N-((IR,2S,5R)-5-( TER T-B UTYLAMINO)-24(S)-3 -(7- TERT-
BUTYLPYRAZOLO[1,5-A][1,3,51TRIAZIN-4-YLAMINO)-2-0XOPYRROLIDIN-
1-YL)CYCLYARXYIIATETAMIDE, A DUAL MODULATOR OF CHEMOKINERECHPIDRACTIVITY,
CRYSTALLINE FORMS AND PROCESSES 5 BACKGROUND OF THE INENTION FIELD OF THE
INVENTION [0001]The present invention provides N-(OR,2S,5R)-5-(tert-butylamino)-2-(3)- 103

-(7-tert-butylpyrazolo [1,5-a] [1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- ypcyclohexypacetamide, or a
pharmacedutically acceptable st Rsbhdte- ot Br8drbY thered. ?n@%réﬂfé@t%ﬁ desirable dual
activity. Cryﬁtallin@@WQMME@?HBimgmi@manmt@nmmm@ﬁmpmmbpmositiOns
containing the same t Si ea t reat i atory
diseases, 15a|Iergﬁc%%?%%&QQ@%@%@%t‘%ﬁ?/%iﬁé%@%iﬁg%ﬁégg@ IS6 an
objective of this inventidRETBRTIOR seOT VST sGRYAISA IprdVit EO RNIRoaBES HRIOGIERSIEIIg compounds of
Formula (1), including N-41R,2S,5R)-5-(tert-butylamino)-2-
((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1lyecyclohexyl)acetamide:
coNyRiO RR9 0 20 wherein RI, R8, RBAGK&rRIAkEGS e SEHHBIEREFEMN 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. DESCRIPTION OF THE
RELATED ART FIELD OF THE INVENTION

[0001] The present invention provides N-((1R,2S,5R)-5-(fert-butylamino)-2-((S)-

10 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,
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.



100021Chemokines are chemotactic cytokines, of molecular weight 6-15 kDa, that are released by a
wide variety of cells to attract and activate, among other cell types, macrophages, T and B
lymphocyte3Y@a8id@dhilks, basophils and neutrophils 5(reviewed in: Charo RGI/URRWEFRFSS1. Med.,
354:610-621 (2006); Luster, New Eng. J. Med., 338:436-445 (1998); and Rollins, Blood, 90:909-928
(1997)). There are two major classes of chemokines, CXC and CC, depending on whether the first two
cysteines in the amino acid sequence are separated by a single amino acid (CXC) or are adjacent

(CC). The CXC chemokines, such a®fneRelikifN QE -8R ELOFHR ddctivating protein-2 (NAP-2)
and melanoma greouti2 ptimuieik ek iy dretetactlY S oAl rEe Shemetastic fasimarily ifpa neutrophils
and T lymphocytes, whereas the CC chemokines, sych as RANTES, MIP-la, MI-1, the monocyte
chermotactc protelie HICHEE ChR 3 R SY Fep s A &5 S A SAAIRE and 2) are
chemotactic for, amengneitrepleedttypesd Magighloages, cosiyimpliledyiemhliseos imaphipdildendritic cells,
and basophils, There.also, exist the ch kines Iym&h tactin:1, | ctin-2 (both C. chemokines),
and fractalkinSE:- (a %%5?&, ecochltg,'lmo %Oei%t??gtw 0 r%tg’fall |net§’§1 ége@rilgfét/#;%%%}j fféﬁsé%ﬁ%’o We%nlfbfamilies.

[0003]The chemoKindelhintB 3 §pdifit 908 N- sudfBolinecBivtats)BORKN YTy 1%Ne fahsily 2 two

G-protein-coupled,seyenztiauemambsRngsdesimpioteinsfrauewad gD HoRk: hwends Phann. Sct.,
15:159-165 (1994)) which are termed "chemokine receptors.” On binding their cognate ligands,

chemokine receptofdsiafidadiecainnacid sRavsPeSgrat triaEH tre sleehciiy a5dH&E proteins,
resulting in, amongOiiRCERSETSERATRPIAHNGIRARS, iLiNERcekUaLGRUNMGONGRRIFAIoN, changes in

cell shape, i (6reased expressian of Iijuhira hesion molecules, degranulatian, and 25promotion of
cel migrationOThafe A SIS ra Ml hETRIAE AR R B PR to c
chemokines with iGSHowinglehanacterfstioapditénns{nevigle dnic 7 lptmkietyals, Whentagitlys
12:121(2000)): CCR- "CKR-1"or "CCs -1 IR:1u, P- P- S] (Ben-Barruch
et al., Cell, 72:415" 2%%{35%%%#13%%%9 ﬁeﬁ\% é/[r%l\{l‘?’l\l/\l/é%f,I%%%?%g%%%e(%%@%% R-2A and
CCR-2B (or 30 "CKRepA' MSRRL2BC B2y MEIE KRR @ELEKR-DBMI MerRiaximcR-mdMOP-3, MCP-4,

MCP-5] (Charo et (REaGtiR! fACARb G en '%?%%@Z&ﬁ%é@%}ﬁ&%&%@?@ New Eng. .1.
Med., 338:436-445 (1998)£7CCR-3 (or "CKR-3" or "CC-CKR-_ 3") [eotaxin-1, eqtaxin-2, RANTES,

MCP-3, MCP] (Exsabiierdeatiiticretliopnd Ratpphdyo s roalse 6264 e SH8YKMFT uster, New Eng. J.
Med., 338:436-445(A98)ik CRafiastatit R-totr (Coehdiiid’) ARG aMRE](BRVeEr et al., J Biol.

Chem., 270:19495-19500 (1995), and Luster, New . J. Med., 338:436-445.5 (1998)); CCR-5 (or
KR O “CC RRMIE 13 TR AR B 110 RS R S HBIN Sy, ab3362.336 7
(1996)): CCR-6 (Gi00CKR-6Tbe EBOKR6EHj{L ARG (Bata ataracd. rBigh@Hern 37210 4893-14898

(1997)); CCR-7 (%;j&gFéfﬁj.&rojtj&&a&}éféaﬁg H%L% QRfE eet.(?clma?inlp b*dé%%(ll%'b%wé?ﬁ??""ﬁ““
(1997)); CCR-8 (or "CKR-8" or "CC-CKR-8") [1-309] (Napolitano et al., J. 10 Immunot , 157:2759-2763
(1996)); CCRO10 (Berukkirerds BraracSak K109 IRAC ELDMdrcB piBsHirideidicnkiacCell Biol.,

16:1249-1256 (L9Q75a0% Bt dodMPr 2 ARIMEBHe(RebHgicla flceland. Biol. Chem.,
275:9550 (2000)).

intracellular signal though the associated trimeric G proteins, resulting in, among
other responses, a rapid increase in intracellular calcium concentration, changes in
cell shape, increased expression of cellular adhesion molecules, degranulation, and

25  promotion of cell migration. There are at least ten human chemokine receptors that
bind or respond to CC chemokines with the following characteristic patterns(reviewed
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.



100041In addition to the mammalian chemokine receptors, mammalian cytomegaloviruses,
herpesviruses and poxviruses have been shown to express, in 15infected cells, proteins with the
binding prop¥tidy B4t9denokine receptors (reviewed in: Wells et al., Cum GE/NUSPIEH12288741-748
(1997)). Human CC chemokines, such as RANTES and MCP-3, can cause rapid mobilization of
calcium via these virally encoded receptors. Receptor expression may be permissive for infection by
allowing for the subversion of normal immune system surveillance and response to 20infection.
Additionally, human dreAtdkihe B EptoldA a¥EXSRICT HRCpmbedieraei@bR-5i8hd CCR-8, can
act as co-receptorsion. thainfestionabmasymatian cglis: bysmisrebgsas Wit 496 example, the human
immunodeficiency viruses (HIV), [0005]The chemokines ; eir receptors have been
implicated as bein(délﬁt@ar %’ﬁwé&ia‘?&%’gf %Iaﬁ%ﬁ%ﬂ%&%&@ﬂgﬁg éﬁﬂ%ﬂ%%‘gﬁgﬁﬁy disorders
and 25diseases, idgkdiity@asthom 1 @300allotgy; diddases; awslkas aetdisdRde-péihologies, such as
rheumatoid arghritj multiple s isy-and. t@g& i € %{gg athergsglerosis and
diabetes (reviézwegl|g'r?:%%’rrg§gi egtegﬁrc‘l‘gg%%Eﬁglg \;8 Isfe . %i@%ﬁ?gl (')%?S ’élifg,q;ﬁetal., Chem. Rev,
103:3733 (2003); Cameen Pt pl.; Bachemysiiy . Gharn 281807 6390 X200 TuivediRt0dIorARk:- Reports Med.
Chem., 35:191 (20QQ): 39 HanReeIBalak: RIudMiscelonay #18Q06L999); Presmack efah ,émature

Medicine, 2:1174(1996)). o[‘examg)le,’ghe chemokine monocl)ége chemoattractant-1 (MCP-1) and its
receptor CC ChembKiRe/ R¥c&tor BRECRED Jiayralifvdtd rbrecittattBieling? ket tes to sites of
inflammation and imgsabsequestiyracizrtngthese crlis s Wherthendpemeking MCP-1 binds to CCR-2,

chesion maeulle G e GRStk of IERbe e o o RS oot o Hipbrance of he
MCP- 51/CCR-2 intéf&tidh( Basibesal provit €& /bgiekpkrilAdmfitH gsheticdl g GRobIfdHMice. MCP-1
-- mice were unahlq fegecryly WE};}E@Q&%@%?&W&%J”.'%‘?3?‘6’99{? ai%%%@o_ﬂ}f{erem types of

immune challenge (Lu, B. et al., J. EX ., 187:601’(1998)). Likewise, CCR-2 -/~ mice were unable
to recruit monocyt®8¥H prodiedditirferda-mayhesiishelikmelaoitsriaro iy BRBYahous agents;

moreover, the 10leukartasoh G R B RIGS i DAL ANS A i EESRRRSR (PMirRs LiBoring, L. et al.,
J. Clin, Invest, 100:2552 (1997)), thereby demonstrating the speuflégié of the MCP-1/CCR-2

interaction. Two othEFighsHS REEM JePeha e ored S qlicamakHsIRteRinth GRS strains of
CCR-2 -/- mice (KuzialelWohalgt@hRops:. BatkAcRe43c148)39979%: HOH (Oi9marthdsurinara, T. et
al., J. Exp. filed., 186:1757 ). e viability and generally normal health of the MCP-1 -/- and
CeRa - anmalS I LS BRGSO LB 6 ot induce
physiological crisisiriigkenctdgethern tihhes® datacieag vectorthy sopaiusiomethatinfection by

allowing for the subversion of normal immune system surveillance and response to

20  infection. Additionally, human chemokine receptors, such as CXCR4, CCR-2, CCR-

3, CCR-5 and CCR-8, can act as co-receptors for the infection of mammalian cells by
microbes as with, for example, the human immunodeficiency viruses (HIV).
[0005] The chemokines and their cognate receptors have been implicated as being
important mediators of inflammatory, infectious, and immunoregulatory disorders and
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

_3-



molecules that block the actions of MCP-1/CCR-2 would be useful in treating a number of
inflammatory and autoimmune disorders (reviewed in: Feria, M. et al., 20 Exp. Op/n. Ther. Patents,
16:49 (2006) QA BEWEEN, J. et al., Exp. Op/n. Ther. Targets, 7:35 (2003))PTHMER)PUMKUE has now
been validated in a number of different animal disease models, as described below. [0006]It is known
that MCP-1 is uprcgulated in patients with rheumatoid arthritis (Koch, A. et al., J. Clin. Invest.,
90:772-779 (1992)). Moreover, several preclinical 25studies have demonstrated the potential

therapeutic value EPkPREGOHISHEOP It iorceRIDSHsREHdy iattyadnng sretrbatiddthritis. A

DNA vaccine enceglirgdMGifnclweas shiaudtsetertly foamelaraisiehiavisdialagiserrmrinduced
arthritis in rats (Youssef, S. et al., J. Clin. Invast., 106:36]%2%0@%:)?. ikewise, the diseﬁst symptoms
could be controlleG X HifSRE UM PAHEH St BREBSIRS F6F s onrR At So 8 aB%n-induced

arthritis (Ogata, Hp®ehaitjod. P &thiodeit8 201636 kO AT @rs stidptof decahsatawal birtte d&dParthritis
e vt IR AR RS (SN CoIhARR s HAIIEA) o Reptide

antagonist of ' ), was shown 0 prevent disease onset and to reduce disease
symptoms (depeni@ifg driGRel timalse adminishietio i thaduRy 4p ivieciise chindlehuhgtihritis (Gong,

J.-H. etal., J EXp,filede, d36AFIChPR A Marmauer cilbhahbeeh gemensirated the aggmigistration of

small molecule CCR-2 antagonists reduced clinical score in rodent 5models of arthritis (Brodmerkel,
C.M. et al., J. Imnilitdt)1 2856896, 0853, -ariiseiR i vaRlc 10 ISCbl BIRATIHFNG Poedif0069123).
Administration of aficftoe ¢ Rh2reeHinesyeDadivatying elegiscan purienciAydepanding on the time of

administratiop (Bruhl, H. et al., Immunol, 172:890 (2004)). Recent studies with CCR-2 -/- mice have
Cuggested ) et LR BT E A U S T b el 1 OSRB e efperimenta
ci_rcumstances (Qa]r,\dnésfn.l\lhﬂe_set HIO: 0 (hOeB, t]hd_@tﬁﬁﬁ:@ﬁ@m:)ﬁ@xmsiﬂwméﬂml J. Mot _
e S0 (200 10PRRIS Innouih RLMR: Liseiaau Aleddn ele ascleie i esians, and

has been shown that circulating s of MCP-1 are reduced thro treatment with therapeutic
agents (Rezaie-Megtilta vathadiffaseat foedne o HrBrab/ \reise (Bisicl1922: £1 94 -A190\200%ydSeveral key
studies have demQEl‘.SW@IE@MQWWWW)}QE&WE%M{L@ Af gniagopism pédhe MERBeb/CCR-2

interaction in treating atherosclerosis. For example, when MCP-1 -/- mice are crossed with LDL
receptor-defitlent HfcsaBi &3 esigralls g el Bief dupMSifioh(vaadbsBroet taimals ist al., Ital,
Cell, 2:275 (1998} ofsiroitanstyinvherliMoptich wasgeret catiyrablaireh fem RRMiceindieh already

overex_pressed_ hurﬂar}0 olipo quteijfaE tfgoe I seult{'ﬂgse 'ctg were r%)ot%:t%d nfr g}oat %{osclerotic lesion

formation relative {6°tHeé (Eﬁﬁ%‘}f) ¥+ apoéé1 C ?lr]o ’mlce”?@osﬁng, ‘vPF star. J, %E‘)fln. Tvést, 103:773

(1999)). Likewise, muhan@GRtDlclnticactrens i SHER WitHCRp 2 popddtein dtul inrriéing significant

decrease in number of inflammatory and autoimmune disorders (reviewed in: Feria, M. et al.,

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 validated in a number of
different animal disease models, as described below.

[0006] It is known that MCP-1 is upregulated in patients with rheumatoid arthritis
(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),

_4-



the incidence of atherosclerotic lesions was observed (Boring, L. et al., Nature, 25394:894 (1998);
Dawson, T.C. et al., Atherosclerosis, 143:205 (1999)). Finally, when apolipoprotein E -/- mice are
administereW 8 & 3toding a peptide antagonist of CCR-2, then lesion K£TEPLHOA2WE and
plaque stability is increased (Ni, W. et al., Circulation, 103:2096-2101 (2001)). Transplantation of bone
marrow from CCR-2 -/- mice into ApoE3-Leiden mice inhibited early atherogenesis (Quo, J. et al.,
30Arterioseler. Thronib. Vase. Biol., 23:447 (2003)), but had minimal effects on advanced lesions
(Guo, J. et al., ArtEfdskEm Tetfompreveisalinise opsuan4q sebysy) disgacs symptoms (depending

2011/046916PCT {4 9R04R¢{Q52488ni00ARIDat et 3mithify peydseliabatesraallitis tygigallyrexdibit insulin
resistance as one of the hal rk feature the disease. Insuljn resistance is also associated with the
grouping of abnor aﬁ%@kf%}\znﬁg@(—:‘[ (i?g%agoﬁog‘iﬂ‘(ﬁ%'ﬂbas é?%;ﬁﬁ?&%@a@ ich includes

obesity, atheroscledosisstmtjpertensiol panady STPRIermea drensewwathoad Shokel €bad inlradeet, 365:1415
(20000 e 19 woliaiRauisEd Rk HIATIAUEN ARS & ol AR aUsR DR GIssaagIocess I type

2 diabetes and the "syndrome es (reviewed In arm gical Résearch,

53:469 (2006); Ne¥istahl .UJS.-@lihl,imtie%ﬂ}{%Z@?@M@G??-D@ﬁ@ﬁéﬁé@@mﬂf Arantk@C&rdiol., 90:270-330
(2002); Pickup et gl iAbRI\Ngan Flfd A LRARN: MEFadriS dRfognized RS RiavindidPasple in

obesity-induced insulin resistance. In culture, human @rg);é? ocytes constitutively expressed MCP-1

(Gerhardt, ;Vol. CERBhdb&iRbidglmamesal (3616D))2 FE Bk prkey B dipdcyt@iEcaddition of
MCP-1 to differenfiaiedvadiprayias dolvise deccrasesinsubntsiinmuliriedglicoseugtake and the

PPARY) 15(L0rtp) PG AP PR I B S IR Bl Lo gy babile Wi gpe 3 dlabetes
had greater levels(20@cQiatinge MU= lethbn/nbloidiabetidcaitiai®¢Nomura, S. et al., Clin. Exp.

Immunol., 121:43 ob%‘)ﬁ?’))q%‘{% ﬁ%l%ﬁl%t%%ﬂﬁFiél}ﬁ;g%%%ﬁ%f%tﬂél%'églae%%ﬁj%ﬁoﬁgfa;ﬁ%%?ﬁ treatment

with anti-diabetic therapies such as metformin or t Inediones lin.

Endocrinol. Metaibecaosboap thaposyylag |Reskiss MEE H-arqusdusisbtivosebipretswad iitinurine

experimental modgls 99@§%aﬁt9(wem@émam%i.lxtmg%&%meadmmbﬁ%y@ FRartipy et al., Proc.
Natl. Acad. Sci. USA, 100:7265 2003)%. In obese mice, the expression of MCP-1 both preceded and

occurred corlcurrerfil i R @PLRR oPRiSIk Fe stutisicha vk dermpnstraied Sheppicntiobst .
112:1821(2003)). haapaatiside shameebiah tTere NEssiQTRE MAiRttbnasitmely correlated with

body mass in the perigonadal actiiI ose tissue of mi (YV isberg et al., J..Clin. Invest.,
1121796(2003)), CERRSE btk Il Bl 1He U beloprie: SF S FeloE e e mice was

ameli(_)rated e_itherdvfa:'genaﬁw,obelléﬂmwmmm wbylgﬁm%mdutmdwexpﬁasgiem (6fuald@minant
negative peplide (g, H;ebahs 1 G, Lo LI AR2000) IRedapiGalonygrge could also

30be demonstrated: overexpression o P-1 in adipose tissue promoted Insulin resistance (Kamei,

N. et al., J BRl. CHE#s.Whai:glesdy ¢roushycoehesiienpiprrsitisfowWinrthiingapistcvasietion of
MCP-1 does not gffsekingWiraaistaprsoti e shlfeination relative to the MCP-1 +/+ apoB

control mice (Gosling, J. et al., J. Clin. Invest., 103:773 (1999)). Likewise, when
CCR-2 -/- mice are crossed with apolipoprotein E -/- mice, a significant decrease in
the incidence of atherosclerotic lesions was observed (Boring, L. et al., Nature,

25 394:894 (1998); Dawson, T.C. et al., Atherosclerosis, 143:205 (1999)). Finally, when
apolipoprotein E -/- mice are administered a gene encoding a peptide antagonist of
CCR-2, then lesion size is decreased and plaque stability is increased (Ni, W. et al.,
Circulation, 103:2096-2101 (2001)). Transplantation of bone marrow from
CCR-2 -/- mice into ApoE3-Leiden mice inhibited early atherogenesis (Guo, J. et al.,

30  Arterioscler. Thromb. Vasc. Biol., 23:447 (2003)), but had minimal effects on
advanced lesions (Guo, J. et al., Arterioscler. Thromb. Vasc. Biol., 25:1014 (2005)).



mouse has also appeared (Chow, KY. et al., Diabetologia, 50:471 (2007)). Consistent with the data on
MCP-1, direct studies with CCR-2 (the MCP-1 receptor) have showed that it plays a role in the
formation oMB&sitl/ el obesity-induced insulin resistance. Maintenance oP&HigF244¢/85e28hcreased
the numbers of circulating 5CCR-T inflammatory monocytes in both wild-type (Tsou, C.L. etal., J. Clin.
Invest., 117:902 (2007)) and ApoE -/- mice (Tacke, F. etal., J. Clin. Invest., 117:185 (2007)). Genetic
deletion of CCR-2 reduced numbers of activated macro%hages in murine adipose tissue (Lumeng,

C.N. et al., Diabet{908b: 16 {2ty vt debatectal up traifeHoribibtded sHsierspRages

thought to maintaignther tieaniskaterthiurae ot Qisddkeetiadulih (libatiRt¥eshisd dkdciad2ARR)). Genetic
deletion of CCR-2 reduced dl - jnduced obesity and. i |mprov d insulin ser1§|t|V|tS)3lﬁlg diet- |nguced

obesity model (Wé‘?%t%?&p%gﬁ PRCTRAR HpRREs e 118 YRS flis P Ap
Publication No. WahRDG6¢0H34 3 AR), adeqnesc@hngmmmmmnmicbdmﬂmdml@fwmwden aI Obes.

Res., 13: 131%20%5&) lAgrpl strat gﬁixér@b (I)I cllglee C%GI%OZ ]i25§1 %eagi?r)}{(%t%%%% E%gved insulin

sensitivity in this same mod’ erg NVESt 9]Two
studies descrlbedatlﬁ@lﬁmmﬂ@mbﬁttmg dfGicR2 mmﬁelﬂém@lﬁlﬂbd@@@ddﬁhs @ﬂ’aﬂm@ar?imatlon

remodeling, and hypextg %Eé@)(o@fé%d% R, HYRRURRSION.RE 34600093 . L?@*%@G(%? Megtal., Circ.

