary, depending on process factors
including, for example, vessel size, stirring capability, and the like. By way of
general guidance, the reaction solution may be distilled to about 1/10 the original

25  volume before solvent replacement is carried out. The reaction may be sampled and
assayed to determine the extent of the reaction and the wt % product in accordance
with standard process techniques. If desired, additional reaction solvent may be
added or removed to optimize reaction concentration. Preferably, the final
concentration is adjusted to about 50 wt % at which point a slurry typically results.

30  [00172] It may be preferable to add solvents directly to the reaction vessel without
distilling the reaction mixture. Preferred solvents for this purpose are those which

may ultimately participate in the crystalline lattice, as discussed above in connection
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the tenperature was raised to 702 C during a 20-25 mn period. Once at the
prescribed tenperature, the reaction mxture was stirred for 18-20 hr. At
t he conclweizon/m@b91shi s period, the reaction m xture waspramaisywedsizgs HPLC,
whi ch 20i ndi cated that the formation of the pyrazolo[1,5-a][1,3,5]triazine
was conplete. [00189] Exanple 1, Step 3: The pyrazolo[1,5-a][1,3,5]triazine
fromExanple 1, Step 2, was concentrated at 50-55 C under reduced pressure
(---, 5-10 ”“\v'ﬁ'ﬁ)solﬁr&t)ék&llﬂgea Alﬁi%h&%ﬁe ﬁﬂ'a@t:&%'@ﬁ{tijaru%ﬁ Wa?@an%,r-ﬁ'él'fend% ¢loh and
acetone (2 L) were added to the residue, and the resSulfing m xXture was
stirred at 50d85cdpyrsy. ro@vaiyrnd s likafthetinal ponsentiatien of the freebase ion ni xt ur e
was filtered o t m chl ori de
(Ract) and soditac PR oA okl L8 ey Bl R oS T 2 s
concentrat ed f@longm%nHﬂdﬁGn&ﬁiﬁnuﬂMemusbeMmd By wssuflﬁus(tpatiomml&— 450 mMm

Hg) t05yeld e5|§j The .resi.du |n2rre hof or mat e
(3. methyl® THE Snay Drsr PR B e VR e F L A0 58052 o
two (2) hours reaétﬁonhh@re&@d’bﬂ:}} filsdr@hod bnd WashePetth eﬁher tﬁaeed’cﬁ&cftdh&ﬁt, fHext Ur e was

filtered and t ay washed with 2- 0 nL), followed by
tert-butyl met wnt %@ff#rﬁépr natioh fieFrof- WEG?HQWP@GGP%YJBM didsaaRt was dried at
45-50 C reduced stﬁn@@tﬁws&u{lont%(iﬁhlét% 1#78ont O 10provi de

7-tert-butyl péwazol o[1,5-a][1,s3, (gérlazm 4(3H)-one (107.0 g, 62.1% w w,
HPLC purity: 123]AP Bite vangusrfagms dspesihed herpig ngay\hérdétm@p@abléémwna | ar ger
scal e 1o pgoducendfil-OWhafe QYRS haBltical techniques known ¢ f ordi
7-tert-butyl pyrazol (;?%h ‘%F ! trlaiagznlcgfl\-ec nlglilesor?gwn 0()%neOO]Or Ilf&%yrrpl e 1,
Step 4: To a eftihgsthe alrt\eauqheaﬂ:lmquem@umwwemot limited to, powderx -ray

-tenbutyl pyra 0 Zin-4 5.2 nol es),
dimethyl 4- 1 ghrﬁ%%%@jf#%d‘%ﬁe‘“&a) g“m“f&g‘i%‘e g‘i’§ LI SRR (10'L), and
di i sopropyl et hmfraasgren&métﬂc GﬂaZyskig[TG&)ZAﬂtﬁinet)velyTﬁ& forasrhdyi he@harhmemzpdwas

stirred at anbi ent . erature nder ani en a for a period of
n0 | eos than 1 hisERE i rhalterom et S RSR AL ST SH o Sibar
solution was sle@ttimeatided single@nSRCOMOsiGnBam hi aﬂ@@d&ﬁaﬁlﬁﬁc@l’teﬁ@&h@t&lmg
acetonitrile (6.0 L) and phosphorus oxychl oride (PQOC13, 0.822 ,

20mol es). UpoHet CRAPHRN %ﬁ‘un&&aﬂ%lﬁ BWVIdF%l Syt %lpﬁéaﬁf%& e{r@y\ﬁé@wtgm rred at
bel ow 35 C f opeghRlfich: 4RrqliR81 GONEINIER LRI o, UV YBRI (1 66%). Sﬁb’é‘ﬂc@lﬁﬁt' on was
anal yzed by HPLC, which indicated that the reaction was conpl ete.” Phenol
(0.64 kg, 6. 8thwm)w amen e of afpipk &t pplid m¢lateon(vothgrthg glysigkine lagiebdettyand t he
resulting rea r r no | ess
than 1 hr. " ar Por R kHcEotiRg S bt Bl Bk CRbm kCIRAERL Sudlr, 10 pr e
whi ch i nd2¢at exdaltsroélchatrdmeeriz@gcthe opstalbse fmmnqutees bypowder ma}h@flfﬁfa'fhiﬁl (20 L),

fol | owed by vat e reactl an m he organl C
and aqueous ik areh SR P CER Tt S SaS R M IR G The
or gani ¢ phase giReatstiafsdresingle tiysal Giuttuiccdagc iPdwided ey sliffradgtioamcatursh s 10 L),

and the resulting organji c and aqueous phases re separated and the aqueous
phase was 30df¥ e HRRCtABER 3 chaterterized e aseriey waﬁaahl%@#w&ywrﬁf P8t wash was
repeated two ﬂmﬁﬁﬂt'W&%meRQ§oP&HE&éEkﬁQﬂﬁﬁ@%ﬂﬁé§bé&k@sﬁ&hﬂs@ﬁd§§£50|Ut'on
washes, a potassium phosphoric base sol ution , wt% 10 L) was
added. Tha> or geaidac Hag@tlawewse PIPADER) mecrt@scgv@madlﬁ@remlaémnmh@caé@fu‘e@% phase
was di scarded wash e nore tine
until pH -8 %%—@91{%@ Fét‘iﬁg%s |x!ﬂ'éfn9tnon %alﬁl%po?%hl%q)hg{?s

N-[ 2- ( 3- Am nomRsphxgpy iThast pdametbpsyﬂa)f-afsofoe u$ed in combination to characterize the

butyl am no- cycloh§§xm] acetam de (prepared in a simlar manner as descri bed
in U S

[00175] One of ordinary skill in the art will appreciate that an x-ray diffraction
30  pattern may be obtained with a measurement error that is dependent upon the
measurement conditions employed. In particular, it is generally known that

intensities in an x-ray diffraction pattern may fluctuate depending upon measurement
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5Publ i cati on No. 2008/0027083 A, 1.05 kg) was added to the basic organic
phase from Exanple 1, Step 4. Upon conpletion of addition, the reaction

m xture WO 28tl/6Ed at anbi ent tenperature for 16 hr. ArcCrhis2aosi2esi on of
this period, the reaction m xture was anal yzed by HPLC, which indicated the
reaction was conplete. Water (20 L) foll owed by acetic acid (HOAc, 0.406
kg) were added to the reaction m xture, 10and the resulting organic and
aqueous | ayer t URPHD X

2-met hyl THF 5011}@{?[{0(?IS %Tﬂegl%lra%gmecswpgﬁr S vve%degél %g{he%taﬁalag%% %ﬁeg% kg)
was added. Thendeé%wdtthaﬁgelatﬁvmln}méltwamambﬂé@i’ymmemdmgmmn poimeHd t he

resulting org ﬁ“ﬁ s |l ayer was
extracted aga?ﬂld&m '?l Egrﬁoa s l#l?\ieeer(( ?L%\éﬁe?o E@ﬁ&%usggudg %te@grﬁ(gﬂ%g?e conbi ned
again 15 and ahoohritomddmbmikyea enibbt drpormﬁd;lffaaddexdangﬁd‘dr uenhydiooalixde ( NaOH,

10 N, 104 adj ust t | etiQn of

mda i on s he AR i A R bt ey RO T e
product - ri ch PEMILAN S diRaSsed ﬁ&reﬁﬁﬁ@rﬁ and 4Rh B8O IndadN&hehRFoENRbTIAGE €d W th
addi ti onal dichl oronet hane (10L e DCMrich organic | ayers were conbi ned

and washed wi taﬂiewtoeﬂﬁcqlm@awemm%tQﬁlelﬁégﬂmfitlﬁgedpﬁl w@odan angleh DCM sol uti on
was concentra U 0AC) was
added and thebrglgsgl ?qtj)%\ﬁ % @d\%{&gr mf{ﬁgk%@%ﬁ;{ﬁo%%%ﬂé?&ﬁ%%@%ﬁeﬁg% off to
yield a slur ryot(lfnnltedlto the eyl foriBs thjt prMIfﬂ}Ex (afL/Bhﬂ_l)act\vmaaddecbnmidethe

resul ting,sl ur rre for no After. this tinme, the
slurry vvasléfl ﬁexn%t%c}ﬁ?’ﬁray adﬁra?uq pattems %)IC\}\%lsm\}\l/}fs LR TR P%rets i onal MIBE
(5 L). The 25dmabsedakm1rwa&ydjfyseaﬂifdims Bﬁt @omﬂe xaﬁ:;u@fﬂ:uaﬁoﬂ pdﬂ@EsO 5 w%to
afford the armr phou f.ree . ield, HPLC
Durity: 99,5 NOARUY R 1%93 a& sm%aHXI Elgelges @lv-ryl hig they” (')
9H), 1.58 (m se%b@ of the @r’ése(n'fﬂnv&hfﬁ)on -Th@ﬂbl(lt 10 %Qrtam?s%aﬁtfﬁll 1d¥ﬁﬂtles 3fdday(m 1H),
2.36 (m 1H), 2.93 (br s, 3.48 (m 2H) H£ 26 (br s, 1H),
4.86 (t, J = giffiaqtien patjgyns lﬁwgbn(ﬂse purYigw Oéor@wfegdmamkﬂlsl Qas0(br s, 1H):
13C NWR (1@5 8 MHz, DMBO-d6) 6 21.3, 23.3, 25.9, 29.3, 30.0, 32.2, 32.6,
35.5, 43.1, 46.5, 47. 7, 50.7, 51.7, 52.5, 92.3, 148.7, 148.8, 152.9, 167.3,
168.5, 171.2; HRMB cal cd for C25H4AONSUNTHESIS 485. 3274, found 485. 3343.

EXAMPLE 2 Tri a 5-(tert-butylam no)-2-((S)-3 -(7
-tert- butyl p%}%%lloﬁép‘égt% %ﬁ%ﬁg%?r F@m n- 4-yl am no) - 2- oxopyrrolidin-| -
5yl ) cycl ohexyl )acetam de EXAMPLE Deut eri um | abel ed

N OR, 2S, 5R) 5-(tert-butyl am no)-HZN §%2 3-([7- terRthbutyIp razolo[1,5-a][1, 3,
5]triazin-4-yl am no) - 2- 06opyrrolld|n - yI)cyc/LQhexyI)ac tam de EXAMPLE 4

R23
R3

I-dd
l-ee Base

[00176] A carbazide of formula I-ff, such as semicarbazide hydrochloride, was

20 condensed with a compound of formula I-ee, such as pivaloyl acetonitrile, in a
solvent, for example, ethanol, 2-propanol, 1-propanol and methanol, preferably
cthanol, in the presence of a base, for example, sodium acetate, potassium acetate,
triethylamine and N-N-diisopropyl-N-ethyl amine, preferably sodium acetate, at a
temperature in the range of 20-60 °C, preferably, in the range of 25-55 °C, to provide

25  the hydrazone compound of formula I-dd, wherein Ry is =0; Ry, is -NH-NHy; and
Ry3 is cyanoalkyl; or Ry, and Rp3 may be taken together to form a 5- to 8-membered
ring, wherein the ring may be optionally substituted with one or more substituents
selected from amino, alkyl, aryl, or heteroaryl and may optionally contain 1, 2, 3 or 4

heteroatoms independently selected from the group consisting of N, S, or O.
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15Car bon-14 | abel ed N-OR, 2S,5R)-5-(tert-butyl am no)-24S)-3-(7-tert-

butyl pyrazol o[ 1,5-a][1, 3,5]triazin-4-ylam no)-2-oxopyrrolidin-I-

y1) cycl ohwwyb)izaaedian de * = Position of 14C | abel BRANRRE 0557984
Crystal Formof N((IR 2S,5R) -5-(tert-butylam no)-2-((S)-3-(7-tert-

butyl pyrazol o[ 1,5-a] [1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1-

5yl ) cycl ohexyl )acetam de [00192] A free base crystal form of

N OR, 2S,5R)-5-(tert-butyl am no)-24S) - 3-

(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1yl)c
ycl ohexyl ) acebehvimge; Hrenaragian aghyslzdzond grfiggmulahdc sol vat es t hereof , was
prepared and characteri zed as descri bed bel 10 Procedures for
Characterizing the Forns Singl g-d@r ystat>Dat @OEQS] Data were coll ected on
a Bruker-Nonius (Bruker AXS, Inc., 5465 East eryl Parkway Madi son, W
53711 USA) CAD4 serial diffractometer. Unit clefl 15paranmeters were obtai ned
t hr ough | east re LysSi ri l,.di ffractonmeter settings
of 25 high- an}; eyﬁef %e@?ﬁgﬁg&@ggﬁytf%@%&%mﬁg%ur ed using Cu Ka
radiation (2, = 1.54180A) at a const@mt tenperature With the 0-20 variable
scan techni que and wer d_carrect edy N rentgz- gNzation factors.
Background counts wefe cgl d at th xtremes of th cam for half of
the time of the scan. 2@:-Altennatel y,Nsingle crystalpydata were collected on
a Bruker-Noni us Kappa CCD 2000 systemusing Cu Ka radiation (2, = 1.5418

A) . | ndexi ng angrepetotesk imerthvfortiats, foe axsamméd timeteylgititofordatea were carri ed out
with the HKL2 p A I ef.al. 11 nol ecul ar
Crystal | ogr ap&%&yﬁﬁh@%@%&%%ﬁ %rﬂ%?pﬁgﬁh%%ﬁ&%%refeébly, {rln"liethylélﬁlo%%(f\lgt%,

orthoformate in the presence of an acid, for example, acetic acid, trifluoroacetic acid,

hydrochloric acid and methanesulfonic acid, preferably acetic acid, at elevated
10 temperature, such as 40-90 °C, preferably, 40-75 °C, to yield the hydrazone

compound of formula I-cc, wherein Ry; = O and Ry, and Ry3 are as set forth above.

Scheme 3: Conversion of Compound I-cc

15 [00178] A hydrazone compound of formula I-cc is converted to a compound of
Formula I-bb, wherein LG is -ORy6, wherein Ry is Cy_galkyl, phenyl, a 5- to 7-
membered heteroaryl having one or more atoms selected from N, S, or O, ora 3-to 7-
membered cycloalkyl, all of which are optionally substituted with 1 to 3 groups
selected from halogen, CFs or Cy.ealkyl, by reacting the hydrazone compound of

20  formula I-cc, for example, 7-tert-butyl-3H-pyrazolo[1,5-a][1,3,5]triazin-4-one, with
an acylating agent, a nucleophile, such as dimethyl 4-aminopyridine (DMAP), and/or
a tertiary amine base, in a solvent, for example, acetonitrile, dichloromethane and neat
phosphorus oxychloride, followed by interception with either (i) an alcohol in the
presence of a second tertiary amine base or (ii) an alkoxide to form the compound of

25  formula I-bb. Examples of acylating agents that may be used are phosphorus
oxychloride (POCls), oxalyl chloride, thionyl chloride and phosgene. A preferred
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eds., Academ c, NY, publ., Vol. 276, pp. 307-326 (1997)) in the Coll ect
program 25suite. (Collect Data collection and processing user interface:
Col | ect: Watalioabdiecti on software, R Hooft, Noni us B. VPCTAS2@0)052288
Alternately, single crystal data were collected on a Bruker-AXS APEX2 CCD
systemusing Cu Ka radiation (2, = 1.5418 A). Indexing and processing of
the nmeasured intensity data were carried out with the APEX2 software
package/ progr g sk bhSenk AP, Caidy ih@,w.mgggwpym@&ﬁﬁ S (BSEKL), 3P
interface: APEX2 User Manual, v1.27; Bruker S, ‘Inc.,” 5465 East Cheryl
Par kway Madi samropwangey Nimesgyymorplogmo4qd Wwhdrzineliclodd- ddjoceny B SOner e

Gyostream oot ot MRoLT oy Ay By oy B RS IR LN S HIBRS ) Gur i ng

dat a col | ect i entiary @@ bhseThBIEA.r Gotewallg sthovemeurs of metbobhiledisedimttharet hods and

refined on_the basi.s,qf bser v fl ections_usi i ther the SDP (SDP,
Structur o Bet ST 20 PRRSGEEDEh Pt R E B o R YRR S o f ng
factors, incl udtingy be @odin the tahveRieon SEPhsadl} pratadusvepienbdlakemaiol Gshahbie

I nternational Tables for Crystall ography, Kynoch Press, Birm ngham

Engl and, Vol . Sqdpm pgfhogide sdRALpInaay W(ltilg%la beipg ﬁmreéer&ééﬂeag%l- with ninor
| ocal nodifi cakh@ng, Bk dddBofdniShBicbRBn IR e cRACK BBIQS 2 Minda ko (nBeUS
solution and refinenent software suite: ckay, S. et al., maXus: a

conput er pr ogFaes Plarmbigié tesnpreiatyrete An§-r ef i nement of crystal structures from
diffracti qp data or SHELXTL4. The derived atom c paranmeters (coordinates
and tenperature factors) were refined through full matrix | east-squares.

The function Beheimeidz ddeparativhef & efminoendeliformas], By sdliGherddfe) 2 R i s defined as

EllFol - IF, 11/E FOwhile R= [EWM1FO1l 1{ukF, el)2/ EWLFO, 2,1/ 2 where wis an
appropriate wei ghting function based/e{i errors in the observed intensities.
D fference maps were exam ned at all es of refinenent. Hydrogens were
introduced in idealized positions with isotropic tenperature factors, but
no hydrogen paraneters were vari ed. D -Nnﬁ§”3Pov\deﬁ? I raction Data (PXRD)
[ 00196] PXRD data were obtained usi Braiker CZ\\\@A . The radi ation was

Cu Ka (40 KV, 50mh). The sanpl e-detecfor distange\was 15 cm Powder sanples
were placed in seal ed glass capill &7 esR0f | mm owT@ss in dianeter; the
capillary was rotated during data coll egtion. Data \\(\@r engol Il ected for
3<20<35 with a sanple Z;Fe [gIth%ef—at—l-eaﬁ;Eboh/ seconds. The
resul ti ng two-di nension fraction arcs were iuitegPated to create a
traditional 1-dinensional BXRD pattern with a Stan size of 0.02 degrees 20
in the range of 3 to 35 degrees 20. About 200 Ry w& e packed into a Philips
powder x-ray diffraction (PXRD) sanple holder. THe sanple was transferred

to a Philips MPD unit (45 KV, 40 mA, Cu Ka). Data werg.collected at 30 room

tenperature in the 2 to 32 2-theta range (continuous nni ng node,
scanning rate 0.03 degrees/sec., auto divergence ap i scatter slits,
receiving slit: 0.2 mm sanple spinner : ON) )\
N7 NN
N —
[00179] A compound of formula I-bb, for example, N , is coupled

with a compound of formula I-aa, prepared in a similar manner as described in WO
15  2008/014381 Al, wherein: R; is independently hydrogen or an amine-protecting

group selected from a carbobenzyloxy (Cbz) group, a tert-butyloxycarbonyl (BOC), a

fluorenylmethyloxycarbonyl (FMOC) group, a benzyl (Bn) group, and a p-

methoxybenzyl (PMB) group, preferably hydrogen; Rg and Ro are independently

hydrogen or C;_salkyl; Ry; is =O; HET is an optionally substituted 3- to 14-membered
20 heterocyclo or heteroaryl bicyclic ring having at least one nitrogen heteroatom,

preferably two to four total heteroatoms, especially four nitrogen atoms; and LG is -
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Differential Scanning Calorimetry (DSC) [00197] DSC experinments were
performed in a TA | NSTRUMENTS nodel QLO00 or 2920. The sanple (about 2-6
ng) was Weoghad4s916an al um num pan and 5recorded accur arelryusec@onsaesl to a
hundredth of a mlligram and transferred to the DSC. The instrunment was
purged with nitrogen gas at 50niL/mn. Data were collected between room
tenperature and 300 C at 10 C mn heating rate. The plot was nmade with the

endot her m ¢ pemrks wRSkME, DY 1 hgs gl rﬁ%rﬁWéréHB&e{ér& Madiy b1§ec(TGA)
[00198] TGA expeGrsl ment s 1\%lver@ej%ﬁlﬁy %l{r%%% in g TA | l{# 1§ éSOO or

2950. The sanploge a(t@bbiﬂecmé-ﬁ@ol%g% ov\@sorm %é@&mwﬁbareéuchoMJ a}l tha&ﬁlecdﬁ pl ati num
| t t el d
Potorded 1ol {I&Q%g‘ﬂ%u Id%ﬁl 3g@§up§y Jhe TR %ud;ﬁdQI[ C#{;ﬁ ace

recorded to a th usa |gram rhace was
15 purged w ttbohta;lmdlgcenrrg;aencbng cfb@@omldcrﬁfmmuﬂ}alt, forweaaple N-((ERL28FRDEL ween room
t enper at ur

00 C.at etln ratlo nal ysi s of
t he Forms 00%@@ ut’?lhaémﬁ%'ztl&%)cf F’ ﬁrﬂo AW&%? ‘ﬁLS HE&%@?W ag 3? g)n@ exanpl e
are present edok@yﬂ@fﬁﬁbil@zl)]:yclameylmbﬁam&el d)r Jpalt aredofr Sowding nabbai ned from
single crystal x-ray cr al | ogr ph| c apal ysis. A detail ed account of unit
cel I's can be PHIHESH b eﬁvﬁlﬁb%met CO@P@&PY wa[in art, QT Bgmayelye 3,28
Det er m nat i onjcidic RloActp fo@lbw@:‘b)dﬁe adBGeH dfladsasd @(@&b}es bORZRMat KHapak |y, Figure
1 presents the XRPD pattern for anple 5. Figures and 3 discl ose the DSC

and TGA anal ydied in the gpidictyaskup are@ﬁﬂ%@aﬁw@aﬂs amﬂsglycohc acid, and hyggpghloric
Preparati 9§, XRP pRRpiI&NY vdEOmENaLAG Rk At KOp X AR ONaRed, Ffr M Free

Base
[00201] N- ((| RK2§,(BR) - 5- (tert-Butyl am no)-2-((S)-3-(7-tert-butylpyrazolo[1,5

o 3 Oh0" ke S SYAMLDON-f RXAM - Ao LEX Ry ANFH) BORL A 08
nl\f?h (RngsnglRﬁa sulpsrotinane ﬁrtmlfmnv@mglﬁmmmltbyerﬁhdm v zolo[1,5-a][1, 3,
B R o 8 e g S A T P o B R e W

was characterized by a XRD pattern ahich tches the s mul ated pattern
generated fromthe singlkewiystal sl\ruptu dadt.a. ForndLN-Nl

characteri zed be)bgsc—t—herrmgranf avi W i endot her m
with an onset typictally°Af°ta [205 ¢ Form was chaﬁ*act erized by a TGA
thermal 5curve having a weight loss at up to ca. 210 C. TABLE 1 Unit Cell

Par anmet ers Conpound Exp 5 1. POCI5, DMAP, DIEA
2. PhOH, DIEA

H/N///O o acidic workup, then oFh
7.5% K,HPO
H 2HPO, N
/,/’\\‘} [ N N N
O,
= I/’\&NHZ
O§rN.H

15

[00181] For the process of this invention, starting materials are commercially
available or can be readily prepared by one or ordinary skill in the art. Solvents,
temperatures, pressures, starting materials having the desired groups, and other

20  reaction conditions, may be readily selected as appropriate by one of ordinary skill in
the art. The process can be scaled up in order to prepare larger quantities of the

compound of formula I, such as in a commercial production facility.
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Structure Base FormN-1 T -70 a(A) 7.3085(6) b(A) 16.257(1) c(A) 22.688(2)
a 90 po 90 70 90 V(A3) 2695.4(4) Z° 1 Vm
WO 2011/046916 PCT/US2010/052288

EXAMPLES
[00182] The following Examples illustrate embodiments of the inventive
compounds and starting materials, and are not intended to limit the scope of the
claims.