Res., 94:1203 (2004)). 2 % 10] It is known that MCP-1 is upregulatcd in human mulfiple sclerosis,
and it has been si§btin & ”éf(é&fﬁ?e thedn 0 eerdamiet 81 ted G diRICEL 2 Ekprdssion in

peripheral blood nzponUsiaan cels, WQ@ tknathciPmp aysaroiesireeligaase arparession (larlori,
C.etal.,J N qlr0|m unol., 123:17 179 200 Other les h;%ve demor%lstrated the potential

therapeutic Vilue SFAR{AGEREN BEHRE! \A I11 @ﬂncfS eI LAY Rititiple sclerosis; all of
these studies haveolnetnatutdememmtewadMCBxpéﬁmndalMulcﬁmmﬂn@emﬂp@ald)':fﬁyﬁdl|(i25)()IR)9\E) the

conventional animatfadel {BrHBIS SRS TN SYRilon PLATHRRAIEAIPLMEE L, amimals

with EAE signific m|n| iseas lapse ennedy, eta Neur0| Z?92.98
(1998)). Furthermuifer teeyqessd res iaveisudiiad ﬁAaQO@@m%elmrﬁ@@ axpreesitan s BCIBIEAE (Fife, B.T. et

al., 3. Exp. Med., 192:899, (20000 17KS8fpin O 2L: 4, 0. Mgl 92:L005,2000) b sbseduent

report extended these mitial observatlons by examlnlng the effects of CCR-2 deletlon in mice from

different stralis (GaUPPY-S- &t &t 7&ns. Yetbatred: SE62/2309@ 083§ | RiStadiptisririitBtteatfoh of a small

molecule CCR-2 mse@ﬂﬁh algaiblunted @h%ﬁ-@&ﬁtm@g{eesmmmrfééa&ﬁé@c%ﬁe&ﬁ@Qmafkel C.M. et
al., J. Immunot, 175:5370 5005)) 1001111t is known that MCP-1 is upre ulat in patients who

develop 5bronchiolitts Bl Paf&Psyiavsitle AAE 0 g YEHSPI4EATRSA Q ?‘g’aﬁfd@?feM etal., J.
Heart Lung Transplant.¢c@ildAz1red30e(PR0Rx Belperich dntetabetlc &bmﬁmveﬁh]a@&&zﬁﬂﬁﬁﬁofzom)) In

a murinc model of bro tf): |0I(}|s obli ransj_%pd{%fnej e.gml |s?)0rglrt|ory (Ma}n ar%(f%:g;%?n -1 led to

attenuation of alrway 0] era |on mice were resistant tO alrway 0 his same
model 20  Likewise, MCP-1 was also overexpressed in murine experimental models of obesity,

and was primarily produced by adipose tissue (Sartipy et al., Proc. Natl. Acad. Sci.
US4, 100:7265 (2003)). In obese mice, the expression of MCP-1 both preceded and
occurred concurrently with the onset of insulin resistance (Xu, H. et al., J. Clin.
Invest., 112:1821 (2003)). Another study showed that the expression of MCP-1

25  positively correlated with body mass in the perigonadal adipose tissue of mice
(Weisberg et al., J. Clin. Invest., 112:1796 (2003)). Consistent with these data, the
development of insulin resistance in db/db mice was ameliorated either via genetic
deletion of MCP-1 or by gene-induced expression of a dominant negative peptide
(Kanda, H. et al., J. Clin. Invest., 116:1494 (2006)). The logical converse 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
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10(Belperio, J. et al., J. Clin. Invest., 108:547-556 (2001)). These data suggest that antagonism of
MCP-1/CCR-2 may be beneficial in treating rejection of organs following transplantation. In addition,
studies havaVehaHMeat disruption of MCP- 1/CCR-2 axis was able to proldH{grtHE281LHPRABBf islet
transplant (Lee, I. et al., J. Immunol., 171:6929 (2003); Abdi, R. et al., J Immunot , 172:767 (2004)). In
rat graft 15models, CCR-2 and MCP-1 was shown to be upregulated in grafts that develop graft

vasculopathy (Horiguchi, K. et al., J Heart Lung Transplant., 21:1090 (2002)). In another study,
anti-MCP-1 gene fAgHSRAHRen aBRey Y ErhoRsEuloshthy Pauitiriogis. OMte g8y, Thromb. Vase.

Eiotlj-l, 2i31886f(20@6h)9i§8ﬁe\$ﬁ%duedﬁ$ﬁk gheddphibitiest @{Lﬁm&vimmtﬂ-zz@mg\v)m[meﬁmw 'h I for(rjnation
y blockage of MCP-1 20(Tatewaki, H. et al., J. Vase. Surg., 45:1236 (2007)). [0012]Other studies
ave demanstratei S OB PRI AHE BARAGEAIT oY 68 RIEHARERSD ieraction in
treating asthma. Sequiestratiancofl MaiR<hanith d nbighdtizdig matiaecty/tie ovalnmminethalignged mice
resulted in marke crease In branchial hyperresponsivene nd ipflammati Gonzalo, J.-A. et al.,
T 25Exp. Med. 1068y TR L A At i
Sehistosoma mankbi?€hGe¥halendjddahide thee (EekhetadiministidiiodotdntbodrsEHPRICP-1

(Lukacs, N.W. etabedeEWBMAG o BBIH 398 (I MG QUSISIE M RS MGR: T faiice displayed a
reduced response to challenge with Schistosoma mansoni eé; lpléYB et al. Eéfge Med., 187:601

.. J
(1998)). 3010013 2RI LtiAd5HRRNS demlofidrafddires it ehdpidiknesriBgirantagonism of
the MCP-1/CCR-3ipiaseactiof Mtedaiing kidnehsise aspchdminisitationeci @atibaeies faicMCP-1 in a
murine model of erulamephritis resulted j ed decrease.in gl ar crescent formation
and depositiiﬂ of peqtgﬁgggan(@gﬁg;’%iﬁnﬁg E%Hb?six ?W&ﬁ%@%?%%%ﬁ{fc ﬁic §§6ﬁtion,
MCP-1 / mice wihhtiimdd:ob&iuﬁpmtdnq)mvséﬁumlneqwhsitisish@vdm}BigmﬁﬁatahelgitjemdulbuIar damage
than their MCP-1 {\&,@ié%%&’%‘@ﬁ%@&l@?%?ﬁ& %Jé‘sa‘?tl i?%-;qfs e vethatQ3/ 8 2(1889)-
100141Several studies have demonstrated the potential therapéutic valué of antagonism of the
MCP-1/CCR-2 intBragatioinNre dV Ry 8)ateiiid Tublls Ratlingab sysOTR2p condifieasekHipied

prolonged survivahapdiredieedrienak disepsasiatixardadideiiii bEPLRer Rt i @ ausne model of
systemic lupus 10erythematosus (Perez de Lema, G, et al., .7. Am. Soc. Neph., 16:3592 (2005)).

These data dre coH&SRMRtAAA TR oS AL iR SaR Gttty Yona s AR RIied ot Yenetic
deletion of MCP-1/(8himizuwsss, Eteal, Rbeasyutology (Oxford), 43:1121 (2004); Tesch, G.H. et al., J.

Exp Med, 190:13)543399) or 2l 2 REBILE, IAGROLS SRR Hgeoana, H. et ol
induced vascular inflammation, remodeling, and hypertrophy (Bush, E. et al.,
Hypertension, 36:360 (2000); Ishibashi, M. et al., Circ. Res., 94:1203 (2004)).

20 [0010] It is known that MCP-1 is upregulated in human multiple sclerosis, and it
has been shown that effective therapy with interferon B-1b reduces MCP-1 expression
in peripheral blood mononuclear cells, suggesting that MCP-1 plays a role in disease
progression (larlori, C. et al., J. Neuroimmunol., 123:170-179 (2002)). Other studies
have demonstrated the potential therapeutic value of antagonism of the MCP-1/CCR-

25 2 interaction in treating multiple sclerosis; all of these studies have been demonstrated
in experimental autoimmune encephalomyelitis (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-



15in rodent models of lupus. [0015]A remarkable 30-fold increase in CCR-2 lamina propria
lymphocytes was observed in the small bowels from Crohn's patients relative to non-diseased ileum
(Connor, S.We2811/@er163:1287 (2004)). Also of note, there was an exparR§dnUup2tHe/&3B%et of
circulating CCR-2+/CD14 /CD56+ monocytes in patients with active 20Crohn's disease relative to
controls. Several rodent studies have demonstrated the potential therapeutic value of antagonism of
the MCP-1/CCR-2 interaction in treatin% Crohn's disease/colitis. CCR-2 -/- mice were protected from

the effects of dextthn’@bdiufri’daitatezidat cEPEbiitiotaivradmpigtragenof 3 srsthtiedicviFe4:6303
E)ZOSO))- Al}fdministr@tmnz@fr@agaﬂﬁu mlsmﬁl@m@%}i%gﬁéw ﬁc@?&énaw(dﬁ%ng(murine
inding affinities = 24, 236, 369 nM, respectively) also protected against dextran sodium
sulfate-induced co(fﬁ%- &8 ﬂfﬁﬁ%??—?ﬁeﬁﬁ?ﬁﬁ%ﬂ?ﬁ?o|., 17:1023 (2005)). Finally, MCP-1 -/- mice
showed substantifd1id¢duc@&dsdolowictiarivecie (otipmwmtreddopiiand Wistdlogloal) in a hapten-induced

model of colitis (Khan, W.l..et al.. Am. J. Physiot.Gastrointest, Liver Physiol.. .291:(803 (2006)).
0100161 T ren B S B R B R0 o
bowel mucosa of phitibiteawitiistEmiidtory Dol didd30020RBteked, bt ., dtéllinGasaventerology,

108:40 (1995), angh@EmMms M L0 alin 4 kGG RIPL ERABIEEIBENAIRL HAg:Study described

the association of promoter polymorphism in the MCP-1 gene with sclerodemia (systemic sclerosis)
(Karrer, S. et al., Jmipddresescthiamitivody o XBghs i d fo dtstEatiobofti wixieklisRESsis, inhibition of
CCR- 2/MCP-1 axigdeiucedribrosigiit skire (YamamotarwayasidherdtibiMashDesmatmbddi21:510 (2003);

Ferreira, A.M. et . Invest. Der [, 126:19 06)), Okuma,.T. et al., J. Pathol, 204:594
(2004): Gliar Oee-?g%?jﬁﬁrr%ﬁ’ et N .?2{7/?’6k%’ﬁ‘fff%ﬁé%%%z’ggééﬂé%&ey gLl Am. g,
Pathol., 165:237 (200<hnivadyTP10ECR:? Infanb Samelaphirol;eh br@40) {20049f, dngrart (Hayashidani, S.

etal, Circulation, }462434,(00 M, A0 Xer RN S, 618!y ML MR 1858 (2004)

1001810ne study has ons potential therapeutic value of antagonism o

MCP-1/CCR-2 intéfatffod anitraatinjaioconessWinew vats! witsleymapspiahE-eorhpieal luhg injury were

treated intfav?now%zéw'yz,aiﬁti%vi@@b@t??%&?ﬂ!% 1@t koMbRid (I8, 162 Symioms Rl.alreolitis were
partially alleviated (Jones, M.L. et al., J. Inummol, 149:2147 (1992)). [0019]Several studies have

shown the pé?enti&%a%@ﬁti%%%cgf hiE GO O PerErReiBtad dcEss i et i Hbating cancer
(reviewed in: Craigadvuibpatial (Hoanget Metasiiasisirenm. L 2b:61-442006);2Ca0ti) (200a)), Seminars in
Cancer Biology, another study, anti-MCP-1 gene therapy attenuated graft vasculopathy (Saiura, A. et
al., Arterioscler. Thromb. Vasc. Biol., 24:1886 (2004)). One study described
inhibition of experimental vein graft neoinitimal formation by blockage of MCP-1
20  (Tatewaki, H. et al., J. Vasc. Surg., 45:1236 (2007)).
[0012] Other studies have demonstrated the potential therapeutic value of
antagonism of the MCP-1/CCR-2 interaction in treating asthma. Sequestration of
MCP-1 with a neutralizing antibody in ovalbumin-challenged mice resulted in marked
decrease in bronchial hyperresponsiveness and inflammation (Gonzalo, J.-A. et al., J.
25  Exp. Med., 188:157 (1998)). It proved possible to reduce allergic 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
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20 14:149 (2004); Giles, R. et al., Gun. 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 micronWEx2¢aE8468Hd increases in survival were observed (Salcedo, RREFES2BHL28%6:34-40
(2000)). Using human clinical tumor specimens, CCR-2 expression was associated with prostrate
cancer progression 25(Lu, Y. etal., / Cell Biochem., 101:676 (2007)). In vitro, MCP-1 expression has
been shown to mediate rEﬁrostrate cancer cell growth and invasion (Lu, Y. et al., Prostate,

66:1311(2006)); farthEpnibra Mortsel dessgsre d8 edp By Byt ed AeepationsabidrnesitieheaYBdne marrow

progenitors for bongorpgeRRtias (Lo, M. &t.al.  GapceriRems 6336469300k »d3A[002atLItiple studies

have described the pote tiglﬁfheﬁrﬂagetﬂltic value of ant%(?onisg; of the M P-]1/CCR- interaction in

treating restenosid: iy WL]% B T PSR R S H PR e St B  Cipollone, F. et

al., Arterioscler. Tdaroapb tWasteBMICR21 82 ¢ (2001 rtMiCesdeficiénttial CCRAZ. drvasM OF3:23showed

reductions in gwe |gtm;?35 area and in the intima/media ratio (relative to wildtype littermatcs) after arterial
ta

injury (Roque, M. ., Arterioscler. Thromb. Vase. Biol., 22:554 (2002); Schober, A. etal., Circ. Res.,
95:1125(2004); Kil#14l.J. ebaicraBindhehavBitsprystRed e onipntnl 18102088 (2063)5. In mice,

transfcction of a dgminapinegativeriipiierod MeR:ddR Meskalelal @pRalg(Egashira, K. et al., Ore.
Res., 90:1167 (2002)) also reduced intimal hyperplasia after arterial injury. Blockade of CCR-2 using a

neutralizing antib A FeRBOsE nESiRttal MifserpiRdied anelraest iy irp i stdeced si%kth, C. et al., Circ.
Res., 90:488 (200@})adOf0R21 Tvvadie wTts dasephg the axeiexpessien aidtHupuats with induced
brain trauma, (King, J.S. et al., J, Nettroimmunol., 56:127 (1994), and Be . etal., J. Inununot,
156:3017 (1éé6)>%n¢%%*a%sﬁ§§?ﬁa%§%§% o %&Bﬁ-z/ﬁ(é%%{iﬁé&%ééfﬁs& al., Stroke,
38:1345 (2007))_ adudal%@l@eﬁsiétamimﬂ@thﬁgh@samwpajg ah_ti@_z)i@rémraldmnbc_}‘ela\mmd'&halm, 22:308
(2002)) are partel ARSEIRHL I QAo NI eRELTOR MY OB RSP et
monocytes/macrophages play an important role in the development™of neuropathic pain (Liu, T. et al.,

Pain, 86:25 (2000§30¢0nEpstnOvittethls Adtion Medholt8Atid ol RS T Ripinstréioreafithent of both

inflammatory and peuRPahiLRRIN heereqisessiRad NI GERiRqn. Mige shques pltered
20responses to inflammatory pain relative to their WT counterparts, including reduced pain behavior

after intraplahtar fBYFRERR MRCtoef H¥Sslightly reduced mechanical allodynia after intraplantar CFA
injection (Abbadicje815t al. Prasaiatlc ACaeldSfrdld M ORI (ROPRPrilTpdplitoRcCHR-2 -/- mice
did not display S|grlélf|can me han'(fgllg aIIod%nla rehr[ sciatic neré\égtlwéjtrg/hlegwse, a,small molecule

CCR-2 25antagonO P PRGHLL I FEY nolgvé’llsa T8Hly ERURE:LLT) pre-injury tév irssfl“%fﬁ%rﬂg?g} administration

(Abbadie, C. etal.(G@nok hlicationdio. SO Z0CAHI03YEY. §0028) D stardyncepentdedithigecritical role
of MCP-1 inischefpic.; of circulating CCR-2"/CD14"/CD56" monocytes in patients with active
20  Crohn’s disease relative 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



cardiomyopathy (Frangogiannis, N.G. et al., Circulation, 115:584 (2007)). Another study described the
attenuation of experimental heart failure following inhibition of 30MCP-1 (Hayashidani, S. etal.,
Circulation, WEB201BWE21303)). [0024]Other studies have provided evidence REA{UAZIPLP52288
overexpressed in various disease states not mentioned above. These reports provide correlative
evidence that MCP-1 antagonists could be useful therapeutics for such diseases. Another study has
demonstrated the overexpression of MCP-1 in rodent cardiac allgggrafts, suggesting a role for MCP-1 in

the pathogenesis dtaissplaitatbrloscfersieringe A O/ (BPa), mACNEM Absdeisb. LUSA, 90:6086

(1993)). 5The overgxpressiam &M@ Prdobgs been noted in the lung endothelial cells of patients with
idiopathic pulmonary fibrosis (Antoniades, H,N. et al., Proc. Mitt Acad. Sci. USA, 89:5371 (1992)).
Simiarly. e over Db caror BT RO PRBUAT IS Foh LB Keoriasis
(Deleuran, M. et al/CP-DgsmatithSeltraB:228(61 966 )¢ acldrasiljitdesr Y, 8t &lal.) Jlivest.
Dermatol.,101:127.(1993)); correlati Ofindings with,predominapce of CCR-2+ cel wve also been
reported (Ves ergé%%d,a .'é'fg{%?tg&g}%mivglne% Oéig)‘%gq?? ?fﬁ%ﬁgm“ﬁfﬁé yl,b ég?gcogrﬁdrgort has
shown that MCP-2/MelerexpredueetifittrsibraikendYdmensiwoS pimal fllidofspdlienteelith HIV-1-

associated demenia (G@raingDamen A RE T RUDIiGRan No, o) 9pHA984 ) ARASIAaddition,

CCR-2 polymorphism has been shown to be associated with 15sarcoidosis at least in one subset of
patients (Spagnolé?Biet di. eith. 5 Adghir2 ¢ e treahatss: K erpeppddays 2kobpetitshould also
be noted that CCR42ha$2008)), ikiiisated.asva CR- k@6 Plos. farmome, 3%ains eboth; (Wegane, B.J. et al,,
Cell, 85:1149 (1996)). It has also been determi t the use of CCR-2 as an HIV cp-receptor can
b correlated it Rindee FHo0LdEn [N A e s, e oA 1807 This
finding is consisteh®&2i3 420@0¢ rinflnding ThatitheSpeesknee afdCERZ MEAN2ZBER-2-64I, IS
positively correlat jth d ed agnset of HIV. in the human ulation. (Smith, M.\W. et.al., Science,
D77:950 (1907, Aidion VDA, SR o R AP AEIn VI Ml S hpn
antagonists that aef ViaAtihg (RETReReHey iSieatagsdvrafidial iMbeapeatatbffedtynmeaying the

disease progressigghigi Al B&imﬂ&%@@&&%m@ﬁ%ﬁo@%\ﬂm shasidibernoigd hatrfeR-2 is also the
receptor for the human chemokines MCP-2, MCP-3, and CP-4€6§Luster, New &E J Med.,

338:436-44510190M)S PSldE tithe sERPERi b ahes imraia e edisibed fhaesh Mhtagbthzd MCP-1
30by binding to theftR72 18eepiorlivynay be that these compounds of formula (1) are also effective

O e o 2T RS ife e 22 Aoron

of the MCP-1/CCR-2 interaction in treating cancer (reviewed in: Craig, M.J. et al.,
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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MCP-1," it is to be assumed that this is equivalent to "antagonism of chemokine stimulation of CCR-2."
[0028]Accordingly, compounds that modulate chemokine activity could demonstrate a wide range of
utilities in tr8@3GliHMMMatory, allergic, autoimmune, Smetabolic, cancer IO/ CARGIBNESEular
diseases. PCT Publication Nos. WO 2005/021500 Al (incorporated herein by reference and assigned
to present applicant), WO 2008/014381 Al, WO 2008/014360 Al and WO 2008/014361 Al, disclose

compounds that modulate MCP-1, MCP-2, MCP-3 and MCP-4 activity via CCR-2. The references also
disclose various prﬁﬁ@éée@%-pﬁ@ba?é3%%@@%99@%%@%%%%ﬁﬁé?éﬂ%%tﬁ’é%‘é%dthat include

the introduction anghigetRsRaHeRY fRmAValahRIIEGING BIoWRY LAV his desikallefe find new
compounds with improved pharmacalogical characterjstics compared with knowp chemakine
moulators. For eJARTIRET K EAAB R et Sor B il Bt AU BER 5
inhibitory activity in2iScoianstrhdbcsele ctivity fone TR -25al028 (J@tokimawnily. @EGR-2 versus CCR-5,
predominantly CCR-5,versys CCR52, or other Qiein- led receptors fLe., SHT2A receptor). It is
also desirabléé to f&gcggnnii?)égo r?&gveﬁ% (gaﬁifqﬁ%?iéc‘ﬁ})t?gggég%%%@S ?rr% fﬂ’tl)clté%;r/agsctl\(}?@nalor?& advantageous

characteristics in da@igphargabtehehibilonehlylEdrd goresskebyal phseisd Egetived. Sropetidsi.e.,
solubility, permealility ogPRAEGHIEY i RUSIAING fﬁﬁ%@ﬁ#&%@i%@meriaimj saggdieduirements

(e.g., lower dosages and/or once-daily dosing); (%‘actors which decrease blood concentration
peak-to-trough chaf&&Bristicdgidnceivdiritzanyhedsrsdiein aoftisridunsmiess @irastedhat increase
the concentration wf RiEtivesqrig-aliithe. racepordl.Res Protass p20dmg, volume of distribution); (c)factors

f[hat dgcreas the liahility fo cIinricaI drH -dlru f'lnterarctions gc to m r§4501t nzyme [ Qibition or
inducton, sulh ad BB 28 TIEE (et BrASsal B R B a1 Lk P LB GE S 57 (2000),
which is hereby 3@incosp&iated Hyereferenee)p and:(aciorn had decredStethemp dféhtiahfor.adverse
side-effects (€-9., 1 munol., 156:3017 (1996)). In addition, studics have shown that both CCR-2 -/~
(Dimitrijevic, O.B. et al., Stroke, 38:1345 (2007)) and MCP-1 -/- mice (Hughes, P.M.
et al., J. Cereb. Blood Flow Metab., 22:308 (2002)) are partially protected from
15  ischemia/reperfusion injury.
[0022] It is known that monocytes/macrophages play an important role in the
development of neuropathic pain (Liu, T. et al., Pain, 86:25 (2000)). Consistent with
this notion, a potential role for CCR-2 in the treatment of both inflammatory 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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pharmacological selectivity beyond G protein-coupled receptors, potential chemical or metabolic
reactivity, limited CNS penetration, ion-channel selectivity). It is especially desirable to find compounds
having a de¥Bld1¢tetimation of the aforementioned pharmacological chaP&dv@R3tt¥0BARI30]It is
also desirable in the art to provide new and/or improved processes to prepare such compounds.
These processes may be characterized, without limitation, by a) facile adaptation to larger scale
production, such as pilot plant or manufacturing scales; b) process steps and/or techniques enabling

improvements in tHa4suFRYGRMGE G etaHamipS r‘?@t)ldsltéﬁﬁﬁvléﬁﬁﬂ%ﬂeé%{%%f@f Wshditsaset intermediates
and/or final 1000%@&{1@!@t@@d{w@ﬁ&maaeﬂqﬁe%s&tepﬁesﬁatEFMMAB%@EJ@E INVENTION

[0031]The present t|on ro vides a 0n| 1R 2S,5R)-5-(tert-
butylamino). 2. (SFLE o BB R B G naptant

150xopyrrolidin-I- yh)emoknﬂmw@@&etmﬂ;dé&emp}hrmaﬁeﬂtmw Sacépalsie &t dobAve or prodrug,
thereof, havmg; un%gecgl%giﬁetgs%gotw & nog rece théﬁ‘dpéte?fé’ ctlY é{gln addition,

the present invention presehts a novel and unexpecte com |nat| equotent R-2/5

activity and desirawith pfhepﬁﬁbtémw@i@aﬁ@h@?a@teﬁéﬂwlﬁlﬁﬁsﬁmnetahdpﬁ@étéﬁétltécﬂmﬁ@ of the present
20invention are algg prayicted. i M)‘Taﬁﬁﬁfé&: | GRMIPARIRES LAWY theSvae:aRd meatbods of

using the same as agents fort e treatment of inflammatory diseases, allergic, autoimmunc, metabolic,

cancer and/or cardfdVESE RS iehéeREBPierings dirlsBiabtVe Grthid artieh Sthd present disclosure
also provides a prg@es§ for EResn ® campounds of homawa, (tmllmgm«ilmbt CoR128:6