5 [00183] As appropriate, reactions were conducted under an atmosphere of dry
nitrogen (or argon). For anhydrous reactions, DRISOLV® solvents from EM were
employed. For other reactions, reagent grade or HPLC grade solvents were utilized.
Unless otherwise stated, all commercially obtained reagents were used as received.
[00184] LC/MS measurements were obtained using a Shimadzu HPLC/Waters ZQ

10 single quadropole mass spectrometer hybrid system. Data for the peak of interest are
reported from positive-mode electrospray ionization. NMR (nuclear magnetic
resonance) spectra were typically obtained on Bruker or JEOL 400 MHz and 600
MHz instruments in the indicated solvents. All chemical shifts are reported in ppm
from tetramethylsilane with the solvent resonance as the internal standard. 'H NMR

15  spectral data are typically reported as follows: chemical shift, multiplicity (s = singlet,
br s = broad singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, sep
= septet, m = multiplet, app = apparent), coupling constants (Hz), and integration.
[00185] One of skill in the art will recognize the standard abbreviations utilized
herein. For ease of reference, the abbreviations include, but are not necessarily

20 limited to: Hg = mercury; sat. = saturated, HPLC = high-performance liquid
chromatography, AP = area percent, KF = Karl-Fischer, RT = room temperature
(unless specified otherwise RT is a temperature of about 22 °C), mmol = millimoles,
HRMS = high-resolution mass spectroscopy, °C = degrees Celsius, kg - kilogram or
kilograms, g = gram or grams, mg = milligram or milligrams, L = liter or liters, mL

25 (or ml) = milliliter or milliliters, h or hr = hour or hours, M = molar, N = normal, min
= minute or minutes, MHz = megahertz, v/v = volume to volume ratio, %ow/w =
weight/weight percent, wt% = weight percent, nm = nanometer or nanometers, LOD =
loss of drying.

[00186] “o”, “B”, “R”and “S” are stereochemical designations familiar to those

30  skilled in the art.

EXAMPLE 1
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673 Sg P212121 Dcalc 1.194 10[00202] The variables used in Table 1 are
defi ned bel ow T = tenperature in Centigrade for the crystall ographic
dat a ( RT we 2ooamvdienper at ure whi ch is about +22 C) V = walrarseoiofsaeegt cel |
Z' = nunber of drug nol ecules per asymetric unit 15Vm = V(unit cell) / (Z
drug nol ecul es per cell) sg = space group dcalc = cal cul ated crystal
density CO\/PARATI VE PHARMACO_OGI CAL CHARACTERI STI CS [ 00203] Assays
and data conparin A eF] fxanple 1 and
conpounds f ound |gN\;\% SB 05T 05 500 &qﬂl\l}@*@ggjég _1'51‘%{;{3ysl 9jz?mznogo 2008/ 014360
Al are presented bdllehd] tmrmfifrypémnoarﬁeqxapyrmhdml -Xoevsioherydageta@pide Bi ndi ng

[ 00204] See al so: Yoshimura et al., J. Inmmunpogl . , 145:292 (1990). The human
10 CCR-2 bi ndi ng assay was est abl i shed wi t ANUMaN peri pheral bl ood
nononucl ear cells (hPBMCs) using 125l -hunman -1 as the tracer |igand.

hPBMCs were isolated from human | eukopak (Bl/ ogi cal Specialty Inc.) using
a standard protocol with Ficoll Hypaque (M ech CELLGRQ)). Isolated

hPBMCs were washed and diluted to 1 x1Q¥ i N bi ndi ng buffer (RPM -1640,
0. 19%8SA, 20 mM Hepes, pH 7.4). 1251- MCRLT (NEN Perkin El mer) was
diluted to 0.45 nMin binding buffer] conmpound was diluted in binding
buffer at 3-fold the final concentrat¥ons used in the binding assay. The

bi ndi ng assay was perfornmed using a 9- ilter plate (MIIlipore). Total
1251 - MCP- 1 bi ndi ng was assessed as f to each reaction of a total

vol une of 150 11,1 were added 5x105 .15 nM 1251 - MCP-1, and conpound

20 such that the final concentration Eanged fromO to 100 nM The plate was
i ncubated at roomtenperature for 30 Winutes followed by three washes with
RPM - 1640, 0.1% BSA, 0.4 M NaCl, 20 Hepes, pH 7.4 using a vacuum

mani fold filtration (MIIlipore). After washing, the plate was air-dried for
60 m nut es at [0038Th t Erpeprlal Step 1:THo s3\Ivarsulfdelbdtmm&hsbwamthﬂiemgenﬁ&:tlia,zildeof

Y o1 oset 1020 SRR IR o BTGRP B0 BGELTE 200 SRS,
300 nM col d MsRanbl (IPeydtoTeshC) pon congp&infolf eddiizén] the MRtidn mﬂ:sureazlagul ated as
the differ enC(caoo t\évelg—qSt 8ta?fll arﬁlngroﬂs(? Qod?urr? gcle]‘:allteCU?IS %ﬁjbgg 'mo'lAéIs)l was added.
The addition of the anhydrous sodium acetate was endothermic thereby raising the
temperature to 22-25 °C. The reaction mixture was maintained at 22-25 °C and
10 stirred for 60-90 minutes. After this time, the reaction mixture was analyzed by
HPLC, which indicated that the formation of the hydrazone intermediate was
complete.
[00188] Example 1, Step 2: The reaction mixture was then heated to 68-72 °C and
trimethylorthoformate (475.7 g, 4.48 moles) was added during a 5-10 minute period.
15  The reaction mixture was allowed to cool to 40-45 °C and then acetic acid (53.8 g,
0.89 moles) was added during a 15-20 minute period. Upon completion of addition,
the temperature was raised to 7022 °C during a 20-25 min period. Once at the
prescribed temperature, the reaction mixture was stirred for 18-20 hr. At the
conclusion of this period, the reaction mixture was analyzed by HPLC, which
20  indicated that the formation of the pyrazolo[1,5-a][1,3,5]triazine was complete.
[00189] Example 1, Step 3: The pyrazolo[1,5-a][1,3,5]triazine from Example 1,
Step 2, was concentrated at 50-55 °C under reduced pressure (~ 5-10 mm Hg) to yield

a residue. Tetrahydrofuran (THF, 2 L) and acetone (2 L) were added to the residue,
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conditions were tested in duplicate. The 1C50 is defined as the
concentration of conpeting conpound required to reduce specific binding by
50% 30[ O8DQBi1/0kbE6pr ocedure used for T cell CCR 5 bi ndiPng/usssays228s
simlar to those for hPBMC CCR-2 bindi ng assay except that human peri pheral
T cells was used as a source of CCR-5 (see below) and 125I-MP-11 as a
tracer (Amersham). |Isolation of Peripheral T Cells [00206] A recent report

i ndi cat es t hah, ((ERrRuIBXPHBIStL Ms thel?l af§0.kSe @@Jrl9@%nﬁl9&swk€em94 Y¥m@NRNg
i ndi viduals (Desnmetz, C et al., "The strength of the chenotactic 5response

to a CCR-5 bhi rﬂai:tmjl r@lﬁ@nwwrfétqr@ thengh Rigkeer fmnel togemevnedhe hultast odsiy f ace
CCR-5 density] T od donors
were pre- screeldﬁlg forehgg% Qfl ﬁ%} @ﬂaessﬁg&&ggg&gh@&kﬁg%@mﬁ% first
isolated fr orrcdfmmarata&l“cohernbds@oﬁ) By °Guakdadaceg potsarol~ 400t430 kirg blig) toHy paque.

Fl ow cyto trlc hen edtorre r - xpression on T

el l's o | S HGET R BRidE s HEF v R SR R Shsay st BT IEER ot body
or anti-CD8 an$0 ioyynd thhesetiin abcird aaostsred at WRLIC &b Upe) hphrer at thd cel | s
(CD4+ and CD8+) express.CCR-5 were reguested t rovi de bl ood in for

i sol ation of F‘%ﬁ?‘;‘ég ﬁnssﬁfsgid}e&rﬁﬂqtvnﬂs’fmf? V&aéﬁ?tgl%dgv% A SR
E-rosetting tﬁz@tﬁ@lrﬁéiﬁyl\ml 06 BIL), e&m&bdtbpeemmguﬁetaﬁleme% %\mﬁETzo@%Ls to bind
to sheep red bl ood cells BCs) CCR-2 Chenot axis [00207] The human

CCR- 2 chenot a%h%reaﬁgwprwsct weh@rwéltaé@wiﬁ) f raduecdrpgrsie froH9A0IRmER fo | § ne,
THP-1. THip 1 gRlls 7%&%@%@2&% glbﬂi]g b etidb it @ Hh 'oHé?’ 1@?6%“82 fhy & /Gal cei n- AM

in phenol red-free pH 7.4)  at for 30 20 minutes
with gentle nHRLE@uaery.214P ati230nes. Sfﬂ?ﬁel Ioeﬁb\e¢reu@p@%tbd@wd@r£r tdakriowashed and

re- suspended I M - 1640,
0.1% BgA, pH 3}"25‘3%1‘%%%@? nt@%?rpngﬁ%é &t@ﬂ;g%f&? ﬁgmﬁg% ﬂ{rﬁ% )@? Uffer such
that the fi na[OOzlSGs]ayE@mpiem,tSthoﬁoaglaqudleﬂre{amoﬂwﬁhladﬂm Twrdl. 1, M The

| i gand MCP- 1 roTec i e Mln che XIS buffer. To
pe?f ormthe aé%ﬁ yraﬁ [zra{n4 agg‘u%? tr\ﬁ&fnu%ﬁﬁi?net@g)t %ﬁﬁ&ﬁ%b dﬂ??nt})?fl i'ons was ni xed

with an eqsal avdlopymiief(1akel @ hbles)lace@hitsle (M XY, biEdibdprogneth@gamagual
vol ume of test conpound dilutions was m xed with an _equal volune of diluted

MCOP- 1 1i gand (MRt 2220 Bbhremyiiia ey Wererrhei el Traepentlitty at 37

C for 10 m NULESeddinOYaEkeByr a%%ﬁBJi 6f £0 Rdskhn Melindied NG @R CREABA 4L S was
then measured in a chenmotaxis plate (Becton 30 Dickinson) by placing

501.1,1 of M arueé "ihqql\ear pdutianpvasiy pddghtp pspeongl gjasy liggd ackarure 2 in the

bot  om charmbeg e, Bl &R 188 0SOUR il M Aybish@niolcybal edsat 37 C for

30 mi nut es. m AUt ter on a
condi ti ong0 werrxeles)sslﬂ[wd comptign ofm&iﬂmon Floy resilgrgahixtuge W@ﬂ giercd et lmtaw h%.tl on, 50
pi of | abel ed, cel | aced

Chanber “and 2357 T8ES) ATRGS R h B e o R RS e B b
(final concentvm&hnmr\caﬁa‘d tﬁaﬁ) thtlvy:acuirﬂnezas Wmlﬂmé [ Mnaqh Bekgds biogy aded
IcuI t ed ercent age of the

concentrations..of t t con%)(%%%ﬂ@ %
conmpound- f r ee W@Fﬁpi’ W@@(‘)‘ “sda&gf ‘e t% EGHOLBREERYRSL | on of
test conpounds# AUk igBicktQerhRaeire TOHMol 1BRIIRINtITIRN AGE: @RI Bk r&besDt axi s.

25  mixture was analyzed by HPLC, which indicated that the reaction was completed. 2-
Methyl-THF (20 L), followed by water (10 L) were added to the reaction mixture.
The organic and aqueous phases were separated and the aqueous phase was discarded.
The organic phase was washed with a citric acid-brine solution (5 wt%, 10 L), and the
resulting organic and aqueous phases were separated and the aqueous phase was

30  discarded again. The above citric acid-brine solution wash was repeated two more
times. Upon completion of the citric acid-brine solution washes, a potassium

phosphoric base solution (K,HPOy, 7.5 wt%, 10 L) was added. The organic and
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CCR-5 Chenpotaxis 10[00208] A simlar procedure to that set forth above was

adopt ed except that isolated peripheral T cells was used as

CCR- 5- expwogsimgenel | s and M P-113 (50 nM PeproTech | neCx/usasiotobrss i gand.

hERG Fl ux 15[ 00209] HEK293 cel | s stabl y-expressi ng hERG channel s were grown
(37 C, 5% CA2) in Dul becco's Modified Eagle's Media supplenented with 10%

Sigma fetal bovine serum non-essential am no acids, 2mM L-gl utam ne and

500 pg/ G41§que@1§s ﬂh@é‘e@%?e%pa&@él llndihé%%b@tplh% v@a‘éfdfs%rdé’é{asTh'é%S&bet 0 extract
the cells fromflasks, which were then plated into 384-well CORN NG

pol y-D- 1 ysi neKddEl@e‘d)hmOa@I@ﬁltW@ﬂarﬁpw@étoésH@Oﬁaﬂm%lufdléngﬁ?gy of 2 x 104 cells per

wel | (20 p. 1) OCV%?Sf‘Ma co%'&rﬁ ﬁ?% %% 8&9511(1]]%]%&;1%%5 at 37 Cin

a 5% CO2 incu ator un m)no a er obt ai ned.
[00210] A 2 rrtwt;zlaomio kaloBé’@J]AdVbtdmaie((M@bzecdﬂnarsnﬁMmlmsneraslgﬁnebed@R)J Wwas

prepared i l1.to 1l ur oni aC|d i n DMSO
002 the Say areabEays RekOflatAEY diafe i R Y PR R Ep burter
(130 gM NaCll frémQE}dﬁMblé@%S‘:ceg A8 Uppivh E@fﬁil&;onlofgddﬂ%ﬂvgﬁl}aacu&gmMnghﬁEs p:—l 7.3
and 10 nM gl ucose; uffer co nt tained fromsSi eni ca

Thi's BTC dye MiHadif @ﬂ%lﬁ@ tfﬂl@@%rgr}gf 4t foteREnedirangt &Hﬁpeﬁ'r%gghwactaonf. nal

| oadi ng conceRfifialeival afdly2d By PrPMC, @ﬁﬂch fd@aRdHRGERALE adbondletE Water 45

m nutes. 30 [00211] The test conpound was diluted to 10 v DMSO in 60 pl .

The conpound WSLfpléqveddy |aa¢t1CW@|(H%d0 400 ) e 3dded 1@ thayemiIBOMIF{uEol urms
1-10 and 14- ZanPtile ?esélﬁﬂ’g 0%& arRi §ous ﬁ%z%%XYe'}@éngatQh a*rf?eg%‘t‘(l%ﬁ I%f‘\%@t ed by

stanping 2.5 pi fromthe uted plate S prepared
on the Vel oci extragted Bdl@@lzrnc{ﬂlylﬂcﬂfe(dﬂi) pThﬁt @samheerswelatcembblyd addiiQgc48 pi of

EP buffer and nut es re th was read
o Uhe FL Prot OB kel ShCaRbd UERC e Rl I ERNBALRN SublGoRPABNYES T 020

cells of the tdwuléeg mgﬁmc emizelupdtaﬂmrs(\xﬂe@e @pér)ueyh @hldaqlgoﬁsalaj‘z@mapm nt

concentration ran of. 80 i nal O concentratian in the
e L oe " RBE Bl Db T D il BB e e B o
CyBio |iqusd handti@srombBeRL2ICNEelsITS waeaded. \%alhmdly@romewt@aqum 1tdae

FLI PRO384 (Mol ecul ar Devices, Sunnyval e whi ch excites the dye using
the 488 nm | i keVataddad oadmt thapidio ~ 1 é}OEPPQ%?QS?PI%% of pdditignethe 038R 2 540 30

nm bandpass fphd¢ %eoﬁ'ﬂ?@rs%%ﬁ@teéﬁﬁﬁﬂﬂé ﬁitoﬁﬁjst-trféhmmla ¥r \Laﬂ%etadd' tion of
20 pl/well EP buffer containin A and 1.3

(Sigma/ Al dri ch‘)lde |ﬂ31|e agEoOns bb’gt"@s e&aqcadmﬂ@démpméétcé@r@whaye élé)@»nlﬂhef or a
period of 12 Qﬁw Wgérg eg‘é@ﬁbﬁn@@aﬂw&ﬁ@# @ritﬁ'\vgﬁ @ ﬁ“'TH@ buffer was
ro 4 d

added. Data coI I ectl o every secon and t hen
15conti nuéd ewsulying Méwtsebbﬂ@@scﬂmronmsadmhemrmﬂah vacumitoateismun00213] The

d ' f th b I I1's. Th
Cotals e s tabrbnrtd BB 8008 MG IR EHEOAAR Bt o7 (he T

pl ate (no testom@i@elyntstipice snd §1eldatl’$d1r1tyf’(ﬁnhlval’mh& el ). SMTBEKLB’TDEW&%B and 24)
define 100% hE |b|t|on The bl anks well s contain 400 nM of  either of
t he standar(:j 2@%%%? the Fespiupg ey gpe st ety ItO#FSélﬂlaﬂn g’f Afer ﬂ“i@@‘é) theyr  E- 4031.

Raw data poi ntisrrl Wa@8BE& and the wet filter cake was washed with additional MTBE (5 L). The

25  wet cake was dried at 55 °C in vacuo until LOD < 0.5 wt% to afford the amorphous
free base of Example 1 (0.9 kg, 55 M% yield, HPLC purity: 99.5 AP). 'H NMR
(600.13 MHz, DMSO-de) 6 1.04 (s, 9H), 1.34 (s, 9H), 1.58 (m, 3H), 1.64 (m, 2H),
1.81 (s, 3H), 2.05 (m, 1H), 2.12 (m, 1H), 2.36 (m, 1H), 2.93 (br s, 1H), 3.48 (m, 2H),
3.84 (m, 1H), 4.26 (br s, 1H), 4.86 (t, ] =8.9 Hz, 1H), 6.39 (s, 1H), 8.07 (s, 1H), 8.94

30 (brs, IH); "C NMR (125.8 MHz, DMSO-d¢) § 21.3, 23.3, 25.9, 29.3, 30.0, 32.2,
32.6,35.5,43.1, 46.5,47.7,50.7, 51.7, 52.5, 92.3, 148.7, 148.8, 152.9, 167.3, 168.5,
171.2; HRMS caled for CysHaoNgO, (M+1) 485.3274, found 485.3343.
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sanple well were first corrected for cell/signal variation, negative

control (blanks) background, and normalized to the positive controls

(total s) weizng/ibaéeonl i ne FLI PRO software. Test conmpoun@Ctarse@ninsaess on
response curves for the hERG Tr flux data were then fit using Excel Fit (1D
Business Solutions Limted, Surrey, UK) with a 25single-site logistic
equation, Y= A+ ((B-A/1 + ((CX) AD)) where A= maximal inhibition. Data
were anal yzed by fitting maxi mum anplitudes of change in fluorescence for

Tr flux for a given condition of test conmpound. Potencies (IC50 val ues) of
conpound were cal cul ated fromthe avEXAdELdf2triplicate wells. 30Sodi um

Channel, Site 2 Bi et al. J.
Biol. Chem, 256: 83%%@@%@&\]1@ Z<8) dgF’%lt%ﬁtch?%M)ej SR P el 50
HEPES, 50 mM Tri s- H(]ﬂutylpyﬂaﬂola{l 5330, 3cﬂ\}lriazihdl-ylammo]12{)K@pyﬁph&inél mM KC1, 0.8 mM
MyCl2, 5.5.mM gl ucose, 40 i.tg/ . din eactions were initiated by
addi ng synapt osomes (prepar ed frJMCW%IFé?ﬂ aipgtﬁl%bcfgai n) to the reaction

m xture containing 5 nM [3F1] bﬂtrachot oxin in a standard bi ndi ng buffer
and the conpound to be test , LRe deS| rabl e concentration. Sanples 5
were then m xed and incubat 60 m nutes. The reactions were

st opped by adding ice-cold wa tal i ng”’50 nmM HEPES, 50 nmM
Tris-HCl, pH 7.4, 18rr1\/|CaClZ /ML bovi ne serum

al bum n. The synapt osones ver e Q qqat ed onto glass fiber
filters and washed 3 tines W|th shlng buf The radi oactivity of

[ 3F1] - bat rachot oxi n renai ni ng %t the filters 1 s counted using liquid
scintillation spectroneters. Parallel Artificial Menbrane Perneability
Assay (PAMPA) [00215] The Parallel Artificial Menbrane Perneability Assay
(PAMPA) consists of a speci aI |y fornBkaned H2cithin-based |ipid conbination

referred to as the_ 15 ast estin tra ) lipi The GITIlpldls
used to forma man]B? i 2#\5 %E%”ggg/é%?‘i)'zs'&ﬁﬁg t’s that used
in the Cagg-2 assay%utgﬁbﬁaﬂm |51aHJ[|1,C}s,ﬂirﬁﬁﬁlﬂylﬁrﬁﬁ@ﬁ@oﬁ@pyhﬂ11Mh340 menbr ane
conposi tion and performance as neasured 3/ standard conpounds that are
known to be passively absorbed i WDsydehssyDaoprmmlei s wi dely used as an in

vitro nodel for perneability scrHaenl ng of di scovery conpounds. 20 The rate
of passage of conpounds thB:Sgh he PAMPA menbrane is used to determ ne a

perneability coefficient ( an be related to the in vivo passive
perneability of the conpou d;@ A perhfeabl | coefficient (Pc) of
a particul ar conmpound is exam ned i n t setting with

api cal and basol ateral pH of 7. AD r| re 25conducted in
triplicate determ nations. [00217] Th test donpdlnd (10 nM stocks in 100%
DMSO) was diluted 1:100 in pH 7.4 donor well er (plON CAT # 110151),
providing a 100 i.tM assay solution in 1% DVSO. Conpound diluted in donor

wel | buffer was transferred to a Whatnman UNI FI LTERO pl ate and filtered
prior to dispensing 200111 into the BKAMPhBeﬁH of the 30 assay plate (plON

CAT #110163). The A \eﬁfs i 1 of the lipid

sol ution ?% ON CATE%{&/PIIJ]L%%EQ ﬁg(]t f@ert’%?{tg? HP?W%Aﬁ&;f 503) The

nmenbr ane was then comeylpgaxuld] hsza@[(]a;BJSJ]trrahnaac}da’pmo) 2-oebdyriolidihdr at pH
yl)cyclohexyl)acetamide

X"@,,, &

* = Position of '*C label
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7.4 (pl ON CAT #110139). The PAMPA assay plate (donor side and acceptor
side) was conbined and allowed to incubate at roomtenperature for 4 hours.
The pl at ewoasitdaenedi sassenbl ed and spectrophot onet er plParas2¢IVR2EGAT
#655801) were filled (150 1.1,1/well). The donor, acceptor, reference, and
bl ank plates were read in the 5 SPECTRAMAXO WV pl ate reader. Data was
captured by the plON software, which anal yzes the spectra and generates Pc
val ues. hERG Patch C anp [00218] Whol e-cell patch-clanp was used to
directly nmeasure hERG currents in 10 HEK-293 cells stably expressing the

cl oned hERG pot assi um channel a subuRKAMPEHES conpound was tested in an

aqueous buffer w th t bt pul ses
(0.05 Hz) were app |1e f;g%]ﬁ{aofﬁgﬁgkz%&g 2(?1 gftylgiﬁﬁl%ggt(%%t&% 0 nV for 2
seconds and tail curbuwylpwaxbe| eSeﬂ][1;31,i]edzmdwlmmm)gzt)h@ytrehdmﬂuI ses by

st eppi ng tgte voltage to -65 nVv. T e g t the conmpound were

cal cul at ed” by 15neasuri ng inhi bi ty 8}'10 %}te aﬁ%alt“ current Sodi um Channel