R)-5-(ten-bu i 2 29 ? 7 ten bu g%yﬁ ol%%s, -a %]trlazm -4- # ino 2 yrrolidin -1-
yI)cycIohexyS)y cet 835 B By RS , aR% %I ARFAPER IR t? %l Ompounds
that arc useful intetraleHate D ofthEeprock S8t 38 @290 rovinketyheredent report has shown that
MCP-1 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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5100321The present disclosure also provides the use of N-((IR,2S,5R)-5-(tert-
butylamino)-24(S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidiN -3t Hexyl)acetamide, N-((1R,2S,5R)-5-(tert-butylamino)p24(8y2010/052288
3-(7-(2-hydroxy-1,1-dimethyl-ethyppyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-y1)cyclohexyl)acetamide, or a pharmaceutically acceptable salt, 10solvate or prodrug,
for the manufacture of a medicament for the treatment of inflammatory diseases, allergic, autoimmune,
metabolic, cancerMABdr daitipPasetnaicdideatis yopuurweprosbsonispesehemsBibrovides
metabolites of activenaemiosNdSROr. pharmaceutically acceptable salts or prodnigs thereof,

pharmaceutical co S|t|ons 15thereof and meth ds of |ng he aboljtes in the treatment of
inflammatory, aIIe éutoﬁ?ﬁﬂﬁfi] e“t%BﬂEn 8%’?18 éﬁ%@%@%ﬁfﬁm@ Ides, particularly

diabetes, multiplemimm;a@mida &nigseﬁsmlamé/mrtaihergatﬂlemﬁrﬁomoawgkpwndmgmw|sclosed
herein are nogel moga% tors of cherg/%klne actmtx ar d1 har &g*lcalt nlﬁ% le salts or prodrugs
al charac

thereof, having an unexpecfelc]jC§Ocom Ination of desira e? Spharmaco ogic eristics. [0035]The

present disclosuré€oGIsdpAdrinemeietst dompdaitiefescaonnpr sirggacphanacduppiiiyntlcceptable

carrier and a therapeuigiliy1aFerive RHe0k oh a4 deast Wbtbﬁ)ﬁmwﬁ gisthgypresent invention
or a pharmaceutically acceptable salt or prodrug form thereof. [0036]The present disclosure also

provides methodsSRSPRAVAHH G RatHR RS Rile M -Zubdirhim e M st iare &G ndror

cardiovascular dispseSerpactcuky lietiabeaiasuprbiplecs dgrrpis. HabrisPHseana RNARE
atherosclerosis, co E)rlsm?y mini ertn a host in need ofgs th treatmenta hQErapeuticaIIy
it e 3

effective amount 8F AP TERs eScS’iS UL B BRSO ARV HB 3 Harmaceutically
acceptable salt orppoositing gmttpshereof [0037]The present disclosure provides a process for preparing

compounds 10dis i.d ?f hefte daegﬁga qtq rrf,%glgéescgrsne%uul ntgse\gvc? re. %Qg);}];ﬁ e?ctaglsclosure
provides for the u he compoun of the present invention in th erap ?)6%55 He present
disclosure providexharstagetiof eonngmdnuishdfngrenstessagiine modulators. For example, it IS

desirable to find new compounds with equipotent dual CCR-2/5 inhibitory activity in
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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invention for the manufacture of a medicament for the treatment of inflammatory, 15allergic,
autoimmune, metabolic, cancer and/or cardiovascular diseases. BRIEF DESCRIPTION OF THE
DRAWING3YOc2010itedte 1 discloses the experimental and simulated pow®érTHes it PRiite N-((1R,2
S,5R)-5-(tert-b utylamino)-24(S)-3-(7-tert-butylpyrazolo [1,5-
20a][1,3,5]tiazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide. [0041]Figure 2 discloses the
differential scanning calorimetry analysis of N- o o '
((1R,2S,5R)-5-(te RLBRAAREHAS 3 SY. Juprted OB ALOT [ 5CAINS SytpRiDiitva- 1t is

ylamino)-2-oxopyrglidiand-yddexsionexydl aseimmde hirerhaseioetdnbifaQA2Figure 3 discloses the
thermogravimetric ?nal sis of N-41R,2S,5

R)-5- .
25(tert-butylamind)-IA RS S LB TRAS %%ﬁSﬁf%gﬁef[’ftﬁ?,SS]triazin-4-y|amino)-2-
oxopyrrolidin-1-y1)cyclohexypacetamide, ke base Form N-1. DETAILED DESCRIPTION OF THE

INVENTION [004 present invention provides.a novel antagonist: N-((1R,25.5R)-5-(tert-
30bitylamin) 24 8 1 ekt B ] B SN SED e proctis(s
oxopyrrolidin-I-yl) eyeiehesidhacssnnmiods, orhassivaepssics mpally decettabid, sahas Neattebeprodrug,

thereof, having ungxpegied eaiaatant b GER:-2rant G RRISCRRIRL ARt ARMiigRRYY. the

present invention provides a novel combination of desirable pharmacological characteristics.
Crystalline forms &SP BIBRMESEPHEHAESEHIAYEISR Hie IRE Yottt thharificeutical

compositions cont@ivinditbesamsuaRg, ieiheds af i9ng ITasAMe a8 agentsfacdhedieatment of
inflammatory bdiseases, ad}er%@, alﬂ;[]?immune, mettabolic, cancer and/or cardiovascular diseases is
also an objective SPHRSIRVRATSST ThiSHreBRSEHiSEBsure also provides a process for preparing
compounds of Formula (1), including N-((IR,2S,5R)-5-(ter1-butylamino)-2-

((S)-3-(7-tert-butylpyrazo|o[1,5-a][1,%,ﬁgp§WAq@iw%@<ﬁ@yEﬁqu- yl)cyclohexyl)acetamide:
R1 cioN
[0031] The present invention provides a novel antagonist: N-((1R,2S,5R)-5-(tert-

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

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 -



0 10 wherein RI, R8, R9, RI, andare as described herein. Compounds that are useful intermediates of
the process are also provided herein.

[0044]N-(119238 1245 ¢tert-Butylamino)-24(S)-3-(7-tert-butylpyrazolo[1,5PCT/US2010/052288
15a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-ypcyclohexypacetamide, unexpectedly demonstrates
equipotent dual CCR-2/5 receptor inhibitory activity. [0045]Additionally,
N-((IR,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-
butylpyrazolo[l,5-a][1,3,5]triazin-4-ylamino)-2-oxopy|’\rolidi- - ypcyclohexyl)acetamide demonstrates a
desirable combination of equipotent dual 20 CCR-2/5§¢e ! inhibitory activity and pharmacological
characteristics including a surprisingly high degre fora igavailability in combination with indications
that it is highly efficacious and has excellent safegziit%ia. WO 2011/046916PCT/US2010/052288
[0046]Known modulators of chemokine receptors, guch@s those disclosed in PCT Publication Nos.
WO 2004/071460 Al and WO 2005/021500 Al (Ua Re. 7,163,937, issued January 16, 2007,

assigned to present Applicant) are not sufficientl aciaus, as measured by their CCR-2 or
CCR-5-binding ability (a 5measure of efficacy), ang/or they lack appropriate criteria for safety as
indicated by ion channel selectivity as measured b hERG and Na+ ion channel studies. [0047]Other
known modulators of chemokine receptors, sudteas tf¥sse disclosed in PCT Publication Nos. WO
2008/014381 Al, WO 2008/014360 Al and WO 2008/014361 Al, are selective as antagonist or partial
agonistiantagonist of CCR-2 10receptor activity. However, these known modulators demonstrate
predominantly CCR-2 activity and are not e@ztent dual antagonists, as measured by their CCR-2

and CCR-5-bindingiahififya 1G04 &IOer, kpowa mogulators gfichemeline srgRRiRtsHatsh as those

disclosed ) ) ) )
useful intermediates of the process are also provided herein.

S [0032] The present disclosure also provides the use 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, N-((1R,2S,5R)-5-(fert-butylamino)-2-((S)-
3-(7-(2-hydroxy-1,1-dimethyl-ethyl)pyrazolo[ 1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)cyclohexyl)acetamide, or a pharmaceutically acceptable salt,

10 solvate or prodrug, for the manufacture of a medicament for the treatment of
inflammatory discases, allergic, autoimmune, metabolic, cancer and/or cardiovascular
diseases.

[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

-15-



by Carter et al. (American chemical Society, August 17, 2008) are dual CCR-2/5 15modulators but
lack appropriate criteria for safety as indicated by ion channel selectivity as measured by hERG and
Na+ ion chaW@eidiie6[0049]In contrast, as illustrated by the data preseftel/ By 1h2288 section
titled "Comparative Pharmacological Characteristics", infra,
N-((1R,2S,5R)-5-(tertbutylamino)-24(S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
20oxopyrrolidin-l-yl)cyclohexypacetamide surprisingly exhibits equipotent CCR-5 and CCR-2 binding
ability. In addition ORE: (519 BRIt e BRSPS Rie(pharmaceutically acceptable salt
tert-butylpyrazolo[d:, pradih StSitiiagiwt-ylamino)-2-oxopyrrolidin-1- ypcyclohexyl)acetamide
demonstrates a surprisingly high degree of membrane permeabiljty, and yet maintains equipotent
CCR-2/5 dual bindgtlbily AOHE- A AR EE AN RaRal S S5 A o BAAABE  ingly, the

present invention giengidesungmmohemokite epdulatosshavinglieguigdbe disCER - Baamai@GR-5 binding

ability and improves ]g)ertlarr&% t(i)l? ical chsgrérct%l,%tcf;s that %reg%ggcte to be useful.in treating

i
. S SCICTOS1 1S€aS¢C an OSCICTOSIS, CO T1S11
inflammatory, allergic, adtmmrﬁune, metdbolic, cancer and/or car lovascular diseases. 30

EMBODIMENTS 2d081stpiegte edgsodimeadtofliactisehtmgnt dghsiapctsabyN et R0 SIBRM B tert-
butyLamino)-2-(S)ddkiigsk Brd ppeat el baml fh<3nPliNarinit Hamintie axanyrro din-1 -ycycl oh
exyl Jacetami de: NH 5-7( and pharmaceutically acceptable salts, thereof [0052]Another embodiment
is a crystalline foratSPRME RIS preyrsefam therpefyl amino)-24(S)-3-(7-tert-butylpyrazo lo[1,5-a]
[1,3,5]tri azin-4-ylan0sm)-2- tRoxepyralidiosindsyeiabexyhaesianisepdQdbhiyoatiuer embodiment is
a crystalline form of N-((IR,2S,5R)-5-(tert- .

butylamino)-g (3)855%%%&{1%8@ é{éﬁgﬁﬂgsﬁ[‘is;%f}g]ﬁlleéﬁfﬂrﬁ-ylamino)-z-
oxopyrrolidin-1-y1)e8asphexyhapetantidecwhecqir theclystadline ddthe compprisds dhthdN-1 and/or P-1
Form. 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

- 16 -



15100541Another embodiment is a crystalline form of N-((1R,2S,5R)-5-(tert-
butylamino)-24(S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-
oxopyrrolidiN -34S Hexyl)acetamide, wherein the crystalline form compr{sSBEY 1M 0I2PE8rm.
100551Another embodiment is a crystalline form of N-((1R,2S,5R)-5-(tert-
20butylamino)-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 purefSfRIOVREs vt 1follsore b thesesrbinspsss tovsdinhtnerembbativrnt is a

crystalline form of dds#dits phaditacOré et bhiidannnls 24t fernbuhd pysarelatslof the
,5-a][1,3,5]triazin-4-ylamino)-2- oxopyrrolidin-1-yl)cyclohexyDacetamide, wherein the crystalline form
comprises the NP REH T SLIRAR NG BUr Rt S 005 AL 6 SRR R IS N-1 Form
characterized by yaitcatidpactimbtefsisup siansialy egitatddoinbdolewing: oE elfldimernsipns: a =
7.3085(6) b= 5L62(!§Z 1 éLO(ﬂ: 22.68%%. a =90 }%O:Hgo = 90 Sn[a%c%%grrd% P2112 125%38165Molecules/unit

cell (2): 1 Density, lca?ceg’-(a:lnmgfl%lﬁ wherein said cryét‘éﬁnlgegl? a temperat&?(%uo about -70 C.

[0058]Another em@@dnmhite_mim@mh'zs RoienticharHetericett s ¢ aalig Pro2lpbaveiogerayadiffraction
pattern substantialy. acGor dinghiRFd9NF @ mula (1), 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:

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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[0059]Another embodiment is the N-2 Form characterized by (or having) a differential scanning
calorimetry thermogram substantially in accordance with that shown in Figure 2, having an
endothermidibditib#pEove ca. 205 C. [0060]Another embodiment is chaclevs¥aRsId¥8having) a
thermal gravimetric 25analysis curve in accordance with that shown in Figure 3. [0061]Another
embodiment is a crystalline form of N-((IR,2S,5R)-5-(tert- butyl amino)-24(S)-3-(7-tert-butylpyrazo 10[1
,5-a] [ 1 ,3,5]tri azin-4-ylamino)-2- oxopyrrolidin-I-yl)cyclohexyDacetamide, comprising Form N-1,
characterized by tH94fit cefieirameds %t%iﬁfcfliﬁ“?%é’(@ Tecapiarorsashewer disgi ittt tion pattern
30substantially aceondingieafrigunesl wi00684Anotben e mfaodionens imHal Rbarmacesitieatgomposition

comprised of N- ((IR,2S,5R)-5-(tert-butylaming)-24S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
i) 2. oxopy ROhACI Ty b AR S o HHE 0 LS AT SEELHALIE sals, tereor
[0063]Another e_rrmxfﬂhinefhy iﬁ‘mqidﬁarmmuﬁklabdbm}hesimmmms_fedmfﬂ‘ding(z(mﬁ&&5R
)-5-(tert-butylz§mmo)a-aZﬁ(lf%-fP;/ é%/%?gbu%qﬁ)ﬂ%zﬁcfd%pl&'alli[a]te?’cg]grﬁ%a ﬁ%’f‘dfety

. . indicat
5y|am|no)-2-oxop)r/1}ro?| [ Kexyl)acetami ,E)?Parmaceutlc yacce;%%e{%?écggﬁsb,ythereof, and a

pharmaceutically &uceseisiesdastizity[@0643anedrivr diRbotidisat istecptrnehstudigtical composition
comprised of N- (b5, SRokmi (G HAURIAINRR ARG e M PMIaZlakb-dlld R edtriazin-4-

ylamino)—2-oxopy(rolidin-l-yl)cyclohexwacetaml e, pharmaceutically acceptable 10salts, thereof, and

de,
at least one additiBhBt theraieivg Mgen Wﬂh‘&ﬁeﬁé%@d@ﬂ%@ i8%etrBd Y6 modulating
chemokine or chemokinessateptos B eEME oM pRis G RAP pailsiariyg dRA Raianioruaerl thereof a

therapeutically effective amount of N-ff 1R,2S,5R)-5-(tert-butylamino)-24(S)-3-(7-.
ten-butylpyrasolo[ T SA12S S Ha R ARG B8 RoBy o rﬁ-q‘li %H&&c&éﬁ%&@ﬁ%@bmide and

pharmaceutically &c¢teptadieisaiis] dheneoélO6Gl Andthen gmisodananiisralibethad ©f Riddulating

CCR-2 and CCR-3 4 cCR-5-binding ability.

[0048] Other known modulators of chemokine receptors, such as those disclosed
by Carter et al. (American Chemical Society, August 17, 2008) are dual CCR-2/5

15  modulators but lack appropriate criteria for safety as indicated by ion channel
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 comprising administering to a patient in need thereof a therapeutically effective
amount of N-((1R,2S,5R)-5-(ten-butylamino)-24(S)-3-(7-
tert-butylpyr b /66| ¢ 3, 5]triazin-4-ylamino)-2-oxopyrrolidin-1- 20yl)cycRABHEaHEEHRMe and
pharmaceutically acceptable salts, thereof. [0067]Another embodiment is a method modulating
MCP-1, MCP-2, MCP-3, MCP-4, MCP-5, M IP-la, M IP-Ib and RANTES activity that is mediated by the
CCR2 and CCR-5 receptor comprising administering to a patient in need thereof a therapeutically
effective amount of N-((lR,ZS,5R)-5-(ten-buty|§r%ﬁg?)%m (B3 (7-
Zﬁtert'bu'ﬁy'pyrfillzOﬂ@liélﬁ-a]b[lln%ﬁé'[&@ﬁﬁhiﬁr%h@ﬁﬂa?)s&t@ﬁ%fdlﬁﬁégéﬁ10 NQ@EES?%X)SBEECW&T?G and
pharmaceutically acceptable , thereof [0068]Another embaodiment is a method_of modulating
MCP-1 activity coﬁ‘fﬂ%ﬂ’é‘%ﬁ%ﬂéﬁs’f’éﬂﬁﬁ% 3%%%’@%0mqiééag}&%’éé%faélﬂﬁ@%nﬁ@&%éﬁ[y effective amount
of N-ff1R,2S,5R)-bx{dpytblititamyhe)ydel{ &) Batéteridbutylpyrazolo[1,5- 30a]
[1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acejamide and pharmaceutically acceptable
salts, thereof WO 2011/046916PCT/US2010/052288 [0069}Another embodiment is a method of
treating a disorder, comprising administering to a patient inAged thereof a therapeutically effective
amount of N- (( 1R,28,512.)-5-(tert-butylamino)-24(S)-3-(°}-t -butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-y1)cyclohexyl)acetamide gnd pharmpaceutically 5acceptable salts, thereof,
said the disorder is selected from diabetes, obesity,jneﬁ%pli{z syndrome, stroke, neuropathic pain,
ischemic cardiomyopathy, psoriasis, hypertensiofi, Scleroderma, ostcoarthritis, aneurism, fever,
cardiovascular disease, Crohn's disease, congestiyé hi€art failure, autoimmune diseases,
HIV-infection, H IV-associated dementia, psoriasis?idiopathic pulmonary fibrosis, transplant 10
arteriosclerosis, physically- or chemically-induce M trglima, inflammatory bowel disease, alvcolitis,
colitis, systemic lupus crythematosus, nephroto rum @ephritis, glomerulonephritis, asthma,
multiple sclerosis, atherosclerosis, vasculitis, vulnerable plaques, rheumatoid arthritis, restenosis,
venous neointimal hyperplasia, dialysis-graft neoip¥ithal hyperplasia, arterio-venous shunt intimal
hyperplasia, organ 15transplantation, chronic raft nephropathy, and cancer. [0070]Another
embodiment is a method of treatin9 a disorder, com risir}g administering to a patient in need thereof a
therapeutically eff&e i@gagﬁ?(‘iﬁ’ﬁtfc&l Kjaqqeptable salts, thereof.
1R,2S,5R)-5-(tert-butylamino)-24(S)-347-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyrgﬁ' in-I-yl)cyclohexyhacetamide and, pharmaceytical eptable salts, thereof,
herein said diool U b selaBaih DA s LR 2535 2R e
butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][ 1,3,5]triazin-4-ylamino)-2-

10 oxopyrrolidin-1-yl)cyclohexyl)acetamide.

[0053] 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, wherein the crystalline form comprises the
N-1 and/or P-1 Form.

15 [0054] 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, wherein the crystalline form comprises the
N-1 Form.

[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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Crohn's disease, psoriasis, idiopathic pulmonary fibrosis, transplant arteriosclerosis, physically- or
chemically-induced brain trauma, inflammatory bowel disease, alveolitis, colitis, systemic lupus
erythemato3¥9, 28épettixic serum nephritis, glomerulonephritis, asthma, nREIAS KIRPS2I88
atherosclerosis, and rheumatoid 25arthritis, restenosis, organ transplantation, cancer, venous
neointimal hyperplasia, dialysis-graft neointimal hyperplasia, and arterio-venous shunt neointimal
hyperplasia. 100711Another embodiment is a method of treating a disorder, comprising administering
to a patient in nee@fitkeof AnpbrasBGaEENGEHettvsasURIBANIOR2R, RS Bftert-

)'|5'(te rt')bUtylamin@)ﬁ%ﬁﬁﬁﬂtﬁfﬁ%ﬁ]@tﬁt{mﬁﬁyﬁﬂ@%ﬁh&%ﬂ%}%ﬂﬁ'EBi,fSﬁfiaﬂm“A—ylamino)gl— s th f
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide an armaceutic cceptable salts, thereof,
herein said ool S O RS Gy B AR BRI
erythematosus, givmdiahariephisitistiailytiple $cterosis, atherosclerosis, restenosis, organ
transplantatiop, v neojntimal hyperplasia, dialysis-graft ncointima erplasia, and
arterio-venoué.| shﬁ]gl%rj{ioinﬁ#ﬁlg??ﬁilﬁégpqg%?a@gfo%ﬁﬁi%gtwg g%al%eéll%ﬁérgy i%népr%l’eﬁthod of treating a
disorder, comprisipayaaeiteinistbsipefiadla qaankitthe fdbavingreof a therapeutically effective amount of
N((IR,2S,5R)-5-(tert-butylamingkisi () -3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-y1)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof,
wherein said disorder is selectéd ffof @]tiple sclerosis, 10atherosclerosis, Crohn's disease, diabetes,
venous neointimal hyperplasiapdigdysis¢igraft ncointimal hyperplasia, and artcrio-venous shunt
ncointimal h aerplasia. 100731@n$éh%§mbodiment is a method of treating a disorder, comprising
administeriné 0 a patient in need SEbrh therapeutically effective amount of
NalR,2S,5R)-5-(tert-butylamina)2-(5)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
15y|amino)-2-oxopyrro|idin-l-y@gzcd hexyl)acetamide and pharmaceutically acceptable salts, thereof,
wherein said disorder is being Selected from restenosis, organ transplantation, cancer, venous
neointimal hyperplasia, dialysig<gsaiv neointimal hyperplasia, and arterio-venous shunt neointimal
hyperplasia. [0074]Anotf§er empodiqggr}t &s a method of treating diabetes, comprising 20administering
to a patient in need ther&5f & therapettically effective amount of N- ((IR,2S,5R
)-5-(tert-butyla@mino)-24(SleBqHaenrvutylg¥vadolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyrro|idinﬂélyg)&;’/gmp%g@acgmide and pharmaceutically acceptable salts, thereof.
[0075]Another embodiment is’a method of treating Crohn's disease, comprising 25administering to a
patient in need thaYbyERR tRElspEtMicatl dtrapeRriErbaPRW /R C.

[0058] Another embodiment is the N-2 Form characterized by (or having) a
20  power x ray diffraction pattern substantially according to Figure 1.
[0059] Another embodiment is the N-2 Form characterized 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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((1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyrrolidin-1-y1)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof
100761 AnoMEr 28deitent is a method of treating multiple sclerosis, comPB6$iR§280eRPRB¥stering to a
patient in need thereof a therapeutically effective amount of N- ((IR,2S,5R
)-5-(tert-butylamino)-24(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

[0077]Another emBaRifEmt R ePiiEthdia-onhsuticbeathirsteide srd ebipresivi diministering to a
patient in need thgrggftabibesapantically effective amount of N-

5((IR,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyr[r‘i)quu‘|]n-I-y‘f)‘?:%za%%%lgﬂﬂ?ég%%}ﬁ 3%@%%5‘!9#&8 %)83}85@883’[5%@@%16, thereof
100781Another ertibRaisrenk is(zmieihdachofdierliisg 3 eStanosigy pgmapsising admhitanrig-4e a patient
in need thereqQf a thera ically effectiv ount of N- 10(( 1 R, 2S5R .

Y5 (tert-buty i TGS (b g I B o Sufcutially aceeptable
ylamino)-2-oxopysdifditcrcgf) epdiainbsamrecatioa s ecsprigbtaeatade utically acceptable salts, thereof
[0079]Another em@@@jﬂ“e”tA%@tH&eéﬂl"Bga‘?lfnUﬁ%iQ%&Eﬂ%@&ﬁﬁ%@@rﬂﬁ%@ﬁf&n%@ﬂf@@gﬁ@'—mi”iStering to

a patient in need thereof a therapeutically effective 15amount of o
N-((IR,2S,5R)-5-(té Mot Ry 1B nindgL 2Res ettt g b7 dmaimrazolo[ 1,5-a](1,3,5]triazin-4-
a|[1,3,5]tiazin-4-ylagiinegy 2-exepyialidini-yheyxsinbexyhaeaind) ¢aandcphesmaessditaiy acceptable
salts, thereof 8.00801A otheIIr ergbo iment is d%metqf;‘oﬁffof treating cancer, for example, breast cancer,
liver cancer, Prostit& cRSES!-4Rg HhiSEh SRS BTG R St8kNg to a 20patient in need thereof a

therapeutically effiflos¢ amauothof Sinp{ddirEy, HR)se(tied for modulating chemokine or chemokine
cropyoian 1y oS e AL AR REssle. ereor

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-

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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100811Another embodiment is a method of treating venous neointimal 25hyperplasia, comprising
administering to a patient in need thereof a therapeutically effective amount of
N-((IR,2S,5M)0520id/e4681¢lamino)-24(S)-3-(7-tenbutylpyrazolo[1,5-a][1,3, 5|t REAALEY184HPRER-2-0xopyrr
olidin-1- y1)cyclohexyl)acetamide and pharmaceutically acceptable salts, thereof [0082]Another
embodiment is a method of treating dialysis-graft ncointimal 30hyperplasia, comprising administering
to a patient in need thereof a therapeutically effective amount of , o

N-((1R,2S, 5R)-5-(&%%—?:]utylaﬁ=ﬁﬂﬁ%§f-21{’&§)1-1§l%m {8 g.method of treating a disorder, comprising
butylpyrazolo[1,5-a] i@ sadtiazin Aryirminoc2daxaryrrolidinptuibayciehexyd) asetamida and
pharmaceutically acceptable salts, thereof, | OSI%%A other embodiment is a tf}% of treating
arterio-venous sh&ﬂﬁ'&%ﬁéﬁ@ﬁé&%ﬁ%@ﬁ&%’ ?:’éﬁgb’tgﬁfﬂm}'&gfﬁ‘?@}?@f rr)%flle %Hlﬁ{#&' thereof a
Stherapeutically efflatiue)@rvaupyodNifflR;BSGReby(jecttbuigtaanind)adnl(S)H3e ¢y
ten-butylpyrazolo[1,5-a][.L,3,5]triazin-4-ylamino)-2-oxopyrrolidin-lypcyclohexypacetamide and
pharmaceuticzg?ly %%%ﬁt)taeléé%sélts?rt?‘?effg%l? i%%%liﬁﬁro%sgreg%%égﬁn%{ﬁ is & %‘?\%%H%I)’d of treating an
inflammatory diseaxstabalieyiedmutoistivinacuraribislpaiansrberggreisiiasvuiatiispmsesicomprising

10administering tq &, patRMHHNABRAhRIeta thararRe sl e e ehva AANPTIRf Nsease,
ff1R,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-
ylamino)-2-oxopyréitins fiseesey etoResivheath itiecatimarna dagtiea Bedaisesor §iNs, thereof
100851Another emmm@.@.&jﬁ@tm@md‘@;,tﬁﬁ@{iﬁgi@lpﬂﬁmfvﬂ&@gi@taddgﬂaltﬁpar'tially medigted by
O R eSamEng ApmRlerng .2 BRI PBes hSien! AMisiaRHpayefiectve
24(S)-3-(7-(ert-butiitpyya zdiofilifsadpliis, Sisi@niv-Ayylarriyibyr2:oxop ywatidioxle oy okphexyl)acetamide
and pharmaceutical table s ereof [00 ther iment is;a.metho using
N-(OR,2S,5R)-5-(t r$t¥n glgg%% arﬁ%fn%t%‘i%?s -%ﬁ}eé%esgt?%%}ygl)’p%?lglz%og%?ﬁgg}a\jg[gl,1%31,%51 fr}’gzﬁc]?%g{?lamino)-z-
oxopyrrolidin-1-yeakssahghaesshaitsitang sienaraceisncagy iateubabrndatts, disbrasimitthe
preparation of a %@iﬁﬁﬂﬁﬁ%{fé&ﬁﬁ%i&[%%ﬂ@-%%@@fﬂﬁiﬁ%ﬁ%@ﬁ?jﬁe@l%ﬁ?@gﬁyndr0m91 stroke,

e

ncuropathic pain, ischemic cardiomyopathy, Psoriasis, hypertension, scleroderma, osteoarthritis,
aneurism, feber, cARTBIA& NGy o8y logratt nephropathy, and cancer.

[0070] 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-
ylamino)-2-oxopyrrolidin-1-yl)cyclohexyl)acetamide and pharmaceutically

20  acceptable salts, thercof, wherein said disorder is selected from diabetes, obesity,
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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25Crohn's disease, congestive heart failure, autoimmune diseases, HIV-infection, H V- associated
dementia, psoriasis, idiopathic pulmonary fibrosis, transplant arteriosclerosis, physically- or
chemically-iWquedd/Hedtotrauma, inflammatory bowel disease, alvcolitis, coltid/ &SR IEDHUS
erythematosus, nephrotoxic serum nephritis, glomerulonephritis, asthma, multiple sclerosis,
atherosclerosis, vasculitis, vulnerable 30plaques, rheumatoid arthritis, restenosis, venous ncointimal
hyperplasia, dialysis-graft neointimal hyperplasia, arterio-venous shunt intimal hyperplasia, organ
transplantation, clr %ﬂ@@‘f’%ﬁtWé}ﬁﬁf’@d&@ﬁ%e%hﬁfé?méﬁ(ﬂ%@ﬁﬂ iy pensRisia, dialysis-graft

neointimal hyperplariasRNSHRAHR QYERQ U ShuAL raﬁgmttm@plwnﬁmhasam[@%aﬂmat another
embodiment, the |sclo ure é% ected o N-

LS A —

(tert-butylamino)- ﬁ@ﬁp N2 T b& Wﬁ/ﬁé’%\gﬁ% B 3" Bjthazin-4-ylamino)-2
-oxopyrrolidin-1 -yeoydinid hypagdismide: and pharmaceutically acceptable salts, thereof
Pharmaceut|c§1l rima?gltlo S ct%ntaln thtrggnfc,%ng%l an C{%ﬂho S of 1S|0nrg the same as agents for the

reatl Cr, CO
treatment of infla ISeases, a Ierglc aut0|mmune met Iﬁo ic, cancer arPé?gor %ardlovascular

10diseases is als@@m@ﬁﬁﬂjﬁmm@ma@f@m@ irpedribiono PROGES SR RE®IVIENTSI0TE8]In a first
embodiment, the ?@ﬁ'%%@)@r OVIHERGIRRARESS- f?ﬁ)@?ﬁ%ﬁ%ﬁﬁwpﬁ%}ﬁﬂﬁ95f9r@“511§1£29{ A salt form

thereof: comprisin 1)convert|ng a igldrazonc compound of formula I-cc fo a compound of formula

I-bb and 52)couplHERHE LArFBNHE] wmufaql%wmcatewﬁﬁa%ahaf%mM%ﬂwaa wherein: R
is independently hidepaen eiIaNRRIBE Pheteatiag dispeselectadell armataltiabanaaxy group, a

ten-buty Xy GOy o Y YA QR R RENZY AR a2 Rimegthoxybenzyl
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-
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10group; and R9 are independently hydrogen or Chaalkyl; RN is =0; HET is an optionally
substituted 3- to 14-membered heterocyclo or heteroaryl bicyclic ring having at least one nitrogen
heteroatom V@01 50€96-01236, wherein R15 is Ci_oalkyl, phenyl, a 5- to PGhaHHE A RE%eroaryl
having one or more atoms selected from N, S. or 0, or a 3- to 7- membered cycloallcyl, all of which are
optionally substituted with 1 to 3 groups selected from halogen, CF3 or Ci_6alkyl. 20100891In a
second embodiment, the disclosure provides a process wherein the compound of formula | is
N4(|R,23,5R)-5-(téhxweg)rérﬁmy-@o&@yé:ﬁlcté??ﬁlaﬁwmmléqf@-aﬁlaﬂnaceutlcaﬂy
[1,3,5]triazin-4-ylagedapliRxapyiekdn- lypcyclohexypacetamide. WO
2011/046916PCT/US2010/052288 [0090]In a.third embodiment, the disclosure provides a process for
preparing a compbUtdlof fonil rl?)\[ﬂl?@péﬂ]ﬂe{ﬁés%ﬂ?ﬂbqi??g?%%ﬁ@ﬁ%ﬂ%oﬁsﬁ?ﬁrﬂ%ﬁﬂ? of the
formula:  51009iddnmsfaunthempodimantedth e disefesheeaprautdis cfprocessidontrelaring a
compound of for ein the.couplin C iaa idic work-up foll . the addition of a
base. [0092]Ir§ ar:it#@ébn%gﬁféf }ﬁfﬁ%%% .?&ﬁgﬁ%ﬁﬁg\; d_e%r%%ékq@ggéz é?%f%ﬁﬁ?{%gsﬁxmgbgmpound of
formula | wherein Yienaeior Iroseivicolonk-uplieystibetzbafigamedty ind olekreesriagitlncid, glycolic acid,

and hydrochloric ggidL@R334InR.pixih embodiment, the disclosure provides a process for preparing a
compound of formula | wherein the base is selected from K2H1)04, Na21-1PO4, NaHCO3 and
KHCO3. [0094]In H¢&lentreriBeicimertingit didcrsdbrd o oiias EyrBeus<raMBidparing a

administering to a patient in need thereof a therapeutically effective 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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15 compound of formula | wherein converting of the hydrazone compound of formula Ice to the
compound of formula I-bb comprises reacting the hydrazone compound of formula I-cc with an
acylating agW@x 281 hi¢888phile, and/or a tertiary amine base in a solvent fol BOWBY SR 1AEERtion 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, preféripkpld phvils’ oxtiasisritizlarpeoe rrePkiftHdinbsodiment, the disclosure
provides a procesg|whasaixhecetdaiiiannhaplnenbastiisiseiecipddiomiitiettydamine,

N-N-diisopropyl-N-ethyl amine, tri25n-propylamine, N-methyl morpholine and

) 2-aiazabicyclol D SHbtariErSPART R BB Spy A B GF AR s shun

2011/046916P CTHIS 2016l 0SR2BRJAODMiriai teptmémitodigent ptiientdisalosditieprefiddes a process

wherein the nuclegphile is selected fram dimet -aminopyridine, dimethylaniding, pyridine and

lutidine, prefe$abIﬁ%ﬂgﬁgﬂ?ﬁa}-’fmfﬁg\()@rl %“é*?fggg'gﬁmn’ﬁ{)ﬁﬁﬂ“g’%% |r1rr118$1t£@e) %ifgosure

provides a proces&iirherdy it BHndount. S titierevdhilertisedtt Irotiopyealedionl is 2.0 to 4.0 equivalents,

preferably, 3.0 eq9jy@}@lgg%x}qgggy&iaet%figﬁla@mgggmtagp@pgﬁgIgﬁg[qhgfga@_des a process wherein
ec

the alcohol or alkoxidc is selected from phenol, pentafluorophenol, methanol, ethanol, sodium

methoxide and sofifftlpherdribisr sreitadipet sremsthabpdreaimey ikkaaedisetiinent, the
present disclosureyidesdmrasRs mwhRIRINipcs el ies iRRUARINE Ragsilsnselected from
triethylamine, N-Ndjisopropyl-N-ethy| amine, tri-n-propylaminc, N-methyl morpholinc, .and 1,4-
diazamieyclofd o AORAR HHeIB mB R S P SARST ARG 08 GTP e vttt
embodiment, the disRlaSiiR)providésiglproses-Whedein-ie thigipentliq séletiet] fiomzacetonitrile,
dichloromethane and neatphosphorus o loride. 10010211n a fiftteenth empodiment, the disclosure
provides a proces\é"i]%v 18?2}#%8@&?@{%?{%&% %gaorc%( t'c%ﬁ%gnéglﬁi%né{ Beﬁ%nal%agetue%%apgrature in the range of
ambient tempet agsesnbio @t20iosed3] In a sixteenth embodiment, the disclosure provides a process

wherein the Comp%@g] of fOAHMEr'é%&%%WQHE%QJ Hﬁrégfiﬁyéadisease which is at least

15  partially mediated by CCR-2 and CCR-5, 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][1,3,5triazin-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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0 [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 hydrazonc
compound OV eb2piiledee R21 H2N)CR22-R23 I-dd with orthoformate iR¢HEUSPEEEHBRSf an acid at
elevated temperature to yield the hydrazonc compound of formula I-cc; wherein RN is =0; R22 is
-NH-NH?; and R23 is cyanoalkyl; or R.09 and R23 may be taken together to form a 5- to 8-membered
ring, wherein the ri may be optionally substituted with one or more substituents selected from amino,
alkyl, aryl, or hetefé Yy?lsagfa %91%%%%%%&1&@ Flegiogr A NS AR R pendently selected
from the group congistingsef N, S, or 0 5 1001051In an eighteenth embodiment, the disclosure
provides a process thereln the orthof tc is sele é;}tegl fr?m trimethylorthoformat

Qb

triethylorthoformat@*&Hd tr@‘?é’ﬁyf’dﬁ e?tdémﬁpéf iRy IBTHS AR %éﬁ%ﬁ Ina
nineteenth emboo(memutplmﬁimol@gcsap(@{@hgcmopmn&s&mmweﬂﬂﬁﬁﬁ)ma@id1$selected from acetic

acid, trlfluoro%cetl drocép rlca gzand meth Cld era y, acetic acid.
- \ 1
1001071In atwenclJ thé(]legllnl)kgalZ Im n ISC ogafreopl)rowdgj pro(éX a\(}\?here?n the reaction is carried

out at a temperature in the range of 40 90 C, preferably; ;- [00108] In a twenty-first
embodiment, the disclosure provides a process wherein 1p the compound of formula I-dd is selected
from a compound of the formula: [00109] In a twenty- Ne’c d embodiment, the disclosure provides a
process wherein the hydrazone compound formula I- dd epared by a process comprising 20
condensing a compound of formula I-ce, R21=0, V\thlhl _(HZ|de compound of formula I-ff: 21
H2NR22 I-ff  in a solvent in the presence of a-base toNield the hydrazone compound of formula
125dd; wherein 1291 is =0 and R32 and R23 a t forth above.

7<

and pharmaceutically acceptable salts, thereof. Pharmaceutical compositions

Z

ZIII

containing the same and methods of using the same as agents for the treatment of
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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[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. [00111] In a
twenty-fourtWerddéitettt, the disclosure provides a process wherein the bBSE IS 2H@B2B$rom
sodium acetate, potassium acetate, triethylamine and N-Ndiisopropyl-N-ethyl amine, preferably,
sodium acetate. [00112] In a twenty-fifth embodiment, the disclosure provides a process wherein
Sthe condensation occurs at a temperature in the range of 20-60 C, preferably, 25-55 C. [00113] In a
twenty-sixth embodiment, the present invention provides a proce\sgtﬁﬁwerein the carbazide compound
of formula I-ff is semicarbazide hydrochloride. 1001141In a twenty-seventh embodiment, the present
invention provides a process 10wherein the compound of formiNa [-2e is pivaloyl acetonitrile.
1001151In a twenty-eighth embodiment, the present invention oy\iﬂes aWrocess, for preparing
N-((1R,2S,5R)-5-(7ert-butylamino)-24(S)-3 -(7-tert-bu tylpyra\1,5-\f‘6] [1,3,5]tf§ﬁi

[

-4-ylamino)-2-oxopyrrol idin-1 -yl )cyc lohexyl )acetami de comptiSing ﬁ"ue process'se in the
following scheme: 0 H2NNHN H2 AcONa, 50 C N
N (o)
R® R N
= H
l-aa ~ \\\\N\H/CHa
CR— R on
I-cc I-bb R&/N\Rg
|
comprising:
1) converting a hydrazone compound of formula I-cc to a compound of
formula I-bb; and
5 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
10 group;
Rs and Ry are independently hydrogen or C;.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
15 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.

20  [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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[0090] In a third embodiment, the disclosure provides a process for preparing a

compound of formula I wherein the compound of formula I-bb is a compound of the

e
N7 N-N
NP, <

N

formula:

[0091] In a fourth embodiment, the disclosure provides a process for preparing a
compound of formula I wherein the coupling occurs via an acidic work-up followed
by the addition of a base.

[0092] In a fifth embodiment, the disclosure provides a process for preparing a
compound of formula I wherein the acid in acidic work-up is selected from citric acid,
tartaric acid, glycolic acid, and hydrochloric acid.

[0093] In a sixth embodiment, the disclosure provides a process for preparing a
compound of formula [ wherein the base is selected from K,HPO,, Na,HPO,,
NaHCO3 and KHCO:s.

[0094] In a seventh embodiment, the disclosure provides a process for preparing a
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.

[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-
n-propylamine, N-methyl morpholine and 1,4-diazabicyclo[2.2.2]octane, preferably
N-N-diisopropyl-N-ethyl amine.
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[0097] In a tenth embodiment, the disclosure provides a process wherein the
nucleophile is selected from dimethyl 4-aminopyridine, dimethylaniline, pyridine and
lutidine, preferably dimethyl 4-aminopyridine.

[0098] In an eleventh embodiment, the disclosure provides a process wherein the
amount of nucleophile used in the reaction is 2.0 to 4.0 equivalents, preferably, 3.0
equivalents.

[0099] In a twelfth embodiment, the disclosure provides a process wherein the
alcohol or alkoxide is selected from phenol, pentafluorophenol, methanol, ethanol,
sodium methoxide and sodium phenolate, preferably, phenol.

[00100] In a thirteenth embodiment, the present disclosure provides a process
wherein the second tertiary amine base is selected from triethylamine, N-N-
diisopropyl-N-ethyl amine, tri-n-propylamine, N-methyl morpholine, and 1,4-
diazabicyclo[2.2.2]octane, preferably, N-N-diisopropyl-N-ethyl amine.

[00101] In a fourteenth embodiment, the disclosure provides a process wherein the
solvent is selected from acetonitrile, dichloromethane and neat phosphorus
oxychloride.

[00102] In a fifteenth embodiment, the disclosure provides a process wherein the
reaction and interception is carried out at a temperature in the range of ambient
temperature to 70 °C.

[00103] In asixteenth embodiment, the disclosure provides a process wherein the
compound of formula I-cc is a compound of the formula:

0o
A

o<

N

[00104] In aseventeenth embodiment, the present invention provides a process
wherein the hydrazone compound formula I-cc is prepared by a process comprising

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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| 1. POCI3, DMAP, DIEA 2. PhOH, DIEA [00116] The present invention may be embodied in other
specific forms without departing from the spirit or essential attributes thereof Thus, the above
embodimen¥&ROIIE4AB%0e considered limiting. Any and all embodiments STGRApIedRAGention 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 offépetble Atdeecif &y rewn Botikae trgettse s fitfer an adtidpaPeisthBgment. In

addition, the preseiidRUEMEGHEARIBPIFE65 19 NIBIIRIIRASah difteseroembpdimant sereis of
embodiments, defjnitions, des ri[i)tionls, agd examples of theinvF(;l tion not%d herein, SDEFINITIONS
oS 313%

1001171The folloWiHg 4P trefl ot tEFRL UL h TS BPySLficat i Lh &hded claims. The
initial definition pravicedttorsamgkpapdontie el deare finoapthitas doptbatsgroigodNtednortiroughout the
specification %nd claims, individually or as part of another group, unless otherwise indicated.
101001181The term "alkyl" refers to straight or branched chain hydrocarbon groups having 1 to 12
carbon atoms, pra@H 1 o @ ctalyorntromzdirivan thadibdeswuppeaidasa susseyiphertar the symbol

'C", the subscrint i g Wil DA & RRRAHN HBANTRS SRR AIRIDRKARARIRUIar group may

contain. For example, "Ci_olkyl" refers to straight and branched chain alkyl groups with 1 to 6 carbon
atoms, such as 15HEeRYIOERNPRasEoRigEeraBlrSHRCHMRIDIPIIRAR, n-pentyl, and so forth. The
subscript "0" refergta @pPond.aiinseth @B MM O AINIY besviEo 3 proyeicoxyatkyl dacludes

e s o SR s s
20COAT, CO2(ChotikydneNHu@ACIH, atlyt)b IS Ecttisakkl), NH), NH(Ci_salkyl), N(C1-
[00107] In atwentieth embodiment, the disclosure provides a process wherein the
reaction is carried out at a temperature in the range of 40-90 °C, preferably, 40-75 °C.
[00108] In atwenty-first embodiment, the disclosure provides a process wherein
15  the compound of formula I-dd is selected from a compound of the formula:
Ro1 Roq

O )J\
-N N
HzN)J\N’N\ HoN M HzNJ\ M
H O < —
, H2N or HN )

NC

[00109] In a twenty-second embodiment, the disclosure provides a process wherein
the hydrazone compound formula I-dd is prepared by a process comprising
20  condensing a compound of formula I-ee, R3=0, with a carbazide compound of

formula I-ff:
Ro1

H,N~ "Raz
I-ff
in a solvent in the presence of a base to yield the hydrazone compound of formula I-

25  dd; wherein Ry is =O and R»; and R»3 are as set forth above.