Pat cthI agp [ p@298] Wi@ée&;ag‘eﬁdrifstd)a?érﬁftlrflq\l @(rm 2%R)u$(eedt l?}@ylﬁkhfnepm(cs)geasured

i nward sodium_currents in HEK- ells e ressm t he human cardi ac sodi um
channel , SCN5A- te?d’“ﬁﬂ@”%tﬁ%ﬁﬁﬁﬁéﬁ“ﬁ@%t“ nétltlo)az Bt‘%’tngtﬁler ee aqueous
buffer. For d?I)%fcmh@iyﬁﬁcﬁérﬁagync‘iﬁcﬁ*ﬁ%alt%ﬁx@' dnldQBlvate OMLUDT, GHS fir@fiﬁr@d Mar €
elicited every seconds using the |l owi ng vol tage protocol: cells were
hel d at a pot elfrscarized as.dgeeriprd bglew.st epped to -20 nV for 60 ns. Effects were
cal cul atedyby measuring inhibition of peak current during the test pulse to
-20 nv. Rat e-dependence of inhibition was assessed by stinulation at 25
frequencies of 1 Hz and 4 HPro@ilurgl for Dbwect@ivargthe blinset i cs in Rats [00220]
Mal e Sprague- Q%V\{eeé/ LALS, 250- 300 g) were used for the pharnacokinetic
studies. Rats aste overnight prior to PO dosing and fed 4 h post
dose. Bl ood 3{1)0393]‘pl Bata(wdde aollett):d ves Brukot-Negitie@riited XN encj, 3g6 Bast vein i nto

KGEDTA cont P08 RER ARl N S0 058 Sy RS0, P00 1 bt

group) reg¢ei Veshahberstesd obtARARBHNEH easttJ@@rar@anaysls oMthaxgeamentsll V) i nfusion
(over 10 mn) via the |j tgul ar_vein or or al (Izjavag‘ Seri al bI ood sanpl es
wer e obt ai ned étraqtor&eter@f: pey of 26 highyangls. r%‘fctlelss ntepsiziss were measyred g3ingg  and 24

h post dose. Bl3qiBdis@m bteasb 541@ ﬁg aﬂ@%n@%nﬂ@rﬂﬁ&h‘tﬁfé%j&ﬁ tﬁ@@ Q@ Vé‘rlagle scan
(1500- 2000xg), were store Cuntil analysis b

Si ngl e- Dose thmwd st Q@Sret?tﬂd wEn R@}@re{nem;zaqwefamar Ba@@kqunét ics of
various test %Q ol%{e@ate[}{@!fﬂl%ﬁl%gof e 5Rh P FUROFRL GHR og%régga)ﬁs ina

crossover - deS|gn were fasted overnight prior to osing and fed
4 h post dos eAltérngtelyupngié criyst3l dan wak sol{e8tetl on 5 BrgRer-Neos Kepbat ¢leD 2000conrpound

by IV infusion (over n an ora avage, with a
Y week vasnout B ey RlHoitisf - SRR oH St L s ks YR 98 T er e

col |l ect ed fromeasufarrmb@uyaaﬁae«eye @kridd. cbvwlth ts}'leQTKMOOO SofRfare Package0. 75, 1, 2,
4, 6, 8, and 4hpot dos nd centrif ed at 15 00x to obtain
pl asma. Sanpl é%“ﬂ\%)r“@ ’s?o‘?tég acr?(’?”%“dﬁ”t& Stﬁﬁ%r%}iys %1 T \%CﬁB’F g')’15 Dat a
Anal ysis for BharAavagakic,netfubASsays 6l 15193(272];26 9919mrﬂ@@@11emﬁt)grﬁmpar aneters

wer e obtai ned by non- corrpartrrent al analysis of plasma concentration vs.

time data2fKi mate C@llssRafgegodectiga pad ?fﬁC%Sng ugeh Hairee & ottertpbrtacelisation
Phi | adel phi a, S(RtA\’)aTe, R’ ﬁo%,%n%@@ﬂtw%tj &l%rﬁa%)%}ng‘?e'wysttdl WBta fxRFe collected

on a Bruker-AXS APEX2 CCD system using Cu Ko, radiation (A = 1.5418 A).

Indexing and processing of the measured intensity data were carried out with the
APEX2 software package/program suite (APEX?2 Data collection and processing user

30 interface: APEX2 User Manual, v1.27; Bruker AXS, Inc., 5465 East Cheryl Parkway
Madison, WI 53711 USA).
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20 C. were recorded directly from experinental observations. The area under
the curve fromtine zero to the last sanpling time (AUC(0-T)) was

cal cul at eousimgereconbi nati on of |inear and | og trapezecualS2euenass ons.
The total plasma clearance (CLTp), steady-state volune of distribution
(Vss), apparent elimnation half-life (T1/2) and nean residence tinme (MRT)
were estimated after 1V adm nistration. 25 Estimations of T1/2 was nade
using a m ni My 64) 3WHeH?nd@&'te'at éyé%l& ReRWaHEd fd @PEsd &%ﬁled"ffaﬁ@txk‘&ﬁ'éryo-rhe
absol ute oral bi oaval | abi | was estimated as the ratio of

dose- nor mal i zé}(}teAL(@X\f@ﬂ@éEOSt’mmﬁt)@\ﬁYngre@m@pOlaﬁGCSw doget. J. doR- 216al ci um

Mobi i zation gedi ated intracellular cal cium flux
assay was estgP ﬁggé)&m!ﬂ#!@mﬁ uman ‘monocytic cell line THP-1 nonocytic
cell line. THR}019ﬁeI Tae warcairdsiwest sdhadde direttinketfddu erdphinrdenblye bes ws pendi ng

(Noleour ar Tr BRE Ao tn 85 BRb B B R Rk b R Pa Pt 1 nutes

at 37 C. Aft eEnnw@sbhing Bz)rnelﬁlatwyr1emv&a&@@ﬁﬁ@&cifoksuﬁrc&dlngbvemay?l LiSthwsDe
re- suspended |n was hi n? buf fer (containi 7g @henol re e RPM) with 1.25
&P ‘EWPaéI

mM Pr obeneci dSTaYRdc pPisfakan finmghomrargqtiony) Ipes &y Covsgal Kynogirne pl ate

was placed i npas-BiRRhAm( MY1gRUL 8T IPeMbreSD Atdhab. 3us@s78diwarN- i on | aser
to excite the cells and robotically adds the test conpound and human MCP-1

whi | e noni t or P¥rgagshaify@gor WCfrllnaRslrfecg&@ﬁ@éthe?%tallegfmﬁb@mkweﬁ MAXHS with a
range of GENCRAIFALHRARoS AT M e DULGGL, SlofenRle gl 0 each
wel |, centrlfﬁgedgan@ ?ncu bat eeg% or Yg ns*l rtﬁjt es. I%ecg |Hlant 4

(Pepr oTech | nprograweir thhepluti@graideclitement dficryalal gonmesstiroat dlﬁ‘racmbn clﬁ@rl oM The
fl uorescence itored and th excur si nput ed
aut omati cal | ygﬂkﬁ %( Tcon |ecr)1rYgdr (R PRy ?eés (i%oorgma C{&empef'ﬁ@rel i ?rl:SJ tion
achi eved by gwa&edﬁrmdmmmﬂfanmmleistmmumﬂe ﬂtasmnahmmﬂmetdeﬁlt}&s a

per cent age of the co u | l'ization
P 0554] A sl RO R B ST eRef s LUk R Tb I vak R ot d or 1
above was adopirgd/seXEgpt vihla@twMaﬁaﬂ;ﬁraplﬁafe@wellghnﬂgaan&i@ﬁ bhdc@anerrach thbe cel
line was HT1080/ CCR-5 1 n which endogenous CCR-5 is upregul ated by random

activation of OREHEd EYpriiss| lalrﬁfe(wymﬂ@é%%%w at glbstegeRODrel PSS’ Exchange
[00225] The MgBadodgRrendanbaRing 15'&119éd @15151}15 @T}FZ@Qtr&p% tggﬁergtui’@ﬁct%t ernm ned

usi ng nmenbranesS prepared fromthe HT10 human cell Iine in which
endogenous CCthzlo\haéroggﬂ@g@nmréwewam t echnol ogy (At hersys). Each
reaction (200 uL) 25 contained 20 mM Na- HEPES, 10 mM MyCl2, 50 mM NaCi,
0.1% BSA (Sigma), 1% DVSO, and 10 uM GDP (pH 7.4). The EC50 for MCP-1
dependent 26i ndinag Pofddr 3b8lacti ENPYS(RMED ) det er m ned by varyi ng t he MCP-1

concentration React.i on re in at 90 m nutes
hour at room f é’:lr%)@ %ﬁ?‘% i\ﬁd Trg%t me%’f%%%‘,ﬁgc%ﬁ@%s‘ &{?ﬁtbqnlvé%?t ed on a
[M3| I i p(c);rT e g/AECug@ wektv, BOM?I’ThBE%ﬁIﬂe d&h@or&ﬁsﬁhﬂ&hi\x}@é 15 on. Béw&&ﬁ’ad nlplgtependent .

55 P7 I ndi ng nmenpr anes t ) un S determ ne
at 1 nM MCP- 1W8Wd’éar°e?ti %IFQ:&IF‘SSCCBWHW%‘%S<9551¥1 Ml@n%{?& }Na YEMAY t he

|'i gand bi ndi ng,saf &%g%atfarcelr@c%@plbﬁéd«e%doﬁé&&l for $<08=9s5°G; ﬁ’l 7§n@%change
[00226] A simlar procedure to the CCR-2 GIP-7S exchange procedure set

forth abové wexposwopmedf etdeasp000edonds. IffhleaespLIDQMQ%dmsmIirﬁédlffrgélnnl and the

cell line was arcs were integrated to create a traditional 1-dimensional PXRD pattern with a step

size 0 0.02 degrees 20 in the range of 3 to 35 degrees 20. About 200 mg were packed
into a Philips powder x-ray diffraction (PXRD) sample holder. The sample was
transferred to a Philips MPD unit (45 KV, 40 mA, Cu Ka). Data were collected at

30  room temperature in the 2 to 32 2-theta range (continuous scanning mode, scanning
rate 0.03 degrees/sec., auto divergence and anti scatter slits, receiving slit: 0.2 mm,

sample spinner : ON)
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5 CCR-5/HT1080. M P-la /LD7813 was used as the CCR-5 |igand because it
provi ded a bigger signal to noise ratio than MP-113. CCR-2 Wol e Bl ood

I nt egri n WGDMdag91klpr egul ati on [ 00227] A CCR- 2- dependentrCTB2doopr28gul at i on
assay was established with 10 human whol e bl ood. Wol e bl ood (1001.11) was
pre-incubated with a concentration range of Exanple 1 at 37C for 10

m nutes. Human reconbi nant MCP-1 (10 | A of 100nM was then added to each
reaction to a final concentration of | OnM except for unstinulated control
reactions. The reactions were incubated for 30 mnutes at 37C. After

i ncubation, | PiffesgntiabScagwng CHATBCPES I t h 10% FBS) buffer was added, and

15 the sanple e tri f } - suspended
50 1A of PR o PR ShrHREE R fadk PR X res MR Ao deF a0t

ant i - CD14- FI TQ1601 ¢rCD2A bFREamplefshoon2-b arg) 2@s weightdis aomlunteun pantdnd dar k

foll owed by addition of m_of | x FA i ng..sol utiaon ect on Di cki nson)
to each renct Foneds Moty indron HEt BEEmy b B O on | co i A
t he dark. Fol DSG Mye ids¥ahévaapaleedaitibhi@ogencak bt DUIYSBInS Ddtdwercel | s were
centrifuged and resuspended in 200 | A FACS-|ysing solutjon. Sanples were
anal yzed by fF@W@@E@Wﬁ@ryowtffﬂl?%at&reﬁ%?o%f? &8 himig hepAge ﬁﬁ@%al i bur

fl ow cyt onet efyas FadAwRICAY bRddiicARicPRskspoRkMS iSwvyver e performed using

Cel |l QuestPro software. A sequential gating strategy was used to anal yze the

CD14h1gh CD1 | b+ nonocyte popul ati on. For analysis, CDlL | b was neasured as

medi an 25fi ) UORESGANG RGN RANsi{ (Y. CCR-5 Wole Bl ood CD1l b Upregul ation
[00228] Simlar procedure to the CCR-2 whol e blood CDL | b upregul ation

procedure set [(0398]h Abdvexpwascrstiopt odfarcepta TAINSTRPMENT S&Booddl) was used
as the 30liga 9L, Find. bel ow data for conpared conpoun (See WO
20081 014381 AL 00 So0er B AaRl T AT S e TSP AT SRS otpar at | ve
dat a shows t helatinumnpapeectiedycarh Mad weightaff tlegumpletven incdwadd dcbRat2lyand CCR- 5
receptor inhibitor nd desirahl e pharmacol ogi.cal characteristics. TABLE 2
Compar at i ve | AREe e ARttt ORTS B (Gt SR R R hannol
PAMPA 15  purged with nitrogen gas at 100 mL/min. Data were collected between room

temperature and 300 °C at 10 °C/min heating rate.

Preparation and Analysis of the Forms

[00199] The unit cell data and other properties for the example are presented in

20  Table 1. The unit cell parameters were obtained from single crystal x-ray
crystallographic analysis. A detailed account of unit cells can be found in Chapter 3
of Stout et al., X-Ray Structure Determination: a Practical Guide, Macmillan (1968).
[00200] Finally, Figure 1 presents the XRPD pattern for Example 5. Figures 2 and
3 disclose the DSC and TGA analysis, respectively, of Example 5.

25

Form Preparation, XRD, DSC and TGA Characterization

Example 5, N-1 Form, Free Base
[00201] N-((1R,2S,5R)-5-(tert-Butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-
a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide, form N-1,

30  was crystallized from ethyl acetate and MTBE. Form N-1, is a neat (no molecules of
water or solvent) form of N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-
butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-
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I G50 (nM Binding FLUX binding (% perneability I C50 (nM 1C50 inhibition)
(nm sec) (nM Exanpl e 12as0.27 (1) WD 2005/ 021500 Exanple 12a) WO
2005/ 021500 2Bkzapie 2k WO 2005/ 021500 Exanpl e 12bd WO 2005/13201508228% anpl e
8a WD 2005/ 021500 Not

ylcyclohexyl)acetamide. Form N-1 was characterized by a XRD pattern which
matches the simulated pattern generated from the single crystal structure data. Form
N-1 was characterized by a DSC thermogram having a melt/decomposition endotherm
with an onset typically at ca. 205 °C. Form N-1 was characterized by a TGA thermal

5 curve having a weight loss at up to ca. 210 °C.

TABLE 1

Unit Cell Parameters

Compound Exp 5
Structure Base
Form N-1
T -70
a(A) 7.3085(6)
b(A) 16.257(1)
c(A) 22.683(2)
a’ 90
Be 90
v° 90
V(A% 2695.4(4)
z' 1
Vm 673
Sg P2,2,2;
Dcalc 1.194

10 [00202] The variables used in Table 1 are defined below:
T = temperature in Centigrade for the crystallographic data (RT is room
temperature which is about +22 °C)
V = volume of unit cell
Z' = number of drug molecules per asymmetric unit
15 Vm = V(unit cell) / (Z drug molecules per cell)

Sg = space group
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avail abl e Not available 2.3 1.8 Not avail able Not avail able Not avail abl e
Not avail able 97% 10,000 nM 54% 10, 000 nM 3% 10, 000 nM 33% 30, 000 nM
Exanpl e Sw0oW12860466021500 2.20 0.03 (2) PCT/US2010/052288

dcalc = calculated crystal density

COMPARATIVE PHARMACOLOGICAL CHARACTERISTICS
[00203] Assays and data comparing the pharmacological characteristics of
5 Example 1 and compounds found in WO 2005/021500 A1, WO 2008/014381 A1 and
WO 2008/014360 A1 are presented below.

Human Peripheral Blood Mononuclear Cell Binding
[00204] See also: Yoshimura et al., J. Immunol., 145:292 (1990). The human

10  CCR-2 binding assay was established with human peripheral blood mononuclear cells
(hPBMCs) using '*I-human MCP-1 as the tracer ligand. hPBMCs were isolated from
human leukopak (Biological Specialty Inc.) using a standard protocol with Ficoll-
Hypaque (Mediatech CELLGRO®). Isolated hPBMCs were washed and diluted to
1x107/ml in binding buffer (RPMI-1640, 0.1%BSA, 20 mM Hepes, pH 7.4). '*I-

15  MCP-1 (NEN/Perkin Elmer) was diluted to 0.45 nM in binding buffer. The
compound was diluted in binding buffer at 3-fold the final concentrations used in the
binding assay. The binding assay was performed using a 96-well filter plate
(Millipore). Total "*’I-MCP-1 binding was assessed as follows: to each reaction of a
total volume of 150 ul were added 5x10° cells, 0.15 nM "**I-MCP-1, and compound

20  such that the final concentration ranged from 0 to 100 nM. The plate was incubated at
room temperature for 30 minutes followed by three washes with RPMI-1640, 0.1%
BSA, 0.4 M NaCl, 20 mM Hepes, pH 7.4 using a vacuum manifold filtration
(Millipore). After washing, the plate was air-dried for 60 minutes at room
temperature. This was followed by adding 25 ul of Microscint 20 into each well. The

25  plate was sealed and counted on the Trilux for 1 minute. Non-specific binding was
determined in the presence of 300 nM cold MCP-1 (PeproTech Inc.). Specific '*’I-
MCP-1 was calculated as the difference between total and non-specific binding. All
conditions were tested in duplicate. The IC50 is defined as the concentration of
competing compound required to reduce specific binding by 50%.

30  [00205] The procedure used for T cell CCR-5 binding assay was similar to those
for hPBMC CCR-2 binding assay except that human peripheral T cells was used as a
source of CCR-5 (see below) and '*’I-MIP-1p as a tracer (Amersham).

-59 .



Not avail abl e

>80,000 6% 10,000 nM 2 2 (2) Exanpl e 9¢c WO

2005/ 021500 0.96 0.26 (19) >80,000 48% 10,000 nM 75% 30,000 nM
71 (8) WO 2011/046916 PCT/US2010/052288

10

15

20

25

30

Isolation of Peripheral T Cells

[00206] A recent report indicates that CCR-5 expression on T cells varies
considerably among individuals (Desmetz, C. et al., “The strength of the chemotactic
response to a CCR-5 binding chemokine is determined by the level of cell surface
CCR-5 density”, Immunology, 119(4):551-561 (2006)). Therefore, blood donors were
pre-screened for high T-cell expression of CCR-5. hPBMCs were first isolated from
human whole blood by standard protocol with Ficoll-Hypaque. Flow cytometric
analysis was then used to measure CCR-5 expression on T cells following staining
with anti-CCR-5 antibody plus anti-CD4 antibody or anti-CD8 antibody. Those blood
donors in which >5% peripheral T cells (CD4" and CD8") express CCR-5 were
requested to provide blood again for isolation of PBMCs and, subsequently, of T cells
using a standard E-rosetting technique which relies on the unique ability of T cells to

bind to sheep red blood cells (RBCs).

CCR-2 Chemotaxis
[00207] The human CCR-2 chemotaxis assay was conducted with the human
monocytic cell line, THP-1. THP-1 cells were first labeled with the fluorescent dye
Calcein-AM in phenol red-free, BSA-free RPMI-1640 (pH 7.4) at 37 °C for 30
minutes with gentle mixing every 15 minutes. The labeled cells were then washed and
re-suspended at 1x10°/ml in chemotaxis buffer (phenol red-free RPMI-1640, 0.1%
BSA, pH 7.4). The test compound was diluted in chemotaxis buffer such that the
final assay concentration ranged from 0.01 nM to 1 uM. The ligand MCP-1
(PeproTech Inc.) was diluted to 20 nM in chemotaxis buffer. To perform the assay,
an equal volume of test compound dilutions was mixed with an equal volume of
labeled THP-1 cells (Mixture 1), and an equal volume of test compound dilutions was
mixed with an equal volume of diluted MCP-1 ligand (Mixture 2). Both mixtures
were incubated independently at 37 °C for 10 minutes followed by gentle mixing.
MCP-1-induced chemotaxis was then measured in a chemotaxis plate (Becton
Dickinson) by placing 50 ul of Mixture 1 in the top chamber and 225 ul of Mixture 2
in the bottom chamber. The plate was covered with a lid and incubated at 37 °C for

30 minutes. 30 minutes later, the plate was read on a CYTOFLUOR®. All
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conditions were tested in duplicate. For signal to noise determination, 50 ul of
labeled THP-1 cells alone (5x10*/well) were placed into the top chamber and 225 ul
of ligand MCP-1 alone was placed in the bottom chamber (final concentration of 10
nM). The inhibition achieved by graded concentrations of test compound was
calculated as a percentage of the compound-free MCP-1 control. The IC50 is defined
as the concentration of test compound required to reach 50% inhibition of cellular

chemotaxis.

CCR-5 Chemotaxis
[00208] A similar procedure to that set forth above was adopted except that
isolated peripheral T cells was used as CCR-5-expressing cells and MIP-1p (50 nM,
PeproTech Inc.) was the ligand.

hERG Flux
[00209] HEK?293 cells stably-expressing hERG channels were grown (37 °C, 5%
C0O,) in Dulbecco’s Modified Eagle’s Media supplemented with 10% Sigma fetal
bovine serum, non-essential amino acids, 2mM L-glutamine and 500 pg/ml G418, at
incubator. Cell dissociation buffer was used to extract the cells from flasks, which
were then plated into 384-well CORNING® poly-D-lysine coated black/clear plates
at a density of 2 x 10" cells per well (20 pl) in 10% serum media, and incubated for
15-24 hours at 37 °C in a 5% CO; incubator until a confluent monolayer of cells was
obtained.
[00210] A 2 mM stock of BTC-AM dye (Molecular Probes, Eugene, OR) was
prepared in 100% DMSO and then added 1:1 to 10% (w/v) pluronic acid in DMSO on
the day of assay. The dye was then diluted in hERG external EP buffer (140 mM
NaCl, 4.0 mM KCI, 1.8 mM CacCl,, 1.0 mM MgCl,, 10 mM HEPES, pH 7.3 and 10
mM glucose; all buffer components obtained from Sigma Chemical). This BTC dye
mixture (30 ul) was added to the cells and produced a final loading concentration of
2.5 uM. Cells are incubated at 21 °C for 45 minutes.
[00211]  The test compound was diluted to 10 mM DMSO in 60 ul. The compound
was then serially-diluted at a 1:2 ratio in DMSO in columns 1-10 and 11-20 of a 384-
well plate. Assay-ready plates were generated by stamping 2.5 pl from the DMSO
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I G50 (nM Binding FLUX binding (% perneability I C50 (nM 1C50 inhibition)
(nm sec) (nM Exanpl e 1 WD 2008/014360 2.74 1.34 (15)
WO 2011/046916 PCT/US2010/052288

serially diluted plate, which was prepared on the Velocity 11 BIOCEL®. Aqueous
plates were created by adding 48 ul of EP buffer and then were diluted 30 - 45
minutes before the assay was read on the FLIPR®. After dye loading, aqueous-
diluted compound was added to the cells of the three replicate plates (10 pl) yielding
S aten point concentration range of 80 uM to 0.156 nM. Final DMSO concentration in
the assay is 1%. Assay-ready aqueous plates were prepared and diluted on a CyBio
liquid handler.
[00212]  Cells loaded with dye were read on the FLIPR®384 (Molecular Devices,
Sunnyvale, CA), which excites the dye using the 488 nm line of an argon laser.

10  Emission was filtered using a 540 + 30 nm bandpass filter. hRERG channels are
stimulated to open by the addition of 20 pl/well EP buffer containing 66 mM K,SO4
and 1.3 mM T1,SO, (Sigma/Aldrich). For each plate, data were collected every
second for a period of 12 seconds, at which time the T -containing stimulus buffer
was added. Data collection proceeded every second for 48 seconds, and then

15  continued every three seconds for an additional 2 minutes.

[00213] The dynamic range of the assay was determined from blanks and totals
wells. The totals wells (columns 21 and 22) define maximal hERG activation for the
plate (no test compound present), and the blanks wells (columns 23 and 24) define
100% hERG inhibition. The blanks wells contain 400 nM of either of the standard

20 hERG inhibitors dofetilide (Ficker et al., 1998) or E-4031. Raw data points in each
sample well were first corrected for cell/signal variation, negative control (blanks)
background, and normalized to the positive controls (totals) using the online FLIPR®
software. Test compound concentration response curves for the hERG T1" flux data
were then fit using Excel Fit (ID Business Solutions Limited, Surrey, UK) with a

25  single-site logistic equation, Y= A + ((B-A)/l + ((C/X) * D))) where A= maximal
inhibition. Data were analyzed by fitting maximum amplitudes of change in
fluorescence for T1" flux for a given condition of test compound. Potencies (ICso

values) of compound were calculated from the average of triplicate wells.

30 Sodium Channel, Site 2 Binding Assay
[00214] Seec also: Catterall, W.A. et al. J. Biol. Chem., 256:8922 (1981). The
standard binding buffer contained 50 mM HEPES, 50 mM Tris-HCI, pH 7.4, 130 mM
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choline chloride, 5.4 mM KCl, 0.8 mM MgCl,, 5.5 mM glucose, 40 pg/mL LqT.
Binding reactions were initiated by adding synaptosomes (prepared from Wistar rat
brain) to the reaction mixture containing 5 nM [*H]-batrachotoxin in a standard
binding buffer and the compound to be tested at the desirable concentration. Samples
5 were then mixed and incubated at 37 °C for 60 minutes. The reactions were stopped
by adding ice-cold washing buffer containing 50 mM HEPES, 50 mM Tris-HCI, pH
7.4, 1.8 mM CaCl,, 0.8mM MgCl, and 1 mg/mL bovine serum albumin. The
synaptosomes were immediately collected onto glass fiber filters and washed 3 times
with washing buffers. The radioactivity of [*H]-batrachotoxin remaining on the filters

10 was counted using liquid scintillation spectrometers.

Parallel Artificial Membrane Permeability Assay (PAMPA)
[00215] The Parallel Artificial Membrane Permeability Assay (PAMPA) consists
of a specially formulated lecithin-based lipid combination referred to as the
15  gastrointestinal tract (GIT) lipid. The GIT lipid is used to form a membrane in a
sandwich plate assembly similar to that used in the Caco-2 assays. The GIT lipid
closely resembles iz vivo membrane composition and performance as measured by
standard compounds that are known to be passively absorbed in humans. PAMPA is
widely used as an iz vitro model for permeability screening of discovery compounds.
20 The rate of passage of compounds through the PAMPA membrane is used to
determine a permeability coefficient (Pc), which can be related to the in vivo passive
permeability of the compound.
[00216] The permeability coefficient (Pc) of a particular compound is examined in
a pH-dependent setting with apical and basolateral pH of 7.4. All experiments are
25  conducted in triplicate determinations.
[00217] The test compound (10 mM stocks in 100% DMSO) was diluted 1:100 in
pH 7.4 donor well buffer (pION CAT # 110151), providing a 100 uM assay solution
in 1% DMSO. Compound diluted in donor well buffer was transferred to a Whatman
UNIFILTER® plate and filtered prior to dispensing 200 pl into the donor well of the
30  assay plate (pION CAT #110163). The PAMPA membrane was formed by pipetting
4 pl of the lipid solution (pION CAT #110169) onto the filter plate (VWR CAT
#13503). The membrane was then covered with 200 pl of acceptor well buffer at pH
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7.4 (pION CAT #110139). The PAMPA assay plate (donor side and acceptor side)
was combined and allowed to incubate at room temperature for 4 hours. The plate
was then disassembled and spectrophotometer plates (VWR CAT #655801) were
filled (150 pl/well). The donor, acceptor, reference, and blank plates were read in the
SPECTRAMAX® UV plate reader. Data was captured by the pION software, which

analyzes the spectra and generates Pc values.

hERG Patch Clamp
[00218] Whole-cell patch-clamp was used to directly measure hERG currents in
HEK-293 cells stably expressing the cloned hERG potassium channel o subunit. The
compound was tested in an aqueous buffer with pH 7.4 at room temperature.
Repetitive test pulses (0.05 Hz) were applied from a holding potential of -80 mV to
+20 mV for 2 seconds and tail currents were clicited following the test pulses by
stepping the voltage to -65 mV. The effects from the compound were calculated by

measuring inhibition of peak tail current

Sodium Channel Patch Clamp
[00219] Whole-cell patch-clamp was used to directly measure inward sodium
currents in HEK-293 cells expressing the human cardiac sodium channel, SCNSA.
The compound was tested at a protein-free aqueous buffer. For determining steady
state inhibition, sodium currents were elicited every 5 seconds using the following
voltage protocol: cells were held at a potential of -90 mV and stepped to -20 mV for
60 ms. Effects were calculated by measuring inhibition of peak current during the test
pulse to -20 mV. Rate-dependence of inhibition was assessed by stimulation at

frequencies of 1 Hz and 4 Hz.

Single-Dose Pharmacokinetics in Rats
[00220] Male Sprague-Dawley rats (250-300 g) were used for the pharmacokinetic
studies. Rats were fasted overnight prior to PO dosing and fed 4 h post dose. Blood
samples (~0.3 mL) were collected from the jugular vein into K,EDTA-containing
tubes and then centrifuged at 4 °C (1500-2000xg) to obtain plasma. In an oral

bioavailability study, 2 groups of animals (N=2-3 per group) received the test
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compound either as an intravenous (I'V) infusion (over 10 min) via the jugular vein or
by oral gavage. Serial blood samples were obtained at 0.17 (for IV only), 0.25, 0.5,
0.75,1, 2,4, 6, 8, and 24 h post dose. Plasma samples, obtained by centrifugation at 4
°C (1500-2000xg), were stored at -20 °C until analysis by LC/MS/MS.

Single-Dose Pharmacokinetics in Monkeys

[00221] The pharmacokinetics of various test compounds were evaluated in male
cynomolgus monkeys in a crossover-design. Monkeys were fasted overnight prior to
PO dosing and fed 4 h post dose. A group of 1-3 animals (3 to 5 kg) received the

10 compound by IV infusion (over 10 min) via a femoral vein and by oral gavage, with a
1-week washout between treatments. Serial blood samples (~0.3 mL) were collected
from a femoral artery at 0.17 (IV only), 0.25, 0.5,0.75, 1, 2, 4, 6, §, and 24 h post
dose, and centrifuged at 4 °C (1500-2000xg) to obtain plasma. Samples were stored at
-20 °C until analysis by LC/MS/MS.

15

Data Analysis for Pharmacokinetic Assays

[00222] The pharmacokinetic parameters were obtained by non-compartmental
analysis of plasma concentration vs. time data (Kinetica software, Version 4.2,
InnaPhase Corporation, Philadelphia, PA). The peak concentration (Cpax) and time for

20 Cuux were recorded directly from experimental observations. The area under the curve
from time zero to the last sampling time (AUC(0-T)) was calculated using a
combination of linear and log trapezoidal summations. The total plasma clearance
(CLTp), steady-state volume of distribution (Vss), apparent elimination half-life
(T1/2) and mean residence time (MRT) were estimated after [V administration.

25  Estimations of T1/2 was made using a minimum of 3 time points with quantifiable
concentrations. The absolute oral bioavailability (F) was estimated as the ratio of

dose-normalized AUC values following oral and TV doses.

CCR-2 Calcium Mobilization
30 [00223] Human CCR-2-mediated intracellular calcium flux assay was established
with the human monocytic cell line THP-1 monocytic cell line. THP-1 cells were

first loaded with fluorophore by resuspending them in a glucose- and HEPES-
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39% 30,000 nM Exanple 1 0.71 0.16 (22) Not avail able 33% 10,000 nM 17%
10, 000 nM WO 2008/014381 61% 30,000 nM 19% 30,000 nM Exanple 1 0.8 0.5
(16) 1.1 wO0.26112R$9140, 000 nM 29% 30, 000 nM WO 2008/ 0143@0T/UB2640/03228900 nM
Exanple 1 0.8 0.8 1.1 0.61.2% 10,000 15-20% 10,000 Present Invention

buffered PBS (pH 7.4) containing 4 uM fluo-3 (Molecular Probes) and 1.25 mM
Probenecid and then incubated for 60 minutes at 37 °C. After washing once to remove
excess fluo-3, the cells were re-suspended in washing buffer (containing phenol red-
free RPMI) with 1.25 mM Probenecid, and plated into 96-well plate at 2 x 10°/well.

5 The plate was placed in a FLIPR®-1 (Molecular Devices) that uses an argon-ion laser
to excite the cells and robotically adds the test compound and human MCP-1 while
monitoring changes in fluorescence. Test compound dilutions with a range of
concentration from 0 to 100 nM or buffer alone were added to each well, centrifuged
and incubated for 10 minutes. Recombinant human MCP-1 (PeproTech Inc.) was then

10 added to a final concentration of 10 nM. The fluorescence shift was monitored and the
base-to-peak excursion computed automatically. All conditions were tested in
duplicate. The inhibition achieved by graded concentrations of compound was

calculated as a percentage of the compound-free MCP-1 control.

15 CCR-5 Calcium Mobilization
[00224] A similar procedure to the CCR-2 calcium mobilization set forth above
was adopted except that MIP-1B (50 nM) was the ligand and the cell line was
HT1080/CCR-5 in which endogenous CCR-5 is upregulated by random activation of
gene expression (RAGE) technology.
20
CCR-2 GTP-yS Exchange
[00225] The MCP-1 dependent binding of [*>S]-GTPyS to CCR-2 was determined
using membranes prepared from the HT 1080 human cell line in which endogenous
CCR-2 was upregulated by RAGE technology (Athersys). Each reaction (200 pL)
25  contained 20 mM Na-HEPES, 10 mM MgCl,, 50 mM NaCl, 0.1% BSA (Sigma), 1%
DMSO, and 10 uM GDP (pH 7.4). The EC50 for MCP-1 dependent binding of [°S]-
GTPyS was determined by varying the MCP-1 concentrations from 1 pM to 1 pM.
Reactions were incubated for 90 minutes hour at room temperature and [*°S]-
GTPyS/Ga; complexes were collected on a Millipore MAFC 96 well filter plate. The
30  inhibition of MCP-1 dependent [*°S]-GTPyS binding to CCR-2 membranes by the test
compound was determined at 1 nM MCP-1 under identical conditions. Data were

analyzed using the ligand binding software from Graphpad Prism 4.
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CCR-5 GTP-yS Exchange
[00226] A similar procedure to the CCR-2 GTP-yS exchange procedure set forth
above was adopted except that MIP-1a /LD78[ was the ligand and the cell line was
5 CCR-5/HT1080. MIP-1a /LD78p was used as the CCR-5 ligand because it provided
a bigger signal to noise ratio than MIP-1.

CCR-2 Whole Blood Integrin (CD11b) Upregulation

[00227] A CCR-2-dependent CD11b upregulation assay was established with

10 human whole blood. Whole blood (100 ul) was pre-incubated with a concentration
range of Example 1 at 37°C for 10 minutes. Human recombinant MCP-1 (10 ul of
100nM) was then added to each reaction to a final concentration of 10nM, except for
unstimulated control reactions. The reactions were incubated for 30 minutes at 37°C.
After incubation, 1ml of ice cold FACS (PBS with 10% FBS) buffer was added, and

15  the samples were centrifuged at 1500 rpm for 5 minutes and re-suspended in 50 pl of
FACS buffer. The cells were then incubated with 20 pl of anti-CD14-FITC/anti-
CDI11b-PE solution for 20 minutes on ice in the dark followed by addition of 1 ml of
1x FACS lysing solution (Becton Dickinson) to each reaction. The samples were then
incubated for 30 minutes on ice in the dark. Following fixation and red blood cell

20 lysis, the cells were centrifuged and resuspended in 200 ul FACS-lysing solution.
Samples were analyzed by flow cytometry within 1 hour of staining using a
FACSCalibur flow cytometer. Data acquisition and analysis were performed using
CellQuestPro software. A sequential gating strategy was used to analyze the CD14™&"
CD11b" monocyte population. For analysis, CD11b was measured as median

25  fluorescence intensity (MFI).

CCR-5 Whole Blood CD11b Upregulation
[00228]  Similar procedure to the CCR-2 whole blood CD11b upregulation
procedure set forth above was adopted except that MIP-1B (50 nM) was used as the
30  ligand.
[00229] Find below data for compared compounds (See WO 2008/014381 A1, WO
2008/014360 A1 and WO 2008/014361 Al). The comparative data shows the
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CCR-5 GIP-7S Flux 1Cso 1Cso (nM 1C0 (nM 1CG50 (nM (nM
Not avail abl e Not avail abl e Not avail abl e Not avail able U. S. Patent
7163937 WO 2011/046916 PCT/US2010/052288

Exanpl e 2k
No.

unexpected combination of equipotent dual CCR-2 and CCR-5 receptor inhibitory

and desirable pharmacological characteristics.

Comparative In vitro Data

TABLE 2

Compound CCR-2 Binding [CCR-5  [hERG  |Na' channel |PAMPA
ICso (nM) Binding [FLUX |binding (% |permeability
ICso (M) [ICs inhibition) |(nm/sec)
(nM)
Example 12as 0.27 (1) Not 2,800  |Not Not available
WO 2005/021500 available available
Example 12aj 0.43 £0.06 (2) |Not 770 Not Not available
WO 2005/021500 available available
Example 2k 0.7+0.3(23) [23+1.8 |[51,000 |97%, 10,000 |529 + 157 (9)
WO 2005/021500 nM
Example 12bd ~ [1.15+0.07 (2) [Not >80,000 [54%, 10,000 (392
WO 2005/021500 available nM
Example 8a 1.83 +0.80 (/2) [Not >80,000 [3%, 10,000 (94 + 58 (10)
WO 2005/021500 available nM
33%, 30,000
nM
Example 8¢ 2.20+0.03 (2) [Not >80,000 6%, 10,000 2+2(2)
WO 2005/021500 available nM
Example 9c 0.96 +0.26 (19) [Not >80,000 [48%, 10,000 (145 £ 71 (8)
WO 2005/021500 available nM
75%., 30,000
nM
Example 1 1.4+0.5(18) (23.6+12.0/>80,000 (0%, 10,000 |443 +114 (8)
WO 2008/014381 nM; 21%,
30,000 nM
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WO 2011/046916 PCT/US2010/052288
Compound CCR-2 Binding |[CCR-5 hERG  |Na' channel [PAMPA
ICso (nM) Binding [FLUX |binding (% |permeability
ICso (nM) [ICso inhibition) |(nm/sec)
(nM)
Example 1 274+£1.34(15)|6.3+1.5 [>80,000 [13%, 10,000 |560 £ 86 (5)
WO 2008/014360 nM
32%, 30,000
nM
Example 1 62+2.7 3.6+1.8 [>80,000 |46%, 30,000 |336
Present Invention nM
TABLE 3
Additional Comparative /n vitro Data
Compound CCR-2 CCR-5 hERG patch Na' channel
Chemotaxis Chemotaxis |clamp patch clamp
ICs0 (nM) ICso (nM) (% Inhib.) (% Inhib.)
Example 2k 0.24 £ 0.16 (12)|Not available |83%, 10,000 nM (52%, 10,000 nM
U.S. Patent No. 90%, 30,000 nM
7163937
Example 8a 2.63 + 1.24 (4) |Not available 4%, 10,000 nM |22%, 10,000 nM
WO 2005/021500 49%, 30,000 nM
Example 9¢ 0.21 Not available 4%, 10,000 nM {19%, 10,000 nM
WO 2005/021500 39%, 30,000 nM
Example 1 0.71 +£0.16 (22)|Not available 33%, 10,000 nM (17%, 10,000 nM
WO 2008/014381 61%, 30,000 nM {19%, 30,000 nM
Example 1 0.8+0.5(16) [1.1£0.7 12%, 10,000 nM {29%, 30,000 nM
WO 2008/014360 19%, 30,000 nM
Example 1 0.8£0.8 1.1£0.6 1.2%, 10,000 15-20%, 10,000
Present Invention nM nM
9.2%, 30,000 13-16%, 30,000
nM nM
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Example 1 2.9 1.5 2.0 1.4 3.5 1.9 6.1 1.2 Present Invention 5
TABLE 5 Additional Conparative In vitro Data Conpound CCR-2 CD1 Ib ICso
(nM CCR-woCDlded1€so (nM Exanple 2k U. S. Patent No. 7pte&ajso@n/082288 0.9
4.3 4.4 Exanple 1

TABLE 4
Additional Comparative Iz vitro Data

Compound CCR-2Ca”" |CCR-5”"Flux |CCR-2 GTP-yS |CCR-5 GTP-yS

Flux ICsg 1Cso (nM) ICso (nM) ICso (nM)

(nM)
Example 2k Not available | Not available | Not available | Not available
U.S. Patent No.
7163937
Example 1 0.9 24.0 5 111.0
WO 2008/014381
Example 1 0.8£0.6 59+£33 35£19 54132
WO 2008/014360
Example 1 29+1.5 2014 35£19 6.1+1.2
Present Invention

5
TABLE 5
Additional Comparative /n vitro Data

Compound CCR-2 CD11b ICso (nM) | CCR-5 CD11b ICso (nM)
Example 2k 4.7+£09 43+44
U.S. Patent No. 7,163,937
Example 1 0.77 £0.40 Not available
WO 2008/014381
Example 1 26+22 347+11.0
WO 2008/014360
Example 1 4.8 5.7
Present Invention

10 TABLE 6
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WD 2008/ 014381 0.77 0.40 Not avail able Exanple 1 WO 2008/ 014360 2.6 2.2
34.7 11.0 Exanple 1 Present Invention 4.8 5.7 10TABLE 6 Conparative In
vi vo Pharwecokiiiaedicc Data in the Rat Conpound Dose | V/ PeCras2éagps0Rs
(m./mn/kg) F% Oral AUC (nMrh) Exanpl e 2k WD 2005/ 021500 2.5 / 25

Comparative /n vivo Pharmacokinetic Data in the Rat

Compound Dose IV/PO (mg/kg) | Cl (mL/min/kg) | F% | Oral AUC (nM*h)
Example 2k 2.5/25 40 68 9294
WO 2005/021500

Example 8a 6/72 42 1.4 690
WO 2005/021500

Example 9¢c 4/43 54 14 1855
WO 2005/021500

Example 1 2/10 43 51 3794
WO 2008/014381

Example 1 2/10 25 79 10169
WO 2008/014360

Example 1 2/10 49.7 94 6500
Present Invention
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40 68 9294 Exanple 8a WO 2005/ 021500 6 / 72 42 1.4 690 Exanple 9¢c WO
2005/ 021500 4 / 43 54 14 1855 Exanple 1 WO 2008/014381 2 / 10 43 51 3794

Exanpl e IwO@oD0R8/1614360 PCT/US2010/052288
TABLE 7
Comparative /n vivo Pharmacokinetic Data in the Monkey
Compound Dose IV/PO Cl F% | Oral AUC
(mg/kg) (mL/min/kg) (nM*h)

Example 2k 1/14 25 46 862
WO 2005/021500

Example 8a 1/11 14 9.4 1896
WO 2005/021500

Example 9c 1/10 12 26 6763
WO 2005/021500

Example 1 1/1.3 23 47 836
WO 2008/014381

Example 1 1/1 12 95 2352
WO 2008/014360

Example 1 1/1 16.4 63 1300
Present Invention

[00230]  Surprisingly, it was discovered that Example 1 of the present invention are
5 not predominantly active against CCR-2 or CCR-5, but instead are equipotent dual

antagonists, as measured by their CCR-2 and CCR-5 binding ability, and posses
beneficial pharmacological characteristics. See Tables 2 to 5. For example, see Table
5 wherein Example 1 is equipotent against CCR-2 and CCR-5 while Examples 1 of
WO 2008/014381 and WO 2008/014360 are predominantly active against CCR-2.

10

UTILITY

[00231] The compounds of the examples are shown to be modulators of chemokine
receptor activity using assays know by those skilled in the art. In this section, we
describe such assays and give their literature reference. More assays are described

15  herein in the section titled “Comparative Pharmacological Characteristics”, supra. By
displaying activity in these assays of MCP-1 antagonism, compounds of the examples

are expected to be useful in the treatment of human diseases associated with
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/10 25 79 10169 Exanple 1 Present Invention 2 / 10 49.7 94 6500

2
7 Conparative In vivo Pharmacokinetic Data in the Mnkey Conpound Dose
| V/ PO ( mowbgp11G@l4eq1al/ m n/ kg) F% Or al

10

15

20

25

30

chemokines and their cognate receptors. The definition of activity in these assays is a
compound demonstrating an ICsy of 30 uM or lower in concentration when measured

in a particular assay.

Antagonism of MCP-1-induced Calcium Influx

(Sullivan et al., Methods Mol. Biol., 114:125-133 (1999))

[00232] At least one compounds described in the examples have activity in the
antagonism of MCP-1-induced calcium influx assay described here.

[00233]  Calcium mobilization is measured using the fluorescent Ca>" indicator dye,
Fluo-3. Cells are incubated at 8 x 10° cells/ml in phosphate-buffered saline containing
0.1% bovine serum albumin, 20 mM HEPES buffer, 5 mM glucose, 1% fetal bovine
serum, 4 uM Fluo-3 AM and 2.5 mM Probenecid for 60 minutes at 37 °C. Cells used
for such calcium assays can include human monocytes isolated as described by
Weiner et al., J. Immunol. Methods, 36:89-97 (1980) or cell lines which expresses the
endogenous CCR-2 receptor such as THP-1 and MonoMac-6. The cells are then
washed three times in phosphate-buffered saline containing 0.1% bovine serum
albumin, 20 mM HEPES, 5 mM glucose and 2.5 mM Probenecid. The cells are
resuspended in phosphate-buffered saline containing 0.5% bovine serum albumin, 20
mM HEPES and 2.5 mM Probenecid at a final concentration of 2-4 x 10° cells/ml.
Cells are plated into 96-well, black-wall microplates (100 pl/well) and the plates
centrifuged at 200 x g for 5 minutes. Various concentrations of compound are added
to the wells (50 pl/well) and after 5 minutes, 50 ul/well of MCP-1 is added to give a
final concentration of 10 nM. Calcium mobilization is detected by using a
fluorescent-imaging plate reader. The cell monolayer is excited with an argon laser
(488 nM) and cell-associated fluorescence measured for 3 minutes, (every second for
the first 90 seconds and every 10 seconds for the next 90 seconds). Data are
generated as arbitrary fluorescence units and the change in fluorescence for each well
determined as the maximum-minimum differential. Compound-dependent inhibition
is calculated relative to the response of MCP-1 alone.

[00234] Mammalian chemokine receptors provide a target for interfering with or
promoting immune cell function in a mammal, such as a human. Compounds that

inhibit or promote chemokine receptor function are particularly useful for modulating
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1/ 1.4 25 46 862 Exanple 8a WD 2005/021500 1 / 11 14 9.4 1896 Exanple 9c
WO 2005/ 021500 1 / 10 12 26 6763 Exanple 1 WD 2008/014381 1 / 1.3 23 47 836
Exanpl e IWO 2011/046916 PCT/US2010/052288

immune cell function for therapeutic purposes. Accordingly, the present invention is
directed to compounds which are useful in the prevention and/or treatment of a wide
variety of inflammatory, infectious, and immunoregulatory disorders and diseases,
including asthma and allergic diseases, infection by pathogenic microbes (which, by

5 definition, includes viruses), as well as autoimmune pathologies such as the
rheumatoid arthritis and atherosclerosis.
[00235] For example, an instant compound which inhibits one or more functions of
a mammalian chemokine receptor (e.g., a human chemokine receptor) may be
administered to inhibit (i.e., reduce or prevent) inflammation or infectious disease.