[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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6alkyl)2, N(H3)3, S02(Ci_o1lky1l), C(=0)(Cidallcylene)NH2, C(=0)(C1- 4alkylene)NH(alkyl),
Ct=0)(Ci-aalkylene)W(i_aalkyl)2, C3_7cycloalkyl, phenyl, benzyl, phenylethyl, phenyloxy, benzyloxy,
naphthyl, a WQgietered heterocyclo, and/ or a 5- to 6-membered het@GEYSH2WHERBEubstituted
alkyl is 25 substituted with an aryl, heterocyclo, cycloallcyl, or heteroaryl group, said ringed systems
are as defined below and thus may have 0, 1, 2, or 3 substituents, also as defined below.
1001191When the term "alkyl" is used together with another group, such as in "arylalkyl", this
conjunction defind 9k mdfeadpsemiciopst rarkadimenbfthselisplatmstRinvites thatarrs sstbEsttted alky! will

contain. For examalepa@ndalivicEfens toauavbstitiesh allivh garaunrstdefipeshakava where at least
Thus, the term aryl(CO4alkyl includes a substituted

one of the substituents is ag a@@iPJUCh as be Z)Q
lower alkyl havind SOREEY 6N e X ASUBSRIRE RS THASERS an aryl directly bonded to another
group, i.e., aryl(Cedaknd] [00d 2} dine-fefriredlsdimgdi tr efie rd 40 slira phdvad dsrapeived ehaiihydrocarbon
groups having 2 tg 12 carbon.atoms and at least one.double bond. A lkepyl groups of 2 5.to 6 carbon
atome ant having e B e o B e e
described above fd¥.alkyl groups. [00121] The term "alkynyl" refers to straight or branched chain
hydrocarbon grougg IEYiNGIR 19k CARANLABMIMAAK AL IFASLARR el B iyl groups of 2 to 6
0

carbon atoms and having one triple bond are most preferred. Alkynyl groups 10may be substituted as

described above fOP&)IHFcapezieDIopparid dhermakydhis sparicrs by R AvdFRdetight or branched

chain hydrocarbome@1qyps havinge:osdcarbap.atams, Meeirrahiink 4t B A0S RJ.
-C1-12-}a, wherein 71 is 1 to 12, preferably 1 to S. |_.ower alkylene groups, that is, alkylene groups of 1
to 2 carbon &%ms‘f’g%e%ﬁ@t %?g%%? é‘}‘élﬁﬁ?aéﬁIPéYﬁ’Pé’rté“%‘%‘&%ﬂoe‘alkynylene" refer to bivalent
radicals of alkenyl[efid silkymhyhgranpscieapeatbeeliynas, definestadiaventdikeoyidne grotps may be
substituted as desgcribed abave for, qups. 1001231 The term "alkoxy" refers t Xygen atom
substituted by alk?/%rgéeggﬁlrge\ﬁg I@'re’ln.’ ofr%:ﬁaerrﬁpllé%]%%rgl?e%% @ng(ya tg?ti)rég{f&)géaﬁ%o |i:’é)up
-0-Choallcyl. 2010600124 I \viaein-4-slavsonp iexesetalitinrefd)erdehts dinedieoxye tiomikyihgr aminoalkyl,
the subscript referg {9,{heQupRsHoh GRS Hglthe group may contain in addition to

heteroatoms. [00125]It should be understood that the selections for all groups, including for
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 W

1. POCl3;, DMAP, DIEA
2. PhOH, DIEA

H/N’// o acidic workup, then
, H 7.5% K;HPO, NN
N NI N -—_— k \
o N >’N \l/ R
ﬁ/ H N !
\=N H /O 2
4
= /"\‘§NH2
oj,N.H

Zll

15

[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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examples, alkoxy, thioalkyl, and aminoalkyl, will be made by one skilled in the field 25to provide stable
compounds. 1001261 The term "carbonyl" refers to a bivalent carbonyl group -C(=0)-. 1001271The
term "acyl" N2 HEAfbonyl group linked to an organic radical, more parBERIEIFN B ERp
C(=0)Re, as well as the bivalent group -(=0)12,-, which are linked to organic radicals. The group IC
can be selected from alkyl, 30alkenyl, alkynyl, cycloalkyl, heterocyclo, aryl, or heteroaryl as defined
herein, or when appropriate, the corresponding bivalent group, e.g., alkylene. WO '
2011/046916PCTAISOGISB52 98800 #2 afrHO Rl ARariBElky I Reidifiote e RF SSf iatsatNd partially

unsaturated hydragathgadingsotandatngrelo erivehdes rielanlkanryliegsodahents 9, preferably 3 to 7
carbon atoms. The term "cycloalkyl" includes such rings having 0, 1, 2, or 3 substituents selected from
Crapalkyt (ol KRGS BIOR SYATOCH G e B IS D ar3, C(cop
Q=0)(Ch4alkyl), CO2H, CO2(Ch4alkyl), NHCO2(C44allryl), S(C44alicyl), NH2, NH(CI_talkyl),
N(Cl,4alkyl)25 N(Cl_4alkyl)3+, S02(Ch4alkyl), CIS lene)NH2, Q=0)(C1-4alkylene)NH(alkyl),
and/or C(=0)(Cidalkylene)N(Ci.4alkyl)2. The term "cycloalkyl" also includes such rings having a
second ring fused|féidio (&g fillslweiagodniivitivaserticyaiousr hetbiomsaificrivgsindr having a
carbon-carbon brigie,gfed L. hearpemalareslRRiAibTedesm Halp PrehplRasRkgsiRLs o chioro

bromo, fluoro and iodo. 1001301 The term "haloalkyl" means a substituted alkyl having one or more
halo substituents. RreEanhepsrmyhrsusbortifasersdticision anl daimaifRibrsethgr 30048 9f The term
"haloalkoxy" meangaR-AloXY, drdp HiRMing Ondiesteaore halo 15substituents. For example,

"haloalkoxy" jncludes QCF3, [00132] The, term "heterpatoms" shall include oxygen, sulfur and
Ttrogen. 10053 PH B (ARl b BBt AR CTIBIE S ) PG 2 aphtyl. The
term "aryl" includdsrsingh ting dagivingtomk, drofeBablybstiifenid seleated When (Gddalindpfa24)alkenyl,
halogen, hydroxy,.cyang, nitro..CFE3, O(Ci_4alkyl), 200CE3, C(=0)H..C(-0)(C1 4alkyl),, CO2H,
Conciayh, niEEIRet R b b SPR SER b R R ey -
S02(C14alkyl), @gaahecaf carhikyierio) e GE)ET. ey o e RIMEEIKEIY, exatide, “Cicalkyl”
C(-0)(C1_4allcylengiN(fe ke Al kydd2riQ013ATNE IRITS o BRISIREN 06 Sa R IRRLY Jich irfers to

substituted and 25 unsubstituted non-aromatic (which may be partially or fully saturated) 3- to 15-
membered rihys HAYRY: £ 4 hBteRBhistREPSHchbHAds O3 ba-Bertly arbindei@donocyclic groups,

7- to 11-membered kieyslicogrienns :@nboh: Tauk5timembesReckicyslisadrawpsCEach ring of the
heterocyclo group gontaini heteroatom can cqntain one or two oxygen or sylfur atoms and/or from
1 to 4 nitrogen atc}%lgqﬁ%??%%g 251 S?Pr’édf8¥éfr AUMmber o R?% élr%)\%}’gfﬂsb?‘ﬁh a‘cﬁ% irffﬁ&é%%o‘flgar or less, and
further provided thadytibe sibgttwmatawithdt ledsranps cacbon ton{CThelkysdd xrimkcogpleting bicyclic
and tricyclic grou 0.0 n apurated, pargi S ted, or

AR 8% RN GO é{aeﬂg&é‘l.&w Seanyaing, pariall, SR

unsaturated. The nitrogen an r atoms may optionally be oxidized and the nitrogen atoms may

optionally be2fuatefire § Optfe-dkatd Yo Gfbuprhagl). b Grradied MHany i aitake nitégen or carbon
atom. The hetcrocsgglg)lﬁpgé@gy)ppg@(@Qeaﬁqﬁ)’og(&@%@gggmg}ngﬁ@glﬁgt@q:@(m(c14)a|kyI,
(C.34)alkenyl, hal?aﬂl%ﬂér?%NrPcI)%%kyl), C(=0)(C4alkylene)N(C)alkyl),, Cs.scycloalkyl, phenyl,
benzyl, phenylethyl, phenyloxy, benzyloxy, naphthyl, a 4- to 7-membered
heterocyclo, and/ or a 5- to 6-membered heteroaryl. When a substituted alkyl is
25  substituted with an aryl, heterocyclo, cycloalkyl, or heteroaryl group, said ringed
systems are as defined below and thus may have 0, 1, 2, or 3 substituents, also as
defined below.
[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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5cyano, nitro, CF3, 0(Ci_4alkyl), OCF3, C(=0)H, C(-0)(C1-4alkyl), CO2H, CO2(CI-
4alkyl),NHCO2(C14allcyl), S(Cidallcyl), NH2, NH(Cidalkyl),N(Cidalky1)2, 4alky113-, S02(C1,4alkyl),
C(-0)(C14aWAEntMH4216C(-0)(C1,4allcylenc)NH(alkyl), and/or C(=0)(Ci4alk&/EHEIN (P38 1)2.
Exemplary heterocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl, imidazolinyl, oxazolidinyl,
isoxazolinyl, 10thiazolidinyl, isothiazolidinyl, tetrahydrofuranyl, piperidyl, piperazinyl, 2- oxopiperazinyl,
2-oxopiperidyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, 4- piperidonyl, tetrahydropyranyl,
morpholinyl, thian@HhsihrstanierbHOMHCtRBLi|eC iAoy phadyliEsHhended Gioxolane,
quinuclidinyl, tetrafiysiier &rdalioxoti@mayharg the like. 151001351The term "heteroaryl” refers to

substituted and un stitutei1 aromatic 3- tg 14-membered rings havjng Ito 4 heteroatoms selected
from 0., or N in UG or G . ARGEY A S Ca T O BB SR B Gyl oroups, o-
or 10- membered gicyelibagingipso abdatictmbdxmamhiodeed theyklibkgrionps AHaclyrgagupé the heteroaryl
group containing teroatom can contain one or two oxygen or sulfur 20atoms and/or from 1 to 4
mirogen atormb pro e T T e e A and each ring
has at least one caxyorr atbstitarebafiudesdribed sleoimfletyltgrewisyclic and tricyclic groups may contain

only carbon atom3iinayhe satatey PaBllsaTBPd: BlahRRILate Ry FbgMipgen and sulfur

atoms may optionally be oxidized and the nitrogen atoms may optionally be 25quaternized. Heteroaryl
groups which are BieyRtiBasingidyelie SriReHenTRRerad Péé%%ﬂléeﬁﬁmkmﬁaﬁ@w BiotMebther fused

ring or rings may keAsaButiaRhR-BECRabse tHitheirreantdgroudnay baigtiachedat any available
nitrogen or carbon atom of any ring. The heterparyl ring, system may contain 0, 1, 2 or 3 substituents
Celoctod romU A DR T TN ER Ty G AN o, CE. 30'4clkyt) OGFS. GO
Q=0)(Cl4alkyl), [0@m2p|, COR(Eim&iki)leh CRA Gled kylyyrS¢tilordadkyhedNHAnNH(CIi_tallcyl),

e kot clislhisn R loh SRl RN CEOIG el

and/or C(:O)(C14aka e xemplary heteroary
pyrazolyl, pyrazolitilHilid adsgingxizoly| 1 Isoxdeolly thiadoldwtiatkiszohgresoshtazolyl, furanyl,

thienyl, _50xadiaZOJMly@{Q%Y&uEy@4iwb exoNdioyls RycidRzinvbetiaingle AR Renaeipiazolyl,
benzodioxolyl, benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,

benzimidazoly, béﬁ%bl}‘bﬁﬁﬁflﬁqdﬁﬁ?iiW,i'ﬁéﬂﬁé?ﬁ?"é?ﬁ@P,f(ﬂ%]F@Fﬁb?ﬂﬁ,a@@ﬂﬁﬁ‘a%‘fﬂ&‘flﬂsbenzopyranyl,

cinnolinyl, quinoxaligydetineiazelylc yeialpeidylk usapurisybpdifvgriseindaid tetiabysdanuinolinyl and
10the like. Particular he%ero%gxl groups include, for example, 6-substituted quinazolin- 4-y1 and
6-trifluoromethyl-tihazNA-4YyE t01371Where a group is optionally substituted, it shall include
substituted and ur8ti}|tutdthgraupSlkoxy” refers to an oxygen atom substituted by alkyl, as

defined herein. For example, the term “alkoxy” or includes the group -O-C;_salkyl.
20  [00124] When a subscript is used with reference to an alkoxy, thioalkyl or
aminoalkyl, the subscript refers to the number of carbon atoms that the group may
contain in addition to heteroatoms.
[00125] It 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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1001381 The compounds herein described may have asymmetric centers. 15Compounds of the
present invention containing an asymmetrically substituted atom may be isolated in optically active or
racemic fori¥$) RO ¥nown in the art how to prepare optically active forfiSTAIRH1893A2§- solution of
raccmic forms or by synthesis from optically active starting materials. Many geometric isomers of
olefins, C=N double bonds, and the like can also be present in the compounds described 20herein,
and all such stable isomers are contemplated in the present invention. Cis and trans geometric

isomers of the corti98eBlds dheHepreseiralventideraieltibscredasadnayiyy weaigated a mixture of

isomers or as sepryaieshisOmars farmacAloehirludiastseemere riagemig Jauws pedaliggometric
isomeric forms of a structure are intended, unless th ?ﬁ cific st%]zc,och%mi.stry or{ :?sTom ric form is
specifically 25indi&%\?e‘ifﬁfﬁﬁffaoéﬁ‘soﬁ@eetﬁgﬂti%{ﬂagﬁ‘y 0 f&%ﬁ%&&" iSRS W& ih ma display superior

activity compared saiihi tin o thedectdd ional Cof, tikystere opliemitthidsgare loahsigeceahto fie@ part of the
present invention. Whep required, aration of the mi [ aghieved by HPLC using
a chiral columgln or ;?’a%ggs]ﬁ ut?gﬁ 8?# g(trgjsjﬁv% gg%’é%&%i@ﬁ?bﬁ%ﬁ%ﬁg Thloride as in Young,
S.D. et al., AntimidfdsiabEgerite it ChelndthSFp N 6022 k605 X008k Do MNE] Frlkyphrase
“pharmaceuticaly @sgepiahle i CORIOVEADRIEINIS,2ferdq ask ACRRAUAS MAG RIS

compositions, and/or dosage forms which are, within the scope of Sound medical judgment, suitable

for use in contact WTPiHe tiR&YEEONGMalNBEIngeedrmaniaiardkftibw Brlkss sty irritation,

allergic response, ok hothescoratiamreaic-eaRaRlication i CARAME Bkt Bl fcreasanahiahenefit/risk
ratio. [001411 s used herein, "%pharmaceu i ar:!i}/.gcce éatbli sa#s" rtefer to derivatives of the disclosed
compounds WherdREHSEPERE &S BRI hILGREY By riaRig etk

ZCi'Br base salts thereof. Examples
of pharmaceutical[90Ea2o¢ ptatie tsaitShakitde’ Haligere ndtkmitddao, hrimesaflosrorganialacid salts of

basic residues su Eb mines; aIkan'lqr i rgI%nic salts.of aci iq relslildues such as caﬁbloxylic acids;
and the like. The E ai?n ce%%gc’}amnacgeo&aqle salts flnscsaﬁgut%g %gﬁveanvtllrcl)%gﬁto)rnﬂg%c ‘salts or the
quaternary ammo#ribstitseits. dbtrrsguertent kadpapolinadhwderearofor bixandgleldespmetbril. toxic inorganic or

organic acids. ForgaayPle el GeRRAILRS RRRAOXIGARLS I6IAS IRse.deruRIL TR inorganic

acids such as hydrochloric, benzene sulfonic, 15hydrobromic, sulfuric, sulfamic, phosphoric, nitric and

3

the like; and the seifstHepard@rsATBtgakrladagysirrudesRéte; propionic, succinic, glycolic, stearic,
lactic, malic, tartafigyi@pjic, aseqchic; Rameitnvalaigl hvdrexyryalaicuphesydagaticeglutamic, benzoic,

o, sothionc, HFSHG 1A S010023] TSR REEDLEDY GL - SAREISH O Frosemt
invention can be syaptitegiZE: from the 1 anehtl comgotingt Whitly Oohtdinslasiasimonagitiaahoiety by
conventional chergigal methads. Generalls STNSRIR SRR DS AIRPARS X Ie3EINGISS,
20  OCFs, C(=O)H, C(=0)(Cj.salkyl), CO,H, COx(Ci.4alkyl), NHCOy(C;.4alkyl), S(C;.
salkyl), NH,, NH(C)_salkyl), N(Cy4alkyl),, N(Cy.alkyl);", SO»(Csalkyl), C(=0)(C,.
salkylene)NH,, C(=0)(Ciualkylene)NH(alkyl), and/or C(=0)(Ci.salkylene)N(C;.
salkyl),.
[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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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; 25generally, nonaqueous media like
ether, ethyl WéaAid/Mdidnol, isopropanol, or acetonitrile are preferred. ListPETHRBIERABE 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 30pharmaceuticals (e.g., solubility, bioavailability,
manufacturing, eté34Féeeorhpbiaitatet theepigsant amdenisnanay H@ﬁ@ﬁ\?@?é@’ihe&@&%&j{ form. Thus,
the present inventign igcinfepglechiongomey Bradidds K inaareaantivichrigies, cenrapRss; kaethods of
delivering the same and co%osigfkirb containin%th same. " o%rugs" are intended to include any
covalently bonded &I FEtRESL EIPEL %ag’a?ﬁb?‘.t?ﬁlr PSS A TUBREBHA vivo when
such prodrug is adiintsse Bedhivotiamamethatiahfsu (€5t ) Rkgdr@s jdlkthe b tederthiyention are prepared
by modifying Sfunctional gro presentin th mpoynd insu w difications are
e R g OO R AT

cleaved, eitherinr pou

compounds of thespkadeAttigtettiormiHareie aduhoRyaiHe, etlkuliihydrykakolp N(Bonded to any
group that, when %%ﬁg%@@@ﬁ%&rf%?ﬂ j @gg%jpﬂgﬁe?}ﬁﬁ}r@%g@yga@wﬁ@@ﬁgbject, it
Y

cleaves to form a free hydroxyl, free amino, 10or free su ryl group, respectively. Examples of

prodrugs include, B Are GOV rmitdliptsnaidfarer kahinataRiBs R tsaeevabrisiips dnstideohol and
amine functional greups i, iercRMBoLRERaY T heawsERHINMaRtdnI0Rb44-blitable compound” and

"stable structure" are meant to indicate a compound that is sufficiently.robust to survive isolation to a
et corele o S AP R S B b o therapuie

agent. The presert_bda_;pipﬂmin)it mmﬂeﬁﬂd}émmmtmwmmmz@iﬂﬂmmﬁHerqpeuticalIy
effective amount';%%}l&gg qé&a%gﬁﬁé%%%% 0(1)11}1 lpﬁr@%g%%lg)&;bﬁlggga%ﬁaﬂl\ﬁntlon alone or an

amount of the combination of co aimed or an amount of a' compound of the present
invention ill 20 contbitederiiiamonthelind tvEdng redidivrotse ciivieud itpibitdedy dtcR12 and CCR-5 or
effective to treat ofipeugahdiserdgrags discussed herein. [00146] As used herein, "treating” or
"treatment"” cover the treatment of a disease-state in a mammal, particularly in a human, and include:

(a) preventink’the [Add3ke -t BN SEEMRGTCE RN ErSH putvasr ik P mHitnammal is
predisposed to 25ihedisaasa-staie:bhihag Nt ykrétbeandiagneseiiasm@avingrity (datnkikiting the
disease-state, i.e., arretstﬂn% it de%elﬁlment; abndéprl(%)_ reli vin% the disefase-stategj.e.,lﬁgusing
regression of the diSedses bnt%s.‘[ o ﬂ%shcgnna%eg used hérein 1o de icghca%(ramépépec?ﬁc orm, e.g.,
"N-1" or "P-1", shauichirayt bbicahsidengd, lmniting twitd-respbetetbtacyclithrongubBtehcmpossrssing 30

similar or identicalgRysicaland chEMISALSRIRRIEIGS: RULIAINAL b3hguld e undprood that these

designations are mere identifiers that should be interpreted according to the Characterization
information &%o p?ég@ﬁ%@/q’félr@m.l to 4 nitrogen atoms provided that the total number of

heteroatoms in each ring is four or less and each ring has at least one carbon atom.
The fused rings completing the bicyclic and tricyclic groups may contain only carbon
atoms and may be saturated, partially saturated, or unsaturated. The nitrogen and
sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be
25  quaternized. Heteroaryl groups which are bicyclic or tricyclic must include at least
one fully aromatic ring but the other fused ring or rings may be aromatic or non-
aromatic. The heteroaryl group may be attached at any available nitrogen or carbon
atom of any ring. The heteroaryl ring system may contain 0, 1, 2 or 3 substituents
selected from (C; 4)alkyl, (C, 4)alkenyl, halogen, hydroxy, cyano, nitro, CF3, O(C;_
30  salkyl), OCF;, C(=O)H, C(=0)(Ci.4alkyl), CO:H, CO(C;_4alkyl), NHCO,(C;_salkyl),
S(C1.4alkyl), NH,, NH(C_salkyl), N(C;4alkyl),, N(Ci_alkyl);", SO»(Calkyl),
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WO 2011/046916PCT/US2010/052288 [00148]The present invention provides crystalline forms of the
free base of N- ((1R,2S,5R )-5-(tert-butylamino)-2-((S)-3 -(7-tert-buty Ipyrazo lo [1,5-a] [1,3,5]triazin-4-
ylamino)-2-d%8p0iddlithhio1 -yl)cyclohexyBacetamide as a novel material, inA§3ricaIH0/9/2288
pharmaceutically acceptable form. In certain preferred embodiments, 5crystalline forms of the free
base are in substantially pure form. Preferred embodiments of the free base are disclosed in the
examples as the N-1 form. AdditionaI'!;}/, it is believed that the free base may exist as the P-1 form

2

and/or a combinafién O thealivicapiNE21 GorC ok bneaNideterand g S1(T0rbh" refers to

crystalline forms hauipgibsgamearlPechemical composition but different spatial arrangements of the
molecules, atoms /or ions forming the crystal. 1001501As used herein "solvate’ refers to a
Crystaline form o Bbtbculd AR SHEIGF R G RS S5 NG FECIRL GP i bivent o
solvents incorporateddnity thexaxystaiinea sty thiezolyietsalientlphakeciteslin, theasplyvaienylay be

presentin a 1§regoulgc{iarr @’g@rggr]t and/or norri'ﬁﬁﬁder dar anﬁﬁn}ent. T 8 oivi';\te may comprise

. . X azo 1 razin 1 T1daz1 T19Z111 1 ,
either a stoichiometric or ro ichidmefric afount of th&’solve ofécules. For example, a solvate

with a nonstoichiopaeaaihiarebirhaszediveny iviesskes ilaherastiiichphapaciabioss of solvent from the
solvate. [00151]The RresRNIQYADERN, 'R dgtended iadeikse Al s Hans sy AlomaAQigpcurring in the

present compounds. Isotopes include those atoms having the same atomic humber but different mass
numbers. By way BigefEay e i dnerimpduilihsratrenbinaclisy hydibgehimiblude deuterium

and tritium. IsotoprgLbiarbendnekids 1 kzopndd 4 Ginkatanicalhlyiakelad compesngs afdthe invention
can generally be prepared by.cqnventional techniques knawn to those skilled in the art or by

vl o el R R N T e e —
in place of the norHgbaled-refigentethgrqusesiipléyéd. [00152]As used herein "amorphous” refers to

a solid form of a rg‘%(ig e, %@e gn%gr ilgrolstth§ %igngoes not
v P ol

t.is not crystalline An amorpho
1 fil i s
display a definitive x-ray diffraction pattern. %bé%l&ssl g(;%c% IASér%ﬁnl,ngslﬁ esg[lgbr?tlla‘l% pure,” when used

in reference to a cHysthtliteddeivumeans a compound having a purity greater than 90 weight %,

including greater agnagP, 9ndLomsh s AereRPdRENE AE B WRIORIGriddgh@lRo including equal to

about 100 weight % of Compound |, based on the weight of the compound. The remaining material
comprises other fOrHRY IR BSrREFSER AN IR GRMeEdRE impOYIRES Wity s pPeLesd i Rhpurities
arising from its preparstiapideal @xpagley acaiissatioenfRrrorak. It is well known in the art how
N-((lR’28’5R)_5_(t‘[eor'glgg;[%cleaorg‘h%g?l&zég?\)é §6$r7n_st,esr1]1-ch as by resolution of racemic forms or by
synthesis from optically active starting materials. Many geometric isomers of olefins,
C=N double bonds, and the like can also be present in the compounds described
20  herein, and all such stable isomers are contemplated in the present invention. Cis and
trans geometric isomers of the compounds of the present invention are described and
may be isolated as a mixture of isomers or as separated isomeric forms. 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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5butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- yecyclohexyflacetamide, free base or
salt, may be deemed substantially pure in that it has a purity greater than 90 weight %, as measured
by means tHO2HE H¢4#L5time known and generally accepted in the art, wh@E€RRE2HHETAMY) less than
10 weight % of material comprises other form(s) of N-((IR,2S,5R)-5-(ten-butylamino)-2-((S)-3-
10(7-tert-butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- yl)cyclohexyl)acetamide, free
base or salt, and/or reaction impurities and/or processing imgurities. 1001541Samples of the

crystalline forms rH{ # prdliRiBt #ehPbaparasitiiaN parecpiake HemblarbhyremdrEdpigthe presence

of a dominant amenit ebainle, dessisalivaformoandepionsiyd et amenats afidnetrs more other
crystalline forms. Thegpvégsence of mor%éhan one crystalline form in a sam%le may be determined by

techniques such a8 PSWHETRY BF G ALASH T RSP 5 Qb PRSI LP FR YRt $esonance
spectroscopy (SShivii) bengeexadnapiealher phesence ssivextradigalksitatitheatiorjpaxigamet an
experimentallg meﬁurredbPXRD patermn yvith a simulateg P)1§[§D 208a r%emngﬁt)’rng(ic%%% more than one

t
crystalline form in the é)a{ronpl) e The's rﬁfjale{?éldclggzﬁglsflﬁ%yek% caatlé%alsatré%ﬁ?om S|ng1e crystal x-ray data.