10 As aresult, one or more inflammatory process, such as leukocyte emigration,
adhesion, chemotaxis, exocytosis (e.g., of enzymes, histamine) or inflammatory
mediator release, is inhibited.

[00236] Similarly, an instant compound which promotes one or more functions of
the mammalian chemokine receptor (e.g., a human chemokine) as administered to

15  stimulate (induce or enhance) an immune or inflammatory response, such as
leukocyte emigration, adhesion, chemotaxis, exocytosis (e.g., of enzymes, histamine)
or inflammatory mediator release, resulting in the beneficial stimulation of
inflammatory processes. For example, eosinophils can be recruited to combat
parasitic infections. In addition, treatment of the aforementioned inflammatory,

20  allergic and autoimmune diseases can also be contemplated for an instant compound
which promotes one or more functions of the mammalian chemokine receptor if one
contemplates the delivery of sufficient compound to cause the loss of receptor
expression on cells through the induction of chemokine receptor internalization or the
delivery of compound in a manner that results in the misdirection of the migration of

25  cells.

[00237] In addition to primates, such as humans, a variety of other mammals can
be treated according to the method of the present invention. For instance, mammals,
including but not limited to, cows, sheep, goats, horses, dogs, cats, guinea pigs, rats or
other bovine, ovine, equine, canine, feline, rodent or murine species can be treated.

30  However, the method can also be practiced in other species, such as avian species.
The subject treated in the methods above is a mammal, male or female, in whom

modulation of chemokine receptor activity is desired. “Modulation” as used herein is
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WO 2008/ 014360 1 / 1 12 95 2352 Exanple 1 Present Invention 1/ 1 16.4 63
1300 [00230] Surprisingly, it was discovered that Exanple 1 of the present

i nvent i orwanelidneicpr edom nantly active agai nst CCR-2 oPCTTR2&0/052288 | nst ead
are equi potent dual antagonists, as neasured by their CCR-2 and CCR-5

bi nding ability, and posses beneficial pharnacol ogi cal characteristics. See
Tables 2 to 5. For exanple, see Table 5 wherein Exanple 1 is equi potent

agai nst CCR- 23 HeRngonifitid £ds8RR! £9ndmOpar¥ParQ0RM M AR) parg) VO
2008/ 014360 are predom nantly active against CCR-2. 10 UTIEITY [ 00231] The
conpounds of #gmisekanpl es are shown to be nodul ators of chenoki ne receptor
activity using assays know by those skilled in the art. In this section, we
descri be such assays and give their literature reference. Mre assays are
descri bed 15 RewsinrtiaintagegPéacd Rodert (FLIRRR - t@seridamationaAfBA@r macol ogi cal

Characterigstics” . sSu (F di spl ay] activ'i i @ ese assays of MCP-1
ant agoni s cﬁ@ﬁgﬂndgﬁﬁPg %@S§%§ﬁ§¥g£9g}gmgyki%§gﬁl (ﬁgyﬂgi | in the
treatment of hikrelited) HS3%6%]pEBREbIALIEEcarbbifom BMRODKITREEDIaBickibei r cognat e
receptors. The.definition of actjvity in these assays _is a cojmpound
demonst rat i ng® “F@@@ngFm%@ﬁdWﬂb?)mﬁ&%$ﬂfwd§6ﬁ%@% ?éfﬂBﬂe%ﬁ@ Yheasured in a
particul ar as §R¥parcd Y REIOM 3%%1"1u5@%1\1['i1‘1 e Reb1%R: DMID ddaf diiind wieh | | van et
al., Methods Mol. Biol., 114:125-133 (1999)) '
100 microliters of pluronic solution before diluting further with 10 mL of Hanks
10  buffer). The cells were incubated at 37° C with 5% CO, for 30 min before being
washed three times and suspended in Assay Buffer (20 mM HEPES, 1.2 mM CacCl,, 5
mM MgCl,, 2.5 mM Probenecid, 0.5% BSA, 1x Hanks). The test article was serially
diluted in DMSO and then diluted 1:10 with Assay Buffer before being added to the
cells (10 microliters/well). Using FLIPR®, the plates were read (10 - 70 sec) for
15  induction of flux (i.e., agonist activity). The cells were then further charged with
Agonist Solution (30 microliters/well; prepared by diluting 30 microliters of 100
microMolar MIP-1 beta in 100 mL of Assay Buffer; this protocol delivers a final
concentration of 5 nM MIP-1 beta in the assay) and the plates were read using
FLIPR® for one minute. Antagonist activity of the test article was determined

20  relative to 0.4% DMSO/Buffer negative control.

IN VIVO ASSAY(S) AND EFFICACY
[00239] N-((1R,2S,5R)-5-(tert-Butylamino)-2-((S)-3-(7-tert-butylpyrazolo[ 1,5-
a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide (also referred

25  toas “Example 1) was evaluated in the vivo assay described below.

48-hour Thioglycollate (TG)-Induced Peritonitis Model in hCCR-2 KI Mouse

Methods

[00240] The hCCR-2 KI mice (C57BL/6-SVJ129) were injected intraperitoneally
30  with 1 ml of thioglycollate (TG) (Hardy Diagnostics). For each study, eight male mice

per group were used. Example 1 was dosed orally 1 hour prior to TG injection. The

vehicle used was 0.01 N HCl in water. Forty-eight hours post TG injection,
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chenot axi s, emﬁydyfbsﬂn&c(o@h@e,numfoereWém&rmfmlediby’dﬁ‘iuh@)yiﬁg’totanf)érﬁdiﬁ’éaltdéﬂy

medi ator rel ease, IS.i |b|teﬂ “LOOZS 1 Simlarly, an inz}t}la(agnt conmpound
whi ch pr onot oSNy dha i commBrang fhepe IMORRCYSHEPRSRIPHRSS ecept or
(e.g., a humapcafRayiHag a81sabM Movs ERbMENL OStdiREEd] FdhAkahct bnaideRn&%
enhance) an imune or inflammtory response, such as | eukocyte em gration,
adhesi on, 2&hehetvast Beang vgt Jirabgrdusing e paise temlﬁeétestmlﬁt sagﬁlf?:re)lceoﬁet at
inflammatory pegi,aliQiowehsase, resulting in the beneficial stimulation of
inflammat ory processes. For exanple, eosinophils can be recruited to combat
parasitic infections. In addition, treatnent of the aforenentioned

i nfl ammat ory, Results

[00243] Example 1 was evaluated in the hCCR-2 KI mouse TG peritonitis model to
30  determine its EC50 in inhibiting monocyte/macrophage infiltration. Mice were

administered thioglycollate, and dosed orally with Example 1 at 10, 50, or 160 mg/kg
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20 al l ergic and autoi nmune di seases can al so be contenplated for an instant
conpound whi ch pronotes one or nore functions of the manmal i an chenoki ne
recept or wo 20n@46unt enpl ates the delivery of sufficient Pconsounms1288 cause
the | oss of receptor expression on cells through the induction of chenokine
receptor internalization or the delivery of conmpound in a manner that
results in the msdirection of the mgration of 25cells. [00237] In
addition to ppiHaE&S, e1% %Bu@%os‘i'tf@t%tm&t YRfidoRdaY 19 Qb NObtalRIMG cSIngan be
treated according to the net of the present invention. For instance,
mammel s, i ncl diltrge atysindy flovmvtesetivo, cows, sheep, goats, horses, dogs,
cats, guinea r gt feI i ne,
rodent or nur r?g(§ e%(goégge %%%{{“?gﬁa/t Olﬂg m%@%ér{}%%h?%mﬁmkggwcan al so be
practiced in obshe/redsli)gureés,D@as:M la)sS(auncatﬁerpgkg gave dil nehilstidy] fX5%¢, 6&at ed i n

t he met hods abo mal f enmal.e ation of
Chemoki e 3 ool dePrITFy- o8 bl Shrd RRE i iSRSl o

i ntended to eﬁﬁlﬂﬂﬁlﬁﬁﬁaoﬁéﬁ agonV(Bm‘ancageaiJ@dige HIEK)tfblahhlﬁiﬂlbﬁlgDnl sm and/ or
partial agonism FI tric i hg Pl at e Reader, ?I PRO) - base

Funct i onal As§’89°°3’ §Br gn'%t hs@anghies Ba5Ytinasy QRGe) pMat g’&hat

10, 000 cel I s/ wkélatésa%lma{alem@fralcms%&élz waM) e Bhgplc(1InhRbHibE LT bot t om
Bl OCOATO PDL, Beckton Dickinson) and charged with 30 mcroliters/well of

Fl uo-4 AM f | uBloesddaP-1dyrdiggio dpare §CBy2-ennsesong Felly (APRMCEY uo- 4 AM in 440
mcroliten ugnddi R o9 5 ERL lrl"r‘P sqkution
before di Igt:}?@ ?ﬂrt hgrags\%%s m\%JO evje?erEEne s0 %ctug nf%?’g? #‘?18 ée skvvere

i ncubat ed at B(?urchlmlls'@lﬁ@/@@mmﬁmommrthmh(B@RdrIéI melsnglmh@dlswﬁbetb tinmes
and suspended | a Buf f Q mM HEPE 12,.. 5 .nmvi 12, 2.5
mM Pr obeneci d, mO]IlSe?\l/q?;llg%t cre ]?Flasurtegs?% T Ifogah\%égs%n&tmré I\t/lt%]a?dl | ut ed

i n DMSO and tbﬂp Ctd]Rl P.I'al&dltsltha'bﬂrlvgahth‘EH)sB.We]BuiHeeIintbe(ﬁrrsrderahem nﬁleaelda@@rt o] the
cells (10 mcroliters/ t he ad (10 -

cec) for 181 netRerTBR OB Terln o PESeres bt o b N HiBE e her o { hen
further chargeddsnt fudgani st Sol ution (30 microliters/well; prepared by
diluting 30 mcroliters of 100 mcroMdlar MP-1 beta in 100 m. of Assay
Buf fer; this protocol del i verlBLh f inal—condentration of 5 NnMMP-1 beta in
t he assay) and the pl ates werR]r ead lugKag[LAL(IPRD/Kor one mi nute. Antagoni st
activity of the test article was determned 20 relative to 0.4% DVBQ Buf f er
negative control. IN VIVO ASSAY(S) AND EFFI CACY

[00239] N- ( (1 Righ4HR) shick EIhp18Y i dMpRvedntibidr oPMCP- | BhlimB W ¥RV azol o[ 1, 5
al[1,3,5] t ri aﬁienmulytb afbatiomogsed O FGAR 2 déaaptor gomdsraind Fresapplp detRidi de (al so
referred to . . VA i bed

el ow, - a8 Rourmps PR Erdpd oy R BHELE it b o BRI R RS
Mouse Met hodsp{owﬂdﬂ]oufrmExdm@ﬂR} i Hdsnmi e KBt BhduSe BV P1PBhdinerehGCR-2ct ed

i ntraperitoneal 1 of thi | at TG) . rd i agnostics).
For each study déelll ?%&e(nngc ‘iyasgﬁ%%ﬂ% "\ﬁé}l’eco .I)e@iogﬁﬁ%d @“&ﬁ% dosed
orally 1 hour e)qj’ehﬁllént's asif &> fIKljuﬁﬁlthIEP 1. Tiee mehige Kefod Eesmpias behdthl tthN HCL i n

wat er. Forty- e 8 haours post i nj ection

hCCR-2 is 2.0 nM." The fract10n of mouse MCP-1/CCR-2 receptor complexes is

25  determined using the form of the equation described above. To determine the fraction

of Example 1/CCR-2 complexes the equation is re-defined as:

[R]] - 1
[R] 1+ K/ 1D (1 +[L]/Ka)

Finally, the amount of CCR-2 free is determined from:

30 [CCR-2]iotal = [CCR-2]frec + [mouse MCP-1/CCR-2] + [Example 1/CCR-2]
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peritoneal

into the peritoneal

i njection.
a cell

Tot al
counter.

| eukocyte counts.

D fferenti al

cavity.

peritoneal

| avages were performed by injecting 5 m PBS/ 10 nmM EDTA/ 10% BSA

[ 00241] For the 48-hour TG peritonitis study,
Exanpl e woasiidassad twi ce a day with the first dose onePh@mmS2quiosn28t o TG

cel |

counts were 5obtained on isolated cells by
Cytospins were perfornmed to determne differenti al

The cells were stained for 3 mnutes wwth WightG ensa
Stain (Sigma-Aldrich) and then rinsed with deionized water for 5 m nutes.
counts were cal cul ated based on a total

of 200 cells counted

per sanpl e. BlW3d7Iwadsaheyo indlabledt td percorhinhiatioreefmponogti¢/magrophiages at t he
end of each s ce on
[ 00242] For ffnéf?&yaéf" g hr%ﬁ;gﬁgﬁ m%?‘tsg% me‘??%cltsﬁg%ﬁgrce% g oL ER 1& L ?Efkloa) wer e
washed once mﬂt@mﬁAﬂSmh&kfer (PBS/O 5@6BSA) and resuspended |n FACS buffer.
Cells meresincubated wi th an Fc-bl ocking anti body (BD Pharm ngen) on ice
for 15 mn foll owed by addition of the follow ng anti bodi es (BD

Pharm ngen): PE 15conj ugated anti-F4/ 83BLEISTC conj ugated anti-Ly6C, and

Al exa 647 conjugated anti- hCCR-2. After 45 n on jce, cells mere flxed by
BD CYTOFI XO foPg‘irgl“Fﬁ%OBﬁf {ne@o ResemerOtuprey ﬁﬁ’ﬁ“&ﬁlﬁ‘c‘smtﬁ}f)?d&f hCeg? K1

resuspended in 200 i al FACSNH&Lng48QQh}qu%n@Mﬁ@mﬁxkﬂO 000) were acquired
for each sarrnl e _and data were analv7pd LS| ng 0]o software (Trpr'rar) A

FSC/ SSC gat e [Rase se€orcentiation (Qencatiatimmneyt es %I ow S8e/freg0 |hilghlatio$C)

whi | e excludig%g%r @g%&% tes‘Q%EEF%%%?%@ﬁ%éib%kmﬁﬁ‘ gd onegpgh& n was

then anal yze | TC I ess erif
nonocyt es/ magr ophagelCRelniner s Mﬁqﬂmdmterhﬂﬁbd yumdul t | pl yi ngmécodbhge
n eH
sh hyt Fay o

peritoneal cell counts o and t he rceqtage of

nonocyt es/ ma rophadgngﬂgﬁﬁ %#g{$r0n1flom1 5&

Statistical gignifijcance of m(bbeKﬁngesczﬁpgtmeen nmeans was analyzem usi ng

the paired two-tailled t test (with signifficance set at p values bel oy 0. 05.

Results  [00243] HExanpl e 1 W8diB%al uatled in the hCCR- 2 KI |nouse TG

peritonitis nodgh YO 3 erim ne N5 n SRy T Oocyte/ macr ophage
i oglycp

= ny
infiltration.| Mce|were adn nistered tEF at e, né dosed orally with
Exanple 1 at (10,6050, o®04(60 rrg/ kg(pleI D. Fd}t@/ el T2 houBszpost & treat nent,
" o

eritoneal |4 i it eade anotlvei P
cyt [002%2] A dgggﬁdepend;ﬁt h P no%@% "
osps7of

VAL uy’ I
cytonetry. hacr
wasg) obhseryem (Fijgurer.4). 1@15 50, 50ea%d
nnr‘f 1 \/

phage
16025g/kq gave
an inhibitio | v the fouyr cnnnr,ate
studies with rruIOtlpleQi%?es the ®xi el 7?%|E|t0i0(9nr
the average ECS50 for inhibition of monocyte/macrophage infiftrarion by this

Hetted wad - 70% and
anal ysi s was egpioreaseelceted ema diffgsmt siuy Eamedicr dosat Bsheuable tewpropide pe i n

=

n

~
ce
i

Ha
nhi
D

infiltration
of 2804 549% 5amnd 63% res

vitro 1C5Qq(5 a?pf 1 binding
to human Sﬁnﬂﬁiéggﬁ%nﬁ%ﬂﬂﬁﬁ hPB %%% BR%R%%EQE%?&%ﬁ§assess t in vivo
| evel of recep@dbmd6@®ﬁam€¢Rb&KEWampge 1 in the 48- hour thloglycolate

peritonitis nodel in the hCCR-2 KI nouse, plasna |evels of both Exanple 1
and nouse MCP-1 were neasured. The caveat for this estimation is that only
CCR-2 and its[ooagg]r ICobeunidelIhest r&s&]tﬁcléaa]b’(elﬁmbﬁﬁtmteahmﬁixdﬁplaﬂi1foa’lp0ta'rhe

receptor occugﬁag¥0?&oﬁxg% and I esel ﬁ%5§h§9f§ﬁwfﬂq¥5nhnh'b'tor

; ; acro Dol hfe Itrat t
i s defined by phage iitiration wi
15  inhibition of monocyte/macrophage infiltration by Example 1 can be achieved by
98.5% CCR-2 occupancy with this compound. Notably, the studies have
demonstrated a similar reduction (~ 70 - 80%) in monocyte/macrophage infiltration in
CCR-2-deficient mice.
[00249] Diseases or conditions of human or other species which can be treated
20  with inhibitors of chemokine receptor function, include, but are not limited to:
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15 Gaddum equation: FRL1 =1 [R1 + (Kd/ [L]) (1 + [I] /K1) [00246] Since
Exanple 1 is a conpetitive inhibitor of MCP-1 binding to CCR-2, the anpunts
of both wozeliMd»1&/ CCR-2 receptor conpl ex and Exanpl e PCTCTR2@1028228%Cept or
conpl ex can be determ ned using the serumlevels of both nouse MCP-1 and
prot ei n-unbound Exanple 1 in plasma. The Kd for nmouse MCP-1 binding to
hCCR-2 is 0.91 +/- 0.08 nM (n=8) which was determined in cold conpetition

l'i gand bi ndi ng,reXREIITBNIRrHSHiNGsck 2Rd iR, Midridhn RYLLIRGR: K, for
Exampl e 1 bi ol i AR se o foHI, Heudme SRR . OOR 2

recept or conpHissases sush 259dmar sHergelrhifgiingynaensityity lomg dikresasquat i on descri bed
above. To detgrm.n Jll 4Pf SN & APRLI Rkl g%?vg e ligxgs the equation
is re-defined gs: Fs&in & n%‘%ﬁ r’[‘tﬁsﬁ nfgtil FE Fulllll nalT’y, 1 ﬁg%am)u t of CCR-2
free i s det er posieghilic pnaunBa{aCCRe 2locffiavts alndroth©CR-oBicfepgrophflitous e
MCP- 1/ CCR- g] + ExanFI e .10/ ﬁz "ti%%w%ﬁ;l AS, sho(i/{m é)n ela‘?‘bl ? 8, 1 he percent
i nhi bi ti on” of PROAGEY ’37)%@%@5 TGS QR PEPIRR SAY TR F SN oneum at 48
hour refl ect sShipeesepetivdgnintgeitiof luixdisgaks (I/IDCRE., (dsapicofulaoipy Bkosih TABLE 8
Determ nation of In vivo Receptor | chl ancy of gxa le 1 in Blood of hCCR-2
KI Mce in thé" I&@"r‘?&‘?ﬂmeﬁ@‘ﬁéﬁ;ﬂ%ﬁi’ RS %ﬂ?d@fswﬁli“s pﬁﬁgg)%ge%ﬂ%nt ration of
Mouse MCP-1 i Elnkgll(ﬁﬁl'g@p&rﬁl itisCORERNE Ecddrbs) SPgrdhls@9ndrsABRJo8 ndyokifls Bl asma (nNM
(fold 1C90 CCR-2 bindin ) ) )
dermatomyositis); systemic anaphylaxis or hypersensitivity responses, drug allergies
10 (e.g., to penicillin, cephalosporins), eosinophilia-myalgia syndrome due to the
ingestion of contaminated tryptophan, insect sting allergies; autoimmune diseases,
such as rheumatoid arthritis, psoriatic arthritis, multiple sclerosis, systemic lupus
erythematosus, myasthenia gravis, juvenile onset diabetes; glomerulonephritis,
autoimmune thyroiditis, Behcet’s disease; graft rejection (e.g., in transplantation),
15  including allograft rejection or graft-versus-host disease; inflammatory bowel
diseases, such as Crohn’s disease and ulcerative colitis; spondyloarthropathies;
scleroderma; psoriasis (including T-cell mediated psoriasis) and inflammatory
dermatoses such as an dermatitis, eczema, atopic dermatitis, allergic contact
dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity
20  vasculitis); eosinophilic myositis, eosinophilic fasciitis; cancers with leukocyte
infiltration of the skin or organs. Other diseases or conditions in which undesirable
inflammatory responses are to be inhibited can be treated, including, but not limited
to, vasculitis, vulnerable plaques, venous neointimal hyperplasia reperfusion injury,
dialysis-graft neointimal hyperplasia, artio-venous shunt intimal hyperplasia,
25  atherosclerosis, certain hematologic malignancies, cytokine-induced toxicity (e.g.,
septic shock, endotoxic shock), polymyositis, dermatomyositis. Infectious diseases or
conditions of human or other species which can be treated with inhibitors of
chemokine receptor function, include, but are not limited to, HIV.
[00250] Diseases or conditions of humans or other species which can be treated
30  with promoters of chemokine receptor function, include, but are not limited to:
immunosuppression, such as that in individuals with immunodeficiency syndromes

such as AIDS or other viral infections, individuals undergoing radiation therapy,
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% nmouse MCP-1 bound CCR-2 % Exanple 1 bound CCR-2 %free CCR-2 % inhibition
of nonocyte/ nmacrophage infiltration' 200a 0.068 136.4 0.11 98.45 1.44 71
160 0. 046W62001/@6%6 96. 72 3.12 63 50 0.048 16.6 PCT/US2010/052288

chemotherapy, therapy for autoimmune disease or drug therapy (e.g., corticosteroid
therapy), which causes immunosuppression; immunosuppression due to congenital
deficiency in receptor function or other causes; and infections diseases, such as
parasitic diseases, including, but not limited to helminth infections, such as nematodes

5 (round worms); (Trichuriasis, Enterobiasis, Ascariasis, Hookworm, Strongyloidiasis,
Trichinosis, filariasis); trematodes (flukes) (Schistosomiasis, Clonorchiasis), cestodes
(tape worms) (Echinococcosis, Taeniasis saginata, Cysticercosis); visceral worms,
visceral larva migraines (e.g., Toxocara), eosinophilic gastroenteritis (e.g., Anisaki
sp., Phocanema sp.), cutaneous larva migraines (Ancylostona braziliense,

10  Ancylostoma caninum). The compounds of the present invention are accordingly
useful in the prevention and treatment of a wide variety of inflammatory, infectious
and immunoregulatory disorders and diseases.

[00251] In addition, treatment of the aforementioned inflammatory, allergic and
autoimmune diseases can also be contemplated for promoters of chemokine receptor

15  function if one contemplates the delivery of sufficient compound to cause the loss of
receptor expression on cells through the induction of chemokine receptor
internalization or delivery of compound in a manner that results in the misdirection of
the migration of cells.

[00252] In another aspect, the instant invention may be used to evaluate the

20  putative specific agonists or antagonists of a G protein coupled receptor. The present
invention is directed to the use of these compounds in the preparation and execution
of screening assays for compounds that modulate the activity of chemokine receptors.
Furthermore, the compounds of this invention are useful in establishing or
determining the binding site of other compounds to chemokine receptors, e.g., by

25  competitive inhibition or as a reference in an assay to compare its known activity to a
compound with an unknown activity. When developing new assays or protocols,
compounds according to the present invention could be used to test their
effectiveness. Specifically, such compounds may be provided in a commercial kit, for
example, for use in pharmaceutical research involving the aforementioned diseases.