See Smith, D.K., IR0EORTRNsPEdgreim fohTaksglithaerentabbweles” Difioiotibmi Rétterws," Lawrence
Radiation '—abofatﬁ&@’di%éY@Jé&%%lp%QHI@Wﬁré&QﬁLpZéﬁt@c&%%ﬂh&@%%o&ﬁ%%&ﬁﬁ%@@& ofhe
Y

crystalline form has substantially pure phase homogeneit as indicated by less than 10%,
preferably less th&3558IaMETRIrFsratRINY NBYEacshtiso otarr bis sl ends ibvriecdidherimentally

measured PXRD pafiemnanisingronvihe e paaks thalateiahsantirandhesinkiated PXRD
pattern. Most preferred is a crystalline form having substantially pure phase homogeneity with less
e 106 0f 118 (ST BEROAHA A MG ERBLRRCHEA AU ESCATS D AEimg from the extra 30
peaks that are abpéatfiromtibalgimctatadcRXRMpatterhe (0016660 cedumes foldthe greparation of

crystalline forms are known.in t%%i{c}rrﬁ.Sgﬂgog%%?lggrﬁlggrmgur@@ Oggeq?&%reaqn By, &variety of methods,

including for exarﬂlrl)a[cf,‘car?’s%a ization or recrystallization from a suitable solvent, ’su%ﬂlmatlon, growth
from a melt, solid titeineagiform g omdan Stiex pnpke s ualy sealtigaitimal fromtexstgsdiccritical fluid, and

jet spraying. TeChﬁhi&H@étf%&Ebé%@éHZf%lﬁ%Qh%ﬁﬁEya%‘ﬁH izaiion A FoiBlineazems fiemng solvent
mixture include, for example, 5 evaporation of the solvent, decreasmé%éhe temperature of the solvent

mixture, crystal seudiitgraraigpardaisrareiainis ARG ra Bitradha dkaieuhbroriarRrepaEse drying the

solvent mixture, andradeliinio ofiaNiirnlueatst(Eguaiaizol vasimisodyeos] venki e MdR1571 The
forms may be chatrarg:terizetd. and distinguished usin iqgle chPtaI xﬁ;raé/ldifftr.actilo?, which is based on
unit cell measurerr?eﬁfécb?la{l'cs’iﬁafgr 1r‘ii S aTeri10at A rked Sl fﬁ’ aalcfelﬁiﬁe?ﬁfﬂ%%. A detailed
description of unitteslisits iteyide dulaSitbu Cetatoxgbapter, JuaRaydBicuctuferietermination: A

Practical Guide, ,qmﬂlc?sﬂl%ﬁic '\Jﬁl\%/ngﬁfﬁlfﬂo%%%%@ﬁsrﬂ&ﬂ\’&%, g}ﬁ H{éi g arrangement of atoms in
c

spatial relation within the crystalline attice may be characterized accor ing to the observed fractional
atomic coordifate0ARBthel ba@hpgner armedbtasrapigised s of/daninwertrnetoreisyyisowder x-ray

diffraction analysisRawhis thenerReira iR QRseRardiffiastion REfile RieomRa A to a simulated

profile representing pure powder material, both run at the same analétical temperature, and
measurements fof tHECSHBELERSRHFEHAFAIL I Aden e by s¥tras B 567 Afggparcd 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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[00158]0Other means of characterizing the form may be used, such as solid state 20nuclear magnetic
resonance (SSNMR), differential scanning calorimetry and thermogravimetric analysis. These
parameters WYAyHKENMpHused in combination to characterize the subject foeT/0838H9[TH328%erm
"negligible weight loss," as employed herein, as characterized by TGA indicates the presence of a
neat (non-solvated) crystal form. 25[00160]In one embodiment of the invention, a crystalline form of
N-01R,2S,5R)- 5-(tert-butylamino)-24 S)-3-(7-tert-butylpyrazo lo [1,5-a] [1,3,5]triazin-4-ylamino)-2-
oxopyrrolidin-1-yl)e{AtNesse ferinsiand fuBPpsisesCerRin B boitheiein SIEEENTIATR pure form. This

crystalline form maydag.gnaieyed inhpbaralasruical-aQares igienwhichemaycaptigaally include one or
more other compopents. selected, 30for example f%)m thigﬁg C.on%istin o%fxcipients, carriers, and

one of other active SR SIEERA N GRERAL 8 HRER &' BEhttIBEBIGfPéht molecular
structures. WO 20ihdnto442h6RGact B0 bixA8 BriBeiiGhjenatar alelyrdpecd ygtalbidié/fogm has

substantially pure phase homogeneity as indicated by.less than 109 eferably less than 5%, and

ore preterably el R I ERIEE B R e IR 3R patiorn
p y 2% O total peak ar p y p

arising from the exteavsdakthehan eretindsenirfditiother simivatsotiRRENpeatapauddosrpdatesred is a
g Y

Scrystalline form having sulistantialy MLTs RBASERAMAgANSEY Withiess, hand % ofiligdgial peak area

in the experimentally measured PXRD pattern arising from the extra peaks that are absent from the

simulated PXRD Sttt Bged 2 thya#otReh &immtsdihie Ao e il Sisies 16 ipYShiddsconsisting
essentially of the arystalisedesm seh(AiR A§oR) Sréiens auibylani ney-Bad®)a: @ctaiinino,

10butylpyrazg|o[1,5-a][1,3,5]triazin-4-ylamino)-2-oxapyrrolidin-1- yl)cyclohexyl)acetamide, free base or
salt The con oS SH A AR EIRe RTEY Eom e L GL 4T S RoIEod% SP U i ‘based on it
weight in the compositidm, [@6 163 bheax @sd beazofedrtian v plikteddnddrmpiredassingampurities
may be determine&&;gsaﬁq%ig&h %%H%%%ﬁe own iﬂxﬁgﬁi&ﬁ’ such as, foi example,

n

15chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry or infrared

spectroscopy. [001¥WA7dtystabitbcrepmpomuly madpréghlg stusuEey arfanr ot e tderdse including for

compound that is sufficiently robust to survive isolation to a useful degree of purity

15  from a reaction mixture, and formulation into an efficacious therapeutic agent. The
present invention is intended to embody stable compounds.
[00145] “Therapeutically effective amount” is intended to include an amount of a
compound of the present invention alone or an amount of the combination of
compounds claimed or an amount of a compound of the present invention in

20  combination with other active ingredients effective to inhibit both CCR-2 and CCR-5
or effective to treat or prevent disorders as discussed herein.
[00146] As used herein, “treating” or “treatment” cover the treatment of a disease-
state in a mammal, particularly in a human, and include: (a) preventing the disease-
state from occurring in a mammal, in particular, when such mammal is predisposed to

25  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.
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example, crystallization or recrystallization from a suitable solvent, sublimation, growth from a melt,
solid state transformation from another phase, crystallization 20from a supercritical fluid, and jet
spraying. Te¥ARUd @ ocrystallization or recrystallization of crystalline forrRE B3 (E1R28%t 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. 25High throughput

crystallization tecHPfddk mayprressipisysatien prapilss erpdrllimsdrarme theilfierhssaiMorphs.
[0016E|'>]Crysgals Of(dRégg;smllsJ@m Wﬁﬁﬁﬁl@b;%rmIMQIﬁe@iM@ﬂ}%?&H@m{ @m]gh,aé@@ﬁ&iﬁmion of drug
crystals are discussed.in Byrn, S.R. et al., Solid-State Chemispy of Drugs, 2n ition, SSCI, West
afayette. Idiane (LG4 S0 OBl SRS BRTEEIE. 158 BYAC BIHBAG sBhvent. the choice o

solvent or solventpasitycaily gependent wfigneoptal nione. factenssis pebfasd elubiliymohth e
compound, crystallization techni d.vapor pressure of Kwe solvent. Gombinations of solvents may
be employed;é;or 8?75%%1%?Pftﬁgncsi%%%geoa#ﬁa\érﬁ%yabge%8 u%%ll}téa l?lrﬁgrg n%%soﬁ%rﬁrteé afford a solution,
followed by the aduihodioal eftlisdivehttodiedisdeedie helkritipsfahdedmgound in the solution and

to afford the formatigpRhelySials vhvanitRiRHedbASAlYEokin WhitrtheLRmpeYPs has low
5solubility. Suitable solvents for pre aralar;é; csr%/stals include polar and nonpolar solvents. [00167]In one

method to prepar€ ¥RRRAHOMIAARN & 2 Pl fFtutylamino)-2- ((S)-3-(7-tert-butylpyrazo
lo[1,5-a][1,3,5]triaza149flamine)Rdxeeradiyiiarph Yheyslahexyhacriasmideee basases salt, is

suspended and/or stirred in a suitable 10sqlvent to afford a slurry, whjch may be heated to promote
Cioution. SHa CETRAE S oD T S & darer e o TR Ay sl comtaim
additional amountanfithe @slidtoiagidrdcayk@terogeneous mixture at a given tempeiature. Suitable

solvents in this re icludg, for example, polas aprotic soly a olar protic solvents, and
mixtures of two or?@’g?g]of th%’slés;eg;ﬁ%rigc ossoe%ag%ﬁé&}%lsnﬁo[?)ﬁiygg]ﬁégé}dr(%lyosq{glgl%%ﬁ ’eagogaed to any
crystallization mixaeeoto grothrdteuthyseanizationolagigsibbe sibantorthe vskitdocarnsatedsatding is used

as a means of conoling.aipudh REAPAHCWN SIRIRINRSAMOL AR R MErESRECARiRalling the

particle size distribution of the crystalline product. Accordingly, calculation of the 20amount of seeds
needed depéids TPt YAREMRR aRLQTRARARBIECELPIFE SFERsd S e AR BB FG¥Bidduct particle

as described, for exampleoishbiific biMoritaichifhegiammnad sonkngothaiceiystafiizers,” Chemical
Engineering Science, 2?:369-1 377g$1t§71 . Int g%neralt, seeds o{lg%malll sitze e\ere rfeeded to ?ffectively
control the growth 8t CRSAR IR BafeROSEagE B <hMaYe" May BebBkRerat g,

SEE

from partial loss of solvent from the solvate.
[00151] The present invention is intended to include all isotopes of atoms

20 occurring in the present compounds. Isotopes include those atoms having the 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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25milling, 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 cryS¥P M@ 16change to amorphous or to another polymorph). [FETHOIA LGB Mixture
may be filtered under vacuum, and the isolated solids 30may 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
SSNMR, DSC, PXmetydsiereke sboyssfevishiation %@W@%&W@%@%ﬁéﬁ%@%ﬂ%@ the product.

The resulting crysgaliipeufrnis apicalilgReuRedonRRABOYN TR patartbanpabautaid/ veight %
isolated yield, but preferably greater than 90 wei%ht % based.on the weight of .

N-((lR,ZS,5R)-5-(l‘§ gB Rﬁﬂ%ﬁ§?j&§-§r—??9§8w- impurities arising from 1t$preparation. For
5butylpyrazolo[1, =sajidn®, 5 tresilideyfami nON I (ORISR SOl Gi(rel~ yhyelctohe3H)e) etaMmrde; free base or
salt, originally.emplayed in the crystallization procedure.. The product may be co-milled or passed
through a megh sgpg%%%gﬁ)&%fégﬁﬁg ?pﬁ%)n lf%:%,%yr?%nc%nso aZPyO. d%’f‘?g]]dér}?stal‘line forms may be
prepared directly trbevdiebrediagenmédiling bistomhelfinatpbocesmedepbidrpiapapiig in that it

N-(lR,ZS,SR)-S-(’[ﬁQ-QH{M iréﬁ’ae'lzﬂ(&§b@§>@fght %, as measured by means that are at this time _
tert-butylpyrazolo[1,5-a][1,3, ]tr|a2|n-4-ylammot)é-z-oxopyrrolldln-l-‘yl,)cyclohexyl acetamide, free base

or salt. This may BEEhde st leathpied By Brasiolig S hamEmnasr e Lo Eh v sdiént or mixture
of solvents from wifigh#hricompasndmaydechstalizer 28 lamativeberystatie fgeps-may be

obtained by 15distillation or solvent addition techniques. Suitable solvents.for this purpose include any
of those solv]é ts éééeéfrtﬂ%g']ﬁ?érr ZlPrll,Oﬂc%acﬁr% %&gf? qBE?‘é?’rJ%IBI\%% é?’é??éﬁr?jédélilé hols, and aprotic polar
solvents, such as Ketgpelebe{PDdceidBidey sy obaye neraltguidancectie iepotiviasminxiore may be filtered to

remove any unde\?ilr&(gsigﬁgqgliﬁ?ﬁii&grganic salts, and the like, followed by washing 20with reaction or
crystallization solvent. T ulting solution may be concentrated to remove excess solvent or

re
gaseous constitudfd Sldistiamples o ethpteydallimsdasminate kapsumndet wistiiabetavirdbtedrenay vary,

depending on proﬁﬁ%%iﬁﬁﬁ%@%ﬁ@ﬁ%%ﬂ%@g@ﬁ@ﬁ}@é%ééecﬁsfbéﬁﬁaﬁm%grﬁ%%@ﬂ{@{p gnd the like. By
way of general guidance, the reaction solution may be distilled to about 1/10 the aoriginal 25volume

before solveht regtaSEHIEGIRB AP ERIhRIROS TSRS BRe s mpre QBRrRsllBs s Betermine the
extent of the reactivg gRekHae WihlormdLsidRPCGOMARLa 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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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 Waltty/¥¢pidally results. 3010017211t may be preferable to addPSNEREIAHINERES 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 with
solvent exchange. Although the final concentration may vary depending on desired purity, recovery
and the like, the fiisieplRceRtiatigation e trae BHEstASBRM S aSie e sHdRAM 0 about 7%.

The reaction mixtyigviies e stirerdsinliowindrealwaitaddition ansieimulianeguslyivasmed. By way of
illustration, the 5reaction mixture ru%x{.lge stirred for.abo;ri{t ]gh.our hile W?rﬁ]in%to about 70 C. The
reaction is preferaBi ST RSE AT LRI R ERBe ! FRETERSSIS CYNANEAHRE Shivent added or a
combination thereetSeeticiistals cnabieafided fioany dwystatizaiio insbldéidor tex amifpiie
crystallization, 1001731 The Vﬂ'ouslforrp describecfl1 herein ma btelgistip u{shaple from gne
10another thrugh e s UASOUS e KAl T UL K o oo o Gr sy <Kl the art

Such techniques irfelite alsupeipetwstimitanion powrelef ha ay Wifflacnd ey PakRi zdiffereatid scanning
calorimetry (DSC)gRe/R R aIROSRYINEHG ARANSIS- LG MIETRRIKS Y dhaforms mav.he

characterized and distinfuished using single crystal x-ray diffraction, which is based on unit cell
n

15measurements @P55Inglelds Aanomavghsehanrisried smbdidingninked wippeinglsevadistailed
description of unit:gelistirpioNGatciniStatddelpkai ChaniRiomBRY B veitlce Detgsningiian: A

Practical Guide, M illan Co.,.New York (1968). Specifically, th ' t. of at [
Cpatal vlatolh wifh e RV LT TRERE iy b LT SELLRg ho h SHebdled fractional
atomic coordinateStoAnathlerGmesah statghtracterzieg théncripstallifeciruet Gieds, by powder x-ray
diffraction analysis,jn weh e Qbservad syitacton Rralle Js rompares.inasimua s pealle

generated from single crystal structure wder x-ray diffraction meastrements for the subject

form are charactefiéiglaslatige nathinftho arsstraknistizn ey o e 2Q0rranioher thfeans of

characterizing th%&@fb_éﬁ%ﬁ&%h&ﬁ%@orﬁi&%@%ﬁ%@. SkalSuter %@6@%5&%&'{&59{@?06 (_SS NMR)
spectroscop){ differential scanning calorimetry (DSC), thermography and gross examination of the

crystalline orldmofpHAtIEThBFBAUIGAY DY ARNdTh aripndirection ks bdnbiah e sHishiagsto
characterize the subjetriamniiHACAADILNR Bf Ripaasy okilkimtheaprvfll-appresitiesthatan x-ray
diffraction 30 pattern rc{éa}/nbe okft%iqﬁ‘gu \I/lviatlptﬁlemeasureln%enf error t ateis rcll(?l%endent uIPtSortJOEhe

wder materia ame,analytical t cratur casureme
measurement cont%ﬁtlons emp’loyegl. In particular, 1t'is d’eneraﬁin nown ﬁ1at |nf1en5|ﬁles In an x-ray

diffraction pattern timesniffiactdiate clepancdinglupandieasitemvemnisconditions employed and the shape or
morphology of the[&wggjll' Itala%rj lrgle%gsfgf tc%%%acterizing 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)-
S-(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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understood that relative intensities may also vary depending upon experimental conditions and,
accordingly, the exact order of intensity should not be taken into account. Additionally, a measurement
error of diffr@am &fi¢fielfor a conventional x- 5ray diffraction pattern is typid4ll/B$9u/05228%) values or
less, preferably about 0.10 20 values (as discussed hereinafter), and such degree of measurement
error should be taken into account as pertaining to the aforementioned diffraction angles.
Consequently, it is to be understood that the crystal forms of the instant invention are not limited to the

crystal forms that [\l x-rayEimbhettmepatiiie Eomprstaihstoddhticurtahase kergesfitiction

patterns depicted i8 thgcacauypanyiag fogursteisnioredharain, Maynesshadfaims thatgevide x-ray
diffraction patterng substantially identical to those disclosed in the accompanying Figures fall within the
Scope of the presant HVENIHPFAS BT 1S St eaR R R0 e B WifilEton patterns
is within the purviele eftongeaifsatdinacaisidalitifrdlalartimulated PXRD p&téid T MRS IS dRrepaiation of

hydrazone I-dd R21 H2NAR22R21.014-1" 1-12111n22-R23 1-dd 1-eeBase, 1001761 rbazide of
formuia 1, sich S RS B A Lee,
such as pivaloyl aséebpsaiierdn ia delveprtifornéeatbnmsies et EXR Drpiteprerioing spophiaskind methanol,

preferably ethanol,dn the.presenea A RS SinfalfXEFNG SRAIWM acetate, potassium acetate,
triethylamine and N-N-diisopropyl-N-ethyl amine, preferably sodium acetate, at a tempeiature in the

range of 20-60 C, [9PfablyAtpE TR Sirsestns empoHHon e 5 ied S Mgt rtisBund of
formula I-dd, whergim&eBig1me:fdmad bis-itrRINE s ran R2Avsaianealiey{ses Ryykand 12.-)1 may be
taken togethey to form a 5- to 8-membered ring, wherein the ring may.be optionally substituted with
one or more i@bshﬁ@mga%(g%@tg}daﬂ%gjmﬁ%g ﬁ]%&?lg}&j 'P’hoéi?érr%g%/ﬁ"jhd may optionally contain 1,
2, 3 or 4 heteroatoisyindepghaenityidel Getdchfeomstite fheuproposigingf dfiNstodienSoleme 2:

Preparation of hygrgzane of EQU RS

% 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 [00160] 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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I-cc [00177] A hydrazone compound of formula Edd, such as R21 -N (H2N N H2N was reacted with
an orthoformate, for example, trimethylorthofonnate, triethylorthofomate, and tripropylorthoformate,
preferably, ¥@étiyitteAtfomate, orthoformatc in the presence of an acid, fAEXERIPIL/0aEWEC acid,
trifluoroacctic acid, hydrochloric acid and methanesulfonic acid, preferably acetic acid, at elevated
10temperature, such as 40-90 C, preferably, 40-75 C, to yield the hydrazonc compound of formula
Ecc, wherein 12.,1 = 0 and R22 and 12.73 are as set forth above. Scheme 3: Conversion of

Compound Ecc  §-0@RBBtsfor sr8leathparrorpriorabdanerampitnibis ereond spebted to a
compound of Fornaitbed waﬁxeiﬂtkaéénﬁ&{alfﬁ)rwa%ﬁjﬁoﬁ1161'13\@&9!4@& afM1aoyloak- to 7-

membered heteroaryl having one or m cted from N, S, or 0, or a 3- to embered
Cycloaliol il of iHTEH SFE SpAGHERY St HRLE WD SE AR s LeTa R e &SRR O or
Ci_6alkyl, by reactmmgdhienhyfdngzairc eorfipaisot) oft26fenvivtaticeyfioh exampigound has low
7-tert-butyl-3H-py[agol ltl SRRz Bpe%armtghcrystals include polar and nonpolar
solvents.
[00167] In one method to prepare crystals, 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 suspended and/or stirred in a suitable
10 solvent to afford a slurry, which may be heated to promote dissolution. The term
“slurry,” as used herein, means a saturated solution, which may also contain an
additional amount of the solid to afford a heterogeneous mixture at a given
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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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 Mée20EWiAMIth either (i) an alcohol in the presence of a secorRCEMRA1PAAEbase or (ii)
an alkoxide to form the compound of 25formula I-bb. Examples of acylating agents that may be used
are phosphorus oxychloridc (POC13), oxalyl chloride, thionyl chloride and phosgene. A preferred
acylating agent is POC13. Triethylamine, N-N-diisopropyl-N-ethyl aminiéDlEA), trin-propylamine,
N-methyl morpholie ‘& PACaiBE cytibelibeoipataris (Dmpnyhie aripiskeviittiary amine
bases thaft ma?/ deﬂllfi%f'tﬂetbﬁ)@rfmyql}%(}ébuﬁiﬂgﬁi%@’cﬁﬂﬁﬁ@rﬁ@ﬁ?i@fﬁf{i@bﬁﬁ%&@hlﬁﬁnﬁﬁﬁaﬁaul}h th?
amount of nucleophile used in the Sreaction is 2.0 to 4.Q, preferably, 3.0, equivalents. Examples o
alconols of alkoxidL R H1E) BB Bhb CONEFA i Er UGB A GE BB Ehol, methanol,
ethanol, sodium methbxiddard sodiemebe nd e (RIS PiRetolbeihgthenprefer et dlconol- Generally,

et oo WA P SR A S RPTSg e of arbent epersre
NHyCH30 yl)cyclohexyl)acetamide, free base or salt, originally employed in the crystallization

procedure. The product may be co-milled or passed through a mesh screen to de-
lump the product, if necessary.
[00170] Crystalline forms may be prepared directly from the reaction medium of

10 the final process step for preparing 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-
yl)cyclohexyl)acetamide, free base or salt. This may be achieved, for example, by
employing in the final process step a solvent or mixture of solvents from which the
compound may be crystallized. Alternatively, crystalline forms may be obtained by

15  distillation or solvent addition techniques. Suitable solvents for this purpose include
any of those solvents described herein, including protic polar solvents, such as
alcohols, and aprotic polar solvents, 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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1-bbN8R9 [00179] A compound of formula I-bb, for example, , is coupled with a compound of formula
1-aa, prepared in a similar manner as described in WO 152008/014381 Al, wherein: Rl is
independen¥Orpdidgenor an amine-protecting group selected from a carbBEEABALNIIEASS) group, a
tert-butyloxycarbonyl (BOC), a fluorenylmethyloxycarbonyl (FMOC) group, a benzyl (Bn) group, and a
p- methoxybenzyl (PM B) group, preferably hydrogen; R8 and R9 are independently hydrogen or
Ct_salkyl; R21 is =0; HET is an optionallly substituted 3- to 14-membered 20heterocyclo or heteroaryl
bicyclic ring haviny it fehsnbeekitgsyehtheteibhtotitaprerspatRyah &ty 130f tspsPAB&PBatoms,

especially four nitiRgREIFOMS rafifl d:Baisd-HQ 124 hwheseiaidia s o hGakkyl friebemyd im 5- to
7-membered hetero r}/l h.avin? on oai)morg atoms S?Lect from N, S. or O, or g 3- to 7-membered
cycloalkyl, all of i ate Bhi 8’%?3%/ B HGASS 8t "L €S GRELHL B O KR fSgen, CF3 or
Ché6alkyl, to obtairfoiievios retpondiuirioompoindlahtomiyladnkal Bamplef Nki{irRi2s HdR)-5-

S(trt-buylamino), 2, (S 34T erRyyRwREPloll S Al S SRR A RO O S oo he
oxopyrrolidin-I-yl)cyclohexy acetami e, or a salt thereo Quphng maynge 'per%orme by coupling
methods commonigarieiia rcéatdy, fHdirsed dnvend wiahed weielrithes tReupaditsety . the addition of a

base. Examples of agidsatmay debreddn dhe.acidicWorkuR Ak sliaadd s%}aric acid, glycolic
acid, and hydrochloric 10 acid. Examples of bases that may be added are K2ZHPO4, Na2HPO4,

NaHCO: and KHCESidirpEeISpRERR L IRERIRYS 8IBRYIS tert-butylamino)-2-((S)-3 -(7 -ten-
butylpyrazolo[1,5-al1735]triazinv4ridanting) decuamyriehieinnkryicyciniexybpeeatamisie may be
Prepared AN ot S R Tious adaly Aokl tee i es EIOWA'tS ne of Srdhiary =
skill in the art. Such techniques include, but are not limited to, powder x-ray
diffraction (PXRD), differential scanning calorimetry (DSC) and/or
thermogravimetric analysis (TGA). Alternatively, the forms may be characterized
and distinguished using single crystal x-ray diffraction, which is based on unit cell
15  measurements of a single crystal of a given form at a fixed analytical temperature. A
detailed description of unit cells is provided in Stout et al., Chapter 3, X-Ray Structure
Determination: A Practical Guide, Macmillan Co., New York (1968). Specifically,
the unique arrangement of atoms in spatial relation within the crystalline lattice may
be characterized according to the observed fractional atomic coordinates. Another
20  means of characterizing the crystalline structure is by powder x-ray diffraction
analysis in which the observed diffraction profile is compared to a simulated profile
generated from single crystal structure data. Powder x-ray diffraction measurements
for the subject form are characterized as a series of 26 values (usually four or more).
[00174] Other means of characterizing the form may be used, such as solid state
25  nuclear magnetic resonance (SSNMR) spectroscopy, differential scanning calorimetry
(DSC), thermography and gross examination of the crystalline or amorphous
morphology. These parameters may also be used in combination to characterize the
subject form.
[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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conditions employed and the shape or morphology of the crystal. It should be further
understood that relative intensities may also vary depending upon experimental
conditions and, accordingly, the exact order of intensity should not be taken into
account. Additionally, a measurement error of diffraction angle for a conventional x-
ray diffraction pattern is typically about 0.2° 26 values or less, preferably about 0.1°
26 values (as discussed hereinafter), and such degree of measurement error should be
taken into account as pertaining to the aforementioned diffraction angles.
Consequently, it is to be understood that the crystal forms of the instant invention are
not limited to the crystal forms that provide x-ray diffraction patterns completely
identical to the x-ray diffraction patterns depicted in the accompanying Figures
disclosed herein. Any crystal forms that provide x-ray diffraction patterns
substantially identical to those disclosed in the accompanying Figures fall within the
scope of the present invention. The ability to ascertain substantial identities of x-ray

diffraction patterns is within the purview of one of ordinary skill in the art.

SYNTHESIS
Scheme 1: Preparation of hydrazone I-dd
H:N' Ry R21
e I-ff H,N” “Raz—Rzs
Rj
I-dd
l-ee Base

[00176] A carbazide of formula I-ff, such as semicarbazide hydrochloride, was
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
the hydrazone compound of formula I-dd, wherein Ry is =O; Ry is -NH-NH;; 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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1001811For 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 ha¥RgxHA#Adred groups, and other 20reaction conditions, may BETAE3MNO4ER8ked as
appropriate by one of ordinary skill in the art. The process can be scaled up in order to prepare larger
guantities of the compound of formula I, such as in a commercial production facility. EXAMPLES
1001821The 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 uggighan atragspirie 2hetyniRegerd@hasdr). For anhydrous reactions, DRISOLVig
solvents from EM were employed. For other reactions, reagent grade or HPLC grade solvents were
utilized. Unless otherwise stated, all commm{cia#)#ebt.aine erds were used as received. [00184]
LOMS measurements were obtained using a Shimadzu HP /Waters ZQ 10single quadropole mass
spectrometer hybrid system. Data for the peak of interest areh®ported from positive-mode electrospray

ionization. NMR (owieay mmg@ﬂ&&@@@@@@gﬁ@@pﬁ@m@m&ym@@uy obtained on Balker or JEOL 400
MHz and 600 MHz instruments in the indicated sg)vents. All chemical shifts are reported in ppm from

tetramethylsilane with the solvént resonance as t é rn standard NNIR
HoN ”’N\ HzN )\_7/%

5 NC

was reacted with an orthoformate, for example, trimethylorthoformate,
triethylorthoformate, and tripropylorthoformate, preferably, trimethylorthoformate,
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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15spectral data are typically reported as follows: chemical shift, multiplicity (s = singlet, br s = broad
singlet, d = doublet, dd = doublet of doublets, t = triplet, g = quartet, sep septet, m = multiplet, app =
apparent), ¥@AHeAteants (Hz), and integration. 1001851 One of skill inRAEBFRWNNGRE8Ynize the
standard abbreviations utilized herein. For ease of reference, the abbreviations include, but are not
necessarily 20limited to: Hg = mercury; sat. = saturated, HP LC = high-performance liquid
chromatography, AP = area percent, KF = Karl-Fischer, RT = room temperature (unless specified

otherwise RT is atefliyeeaterat ot 286l 22iethylemiptLniimiioriePHRivid e mijRerd2Biddoiimass
Spﬁctroscor)y, <|3 aqﬁﬁjlpwﬁﬁ@,lme{fgl-ldﬁqmﬁflﬁeqwlQﬁe?ﬁa@aie%aqaﬁmﬁc@r@n%Amqamilligralm or
milligrams, L = liter or liters, mL, 25(or ml).= milliliter or milliliters r hr = hour or hours, M = molar, N
D ovmal. min PR R 3P T BB GH AP DL G VBRI i St
weight/weight percetigrnddfine Wwatghtpérse ticnumliy nhnemeier dmnakophétars;d i@Me= loss of drying.
1001861S" arg stereaochemical designations familiar to those 30skilled in the art. EXAMPLE 1
NALR.2 5,5 5 B A e bl L0 B e S P PLlls ol
a][1,3,5]triazin-4-yizahiney) bz-wsedpprifistienveryigeyetatenyl) acatitniderpp L ogtigmek simisie 1, Step 1:
To a 3 L round-bottpmaskmaaasded semisainazids mpdrosblasidad h00:e A&adnoles), pivaloyl
acetonitrile (112.2 g, 0.89 moles) and ethanol (1 L) at 22-25 C. Upon completion of addition, the
reaction mixture WaE3HNk dhorasties end icarnRYaPolRYRsaT A RIAEA (PEBCH T BY Hbles) was
added. The additiesgf tiemibibyconssodivim Acatate was endothermic thereby raising the
temperaturef 22-25 C. The reaction mixture was maintained at 22-25 C and 10stirred for 60-90
minutes. After this time, the reaction mixture was analyzed by H PLC, which indicated that the
formation of the hidhamerie iPigrrediatd wasnpomydlefdofdQ L33 pExsaittherdofStep 2: The reaction
mixture was then heated to 68-72 C and trimethylorthgfgnnate (475.7 g, 4.48 moles) was added during
a 5-10 minute period. 15The reaction mixture wasg-a{iowed to cool to 40-45 C and then acetic acid
(53.8 g, 0.89 moles) was added during a 15-20 miguteperiod. Upon completion of addition, the
temperature was raised to 702 C during a 20-25 n#n R\(ﬂ“ioqﬂpnce ajthe prescribed temperature, the
reaction mixture was stirred for 18-20 hr. At the Iusia'oﬁ of this pe\N’e reaction mixture was
analyzed by H PLC, which 20indicated that the formation of the pyrgzoloft;5-a][1,3,5]triazine was

complete. 1001891Example 1, Step 3: The pyrgzafo{ds5-a][1,3,5kjazipe from Example 1,

H
l-aa \\\\\N \H/CHg
e Oy

I-bb Rs/

[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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Step 2, was concentrated at 50-55 C under reduced pressure (- 5-10 mm Hg) to yield a residue.
Tetrahydrofuran (THE, 2 L) and acetone (2 L) were added to the residue, and the resulting mixture
was stirred 3055085946 90 minutes. After this time, the reaction mixture WSSTEE/#238%yh Buckner
funnel to remove the resultant sodium chloride (NaC1) and sodium acetate (NaOAc) precipitates. The
resulting filtrate was concentrated to dryness at 50-55 C under reduced pressure (- 400-450 mm Hg)

to Syield a residue. The residue was taken up in 2-methylorthoformate (2-methyl THF, 450 mL) and
the resulting mixt?8washetrbBiatsXoLskel i8hevd @y Hodracmbaied SRS A BT REICS &Yiod, the

reactt)ion lmixtl;] re; Wﬂh@réi ieyad s@l&dtéﬁ%ﬁﬂﬁ@ﬁ%@@?l%d mth&m@tﬁyérw%éﬂ&&mla)m fallonvead é)y
tert-butyl methyl ether (MTBE, 200.mL). The resulting product was dried at 45-50 C reduced pressure
40050 mim HO ST BTN P RO B A TAOHH OB A0 BT, 6 196
\l/<v|/w, H P LC purityo ewm&gbﬁﬁﬁmm@apgdmﬁo\ﬁmmE?mdxampiéa]‘gé(ﬂRCZﬂéR)-ﬁlFoduce
ilogram quantities, of 7-tert-butylpyrazolofl 5-a Sliriazinr4(3H)-ope.. 1001901 Example 1, Step 4:
To a glass Iin%td rgé\ec%ogru v?/’z[iasm allr%%(?d(@gr%%ﬁtﬁﬂﬁ%}gg}é]%ﬁ%%ﬂﬁ[%ﬁéﬁ%ﬁnﬂ 3 3%1}118 (1.0 kg, 5.2
moles), dimethyl @QMM%W%@Q@XM&F@@WWE%%M%I@_O(lmillg,lm}’d?e
diisopropylethylaming, 38174, kgupliadRIEbL dE REARRMIENG S Y Was sthited AL afphignitemperature

under a nitrogen atmosphere for a period of no less than 15 minutes until a clear solution was formed.

The clear solution®fi4% Setyiriodtd Wdbeanditinass ket rdaetprieontaritighatawnittile (6.0 L) and
phosphorus oxychigyide (RQ&Ai3 Wb Bepkge SidiAmplashrid peid, coyaplrtien ofmddiiarhihecresulting

mixture was stirred low 35 C.for 2 hours. At the conclysi f this perio eaction was
analysedt by TPt E B TAL o Vo A ot Ot B EL (26 05 06 moley and
diispropylethylamRE (@87 kg) were added and the resulting reaction mixture was stirred at ambient
temperature for n ha rIhis ti ereaction 25mixtuse was analyzed by HPLC, which
indicated that theT%l@??in v@ﬁ%%%@gﬁ%ﬂ@aﬁeﬁ%ffﬁé %58’ ﬁﬂ%ﬁﬁg\f&(gﬁ/@%ﬁ (10 L) were added
to the reaction mipepyraeoigamd had liitrbdsy mises veiersephdstdd and the aqueous phase was
discarded. The orgapiIBRASSWAEMASHES Vit SiLiGATHRERS FOWIIBRNIR WlemdO L), and the

resulting organic and aqueous phases were separated and the aqueous phase was 30discarded

again. The above citric acid-bringlsolution|washjwas repeated two more tfines. Upon completion of the
citric acid-brine sojytion wash&d_a'fifitass um»ﬁﬁc{t{s oyic bae'sd tiowﬁ\%‘;}gng wt%, 10 L) was
added. The organic and hguecus\pliages were rated pAtPthe dque ase was discarded. The
above IC)HPO4 solution wash was repeated one more time until pH -8. [00191]Example 1, Step 5:

N42-(3-Amino-2-oxo-pyrrolidin-1-y1)-5-tert- 1. POCls, DMAP, DIEA
‘ 2. PhOH, DIEA

H/N///O o acidic workup, then oFh
7.5% K,HPO
H 2HPO, N
RIST
= I/’\&NHZ
OTN.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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butylamino-cyclohexylkacetamide (prepared in a similar manner as described in U.S. S5Publication No.
2008/0027083 Al, 1.05 kg) was added to the basic organic phase from Example 1, Step 4. Upon
completion ¥fQAHBHXHe reaction mixture was stirred at ambient temperaRf&/15290/A52288the
conclusion of this period, the reaction mixture was analyzed by H PLC, which indicated the reaction
was complete. Water (20 L) followed by acetic acid (HOAc, 0.406 kg) were added to the reaction
mixture, 10and the resulting organic and aqueous layers were separated. The aqueous layer was
extracted with 2-methyl THE (10 L). The organic %35‘ Ridré combined and HOAC (0.406 kg) was

added. The resultjpgrguxturenyasi wasiperkivith oy atas 40 lohdodi e kesultiing @igaric and aqueous
layers were separated. This aqueous layer was e>§racted .a%awg}i%i@ th%I-TH 10L). The

aqueous layers wETE'RBHIDI A8 SHANE IBURY SO RS RSiHARE 88°4dd&d. Sodium
hydroxide (NaOH¢hinN, 1.04 L) was added to adjust the pH to - 13.0. Upon completion of addition, the

organic and ague ers,were separated again and the product-rich CMRF[ er was set aside. The
agueous Iayerglwa@g(r cte’ésveﬁﬁr%%%%eé5%109%&%%1%%%}% 1005, SQB%S %gr?%vc%/anic layers were
combined and washesgaaithrwesien) (11 niTisope rastitinglirbdukl fckpDar Somutidh weas concentrated

in vacuo to a mi”i%%IBIYéHU%- Jatviackiate (=0AG e Adpre %’%ﬁé@&&&ﬁ@%@e‘%@ﬁéeﬂnd water

were continuously distilled off to yield a slurry (final volume - 5 L). MTBE (15 L) was added and the
resulting slurry waSierret ey ine Yesdird sorneridy ehiatnshreassmsisrasditacciittthe wet filter

cake was washed[ugiiggdditionalsvhtBirfmbnts Migcdibiiat ¢akaweshaiat-atipd. G Wanaero until LOD
0.5 wt% to afford the morgrhours free base of Exagn}gle 1(0.9 ngbgga(%% yield, H ig%r urity: 99.5 AP).

IH NMR (60043 M3/ BRISERAIEESE HR(EOBET 1YPAYSYIER: 1 ,%?B?afféf HY®1.81 (s, 3H),
2.05 (M, 11H), 2. 12p(rted F)nPrd6itne; bl 2.Q8 ¢hrsy ki) Bid8 WMRH)cR:8h@ndtd), 4.26 (br s, 1H),

4.86 (t, J=8.9 Hz, 1H n6'9S]aH O7.(spl a.9 30¢br.s, 1H): ]az. Hz,
DMSO-d6) 6 21.3?65%‘.‘)5, iR %‘Eté.sv? ‘3%%? §§Ig@é%e§§%oéﬂ?°?%é§%®%% %%@%2.5, 92.3,
148.7, 148.8, 152 M Hr6msBumeasintd indicrRassleetitd foll CRBHMDNFoRM+1)E-5Bom, found

485.3343.  EXAMELEZIHEMsiphe!etNdL R ieshoRdonalies LoMy IAmiRQlaAtR)- 31 At

butylpyrazologl,S-a][l,S,S triazin-4-ylamino)-2-oxopyrrolidin-1- 5yl)cyclohexypacetamide EXAMPLE 3
1 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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Deuterium-labeled N-al1R,2S,5R )-5-(tert-buty lamin
0)-2-((S)-3-(7-tert10butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- yl)cycl oh exyl
Yacetami deMORANUO4E14 15Carbon-14 labeled N-((IR,2S,5R)-5-(tert-buty | RS 2PN -tert -
butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- yl)cycl oh exyl Jacetami de *= Position
of 14C label - 54 - EXAMPLE 5 N-1 Crystal Form of N-(1R,2S,5R)-5-(ert-butylamino)-2-((S)-3-(7-tert-
butylpyrazolo[1,5-a][1,3,5]triazin-4-ylamino)-2-oxopyrrolidin-1- 5yl)cyclohexypacetamide 1001921A
free base crystal form of ((tB@,%é%@ﬁ)ﬁ?f(&@&%@fp}5%1%6@43( gri-butylpyrazolo[1,5-

(7-tert-butylpyrazolo[1,5-g}[133 hitsiagin-grdaminpb2oprepydrelidimdcdlexsiohemrmasetamide,
including salt forms, and solvates thereof, was prepared ang characterized as described below. 10
Procedures for Characterizing the Forms Single Crystal D 00193] Data were collected on a
Bruker-Nonius (Bruker AXS, Inc., 5465 East Cheryl Parkway Madison, WI 53711 USA) CAD4 serial

diffractometer. Unit cell 15parameters were obtained throﬁgh/ east-squares analysis of the

- N
experimental
\\NH—<\

[00187] Example 1, Step 1: To a 3 L round-bottom flask was added semicarbazide
5 hydrochloride (100.0 g, 0.89 moles), pivaloyl acetonitrile (112.2 g, 0.89 moles) and

ethanol (1 L) at 22-25 °C. Upon completion of addition, the reaction mixture was
cooled to 12-15 °C and anhydrous sodium acetate (73.5 g, 0.89 moles) 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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diffractometer settings of 25 high-angle reflections. Intensities were measured using Cu Ka radiation (k
=1.5418 A) at a constant tempet atilt e sith the 0-20 variable scan technique and were corrected only
for Lorentz-paPadiddfidePiactors. Background counts were collected at the eXtfdis3Wdpid288an for half
of the time of the scan. 20 Alternately, single crystal data were collected on a Bruker-Nonius Kappa
CCD 2000 system using Cu Ka radiation (2] = 1.5418 A). Indexing and processing of the measured
intensity data were carried out with the HKL2000 software package (Otwinowski, Z. et al. in

Matromolecular CHStRFdETaIRY, e aies Wiy irred 26815 5edsfordmiies: Nvtepiby.tiwel there, pp.
307-326 (1997)) inctha saelrelRro @i2asuitt:fCaliaskPatm salaston ane pRiorassipguser interface:
Collect: Data collectjon software, R. Hooft, Nonius B.V., 1998.). Alternately, single.crystal data were
collected on a BruRPKEE APE IS R et (RO ELPIES PAIEoh A S HBATHAS Wdexing and
processing of the tneasiirackdinieingiby Catd0vis reCoardiededut adipnetiier ARERQ $iiftwarH gackage/program
suite (APEX2 Data.collection a racessin r 30 interface: APEX2 User.M IV 27; Bruker
AXS, Inc.. 5485 B o Hardus ot ST O T e 2T e
were cooled in thet&dldlstradhorcam@giovdtery s systand (03dotdl CrivdystéMa@ryostidm cooler:
Cosier, J. et al., JARRERFNASIR G286 dhring daia olReon.JOREARh Y sligtures were

solved by direct methods and refined on the basis of Sobserved reflections using either the SDP (SDP,

Structure Determitafionaadagel EQhmibiRtie ™o Re 4 e hmyty! Sheritdfi Bm8Lihcluding f
and f', in the SDP BRftwarnevgiedakend amdhe 4nsonatieaalcighiesity Cacalkogtaphg) kynoch Press,

Birmingham, England, Val. IV, Tahles 2. d.2.3.1.(1974) twar ka ith minor local
modifications]:%r tf?éogﬂf}&%ﬁ%r ér%‘BYIWﬁagé?i@é?;aﬂﬂiﬁéﬁ%?rﬁ?gﬁjso%ﬁﬁgﬁ §h%iezr\gf%’n‘§%ent software
suite: Mackay, S. BELC maXus)aTampuled pnograrep$dr th? soletigraatored tregeentadd ©rystal

structures from di i r - [ inates and
tempeiatuie facto%g\;“vﬁe%g( ?es;%r?%% ?ﬁ%ﬁéﬁs’( %ﬁ%{[{ﬁlﬁé@gﬁgg%ﬁa@?sglpﬁé?yﬁéﬁﬁﬁn@r%%gd in the
refinements was HEMAPOL1 FremRIR iSHefhctrassirsfnedl reaotay s added while Rw = [Zw(iFcl 15-

FL2/L W |12 Wi vt is 0 RPRTORYIBIRUSIONTRG B elion pasedhon GITakR IRy Ine observed
a

intensities. Difference maps were examined at al statge_s of reflnement. ._’ydrogens were introduced in
idealized position@WAAREAHBDIC tenkBetSthrefstr S He R drbgah JisPrmerdtviard Garied. 20
X-ray Powder Diffagtiangata (RBkRDhi 08186k RXRDvdatsinere ebtanedusirgnatalkaraC2 GA DDS

. The radiation wag, Gy Ka (40,10, SOmA). Kie. sample detadior distance wap A8 qik, p oder samples
were placed in seale gg ass capillaries of Tmm or 1ess'Iin diameter; the capillary was rotated during data

collection. Data wénenedllddte ddar ®u20a3myitbvdysahigpleo2bexpodgretinmedfeattieast 2000 seconds.
The resulting two-gipansional diffractgm %5%&“5%&8?1@@53&%%?08%3(%@3@@%rl?zdo%??ime“SiO”a'
PXRD pattern with a step size of 0.02 degrees 20 in the range of 3 to 35 degrees 20. About 200 mg
were packedzo moles). Upon completion of addition, the resulting mixture was stirred at below 35
°C for 2 hours. At the conclusion of this period, the reaction was analyzed by HPLC,
which indicated that the reaction was complete. Phenol (0.64 kg, 6.8 mole) and
diispropylethylamine (0.87 kg) were added and the resulting reaction mixture was
stirred at ambient temperature for no less than 1 hr. After this time, the reaction
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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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 tempeiature in the 2 to 32 2-theta
range (contiYbid Ke#9héng mode, scanning rate 0.03 degrees/sec., auto dREEFGERBE ARt scatter
slits, receiving slit: 0.2 mm, sample spinner : ON) Differential Scanning Calorimetry (DSC) [00197]
DSC experiments were performed in a TA INSTRUMENTS(r) model Q1000 or 2920. The sample

(about 2-6 mg) was weighed in an aluminum pan and 5recorded accu-ratelﬁy recorded to a hundredth of
a milligram, and SR EBRSIHE D Ssarsied sHdifmarranarhsthged WimHrdodds Seyat 50mL/min.