30  The compounds of the instant invention are also useful for the evaluation of putative
specific modulators of the chemokine receptors. In addition, one could utilize

compounds of this invention to examine the specificity of G protein coupled receptors
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0.56 88.74 10.69 54 10 0.021 1.9 1.17 48.15 50.68 25 0 0.022 0.0 2.36 0.00
97.64 0 a dose was selected froma different study from ot her
doses i n wbeotialab|ét o provi de an 10exanpl e of maxi mal i moirhistéions228hi s dose
provided a free plasnma concentration of 1.9-fold ICO0 the hCCR-2 Ki

bi ndi ng. [00248] Col | ectively, these results clearly denonstrate that
Exanple 1 is a potent bl ocker of nonocyte/ nmacrophage infiltration with an

EC50 of - 4. 9¢faMre WBothsRht to be chemokine receptors, either by serving as examples of
compounds which do not bind or as structural variants of compounds active on these
receptors which may help define specific sites of interaction.

[00253] Compounds disclosed herein are useful to treat or prevent disorders
5  selected from rheumatoid arthritis, osteoarthritis, septic shock, atherosclerosis,
aneurism, fever, cardiovascular effects, haemodynamic shock, sepsis syndrome, post
ischemic reperfusion injury, malaria, Crohn’s disease, inflammatory bowel diseases,
mycobacterial infection, meningitis, psoriasis, congestive heart failure, fibrotic
diseases, cachexia, graft rejection, autoimmune diseases, skin inflammatory diseases,
10  multiple sclerosis, radiation damage, hyperoxic alveolar injury, HIV, HIV dementia,
non-insulin dependent diabetes mellitus, asthma, allergic rhinitis, atopic dermatitis,
idiopathic pulmonary fibrosis, bullous pemphigoid, helminthic parasitic infections,
allergic colitis, eczema, conjunctivitis, transplantation, familial eosinophilia,
eosinophilic cellulitis, eosinophilic pneumonias, eosinophilic fasciitis, eosinophilic
15  gastroenteritis, drug induced eosinophilia, cystic fibrosis, Churg-Strauss syndrome,
lymphoma, Hodgkin’s disease, colonic carcinoma, Felty’s syndrome, sarcoidosis,
uveitis, Alzheimer, Glomerulonephritis, and systemic lupus erythematosus,
esophageal squamous cell carcinoma, neuropathic pain, and obesity.
[00254] In another aspect, the compounds are useful to treat or prevent
20  inflammatory disorders selected from rheumatoid arthritis, osteoarthritis,
atherosclerosis, aneurism, fever, cardiovascular effects, Crohn’s disease,
inflammatory bowel diseases, psoriasis, congestive heart failure, multiple sclerosis,
autoimmune discases, skin inflammatory diseases.
[00255] In another aspect, the compounds are used to treat or prevent inflammatory
25  disorders selected from rheumatoid arthritis, osteoarthritis, atherosclerosis, Crohn’s
disease, inflammatory bowel diseases, and multiple sclerosis.
[00256] In another aspect, examples disclosed herein may be useful in for the
treatment of a variety of cancers, including, but not limited to, the following:
carcinoma including that of the bladder (including accelerated and metastatic
30  bladder cancer), breast, colon (including colorectal cancer), kidney, liver, lung
(including small and non-small cell lung cancer and lung adenocarcinoma), ovary,

prostate, testes, genitourinary tract, lymphatic system, rectum, larynx, pancreas
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15i nhi bition of nonocyte/ macrophage infiltration by Exanple 1 can be

achi eved by 98. 5% CCR-2 occupancy with this conpound. Notably, the studies
have denowetnatmeia sim | ar reduction (- 70 - 80% in mepooask@bszBOphage
infiltration in CCR-2-deficient mce. [ 00249] Diseases or conditions
of human or other species which can be treated 20with inhibitors of
chenoki ne receptor function, include, but are not limted to: inflammatory
or allergic di;3Q388 e)&‘)@ﬁn&&ﬂgﬂeﬁtlc%&mdnﬁ e%h@@srs@@rﬁécﬁla%a(ﬂrﬁfadﬁlnj LGk C

di seases such as asthma, allergic rhini hypersenS| ivity [ung dlseases
hyper sensi ti vﬂtyym@med:sﬂm(m«tlgdm@wamwmellp@rcmema),ul itis (e.g., Well'
syndrone), eosino chronlc
eosi nophilic 5pne&%%%%%f&ﬂggggﬁ%&§¥+§hﬁqgg% ?%%%g%gﬁmﬁéﬂgﬁgpﬁan

syndrone), del}axmde}myp@khypeacmmismphqbialsyq lebkees, 3-¢dll lamplhqmgTeheBeases (ILD)

i o s, oSy bt R TRRETS Rk B BOodkmy FRURRE SR P < Com

scl erosi s, Sjﬁgﬁ@ﬂhsbmxmdmmmﬁdBm&byﬂyﬁ@h@ha or dernatony03|t|s) systenic

anaphyIaX|s or hypersensjtivity resp n dru aIIer ies 10 g., to
penicillin, cephauﬁgﬁéﬂwwgytu%%wwfﬁﬁaea E‘ﬁagwﬁ MBI to the

i ngestion of 6198l 8sHotate Bk nlidsy B QBN Plastic§BEDmS trhyibi@luRdrgib &&d aut oi Mmune

di seases, such as rheumatoid arthritis, psoriatic arthritis, nultiple
sclerosis, syBfoawelocytisdeikemyayt hemat osus, myasthenia gravis, juvenile onset
di abet es | omer ul | sease,;
graft rejégtlon (é@ﬁsghﬁﬁkfﬁgﬁgg&gﬁggyggﬂkp%%gﬁ%@htﬂyﬁgﬁggf%ﬁﬁgg? rejection
or graft-ver sogwbldestontt, gkema and sehivameatasr y bowel di seases, such as Crohn's
di sease and ul cer S r

psori asis (|nclud?%g%$(ﬁ%#?&w dnﬁ%ﬁ%ﬂX%%@ﬁ ﬁﬂggkggs]h?$%n§ﬁ$%%§ﬂgernatoses
such as an denambdstdobsscon@czeha, atopic dermatitis, allergic contact
dermatitis, urtlcar a; vasculitis é . rot|2|n cut aneous, and
hypersenS|t|V|ty 2@1g§@H@?PFL¥HQé% ?Wgﬁh§ erWﬂB’éﬁ“F?@sr%osmophllic
fasciiti s;5caRaeiboscttiidind, emkaeyd, ehyirdlf Ifdlhd’tﬂdrlc@r&e@fmd faetslicthoata. or gans. O her
di seases or conditions in which undesirable i nfl ammatory responses are to
be inhibited can be treated, including, but not limted to, vasculitis,

vul nerabl e pl fm , YERRUR: aﬁ%d%émlscwaﬁﬁd%@ﬁﬂe%e&&%bwédluﬁ?cdnewr Y,

di al ysi s-graft neointi mal | asi a, artio-venous shunt

hyper pl asi a, %Qﬁméhmceérlw tedér@rnttai:aﬁt mmxlmebgqnéermmtgtnamplegnd

cytoki ne-1 nduggflab@x! Kididodefly SompSERS icIBRAHEreirtRAPSAKL R ANREKdatmeny

pol ymyositis, ernatony05|t|§. 'R ecti ous |sease or con |t|ons human
or ot her §@ecbé$mmhi@muﬂamdmeﬂmﬂeawédmmnth i nhibitors of chenokine receptor

function, inc b mted to, HV sease r
condi tions ofhwqﬁgn %ﬁ?pgﬁﬁ‘ Vgn@cp V“ﬁﬁn%%mgs%rg %Frg%?ugaéﬁwf¥ﬂppronnters
of chenoki ne h@ﬁem&@bwﬁyam%mﬁmammm&kude but are not limted to:

I mrunosuppr essi such as that in individuals with i nodefi ci ency
syndrones suc H)0§§9]AI bembnedthsrpy i prayenf spddeees %ﬂ@nmﬁtﬁﬁfwﬁd%‘%ﬂnﬁ nder goi ng

radi ation thepgRynor&aei®y QR6RABY and @@a@@yln&mmngugt%amlefdgmsme%@esoars drug
therapy (e.g., corticosteroid therap whi ch causes i nmunosuppr essi on;

i Munosupp? es ¥rbas #i@myng éﬁb@ﬁglﬁsaﬁuc%éﬂh@i%@Q ajthyitisepd ptheosqlerayit irth or
ot her causes; %%dﬂfbﬁ%‘?@s‘ gﬂ:ﬁ aﬂ%@%@ﬁ%ﬁat l{i\&ﬁhéia)nﬁﬁﬁa%h% the %Iﬁ&ﬂﬁ&%

i ncl udi ng, but el m nt ections, such as nemato
this invention and other compounds which are known for such utilities. For example

in the treatment or prevention of inflammation, the present compounds may be used in

conjunction with an anti-inflammatory or analgesic agent such as an opiate agonist, a
30  lipoxygenase inhibitor, a cyclooxygenase-2 inhibitor, an interleukin inhibitor, such as

an interleukin-1 inhibitor, a tumor necrosis factor inhibitor, an NMDA antagonist, an

inhibitor or nitric oxide or an inhibitor of the synthesis of nitric oxide, a non-steroidal
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5(round worns); (Trichuriasis, Enterobiasis, Ascariasis, Hookworm
Strongyloidiasis, Trichinosis, filariasis); trematodes (flukes)

( Schi st oswoi2aHi®691€l onor chi asi s), cestodes (tape wor ns) PCEais2mons28%si S,
Taeni asi s saginata, Cysticercosis); visceral worns, visceral |arva

m graines (e.g., Toxocara), eosinophilic gastroenteritis (e.g., Anisaki

sp., Phocanena sp.), cutaneous |arva mgraines (Ancylostona braziliense, 10
Ancyl ost oma cani. RidhmatbRPadAITR BHAPRoRstctRE MBS L JF a LAYVIERE-§PBredlifs
accordingly useful in the prevention and treatnent of a w de variety of

i nfl ammat ory, aithindlemngtesy 2a¢at. fanstaanleyih aceompouwid serhde pectamidopdicseases.

[ 00251] In adgjt}o e t. nt i | Enﬁgé , allergic
and aut oi m’rung4pli ' g%dsegel{se’ %g{rgl%% IEQ rB%H’ggﬁnngtrl%Igglf Ié%&?%? dﬁ%ﬂrlrlg ‘er r(a{()%{l’ chenoki ne
recept or 15f uplxinagetinj firogivemcositrenipl ablkezssi¢, hefeotenylvsanyndat, istafférochlphd conpound
to cause the |lo rec or, expression on _cells, through.the induction of
chenmki ne. T ecBBL B ks SPREN Dt BT ST e Fm PR ol ranner t hat
results in thelisvad prattiaonseh at bdfeifieginait 2-aita@inis€ 8lrh&@hicdr@ 0addAinumror anot her
aspect, the instant inventjon nmay be used to eval uate the 20putative

speci fic agonMéERs B HaYEnt diehesrian ecihisg e IcRep p PAEIYIRERREBL BN The
present i nvenpicopghSdithc! 8§hRehzbIthet HRindpRiIRf ndph8S8nE APB/LAGSInkN t he
preparation and execution of screening assays for conpounds that nodul ate
the activity BfoPEhRerdrIner leuedsprxarephedrgeand prpeivesud s 6a¢dtnds of this

i nvent i on gr epigelddbnd, BarfRi Rl baBLitnRhe IPLSHAMRINDPNENG Rl Bigy STt e of

ot her corrpoundgtﬁt 0 chenoki Iﬁe r’ecep%%?s, “e g., by 2 cor’rpe'lta%rti \’/g&% nhi bition
or as a ref er eqdeeng or nan-sekygayarttiisgonparlakéwise, Reropwundscdisolised hdrein anagonpound
wi th an unkno L[ Vi . s V. i e ssays or protocols,
conpounds acc\ﬁgr]%sl%%ﬂ%loéﬁt%{lhaélxgr%éqggﬁjteﬂirﬁgéetﬁ?ﬁagenl\{ggga tggbe used to test their

ef f ect i veness tredpetipidveatidnysupsesionoo apolictgnrof yhehiisepreovi abaditipm far conmer ci al
kit, for exanple, for use.in pharmaceuti cal sgarch involving the

A of emant | oneytih cubut S5uRER S TRGTHILTSpsFeS T ek BTN on ar e al so
useful fonsthedmvateal bpnrdte Mdiaid meounpemirhoty RdtHeaifees of the chenokine

receptors. In addition, one could utilize conmpounds of this .invention to
exam ne the sPRETRRETIEGUSEE TS BreBtelyMEGtimeauikedpt BFS tiRgtgreWiBt t hought
to be chenoki ReohKREAREALS ctdn}BFanBusBALM (B RfofXARIBT:f conpounds whi ch
do not bind or as structural variants of conpounds active on these

recept ors whi eharpageuties] porgecpitivn ceaiping sechgithes drugs in addision & the pompauod 53]
Conpounds  di s¢t@sed Befcl i, | AQodil oA BYERE, dbs

5sel ected fr o?n r ngt}?f%t gslcl’iﬂgr tnﬁdtqu)t%?lgéa osclgoelgélgﬁl}hlgtp}ls, g%p%a} gbsﬁ%scﬁoqé

at her oscl &0 osisludafimsr thatmlsofcertem, one ar dbwwdsc adterc iefiddemtss jn dddigiondynam c
shock, sepsi S.S n%&)ro@ e\arb%sénthgag%gg c reperfusion injury, malaria, Crohn's
di sease, infl &AL ory %lo Pareeases, nycobacterial infection, nmeningitis,
psoriasis, cofeet]i vexhesied offodtick bdtee ifgrdalicatsithatha§dasedbinehehiexi a, graft
rejection, autoinmune_di seases, skin .inflanmtory diseases, 10nultiple
sclerosis, ra&?rﬁQtuﬁoﬁfgﬁﬁﬁé‘?m WS&P&‘?@%@%‘BF%‘}&??WW%Y .OIHP\t}}e. ¥V dementi a,
non-insul i n dgpemndeticAd taRekRB Bl chide Usit a@SbhiBitedab] & Sit€erinhhRbidigs at opi c
dermatitis, idiopathic_ pul rm_nar% fibrosis, bullous penphigoid, helmnthic
parasi ti ¢ 2p nf sishiapHose & sakeging [eoMsend VL Ack dnestereidniughet boglomegasonc,

transpl ant at i gy finlsbRhe, BOSMBARYNE I RednROSd, BORMctha&nE Bl W drbéSisone;

eosi nophi lic pneunoni as, eosinophilic fasciitis, eosinophilic

15gast r oent er (@ igmuefsuppresseitcedh esosyiclospstinl fagrolimys trapgmfy¢ib pog dther FK-

Chur g- St rauss , NS GhSE - i i,poma,
Felty's syndr 8%%%%%1}05%5? eg&'ﬁﬁsvglﬁ? 'lﬂglﬂt%lilgﬁsg(ﬁngﬁﬁﬁﬁng%?% P%F\S gl[??iia is, and
systemn ¢ | upubroerophdnemmiresesorplesophagakkclsgqubmusineetripratidine] aionaine,

Egg; (ljlpai 2'3{): r gg{pﬂgﬁgrg@%ﬁ 1'1)%19{1y1pg/r0a%r2165,4t' peﬁe%na?n%%&%%rdmg? 1§e?aethtdﬂgzir?e?npounds are

promethazine, trimeprazine, azatadine, cyproheptadine, antazoline, pheniramine

pyrilamine, astemizole, terfenadine, loratadine, cetirizine, fexofenadine,
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20i nfl ammat ory di sorders selected fromrheumatoid arthritis,
osteoarthritis, atherosclerosis, aneurism fever, cardiovascul ar effects,
Crohn' s dweeas@46d1af | ammat ory bowel di seases, psori asi spPCTarsg@stosazes heart
failure, multiple sclerosis, autoinmune diseases, skin inflanmatory

di seases. [ 00255] In another aspect, the conpounds are used to treat or
prevent inflanmmatory 25di sorders selected fromrheumatoid arthritis,
osteoarthriti ﬁescﬁBM&?Eﬁa%&&' #nd tﬁ% geg nth-SRASEM aﬂtf‘is'tl%%@é Qe a?@)’\/e'

di seases, and nul ti scl erosi s. I n anot her aspect, exanpl es

di scl osed her egqmsﬁﬁe(p rlbéalmgefl@wprpﬁqrendr fephtemﬂ riwgthedns, albfterl, \baplit@vlyanﬁf
cancers, incl I noma i ncl udi ng
that of the bpgﬂ’&g&"l) ?yéngpﬂdné Cmﬁc‘@gﬁ Steogl’é‘?lég@%?& oot Etﬁlgltl?}gﬁlg%bl adder
cancer), brea&ukotdalcamtagomsth (ndﬁﬂ@castoinontemkalt pmﬂukest) iralidasinpgbilukdsyer , | ung

ovary. - prodt avk™ (Bepee RRAr TR hary TERES AR TageaRe corom

| arynx, pancr gtaﬁnc(ai ainflinhgit@y agdnts(BISPANO S8EH ds rapadnid aidivad@ophagus,

st omach, gaII | adder,, cervix, thyrojid, and s ncl d| ng. squanous cel |
car ci noma) ; tSpIST <t peaxaniofsp: sbuelpxwﬂﬂ;rf&rpaoflév @&@E@n BPniefichg | eukeni a,

acute | yWDhOCYlhpr@feheﬂd?&E}dfen %Hio@ed avhefRhagtd %férﬁ'ﬂk@F}o@en Bae@®lch, | ynmphoma,
T-cell 5 | ynphoma, Hod ynphoma, non- Hoggkl n's hona, hairy cell

| ynphoma, hi sOXapEAT élrpryf?ﬁh@wpr%ﬁu SBUPIRBttRErof§ifIcihaAR tloxaprofenh@ﬁ%%pou etic
tuors of 1§y ehgh derbiafi6a9Rab A HS aaen?ewnea@@@en%rcﬁaungc Wl ogenous

| eukeni as, nyel odyspl astic syndrone, nyeloid | eikem a, and prorryel ocytic

| eukeni a; 10t (emolo§ned, fanhlezic @it fahtizand fipefehgphduthan eoyapas ospiweem i ncl udi ng
astrocyt ong, h n TS .ynmors of
mesenchymnal o?‘ﬁ{éfigcb ﬁifl C([Jﬁ% F\mgh %?@gg?@%&%& &ﬁ%ﬁrgyﬁf%%nélf 881%:51? 111\;%%1355

ost eosar conm,; (farfchaoidweid, Mnbfesamm@blddmaﬁgnmb a¢1‘d maflumie roid endre] fpnagrient osum

15ker at oact ant h cer. and

t er at ocar ci no'f’ﬁi%"F’@b [;;I]ar nBIE?r?B%FW% f"an&‘%@l PHERPIEPS n are
met hods ofi5t r gaixidagh, pRMGEIm, siMdRiceinAnd &ﬁoﬁ@dﬁ@%ﬁhdyﬁat@%&@ﬂ edlicylicodwidr east
cancer, |iver cancer prostate cancer, and nel anoma, Additionally,

conpounds di s&YiGsalrinee prd the Rggzalency GBpEANC, DeZRIPREY IR daRTAORE: BYCRIMaZ8%ear i an
cancer, and nmylfph mb%taayfel mylb{lﬁ%ﬁkgﬁpaowy%@@a@é 2 (TR ihbiREQ V) des

met hods for the treat men T%/ non- cancerous prolifeér at| ve
di seases. inhibitors of phosphodlesterase type (PDE-IV); (1) other antagonists of the
chemokine receptors; (j) cholesterol lowering agents such as HMG-CoA reductase

20  inhibitors (lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, and other
statins), sequestrants (cholestyramine and colestipol), nicotonic acid, fenofibric acid
derivatives (gemfibrozil, clofibrat, fenofibrate and benzafibrate), and probucol; (k)
anti-diabetic agents such as insulin, sulfonylureas, biguanides (metformin), a-
glucosidase inhibitors (acarbose) and glitazones (troglitazone ad pioglitazone); (1)

25  preparations of interferons (interferon alpha-2a, interferon-2B, interferon alpha-N3,
interferon beta-1a, interferon beta-1b, interferon gamma-1b); (m) antiviral compounds
such as efavirenz, nevirapine, indinavir, ganciclovir, lamivudine, famciclovir, and
zalcitabine; (0) other compound such as 5-aminosalicylic acid an prodrugs thereof,
antimetabolites such as azathioprine and 6-mercaptopurine, and cytotoxic cancer

30  chemotherapeutic agents. The weight ratio of the compound of the present invention

to the second active ingredient may be varied and will depend upon the effective

doses of each ingredient.
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[ 00259] Conbi ned therapy to prevent and treat inflammatory, infectious and
i munor egul at ory di sorders and di seases, including asthma and allergic

di seases,wax02%4emkl as aut oi mune pat hol ogi es such as rheursatioios2ast hriti s
and at heroscl erosis, and those pat hol ogi es noted above is illustrated by

t he conbi nation of the compounds of this invention and ot her conpounds

whi ch are known for such utilities. For exanple, in the treatnent or

prevention of jjoagijameRhd AN, aﬂ DRV ESRObF CRARAVADS MBYhREfoH SRhpld)
conj uncti on mnth an anti-inflammatory or anal gesi c agent such as an opiate

agoni st, a 30whfposyyemnades comhingd wih an SR hsoygyghe riived theicatppindet, an
interleukln i I necr osi s
fact or inhi bi EH(% P ’Pés%ﬁ% n?\Yl\f)txoqgror?tge on‘?w?lgﬁgé%w&%éo@&%?ﬁ&u?g (?Oloii 118% I e or an

i nhi bi tor of ﬂﬁémspnﬂhﬁ&Msdpﬁonumomﬁooxnddmma1ﬁ@m Gemarindtabad of a

anti-infla tor e ho odi est er as itor

ot ok ne. atpor Ul RRSERE PR RRRHREGRT STEERES PRTRiShN Eafik e B mpound
such as ac et aMtﬁmQﬁI@iforeﬁQMd’nbcﬂlrangé}@&i il @achf sy, ay effactivodgae of @oh adtivdonet haci n,
ket or ol ac, nor phine naproxen phenacetin, piroxicam a steroidal

anal gesi c, suF@ﬁ@&ﬁ@?O“@ﬁﬁﬂ§%Hac interferon al pha 5and the |ike.

Simlarly, theoegt an r&GAPHRHSa BRNbiRRIASMERLDHRIPEuIMabfi@adiRir Rt | ever;
a potentiator such as caffeine, an H2-antagonist, sinethicone, al uni num or

magnesi um hydreaimes (ex. dadiatinidBeran issaften adeanisieawy) Ehhicpond, (or third) agent

phenyl propgno I

naphazollﬁg hﬂ?h%&ggg%ﬁQQQHH%%%%Hﬁ%gﬁéﬁ?ﬁ%ﬂ%ﬁi&ﬁﬁh%&ﬁﬂiOxyﬁékﬂedrIne and

antitussiye sagiht démepderspesiallylushiptiocopiioretotecdr dmg pirebinatoas bbtrapent ane, or
dext r amet hor p‘pwo Or aordl ur e el:lr(% a 1nls%re%eagta1}1ldﬂﬁrent I?s]ur?rperssoerdat lftre]:%n rhase  stami ne.

Li kewi se, conpouhds 8| e erérn nay be u I'nco on Wit h ot her

drugs that arefﬁseﬂlquihﬁMﬂw@mmnﬁnmbpﬁeuen®ugﬂ@supwﬂbﬁpn@nmmnwanﬁI|orat|on

ar e user Ul - SHIRC B RO e i e SR et Breie bJSaHBRFLO TR n an

anount comnirytréaﬁﬁgdth&@aﬁleﬁlgrcﬁseammcemﬁfe@@@waieypa@émsequentI ally with a
conpound of the present invention. Wen a conpound is_us

cont enpor aneolMP93ln ﬁﬁcqsﬁl@gldrcqaww%tdwe}%@rf@&n (04 Oﬁlﬁlaﬁorm@é%@lﬁfé%ﬁpd

conposi tion cagt@h Ahie SHGRisRIAGE cfibififioh Widdtict hiaNcdnerRg cfgiReUNd of the
present invention nmay be used. Accordingly, the pharmaceuti’cal conpositions
20i ncl ude t hosgentsisad tradtments psefidiimthe treatmentrad cencet drethea profifesativagrsesdeent s, in

active | ngr cal bolRol RS U EERERss B R R AR R L esen *

i nvention20ei fdnmulaadmlnwdthelreeﬂ i8 emammgdi@mmns forhike s@ureerphbcaneareut | cal

conposi tions, ut. are not rin. ntagonists
25s0ch st nottl it B e e i ROt of iy REFS Bifguch as
becl onet hasonastriieichyihprteesingohadee ubelia ﬂﬁhﬂ@&ﬁﬂ&vlﬂﬁft@@ Rh$-oMer or
dexanet hasone, and. hydrocorti sone; ppressants such as

cycl osporin, ?ﬁﬁ@é@@ﬁﬁ%smWé$§WV%§ﬁméh%“%WH@F 9% ?Wﬁ%ﬁ?Wﬁﬁﬁﬁgﬂbpressants

(d) anti hi st anirhescotplizdicShBHafiéhs INIREORp&INAS oSdh@dnasr RELABAHGNRI r am ne,
chl or pheni_ram ne, dexchl orpheniramne, triprolidine, clemastine, 30

di phenhydPani Agenisdn jsih&nyh pgr aheidheyerd nsekagahmerther or Ripgeinyenarme

met hdi | azi ne, hazd t ne,

ant azol i ne, Rgﬁigghlneogs?gégﬁﬁﬁgkﬁgggggfg éﬁ9¢§§% ggﬂ%ﬂgﬁﬁP%g%tadlne
cetirizine, fé&@m@nadine descarboethoxyloratadine and the I|ke (e)

non- st er oi dal j,- ast. hpat | t

met apr ot er enol@%z‘énofﬂé‘? ol anac Of)etldﬁgr i'ne. Cerla%gﬁ ée %?et%%ﬁ'tﬂ{aor% 1" %4 e ha'

pi rbuterol), hh&nﬁhyimﬂm@mgcronnlyn sodi um atroplne |pratrop|un1bronide
Ieukotrieg& ant ag g%ﬁts (Zaflﬁ E‘ﬁ nont el ukast nl ukast, iral ukast,
pobi | ukast? 5SKB- 185988y e RIS BOgSP SLHRE e%l{qé PHERISE S SOWSES eut on,

BAY-1005) ; (f dthfilefimisd ®FiOtHat, aadtriakdel ammpimiosedeemictudd¥oAld)E) such as
propi onic acid derivatives alnlno rof en, bhenxaprof en, bucl oxic acid,
carprofen, feRsEiapoteimadphiBre; almnap&rbeh@ﬁ<1n<flv<lwgo%0|@%%ﬂ@rﬁeamwaﬁr of en,
indoprofen ket opr of en, m roprof en, naproxen, oxaprozin, pirprofen,
pranoprof en, suprofen, tiaprofenic acid_gsand tioxaprofen), acetic 10acid
derivatives (indonethacin, acenetacin, alclofenac, clidanac, diclofenac,
fencl of enac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac,
oxpi nac, sulindac, tiopinac, tolnetin, zidonetacin, and zonepirac), fenamc
acid derivatives (flufenam c acid, neclofenam c acid, nmefenam c acid,
niflum c acid and tol fenam c aci d), biphenylcarboxylic acid derivatives
(diflunisal and flufenisal), oxicans



15(i soxi cam piroxi cam sudoxi cam and tenoxican), salicylates (acetyl
salicylic acid, sulfasal azine) and the pyrazol ones (apazone, bezpi peryl on,
f epr azonewormfigldediazone, oxyphenbut azone, phenyl but azon@yT/Usg()10/052288

cycl ooxygenase-2 (COX-2) inhibitors; (h) inhibitors of phosphodi esterase
type IV (PDE-1V); (i) other antagonists of the chenokine receptors; (j)
chol esterol | owering agents such as HMG CoA reductase 20inhibitors
(lovastatin, g§ihpi@at Afik feid Qﬁt@é’d’?@s&%ﬁrﬂye aE&lHé’&%taﬁa?fﬂmmﬁﬁ&r ‘Aﬁ%g@ﬁ)‘ n, and other
statins), sequestrants (chol estyram ne and col es ., nicotonic acid,
fenofibric aciﬂl@tlbdélrcﬁ Olaqmtlb@bes((g@ irlgrlmmoclon%Ia@tiHOIdwatCTHPeﬂ@nmhyd@s,e and
benzafibrate), gycﬁ)lfl& atas(e hiild: - di abetic agents such as insulin,

sul fonyl ureas uani florm n%f agl ucosi dase i nhibitors (acar bose)
and glitazones (t r@@mytlamspmsamoplfmgL erizgmen dyrnesfy kproRbpiranptaraat i ons of
|nterferon§ (1 etrferon al pha-2a, interferon-2B, interferon al pha-N3,

i nterferon’bet gbi Q> interferon beta-1b, interferon gamma-1b); (m
antiviral conpoundsorsiued agbargihamidhelugentiiend stapidn@nclidiol syarhictic ar@iiaci cl ovi r,
| am vudi ne, fapticlovjr, and zal citabin ot_.her conpound such as

5-ami nosal i cyB eocgmcaldarPSfﬁ?%fawalseStrﬂ%qnégéfga@Wﬂeﬁ%ﬁev W-geys

azat hi opri ne ﬁfbées@mmfd}g@ﬁél@ﬂélfebéiﬁor ag&dsté?)éh&)lu@im%ngﬁ&%%he %iea@iﬁgrmt herapeutic
ratio of the conp ound of the present invenfion to the

agents. The wei

second acti vel M%%Hb%ﬁoms aﬁ%@ltwnvw ilesgligphige giowth @@t@bﬂ@FMwﬂmﬂﬂ@ effective
doses of ch %@@ of each wll
be used. Gfﬁ fo:‘&gl? ﬁgffg%fpt%rq enﬂ Sggglgﬁ{pog{dﬂﬁ TS| (z&(l:lgﬁlfl neg\{\?\nn ﬁ)gsr)1 NSAI D t he
wei ght ratio oﬁeglfihéigﬂ@]mgiuhibit@”ﬁ kithee phbgent(incndieanivgnkinesctifebiNGAl D wi | |
gener ey, | AR A AAONs ARRic SR AR M el NRbALY o

i nvention andpthmrHadtanﬂéIer Elgntdﬁbdamt\SEW 1nllnbgenemalhdi1yg ahtsVELE Wit hin the

af orenent i oned e t. j.n. each. case, . an  effec ch active
o o ont o SutaeeS E o im b 8 SRR Ser AR PSS LNE) MRS MRS ot
chenot her apeutdhbiRGEALSralfadse inhiifdal PDGEaiHBiIhS af®otBer, tyrodifld Rihhsen t her apy)

is often advant ageous. The second (or third) agent 10 may have the sane or
di fferent rrecH]é‘ml@’fﬁ%ﬁeré{’@t/‘ihff’t‘?mﬂlﬁé‘r‘i‘aﬁteH%hlblﬁqrﬁary therapeutic agent. It may be
especi al |y useful &Qr&ﬁﬁ?ﬂl@&sﬁﬂopﬁééﬁscsugﬁ WOecEERdiMal bohsr MagieeLiy t he two or
nore drugs being adm nistered act in different manners or in different
phased of t hedwsfiivasymiceotubpieisteilizipeagsnts Hechtaptxaresnipdéhapatigalhave

overl apping t o1} Ne) Loemnst Sic 2fNGLRK 1%&' 8ndl drugs being

conbi ned eachgﬁgs r% g?rm%??r%ﬁe% g}&?ﬁecggy G trelgtlnnggf he particul ar

di sease state nanirﬁl'@mtdmldalyindihg, q@aablbmg age06 268 disg cmrcdilhgbils); emhpounds

di scl osed herein (g poi erasel%lbr%rs ere(rjlllscr N anhtgrase 1n1)11b1t0 tf adm ni st er ed
in conbi nation vvlttﬁ f%er SNt CanBErY dna e ]f Ot oxXT agen sp "™t r eat nent s
useful in thecédréaitivarbmplexeasigei tr@rtsd@ctthﬁﬁn}mfm)ks hued @hetr\agemls wedsemti- The

i nvention herein further conp rise e of the conpounds herelnogor t her
20f or mul ae di SECHLRE CWSWé}Cr‘i‘)g nty WCEF‘%%%OEHG "HPAMe <& gppvih frgt ment of
cancer, and/ oimmincGRoRIHtGES t he packagi ng of the conpounds of herein
together with instructions that the conmpounds be used in conbination with
ot her ant#2cancer or cytotoxic agents and treatnents for the treatnent of
cancer. The pi@sed)l WRMEOMIONAE UEhRGRICATRY et i6OMHALA Bk RSrAllak\G
conpounds of and one or noré additional 25agents in form e.g., where
t hey are packegedningtpeedneith gherphesensutid ¢gesteﬁalt@r@@elpca@kfag@slrpm’tlb@alsol d
together as a get her .

[ 00264] The sgéc%(lgﬁr%%es%[n éﬁ{al%gs‘%}é J‘@%f@&?r%%%é&ﬁ%@%ﬂ? 1 aqgre%gﬂt%%}(ﬁiot%gﬁlto?r om any
one or nore oFotdxempio] dompiomgts o:BﬂmI11k\5ehMr1 mgy lwq‘enmﬂat(ad with eighintygo piehervgen
mustards, 38 | k}{ause gll%?s%%sﬁt?&lty an ga %I'IC 1rr?tat16n such as antiemetics, and H; and H,

antihistaminics.
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et hyl eni m ne derivatives, and triazenes); anti-angiogenics (including
matrix nmetal |l oproteinase inhibitors); antinetabolites (including adenosine
deanm nasewOnhili4bass, folic acid antagoni sts, purine an&Cogisesly/0522ds
pyri m di ne anal ogues); antibiotics or antibodies (including nonoclonal

anti bodi es, CTLA-4 anti bodies, anthracyclines); aromatase inhibitors;
cell-cycle response nodifiers; enzynes; farnesyl-protein transferase
Sinhibitors; 190266) M MRRELHANHCAMULDQETRNRhe AGEAE R d R nMiRkiSh d%th

(i ncluding synthetic anal ogs, glucocorticoids, estrogens/anti-estrogens
[e.g., SERMs] theagptinogediof thetbireserr dirsglieans candreoiyed fergsample.dy s eangnatsr ecept or

antagon &t o) "REEHT A PRAGHEBRIERFR: Pary LR El BB, ¢ act or

receptor (I G-R)ordingtyesiillnodhelaat ors (i ncluding | GFRL i nhibitors);

integrin-signali iphibitors; kinase inhibitors (includin | ti-kinase
b b tor o andlgPh ARb RSN PRl a® s i) b Habgr Y gependont

ki nase [ CDK] tfikitibé biasiit. BRNhEkpeukiedlykfRetcHaiou” and inbad e smonEe

i nhibitors, including_ anti-VEGF antibodies, EGFR inhjbitors, . |

m t ogen- act i vELBRPUBY BrgF RATFADAPTCIPTIG B BPET adisteisd Alonh Pt IBCSMPIREBr a ki nase
inhibitors, PR ah Btk daPthSrapiid a QAR a h¥hi@8l RRKENRSEp Wk Bl dnliSra@f Serine
/ threoni ne kinase inhibitors; “m crotubul e-di sruptor agents, such as
ect ei nasci di n#icgiscasgeprditigieirdepsoragessivarof thatdisgess: i cr ot ubul e- st abi li zi ng
agents sugh as taxanes, and the naturally-occurring epothilones and their
synthetic and sem -synthetic anal ogs; 20m crotubul e-bi ndi ng, destabilizing
agents (including vinca al kal ®@YGE ahdd FORMULATIQDI soner ase i nhi bitors;

Pr enyl - protei 0?5%”55"? &% olurrlléh]sl oqltﬁispaig il ulreaé[alrl%g %R ecr“cﬂ%tsﬁc g %rorPall gxes,
signal transductron in FHIors: Y and St et agen?s USEdas “anti cancer and
cyt ot oxi c agenfirsis suableAscapiubds@gict af whieb prensles swdinkd eGse grtovddhicltaet ors, and
i mune nodula%ors .25 &%?265 Additiona¢L¥,.the conBounds of the, present

i nvention can BEUREPTIPHSROVEICIS: BRRYRT AESHHTE BHPTEIEY SYHBY abutic
agents thas ac@uisBheCrRY nfa9mhlsh B bdmiPRtdrddGH iRfaveiRal WonessinfiRicagdr essi ng si de
effects associated with the aforenenti oned conditions. For exanple,
conpounds of #H@P§THYASAL PubRUtARSPUDET Igrmutcatae Ery Hlhusigedopage oy melient
30nausea, hypgisaNSiddsy bf %IRRT sGASH ffcPhhinfacbRichIORs. TG aRBe AhihRARLI €S, and
H1 and H2 anti histamnics. [00266] The above ot her thérapeutic agents, when
enpl oyed in cakebd but geoerally wH bardmimstpiod et aphamiecuticd semier jetpgtediopde, can be
used, for exappte. . .S 1 nd] ' Physici . Desk

Ref erence (P hﬁ#ﬂggmé Z&ﬁ?ggﬂgﬁﬁg$%@%g%}%%m%@é%gfﬁ%gﬁﬁﬁjﬁémgiiII in the
art. 5[00267] [0DR&9]c oifpolrrdse @giencadoritin Gingoetistod tha praonraventionawill, of
therapeuticalh% effec%ive.annunt. EX "t hera eutﬁc?ﬂ%¥ effective anount" it
is meant an afBlin &Y S RGRR BRANITGF ™ (3580 PRLE (NI aSEL " E™hat ,  when

admi ni stered ah#@ageridficsiof tie@aRiciRt 4RAt aMdtiR niide atitiiotie@f adminRetitamethei ¢ agent
to a mmal, is effectiv$kt§>pr§vent or aneliqrat? the,diseﬁse condition or
the progressi RECEH BhEH; galthcmediga) condition, and weight of the recipient; the nature

and extent of the symptoms; the kind of concurrent treatment; the frequency of

25  treatment; the route of administration, the renal and hepatic function of the patient,
and the effect desired. A physician or veterinarian can determine and prescribe the
effective amount of the drug required to prevent, counter, or arrest the progress of the
disorder.

[00270] By way of general guidance, the daily oral dosage of each active

30  ingredient, when used for the indicated effects, will range between about 0.001 to
1000 mg/kg of body weight, or between about 0.01 to 100 mg/kg of body weight per
day, or alternatively, between about 1.0 to 20 mg/kg/day. Intravenously, the doses
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DOSAGE AND FORMULATI ON [ 00268] The conpounds of this disclosure can be
adm ni stered in such oral dosage forns as tablets, capsules (each of which
i ncl udes wosbaimedser el ease or tinmed rel ease fornul ati oneLI/yseétoss2280Wder s,
granules, elixirs, tinctures, suspensions, syrups, and 15enul sions. They
may al so be adm nistered in intravenous (bolus or infusion),

i ntraperitoneal, subcutaneous, or intramuscular form all using dosage
forms well knmrahge ﬁ&%@ou@fl t&mwﬁmgﬁzynhﬁmé @uﬁn@% oel@@ém&ﬁamsroal arts.
They can be adm ni Stered alone, but generally w be adm nistered with a
phar maceut i capomammdé of Bislieeniéen may bersnteisrsd of a m@e daibystope, poie ¢otelf

agm sty At Oy RN A ARAABES ! A aoBLATHE re 2 OF RIZASL, die. dosage
regi men for the conpoun resen invention w cours vary
dependi ng upohlkm@mmomamhoﬂschﬁwalasgﬁhéﬂmhanwangﬂmﬂmnsbﬂwhmﬂamﬂer|stics

of the partic ent  an node and [.0 t of adm n strati t he
speci es, g 8@ ‘%F@ﬁmmﬁgﬁﬁ@ﬁf Bt g g lﬁﬁ%“g WFﬁ alP’edpient;
the nature anetltemhtemy, e attine 1ﬁg/1ﬁmbmrﬁﬁa,y e hembsiisadledih dogROB10-2Mingt r eat ment ;
the frequency of 25treatnent; the rout f adnl istrati the re and
hepati c funct PHRINBIHY I ApT B 40 i 400 g adminerected ends il Aj&rlﬁﬁy%lyéi;‘%n or
veterinarian gaRec@ei@idh My 8O8UMhR&FIRRsd bra 26f he ality£dAR YR mIncé he drug
required to prevent, counter, or arrest the progress of the disorder.

[00270] By wa§aofAljeravely. huidixndercdinemanby fgﬂrramatlereé@s@@é% . &4 acti ve
30i ngredi gt , 1&6‘ o %ﬁ?@%d(ﬂl{; a@lrﬁﬁls'te'?éjf &tﬁ&%e@éﬁt@v‘?&% dayM range between about
0.001 to 1000 ny kg 0 y wel ght, or between abou 0 01 to 100 ng/ kg of
body wei ght péwlaﬁy Cmeahﬂepﬁ@muvemyml@mmmeénmabmutmlmemawlQmmwgvkg/day

I ntravenously nge hKg/im nute
duri ng a Cons%og Flll_sgtazgl%ltﬁ lejmtran% %)eh Ee(g od Vl?a t? cﬁrlglﬁ rﬁl\lt}[g n%lsné%tr'ﬂg lm

adm ni st er ed kkin patshesg%edadrhmscbmien tlmrfofnlnef 4 ednadereiall delivatp spgen, ml’a:y be
adm ni stered in d|%1 doses  of L s daily. In one
enbodi ment , t A¥*ET ‘%}métrraé‘londVd]éaPééo‘er P%OHéIB‘t“?‘\?éat %Sfaa@dwswt% bet ween 3 and

5600 ng eils hethradhbwtitsd ®kad roimen.dai |y or in divided doses admi nistered
twce daily. Alternatively, the active ingredient nay be adm nistered in

doses of 10- 260%¢ladidhsrutroupds %rwye@a%%qnymét@reﬂ@l %démmt? Wigh SARIRi st er ed

once daily. ALighidblive hﬁfuen{s h&cﬂﬁén'tsvgr dapgedbeRtivaRYefiRdad B et ered a dose
of 12.5 ng twce a day or nmg once a day. Alternatively, the active

i ngredi ent napmﬁ@wﬁﬁhvﬁpgﬂ@$bﬂﬂﬂﬂyﬁ&&@ﬂwﬁh@ﬂwmﬂoﬂ@OMGxﬁi@@ﬁﬂgbo and 600
g adm. ni st erg, (gﬂﬁls Q@J nglclg g£l t&b%tsc%ap%ulg P1x1¥ }é'/s]anm nﬂq\ of this
in “brm a

i nvention can stere i itrana ia toplcal use of
sui tabl e QﬂtramasahtwmmmnWeswndﬂmmmac@nmd$dEnqaI routes, using transderma

Ki t ches. t I
skin parches. e oo ALk Ry bifof G Mush Beb RIOE TP S W e
t han internith@ﬁ%dﬁ@kbm@&ghﬂuhtkhSmHm&ﬁ@ﬁhﬁ@g@hﬁ&lukﬁﬂﬁﬁﬁmmﬁhamﬂpnpounds

are typically admnistered.in adm xture with suit ha eutica
di luents, excPEref 155 NS CaETigT Syedas 14CkAsF- SEEY; THSTSpC-r @%ep o B LeHERS 0 as

phar maceut i cahlag@ersruhfasrt@}ate% mcfa@hlwprfo@ﬁmeet @Qc1u&h%hlfdt@mgﬁolts@rmﬁaﬁaﬂdnﬁ@nded
formof adminisfration, that is, oral tablets, capsules, elixirs, rups

and the ||2§<e lilsgs dorzuyel gfiaindsuiarien iilhariddemy dirt ra e GORRORISEE| @a<|>mlan tices.
[ 00273] For %ﬂ'&l\f??orgf Qbn-Rx piH %&hﬁéahg%écggt n%l@ ﬂ&%a{rf&[}éﬂ&% @th{rf%pl et or

capsul e, the acti COpr nent can i ned an ora non-t oxi C,
phar maceut i caklygeralcwetot. ahd e likneWoreomrr W dssicdd cagedegtatyo setablstbardets,

sucrose, gl UC %?1%&?’%1{3% elg?a%ném %?s dn%ﬂ)rP%% %’%}tssc%ﬁ glrsgl heg incgljp&%leﬁ iiﬁ'{gﬂthe

phosphat e, |un1$u sor
m1xture. Suitable binders 1nclude starch, gelatin, natural sugars such as glucose or

30  beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth,
or sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes, and the like.

Lubricants used in these dosage forms include sodium oleate, sodium stearate,
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25l i ke; for oral admnistration in liquid form the oral drug conmponents
can be conbined with any oral, non-toxic, pharnaceutically acceptable inert
carrier swohlomm4edthanol, glycerol, water, and the |ike. piEbrisevens22ehen
desired or necessary, suitable binders, lubricants, disintegrating agents,
and coloring agents can also be incorporated into the mxture. Suitable

bi nders include starch, gelatin, natural sugars such as glucose or 30

bet a- 1 act ose, nﬁ@ﬁe’é‘mﬁlv‘&é%?aﬁ@%&ﬁum@@ﬁ%ﬁt@'soéﬁﬂl a%w{ehﬁhluﬁh &H%Fﬁieséhghh@lﬁceacac' a,
tragacanth, or Sodium al ?I nate, carboxynet % I'cel | ul ose, pol yet hyl ene

gl ycol , waxelesem@gr%th@ ingluls, withgtyt ll@amog, tiareld mpathyil h@bléosa@garg nteitas i ncl ude
sodi um ol eat e, %&aetﬂ Late, nagnesium stearate, sodium benzoate, sodium
acet ate, sodi um or|’ nd the Iike. Disint egrators include, wthout
limtation, s{M2¢4], iTbt bgrhpoanedlsl qfltlaazeesemtga‘remidnewmwsiotbe,admml'mltdn@minglum and the

i ke. [00274] .The .co e pr ent nt| n ca

i i st er bd. FHTRADEROE A BeRY 1 Tere yolrY B M Fei a s 1

uni | anel | ar V&ﬁllaﬁiﬂeﬂiSr,Veklal’eg%ndlﬁiultﬁifﬂéllaﬁf/esiéﬁsI Lipesomearaﬁh bafotrhddoiaah b ar

vesi cl es. Li posones an be for‘ﬁ m a vari et hoI i ds, such as

chol esterol , ¥t¥&9f ehRselpigs, B L6V RIS, Or[pg@f@ HidyeBolistinds o
the present ipems|i oCoRBYurdk LB Brec @ Rivetionntdy a%@'b@@btgol&ﬂbmﬁlés
targetable drug carriers. Such polymers can include

pol yvi nyl pyr r Bblyeersas tapsetahle %@ﬂmr Such polymers can include

b T S
Furt her nor e, pﬁehmmgmmldwadamtdh@epsole@ewﬂyethyinemmwporlndysmresubmlpbcéd to a
class of bi Od\e)vgtpgdlml%tlo?l lgsm e[sreﬁurt usefrlé”t el:gqn?pcm p%e%g;[ltrlr(?\lfe:n’?gn rlilg}lf ease of a
drug, for exanp T acid, ic aC|

pol yl actic 15&acbu|pn:ldycgh ylagldf bmaegrddabpcplommss useful maapme'{uagt@mellecpmleyskeydr oxy

pol ycyanoacyl A ELHEdRTaPEEa YRR e B R AL YOERCRpBIAEES of

hydr ogel s 15[ OQZinkdlydReoagerid, ?bmeps(upﬂadpm@@@ﬁel fAVhyaRXp Osiykic @flg) suitable for
adm nistration may contain fromabout 1 mll |gram to about 100 m I I i grans

of active |ngP@M?@W@Stﬁérpobﬁ%%lé@’QIYGWD’E‘YOPWH“% Reyeaperay e ent proalink

conposi tions B%Maltﬁ{@blbaggo%g]y%;sdﬁh J[ro idinarily be present in an anount
of about 0.5-95% by wei ght baséd on t otal weight of the conposition.
[00277] Gel at {0028@ps Doesse dayns é@wﬁaacnuttqabcoampslvénso ﬁgfra@mf@mdrr@mﬁrap@v\der ed
carriers, suc t

ctearate, of oy soBRAGe NAF R SRR ARIUR dokbRe REAIERT, |
make conpReéssddsagainlietls theBopharmabhtahbcompdsicapsbd aswemlgrekiennmhhjf actured as

custalned 1o o RRHELE 1 P BAH PEub oSO YRR £ O

coated to naskeifiyoluRpdop@setbn.t aste and protect the tabl et fromthe

at mosphere, or enteric coated for selective. disi Cijrﬂgaél on |n t he
gastrointesti 7l a el 3“9611%961237%‘]*3’ EGUgR ﬁ‘e&%Véd‘égr? ¥ RV dsredjcarriers,

admi ni strati ofuchal 14N, dafthCRUIRILNEEridl ol IRt stEaQatb NedaRaadd Rall kent
acceptance. WO 2011/046916PCT/ US2010/ 052288 [00279] I n general ,” water, a
sui tabl e &fl, lisy| imdar dyaetseps byaied to seake gorppresed tab ﬁd&o&utalﬂ@taa@djgar

sol uti ons and WEQLS b%%ﬂuﬁ&uﬁ?gpéqsﬁﬂfédgélé’agg ro&!{ctsot% &A&Yf&e&%ﬁﬂo\ﬁgo' S are
sui tabl e carrl rs tor parenteral solutions l'ution for parenteral

adni ni st rat i orelamsgyofguntication evenapenodsdhais.eCempressod tablees caw be weai evgreddi ent
sui tabl e stabl |z D if essar uf f bst ances.
Ant i oxi di zi ng a%e %Ogteggc]ﬁlgﬁ(an ﬁ[igeasa ttasﬁ%ﬁ CXéCtBl tal}%tgl?f%ftﬁ% e, or ascorbic
acid, either afnosgheor, ocondvicreated o gelsdtive dbin&:gﬂi’tlablﬂ thz pasgomgetiias tracdl so used

are citri gO ac '[Oq)Z%]d Eq?n olsétlgse fgrrrllgs orO oq!cllua mllznl?;l‘;étlorll cnanac%gtla;[nl copormg and

flavoring to increase patient acceptance.
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parenteral solutions can contain preservatives, such as benzal koni um
chloride, nethyl- or propyl-paraben, and chl orobutanol. 10[ 00280] Sui t abl e
phar macewocal1/m@eqisi ers are described in Rem ngton 's Plrarrmse@otosr2as

Sci ences, Mack Publishing Conpany, a standard reference text in this field.
[ 00281] Representative useful pharmaceutical dosage-forns for

adm ni stration of the conmpounds of this invention can be illustrated as
follows: 15 Copswdies ] é&@é@ha&r,'aﬁ;ﬁﬂ@ol@&mﬁﬁhe?ﬁ ubllfs e HARS lﬁ%séj%dbe_
prepared by filling standard two-piece hard gelatin capsul es each with 100

mlligrans of rqsethagedolitipnseadighgele dicrs propgGnagly¢dl gr patrctivflencgbicolse, 50
mlligranms of 1 ul ose. 11 dar. } . ft

Gel at | Capsul Se PsgaG e-oepRplel PR, PRAREE L PP BhihG R ) ¢ o1
such as soybeany oditgin e otatoo Raeldel sadi df tioracold meredicht, sratablb etapiliejpg rgohtsand

injected by nmeans of a ppsitive 25di .acenent into gelatin to form
sof t gel atin BARLOFcEETRp R SHRET00 AT GPAASTHY S hE PR Ig, oci ent
The capsul es sdiowh sulhe, wastuesic asid cithéredbne Tabdmtised S028idblckadbliRig may be
prepared by conventi onal grro,cedur. S SO that tgdg dosage 30uni.t is 100
mlligrans of 2&AH: vBSY G HaCEnt acigand iiyspity agf spvB 04y 1188 | i con

di oxide, 5 m bit@E@®IAonBAREShMPEESRNRE BuclPehkDeMallohBhAd®orRt,

m crocrystalline cellulose, 11 mlligrans of starch and 98.8 mlligranms of

| act ose. Appr Bstiyhtoepwedtnarrpsn.rag cerchpprdled to increase pal atability or
del ay absggpt L@ESO]! ”Bﬁﬁéb?égdhﬁréicglg?cﬁanﬁrspﬁé G%Eﬁﬁél!in ‘RQME&%‘n“ on suitable for

admnistratio y injection my be prepared by stirring g%by wei ght of
acti ve i ngr ediPeartnacevtit@%yclyycas oVaske®ybligpyd €erepagly yecstdndanddefamner textTimehisol ut i on
shoul d be mad%elidsot onic with sodiumchloride and sterilized. 10Suspension
[ 00286] An aqueous suspension can be prepared for oral adm nistration so
that each 5 n0oesnt aRepréQitatige defull phehycedtisal dedga iy r adgingthisiof 200 ng

of sodi um car tﬁox met k}él ﬁpﬁl l.ul ose, 5bﬁﬁl of s difurln benzoate, 1.0 g of
sorbitol sol utiSSHMPRyTEs pf thisdpyenioness b fllugratgday Piew: 15
15
Capsules
[00282] A large number of unit capsules can be prepared by filling standard two-
piece hard gelatin capsules each with 100 milligrams of powdered active ingredient,
150 milligrams of lactose, 50 milligrams of cellulose, and 6 milligrams magnesium

20  stearate.

Soft Gelatin Capsules

[00283] A mixture of active ingredient in a digestible oil such as soybean oil,

cottonseed oil or olive oil may be prepared and injected by means of a positive
25  displacement pump into gelatin to form soft gelatin capsules containing 100

milligrams of the active ingredient. The capsules should be washed and dried.

Tablets
[00284] Tablets may be prepared by conventional procedures so that the dosage
30 unitis 100 milligrams of active ingredient, 0.2 milligrams of colloidal silicon dioxide,

5 milligrams of magnesium stearate, 275 milligrams of microcrystalline cellulose, 11
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[ 00287] Where the conpounds of this invention are conbined with other

anti coagul ant agents, for exanple, a daily dosage may be about 0.1 to 100
m | |i gramwoabitdaedieonpound of Fornula | and about 1 to PCE/uUs2eliogr288rs Of

t he second anti coagul ant, per kil ogram of patient body weight. For a tablet
dosage form the 20 conpounds of this invention generally may be present in
an anount of about 5 to 10 mlligrans per dosage unit, and the second

ant i - coagul anty;ji;Brafil AR hnPIR ERAKErarhs bPladtodd lAptpat ARR cBfMmodRgABE UNi L.

[ 00288] Where two or nore of the foregoing second t erapeuﬁlc agents are
admi ni st er ed hmﬂhdﬁhem@@ﬁp@m@mMMOWMbWéMQHﬁWES general |y the anount of
each 25conponent in a typical daily dosage and typical dosage form nay be
reduced relative to the usual dosage of the agent when adm ni stered al one,
in view of théjadkdble i ve or synergistic effect of the therapeutic agents

when adm ni st n conbln tion. r rOV|ded as a
i ngl o dosige AR "Bl PR b its GF e kbR MR EY 6 bot ween
t he conbi ned pepm@by agriedi . snths. wdight of &utise m@agnt in30%¥yenhiniepregnaeund of

t he exanples a econd the agent .are . conbined in a single dosage
unit they ar eg%? Ho¥ 560 Sirchl H‘é%iloﬁfdtbﬁd’ﬂ?élﬁ iyofpicarih Bl%ﬁ%&t@éﬂts are
conbi ned i n agghmahe dosage unit, the physical contact between the active
ingredients is mnimzed (that is, reduced). For exanple, one active

i ngredient may be enteric coated. By enteric coating one of the active

i ngredi entg, khpbsi@essible not only to mnimze the contact between the
conbi ned active |ngred|ents but also, it is possible to control the

rel ease of onéMBSQthé@@qmﬁmpmmeﬂﬁwnpmlWﬁ@m@asﬂbOWht%mnmﬂaﬁmnseﬁmtsuch t hat
ol cased it RS eEerTaed® By BT AR RE s gl SR b hTSo be
coated w t h acaradghicdlyl ydiiumle efrﬁ@@itsedmmsheﬁztoatenedgroéhcﬁaﬁcﬂ st)lhmm,l@l‘ﬂmt t he
gastrointestin%{ @%gc% fndlglso serves to mnim ze physical contact between
the conbined &49Ve PhoF¥di'Bhts. Furthermore, the sustai ned-rel eased
conponent jgan be additionally enteric coated such that the rel ease 100f
this conponent occurs onlx inthe intestine, Still another approach would

i nvol ve the fH1038Tlat Posredhe sorermpisitthin v pitioa dexcomRingA et othseé one conponent
is coated W thyRosHsnfhREN, ﬁpglaﬁ{plee%ﬁw (fosa[%ln%% aBOlYTRE 10@REHIiERARS O her
conmponent is also coated with a polymer such as a | ow viscosity grade of
hydroxypropylOﬁ@@hvmeehﬁgfﬁgembﬂpwtﬁxmtléthéﬁmé@@mepfmeﬁemnéter|als as
known in the a onents. The
pol yrmer coatlﬁgcgau@gg gﬁg?%rntaﬁﬁaﬁgbﬁﬁgﬁgghbggﬁ%%?w?&)| ﬁg%gc ion with

t he ot her 2¢ onpemngnnds c[f()ﬁ%ﬂ]:nt'bh@,emerasrmatbe rassenttimen amayns oHdbont hiorti0z i ng

cont act betmee .t he conponent conbi ;9 oducts of t

Cventi on. - whBUHEATS AR e Bedp Bl A R g Bl R PPt B & or e i n
separate fornsnbm@n@ﬁ;kh&maﬁnmntlne by the 20sane manner, will be readily

apparent to those skilled in the art, once arned with the present
di scl osure. [ 0§28 Xﬁttrther?amoyeoéléer@éﬁgﬁm&éﬁsﬁagﬂlagapet@ége%ﬂehere. n may be

useful as net ahighistas Wikh @ BSEpRAIBPUP EEmplREFREQIIE thelahoRROresdROdI ment
conpounds may be useful either as a substantially pure coqyound whi ch may
al so t hen2pe FWB’@I‘I%.F Bapical daily dosage and typical dosage form may be reduced relative

to the usual dosage of the agent when administered alone, in view of the additive or
synergistic effect of the therapeutic agents when administered in combination.
[00289] Particularly when provided as a single dosage unit, the potential exists for
a chemical interaction between the combined active ingredients. For this reason,

30  when the compound of the examples and a second therapeutic agent are combined in a
single dosage unit they are formulated such that although the active ingredients are

combined in a single dosage unit, the physical contact between the active ingredients
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25into a pharmaceutical conposition, or may be useful as netabolite which
Is generated after adm nistration of the prodrug of that conmpound. In one
enbodi mrernwo 2a110@pgaeund nay be useful as a netabolite byPpogiusgowssfes for
treating disorders as described herein. [ 00292] "Substantially pure" as
used herein is intended to include a conmpound 30having a purity greater

t han about 90 wei ght percent, including about 90, 91, 92, 93, 94, 95, 96,

97, 98, 99, anGnihRHzREHREEALredld0P 3} efpRNEnEXATPInEredRIGRIPRUA ! SCI 0sed
herein may be substantially pure in having a purity greater than about 90

percent (by wedagtk By antreie g0athig onesfhmiatige Ingealioniyai isalostikle 10 gpbrieent  of
material conp irﬁﬁl?ze%éqc%htagpgegye%h 'tﬁe%oﬂlfbinteggctﬁf.g%é&? ts B‘ut%'isg,dili ngogsfiblé he.
conpound, and/or reaction and/or processing | ritiées arrsing fromb5its
preparation. [d®284]th sleasugioye ofitbiere componodiif the géstomsesamd trectsi@tthgns of

the present invention are possible . in lLight of +t ove teachipgs. It is
ther ot ore o DI Qrbeer sThabiRBmticientte it A lopbPEr AR als A RIS af 1o,

t he i nventi onini@&yindde Ope aftht aatlcdidratinitsSaayt 4183 bea®asd aith fainddrlaywiliebcr i bed
herein. WHAT | S CLAIMED | S: 1A coppound havi ng. t he fornPIa: - = NH -7(
Sor a salt thglfeesya sustained-release thro ﬂ@tﬁwa%}mﬂe paldiagh apd plspgyesite g

crystalline fafifin$RipHyGQMBQkRdbetween the combine'é-acﬂ'\l‘behﬁgréaﬁﬁ@ riheri s, meof ¢l aim
2, wherein the ctysta¥llne forn1congr|ses 10 the 1 Form
sustained-released component can

¢ additionally enteric coated such that the release

10 of this component occurs only in the intestine. Still another approach would involve
the formulation of a combination product in which the one component is coated with
a sustained and/or enteric release polymer, and the other component is also coated
with a polymer such as a low viscosity grade of hydroxypropyl methylcellulose
(HPMC) or other appropriate materials as known in the art, in order to further

15  separate the active components. The polymer coating serves to form an additional
barrier to interaction with the other component.
[00290] These as well as other ways of minimizing contact between the
components of combination products of the present invention, whether administered
in a single dosage form or administered in separate forms but at the same time by the

20  same manner, will be readily apparent to those skilled in the art, once armed with the
present disclosure.
[00291] Additionally, certain compounds disclosed herein may be useful as
metabolites of other compounds. Therefore, in one embodiment, compounds may be
useful either as a substantially pure compound, which may also then be incorporated

25  into a pharmaceutical composition, or may be useful as metabolite which is generated
after administration of the prodrug of that compound. In one embodiment, a
compound may be useful as a metabolite by being useful for treating disorders as
described herein.
[00292] “Substantially pure” as used herein is intended to include a compound

30  having a purity greater than about 90 weight percent, including about 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, and 100 percent.
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4. The crystalline formaccording of claim3, wherein said FormN1 is in
substantially pure form 155.The crystalline formof claim3, wherein the
N1 For mwe 20hzenaberi zed by unit cell paranmeters subst aomitaskég/osnzsal to
the followng: Cell dinensions: a = 7.3085(6) b= 16.257(1) 20c = 22.688(2)

= 90 13 = 90 7 = 90 Space group P212121 Mol ecules/unit cell (2): 1
Density, calc g-cm3: 1.194 wherein said crystal is at a tenperature of
about -70 C. ﬁ)0§95|]_heA§ro}{és&@thlplengc$r9;%dﬁh§-§15g@§e'dr111@félﬂ rﬁafﬁ@s‘uﬂété’mﬁ% ure
characterized by a powder x-ra raction pattern substantlaP in
accordance w tthhayhata pyHbvgicater ﬂﬁnglb@\é 99 percomt (hm‘éelghtyﬂlﬁrdthweﬁﬁfamrrﬁ lass defi ned
in claim3 wh orinmetry
t her nogr am suE%Fan@tg(Pﬁ&gﬁq%gg%égr 2%%@18% {)t{'l}grrﬁ&%%%kovm Inh@%@fg 2, having
an endot herm proﬂn@nﬁtﬁeicomp@bndy&%urea@@@ 4@d/or processing imffurgics arysitgafrdrn ne f or m
as defined.in.claim3 which is characterized by a 15thermal gravimetric
anal ysi's curv& PEPURESr dance with that shown in Figure 3. 9. A

phar maceut i cal002g41p0®ibtioadly, GaRRAuS nddificiténe eniariatorfof thle ptddtnt invention
are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention may be practiced otherwise

that as specifically described herein.
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10. The pharnaceutical conposition of claim9 further conprising a
20pharmaceutically acceptable carrier. 11. The pharnaceutica

conposi t iwo 20f1/@baicm 9 further conprising at | east one a&duiuscanmb2288

t herapeutic agent. 2512. A nethod of nodul ating CCR-2 and CCR-5 receptor
activity conprising admnistering to a patient in need thereof a
therapeutically effective amunt of the conmpound of claim1. 13. A nethod of
treating a di sgigelis cEaMiEbgknNg administering to a patient 30in need
thereof a therapeutically effective anount of the conpound of claiml1, said
the disorder is selected fromdi abetes, obesity, netabolic syndrone,

stroke, neuropathig pab@gng&ﬁH&EL%uﬁﬁéﬁ%&ﬂ%?pathy’ psoriasis, hypertension,
IS, e

scl eroderma, osteoarthri aneurism ver, cardi ovascul ar di sease,
Crohn's di sease, congestive heart failure, oi nune di seases,

H V-infection, H V-associated denentia, psorjiasis, idiopathic pul nonary
fibrosis, transplant arteriosclerosis, phyg¥tally- or chem cally-induced

brain trauma, inflamuatory bowel disease, q]J olitis, colitis, bsystenmc

| upus eryt hemat osus, nephrotoxic serun1ﬁﬁ¢%¥i N S, gl onerul onephritis,
asthma, nultiple sclerosis, atherosclefosi §4asculitis, vulnerable

pl agues, rheumatoid arthritis, restenosis, venous neointimal hyperplasia,
di al ysi s-graft neointimal hyperpl asi Ot eri o-venous shunt inti nal
hyper pl asi a, organ transpl antati on, cgronic al | ograft nephropat hy, cancer,

venous neointinal hyperplasia, dialysts-g} 10neoi nti mal hyperpl asia, and
arterio-venous shunt neointi nal hypsi . 14. A process for preparing a

conpound of formula I, or a salt formthereof: NHRL 15conpri si ng:
1) converting a hydrazone conmpound ofgformula I-cc to a conpound of formula
| - bb; and

5 orasalt thereof.
2. The compound of claim 1 that is a crystalline form said compound.

3. The crystalline form of claim 2, wherein the crystalline form comprises

10  the N-1 Form.

4. The crystalline form according of claim 3, wherein said Form N-1 is in

substantially pure form.

15 5. The crystalline form of claim 3, wherein the N-1 Form is characterized
by unit cell parameters substantially equal to the following:
Cell dimensions:
a=7.3085(6)
b=16.257(1)
20 c=22.688(2)
a® =90
B° =90
v° =90
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2) coupling the conpound of formula I-bb with a conpound of fornula Iaa;
wherein: 20Rl is independently hydrogen or an am ne-protecting group

sel ect ed woamia4easbobenzyl oxy group, a tert-butyl oxycarbongkoioms2288

fl uor enyl nmet hyl oxycar bonyl group, a benzyl group, and a p-net hoxybenzyl
group; R8 and R9 are independently hydrogen or G _6al kyl; R21 is =0;

HET is an optionally substituted 3- to 14-nenbered heterocyclo or

het eroaryl bicycli a@é@gmpq)}é% )¢, at | east one nitrogen heteroatom and 5LG
is -OR16, wherein R16 Ts al kyl, phenyl, a 5- to 7-nenbered heteroaryl
hayi ng one or nor eMalcowtes/wel et (8l FromN S, or 0, or a 3- to 7- menbered

cycloal kyl, all ofp r&npPPt aIIy substituted with 1 to 3 groups
sel ected from hal oggeﬁr%h?%?—%gcng L I kyl. 1015. A process for preparing

N- 1R, 2S, 5R) - Sh¢earshidintsyel @nit n@mpRrafurSE Bout -70 °C.

(7-tert-butyl pyrazolo[1,5-a][1,3,5]triazin-4-ylam no)-2-oxopyrrolidin-1-
y1l) cycl ohexyl ) acet am de conprising the process set forth in the follow ng
schene: 0 H2N ANHNHIcAe/SNHine $8&mGs dofinkd,ih ¢him 3 bk dhaitiSrikddby o Me0) 3CH
AcOH, 70 C 1 1, POCI&«: DVAP, DI EA 2. PhOH,

powder x-ray diffraction pattern substantially in accordance with that shown in Figure

L.

10 7. The crystalline form as defined in claim 3 which is characterized by a
differential scanning calorimetry thermogram substantially in accordance with that

shown in Figure 2, having an endothermic transition above ca. 205 °C.

8. The crystalline form as defined in claim 3 which is characterized by a

15  thermal gravimetric analysis curve in accordance with that shown in Figure 3.
9. A pharmaceutical composition comprising the compound of claim 1.

10. The pharmaceutical composition of claim 9 further comprising a

20  pharmaceutically acceptable carrier.

11. The pharmaceutical composition of claim 9 further comprising at least

one additional therapeutic agent.

25 12. A method of modulating CCR-2 and CCR-5 receptor activity
comprising administering to a patient in need thereof a therapeutically effective

amount of the compound of claim 1.

13. A method of treating a disorder, comprising administering to a patient
30  in need thereof a therapeutically effective amount of the compound of claim 1, said
the disorder is selected from diabetes, obesity, metabolic syndrome, stroke,

neuropathic pain, ischemic cardiomyopathy, psoriasis, hypertension, scleroderma,

-95._



1516. A conpound haying the formula: _ -7(rTi-H or a salt thereof

WO 2011/046916 PCT/US2010/052288

osteoarthritis, ancurism, fever, cardiovascular disease, Crohn’s disease, congestive
heart failure, autoimmune diseases, HIV-infection, HIV-associated dementia,
psoriasis, idiopathic pulmonary fibrosis, transplant arteriosclerosis, physically- or
chemically-induced brain trauma, inflammatory bowel disecase, alveolitis, colitis,

S5 systemic lupus erythematosus, nephrotoxic serum nephritis, glomerulonephritis,
asthma, multiple sclerosis, atherosclerosis, vasculitis, vulnerable plaques, rheumatoid
arthritis, restenosis, venous neointimal hyperplasia, dialysis-graft neointimal
hyperplasia, arterio-venous shunt intimal hyperplasia, organ transplantation, chronic
allograft nephropathy, cancer, venous neointimal hyperplasia, dialysis-graft

10  neointimal hyperplasia, and arterio-venous shunt neointimal hyperplasia.

14. A process for preparing a compound of formula I, or a salt form

thereof:
NHR!
N o
= H CH
aw 3 R1
O \g/ \N‘@
N
7 TN RQp9 N (o]
R R = H
l-aa ~ \\\\N\H/CHa
R oR
l-ce I-bb 8"~ pRo
|
15  comprising:
1) converting a hydrazone compound of formula I-cc to a compound of
formula I-bb; and
2) coupling the compound of formula I-bb with a compound of formula I-
aa; wherein:
20 R; is independently hydrogen or an amine-protecting group selected

from a carbobenzyloxy group, a tert-butyloxycarbonyl, a

fluorenylmethyloxycarbonyl group, a benzyl group, and a p-methoxybenzyl

group;
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Rs and Ry are independently hydrogen or Ci.salkyl;

R,y 18 =0;

HET is an optionally substituted 3- to 14-membered heterocyclo or
heteroaryl bicyclic ring having at least one nitrogen heteroatom; and

5 LG is -ORyg, wherein Ry is Cysalkyl, phenyl, a 5- to 7-membered

heteroaryl having one or more atoms selected from N, S, or O, ora 3-to 7-
membered cycloalkyl, all of which are optionally substituted with 1 to 3
groups selected from halogen, CF; or Cy_galkyl.

10 15. A process for preparing N-((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-
(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-

yl)cyclohexyl)acetamide comprising the process set forth in the following scheme:

Q O O

O Ho,N” “NHNH, )LN (MeO);CH J\ N

~N -
NC _ HN" \>_é H"L NN
AcONa, 50 °C NG AcOH, 70 °C NN

‘ 1. POCl;, DMAP, DIEA

2. PhOH, DIEA

N’l/ acidic workup, then oPh
, 7.5% K2HPO4 )\
"IN .
ﬁ >’N/ \ k\ Sy
R O
/R‘}NHZ

15 16. A compound having the formula:
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or a salt thereof.
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