Data were collected ippdyyesntaomiamperaitieanck 3QRCiak LatCinindeating rate. The plot was
made with the endothermic peaks pointing down. 10 Thermal Gravimetric Analysis (TGA) [00198] TGA
experiments werelﬁ(i'r%;me]g’ﬁwlﬁ’ I%@Tgﬁ? W%yér‘éﬂ%%&’&@%ﬁ@%@%}#ﬁé 'sample (about
10-30 mg) was plaoedaimniacpresliciesiyl tacechplatimmpgadipresiailstydaned.a desovibighindl e sample
was measured acgurately and r s&gﬂkdt of a milligr the instrument. The furnace
was 15 purged Wit?ﬁlﬁ%%oélr:i%agsa?tggog)g F}rﬁﬁrr%ﬁr?qData ere Sgﬂ%ﬁg%egfyvs\}geoﬁg%g r}%ésr(;’”lperature and
300 C at 10 C/mirfileeakrgmeltel . Ptepardiipen sathieizgsisagflthenFdanerf00n 90k PrevMit cell data and

other properties Qe GXamRlG AR RRIEEHRE 18 ROTRRIR LodddisRib ERIRRIMNEIR RILRER obtained
from single crystal x-ray crystallographic analysis. A detailed account of unit cells can be found in

Chapter 3 of Stoufé¥tafe WerapletrddvidPbeteriihdhoisais PhscieaiuTat cumatsilakalgo68). [00200]

Finally, Figure 1 presentsitbeedBPR @rttemm (ROBxamMue &) Mgtresiddanthsd distiosemthe®SC and
TGA analysi reSé)eiﬂvelél, ?f Example 5. 25 Form Pre arati(?nTﬁ(RD, DSC and TGA
R T,

Characteriza po n Bﬁ? tw%o'r:%a Iﬁ a}_nldeaéqgeggé layers were separated. The aqueous layer was

[00201]N-41R,2S &tidcket (téttt-Bubytleunilid) 24 (9) - FHT etertn avitylpy razel opiybined and HOAc
a|[1,3,5]tiazin-4-ylamino)-2-0x0 lidi -If ohexyllacetar | f1 LN stallized from
ethyl acetate and %g@}é(ﬁ% %ﬁ% ,gisqla?%eégl)t& n% rlggl)%{c%legs o;y év%%%?%ﬂo%% rg%g%\;%n?dg
N-((IR,2S,5R)-5-(terubing i nnie a2d ((9)esusAxedib wipsaearatefl Bhi] pi® Sltrlaven ¥aylamino)-2-oxopyrr
olidin-1- y)cyclohexyhacgtamireifrormeNsyl was qoaraciarized dyaSROwatesmyrigh maiches the

simulated pattern generated from the single crystal structure data. Form_N-1 was characterized by a

DSC thermogram Mg rathaee itroh) vt Sodr R uteatdy sl 403 ©8% c. Form
N-1 was characternizeddyiacd @Adhstmalpbriyvea havinga waighitlossedddpita ade 3idddic TABLE 1 Unit

Cell Parameters and aqueous layers were separated again and the product-rich DCM layer was set
aside. The aqueous layer was extracted with additional dichloromethane (10L). The
DCM rich organic layers were combined and washed with water (10 L). The

20 resulting product rich DCM solution was concentrated iz vacuo to a minimum
volume. Ethyl acetate (EtOAc) was added and the residual DCM and water were
continuously distilled off to yield a slurry (final volume ~5 L). MTBE (15 L) was
added and the resulting slurry was stirred for no less than 1hr. After this time, the
slurry was filter 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 (brs, 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 calcd for CysHaoNsO, (M+1) 485.3274, found 485.3343.
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Compound Exp 5 Structure Base Form N-1 T -70 a(A ) 7.3085(6) b(A) 16.2570) c(A) 22.688(2) ce 90

R 90 70 90 V(A3) 2695.4(4) Z'
WO 2011/046916 PCT/US2010/052288

10

15

EXAMPLE 2
Tritium-labeled 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

*N"'? Bt

EXAMPLE 3
Deuterium-labeled 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

DsC CDs O \\J>_ >j)<

EXAMPLE 4
Carbon-14 labeled 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

XH"'Q,, e »

* = Position of '*C label
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1Vm 673 Sg P212121 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 = voluM@aPutetllp 7' = number of drug molecules per asymmetric u€TABA0 /28] cell) / (Z
drug molecules per cell) sg = space group dcalc = calculated crystal density COMPARATIVE
PHARMACOLOGICAL CHARACTERISTICS 1002031 Assays and data comparing the
pharmacological characteristics of 5 Example 1 and compounds found in WO 2005/021500 Al, WO
2008/014381 Al and WO 2008/014360 Al are presented below. Human Peripheral Blood Mononuclear
Cell Binding [00204] See also: Yoshimura etal.,J BRywpot, s145:292 (1990). The human 10CCR-2

binding assay was established wijth hum ip [ blood mononucl Is,(nPBMCs) using
1951 man M1 a5 00 NEERH HSAT PSS ble e N ROk K (Blologial
Specialty Inc.) using a stanislaythbprotaodl Sl FichlttiypadudaiediatecbpGirdlidmRO(r)). Isolated

hPBMCs werg washed and diluted to 1x107/rﬁl qua?’i%@gc%{,%ﬁ% (RPMI-1640, 0.1%BSA, 20 mM

Hepes, pH 7.4). 125I- 15 MCP-1 (NEN/Perk?ﬁ Elmer uted to 0.45 nM in binding buffer. The

compound was dil#fd@%h bindireg brstfervatadford eh&find}.eSridoritrativriniyseding)tad (Gihdting assay.
The binding assay-Was Bg{%@ﬁgl_gﬁ’rgaﬁg§’-5/|]l§gm§{_pllﬁygngy1Eu%@rrgﬁ)&g{_:}_z5I-MCP-l binding was
assessed as follows: to each reaction of a total volume of 150 pl were added 5x105 cells, 0.15 nM 125
I-MCP-1, and Conyﬁ}gyﬁ]ehexyl)acetamide, including salt forms, and solvates thereof, was prepared and
characterized as described below.
10
Procedures for Characterizing the Forms
Single Crystal Data
[00193] Data were collected on a Bruker-Nonius (Bruker AXS, Inc., 5465 East
Cheryl Parkway Madison, WI 53711 USA) CAD4 serial diffractometer. Unit cell
15  parameters were obtained through least-squares analysis of the experimental
diffractometer settings of 25 high-angle reflections. Intensities were measured using
Cu Ko radiation (A = 1.5418 A) at a constant temperature with the 0-20 variable scan
technique and were corrected only for Lorentz-polarization factors. Background
counts were collected at the extremes of the scan for half of the time of the scan.
20  Alternately, single crystal data were collected on a Bruker-Nonius Kappa CCD 2000
system using Cu Ko, radiation (. = 1.5418 A). Indexing and processing of the
measured intensity data were carried out with the HKL2000 software package
(Otwinowski, Z. et al. in Macromolecular Crystallography, Carter, W.C., Jr. et al,,
eds., Academic, NY, publ., Vol. 276, pp. 307-326 (1997)) in the Collect program
25  suite. (Collect Data collection and processing user interface: Collect: Data collection
software, R. Hooft, Nonius B.V., 1998.) Alternately, single crystal data were 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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20such 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 MNaC1, 20 mM
Hcpcs, pH MR8iHg4%Hcuum manifold filtration (Millipore). After washing, Red/BISd1 NG 28¥-dried for
60 minutes at room tempeiature. This was followed by adding 25 pl of Microscint 20 into each well.
The 25plate 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 1251- MCP-1 was calculated as the
difference betweelf9384 andVhehispiseisd pirtiihgvan eorlativribasele veser iy QpfiesteryPhe 1IC50 is

defined as the congeapgiating.ad CoropRisie: CRauE ¢esvireddacreducal spegpis. inding by 50%.
301002051 The pracedure used for T cell CCR-5 binding assay was similar to those for hPBMC
CCR-2 binding as%%&oéxégéjé%%’t‘rmgﬁ B%lﬁéﬁﬂtg?al T cells was used as a source of CCR-5 (see
below) and 125 I-00195p aTla tyacanfAmershalne)l bisdlaiiomediddetiphefalel Gelle [BORAGF] A recent
report indicates that CCR-5 expression on T cellsvagi iderably amonag.indiyiduals (Desmetz, C.
el The stongil Sl T e B R e by e
level of cell surfacen@ERoBideikiemirLALIbGY 3RO 5561 i(200B)) Tt torethbiBl donors
were pre-screened. gt oRck:cal HRIESIONELERR R PR TR ishA0lAleH:{iem human whole

blood by standard protocol with Ficoll-Hypaque. Flow cytometric ana1i/5|s was then used to measure
CCR-5 expression G TN B itg 8adni 18 TrbleitiZa el 8- 3t d i) bie&W#E-Cc D4 antibody or
anti-CD8 antibodypatRaseipaddeness oaic k% prrighetabresiis fedRddeanh&DS+) express
CCR-5 were requgg}tq?g to pravide Iogd %?ain f(%r isolation SY&PEMC an%:rsu equently, of T cells
using a standard £ ’éstﬁ#é‘tﬁ%ﬁﬁ ERICH PRHRRGTSHE unfqoR abilfty ot Fcels I BIRY'ES sheep red
blood cells (RBCs)rddsa@GiR-BChbmotaxibri 0020t dilveybtahsancGGR B ohdffiatais dssay was
conducted with th cytic cell line, THP-1. THP-1 cells were first label ith the
fuorescent dye CIEr AN haad o prirneh KB ERRE 0 56 20
minutes with gentiEcristfigedvbigugh fnlinaésx oast-rapeted ddkSwerenmenipashadthnd re-suspended
at Ix105/m1 in cheptaxis Quffes(phenakred-Ree il -L640: 0.1%9 B4 whiid IQ.ZT[Igngpgrt compound

was diluted in chemotaxis buffer, such that the final assay concentration ranged from 0.01 nM to 1 p.M.
The ligand MEP-T (PEPFoTEeH InWeia¥ Hifh@ePtsrs B iaMis e hMebios Brifd oS BEYBIRT the assay,

25an equal volumgpedriegticempaisndietinnsings wrkas arithcantequalylumeratiaheled TH P-1 cells
(Mixture 1), and ane ual volume of tﬁlst gom ou.[lndddilutitons was .mitxed with an equal \t/olume of
diluted MCP-1 ligand (VLTS %) "H Ot FrixtLreg \eT SRt T AaE SRISERAY 4t S 7 18k 10 minutes
followed by gentlebmixinigy ddSéd-paractocedvaire nwiakis was then measured in a chemotaxis plate
(Becton 30 Dickinson) by placing 50 pl of Mixture 1 in the top chamber and 225 pl 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 plaf® waX 1&xd ordar &yifrestipyBre (AYRD)
[00196] PXRD data were obtained using a Bruker C2 GADDS . The radiation was

Cu Ka (40 KV, 50mA). The sample-detector distance was 15 cm. Powder samples
were placed in sealed glass capillaries of 1mm or less in diameter; the capillary was
rotated during data collection. Data were collected for 3<26<35° with a sample

25  exposure time of at least 2000 seconds. The resulting two-dimensional diffraction
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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conditions were tested in duplicate. For signal to noise determination, 50 pl of labeled TH P-1 cells
alone (5x104/well) were placed into the top chamber and 225 pl of ligand MCP-1 alone was placed in
the bottom dMARHOMAE] concentration of 10 nM). The inhibition achieved B gHA&W/05188ntrations
of test compound was 5calculated 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 10[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-Ip (50 nM, PeproTech Inc.)
was the ligand. hERG fclix ISR LS, ¢Blg stably-expressing hERG channels were grown (37
C, 5% CO?) in Dulbecco's Madified Eagle's Media supplemented with 10% Sigma fetal bovine serum,
non-essential amihé"a%hs,?% fE&ﬁi?BgWﬁ%e%?rP&%%?ﬁﬁ%}w&i@%&ﬁﬂ%ﬁ@é& issociation
buffer was used t@@f0®act 2e(cellscframpitaakspvhichyyers thaphpthiednatond8davwelh GORNING @
poly-D-lysine goated béa kiclear plates 20at a density, of 2. x 104 cells per,. well.(20.ul) in 10% serum
edia, and noubaiei oy ST S A R R O olaver o
cells was obtained?3002ho myremei e okret BT T Al gipestvid| EdulainProhets Fergene, OR) was
prepared in 10096 MSC 8RG8 R BAER L ARLA 0B RYIOTGARRLIERVSO PR Fpthe day of
assay. The dye was then diluted in hERG external EP buffer (140 mM NaC1, 4.0 mM KC1, 1.8 mM
CaC12, 1.0 mM Mg Irdeoviivhe endetlersiie peaksReingnaPyiicose; all buffer components obtained
from Sigma Chemical). This BTC dye mixture (30 pl) was added to the cells and produced a final
loading conceptration of RM. Cells are in ted at 21 C for 45 minutes. 30 [00211] The test
compound ng; d?i&lﬁgﬁntaf ﬁsbaﬁﬁlﬁ}?tﬂﬁﬂ%@rw% “The compound was then serially-diluted at a 1:2 ratio
in DMSO in colun{d8128]10 ahdA txpeérinicat384ravelfptatael ilssBA-ISSHR PIESBerengétierated by
stamping 2.5 pl fr el Orﬁeriall 1digat d qllg which was elpared n tpe Velocity 11 BIOCEIA.
Aqueous plates W%ﬁsg%;?éa't&eg by zfdsgln 2 utfﬁucgf F%%{)nu1 er an atf]%{nl we (reeg?l?lljltse%t%r Cl 45 minutes
before the assay Wwhsreadanpiae Risip Riey. Aftervayehioddhegaplresestaisieed esaupieliid was added

to the cells of the freRIGRIGI: RIBIRSHR &k WEIIRGDR, 190 RYIRHEGRCERL AliaR.cange of 80 pM to
0.156 nM. Final DMSO concentration in the assay Is 1%. Assay-ready aqueous plates were prepared

and diluted oY a GyEsedjimHErRse 221 B0 LA BIR 1BaHeHCHf LR BYEVFEAd W 'the FLIP-0384

(Molecular Devicegsmptranivalel 500 ).odiiohexgitesdingdysdising the 488 nm line of an argon laser. 10
Emission was filtered using a 540 30 nm bandpass filter. hERG channels are stimulated to open by
the addition of 20 pliwell EP buffer containing 66 niM K2SO4 and 1.3 mM TI12S04 (Sigma/Aldrich). For
each plate, data were collected every Segmndiforaapanagsof df2lsdtonds, at which time the Tl

-containing stimulyy begfer wis Added RARIIRS N RIREERISH: SYaR,ReFeNsL{on 47 seconds, and

then
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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15continued every three seconds for an additional 2 minutes. 1002131 The dynamic range of the

assay was determined from blanks and totals wells. The otak wells (columns 21 and 22) define

maximal hERG Hdfipdtithe for the plate (no test compound present), and theRSIAAISWBNE2288lumns 23

and 24) define 100% hERG inhibition. The blanks wells contain 400 nM of either of the standard

1998) or E-4031. Raw data points in each sample well were
ive control (blanks) background, and normalized to the

20hERG inhibitors dofetilide (Ficker et al.,
first corrected for cellisignal variation, ne
positive controls (b@i‘éﬁ@? m’@%ﬁ"éa@Hﬁﬁe

ati
Eﬂ_r‘PPﬁA Veprehansterizet é&rﬁﬁ&%ﬁ%ﬁb‘éﬁﬁétlon response

curves for the hER(atdifesfllx éﬂ@tﬁa‘%ﬁﬁ&hﬁéﬁﬂg@hb&%’t@@ E@&ﬁ&hﬁﬁl{gﬂé Bysinesa&alutions Limited, Surrey,

UK) with a 25sing
Data were analyz

ite lo |st|c e
&
by

SR S EShee

B-A)/
Keikeld

iR RS

where A= aX|maI inhibition.

R HoorS Ql?(wla given

condition of test cmﬂpmmnnhepgmaﬂi@su(t@m)&a(m@mf Seompourid ravesazed oy laT@iAfnbomthe average of

30Sodi

3565807

triplicate WeII

m Channel
Biol. Chem., L%

1881): Th

lg stan

dar

2 B|n |n @%a 1002141See also: Catteral I, W.A. et al. J.
|nd|ng buffer contained 50 mM HEPES, 50 mM

Tris-HC1, pH 7.4, 130 mM choline chloride, 5.4 niM KC1, 0.8 mM MgC12, 5.5 mM glucose, 40 pg/mL
LqT. Binding reactions were initiated by adding synapiggomes (prepared from Wistar rat brain) to the
reaction mixture containing 5 nM [31-1]-batrachotoxin in a standard binding buffer and the compound
to be tested at the desirable concentration. SaMHIESEREEEH mixed and incubated at 37 C for 60

minutes. The reactions were stopped by &
mM Tris-HC1, pH 7.4, 1.8 niM CaC11, 0.8m
synaptosomes were immediately collectec
buffers. The radioactivity of [3H]-batrabliot
scintillation spectrometers. Parallel Artificia
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HSBAERS (R h
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g of discove
ne is used to

y comggound
determine a

5. 20 The rate of passage of
ermeability coefficient (Pc), which

can be related to the in vivo passive perm
coefficient (Pc) of a particular compound i
basolateral pH of 7.4. All experiments are

eabilifi of the

> comPdund.

[00216] The permeability

dent setting with apical and

exatpined ima pigpdepe
V(A% 2695.4(4)
zZ' 1
Vm 673
Sg P22,
Dcalc 1.194

The variables used in Table 1 are defined below:

T = temperature in Centigrade for the crystallographic data (RT is room

Z' = number of drug molecules per asymmetric unit

10 [00202]
temperature which is about +22 °C)
V = volume of unit cell
15

Sg = space group

-5

Vm = V(unit cell) / (Z drug molecules per cell)
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25conducted 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 RM assay
solution in 1WPBMEEST6mpound diluted in donor well buffer was transferr®@§ TUR2AMAGHIER
UNIFILTER(r) 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 i.t1 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 afifff 7. 44 pIBNICATEIEDT80). 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 spectr t I ( T #6 ) e fi (150 ttliwell). The
donor, acceptor, reference&éﬁ%ﬁﬁggmﬁéﬁﬁgﬁ@g gﬁé%éﬁﬁﬂ%ﬁ%v plate reader.
Data was capturefhb3odie piGdNyseitd/die, cvhigdriapalyzdathacshgtizshchndgaineikatet Pc values. hERG
Patch Clamp [00218] Whale-cell patch-clamp wa irectly, B%% urents in 10
HEK-293 ceIIsEO sta ?én&%?égrsllaﬁﬁoﬁﬁ%og §ﬁe%ﬁ§ﬁm%§g§#%§§éﬁﬁge§ Lg@%}élt ?e'&cloamn%ound was
tested in an aqueduo BORfED IWithOoMl 214 picperiad fealeperature. Repetitive test pulses (0.05 Hz) were

applied from a holding potential of -80 mV to +20 my for 2 seconds and tail currents were elicited

following the test pulses by step%‘i‘ng the voltage to -65 mV. The effects from the compound were
calculated by 15measuring inhibfigRafissikesl Blacd M weansirehehRéldigch Clamp [00219]

Whole-cell pﬁtCE-mmwzswﬁﬁgtozdm%ﬁ{{warﬁeﬁwemm,qumm CLIIONtT iR hhﬁh’gZ% cells
expressing t u rdiac sodium chan SCN5A. 20 The.compound was tested at
et Al o R e A G e TR BB LR Bt it
every 5 seconds ysisMids)faliowirid-voliagd1gidbtocoihcellsewigentiellPBM(BotertiabfeddrmV and

stepped to -20 mV for 6(1) ms. Eff ts were aIcuL(E\t d measqrin inhib'{tio of.tﬁ)l%akﬁgrrent during
e tostpulse 0 SO0 LR Ao S B o i St NN S A

ition was assessed by stimulation at 25frequencies

of 1 Hz and 4 Hz. $inegecdsdipthelrBEbKIRENES ihdleded hDBRHG WOl Shedguédivigddy rats
(250-300 g) were %ﬁﬂ/ﬁ%fiﬁ‘&mlﬁlﬁ?&‘gi@ﬁ%—%&@!%l%ﬁ%%%ﬁﬁﬁe@)’ﬁﬁ”’i@kht pripr to PO dosing

and fed 4 h post dose. Blood 30samples (-0.3 mL) were collected from the jugular vein into

K2EDTA-corttainindtbide S ERUEHER Ednaitogs dliditadeo @460 dnbishing BHisin gidsma. In an oral
bioavailability studymp@ied padinsnalsilNnd-GubRr gredplirecdivectiieciesiicarpeundirither as an

intravenous (1V) infusion (over 10 min).via the jugular vein or by oral gavage. Serial blood samples
were obtained at %}T%?%%Sﬁaly()n y‘l)r,glﬁl. iga.sé?yol‘.‘%,pf,rfﬁflﬂ?%f%%‘/ %262%'%?@%{ %‘%%. Plasma samples,
obtained by centrifvaiionat Zo@l(ffﬁel&IQBOO)igdinfg@mwwﬁéaszqm\upﬁbaadiygmﬂbgnb@ﬂ\ﬂsws. 5
Single Dose enannarekinalc nlankers 0023k Tha RIS AGIRRIEs of s gsl compounds

were evaluated in male cynomo nkeys In a crossover-design. Monkeys were tasted overnight

prior to PO d¥singéiidiieidhe Risbspersseanonrsngeé o Qiirhdnds 1d1s kipteeasivisyipied 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).
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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 onWO98/3%816.75, 1, 2, 4, 6, 8, and 24 h post dose, and centriflRfeHE¥2410/(388%)-2000xg)
to obtain plasma. Samples were stored at -20 C until analysis by LC/MS/MS. 15 Data Analysis for
Pharmacokinctic Assays 1002221 The phamiacokinetic 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 (C",a,) and time for 20C,x were
recorded directly fryatearimesiakobsesnations. The area under the curve from time zero to the last
sampling time (AU (é) )) was calculated using a combination of linear and log trapezoidal
summations. The Eﬁ? Pf-glasrﬁéeﬁleé’é?%%?’é’lﬁ%ﬁ,tg%@ SGPTSHARSLE SRBiBHIBN (vss), apparent
elimination half-lifeopkid@pbiychimearnindsidesic éinme(MR Tt wieré estitratehl Efthe dheadmanistration. 25
Estimations of T1/2 was mad ing.a minimum of 3 {i oints, it antifiable concentrations. The
absolte oral oo () ke Lo s e R P SRR s Tolowing
oral and IV dosesCERR-GHICiumMabitizatio? 0100208 390manTaaror hdidteddriraellular

calcium flux assa)?%%@r@&@@m WitB e PRRIRA D1RRaeIGEBN NS, TR RaRRavig.cell line.

THP-1 cells were first loaded with fluorophore by resuspendig‘g them in a glucose- and HEPES-

buffered PBS (pHMP2#afhedrhined nvitiiisrd prasteumihiispddaaaus. J3mavEseEecid and then
incubated éor 60 fﬁh&ﬂ#% ah&ﬁ&.u%&bmmhmm ﬁﬁ%ﬂ@fﬁoﬁ?@@%foIDo&iﬁ@@t@ﬁﬁhﬁgwer% .
re-suspended in washin er_(contajning pheng|.red-flee RP M |) with 1.25 Probenecid, an
ot ie SLwe LS KGN e o B e A e o B et B Bovicas) that
uses an argon-iondlases toehicite e meiihandTrobbticzly add e tespesnPOrRITwand human MCP-1
" hagr . ‘ o i : tior §
while monttoring Cg%e%';a%%llt% i-’o%ﬁé%‘f&o%eaglﬁ?{?‘%ﬁe 88@%%%‘%@%5%}3& Qu%geg{ﬁe%%%‘g SPREgfration from

0 to 100 nM or bu one were added toeac , centri incu r 10 minutes.
Recombinant humamarcrnlypdhroTaete sehnidze weeh 10id gadhouwfina kbdiicehtragBntof 10 nM.
The fluorescence ghift\wasHeaitoissh and rgspase-to-peak excursion computed automatically. All
conditions were tested in duplicate. The inhibition achieved by graded concentrations of compound
was calculatéd as a percentage of the compound-free MCP-1 control. 15CCR-5 Calcium Mobilization
[00224] A similar procedure to the CCR-2 calcitormahibizatiansset forth above was adopted except

that MIP-113 (50 n é s the ligand %{&t e cell line was HT1080/CCR-5 in which endogenous
Cores 1 upreguiIAT] va oS SR S GRAE Betaidh oAy M S0 com 2
GTP-1S Exchangex{@02i ] CEHdidd CIRiR- tle péivd e ntlbindirdioft [8b3¢dEviR LR thuGEReRt Was determined

using membranescgqggg_r%%f[%gbgggl ?&H?e%, ﬁﬂﬁ@eﬁ?ﬂﬁ\ﬂﬂ‘%&ﬁb"(’&g?ﬂ%%%&%?ﬁcR'2 was

upregulated by RAGE techno Athersys). Each reaction (200 1A) 25 contained 20 mM Na-HEPES,
10 mM MgC129, samnenathigatiomBaR eSrma) MosteMbolabeledia s acobeprpshal arhe EC50 for

MCP-1 dependenthindipgied B2210GIIRY shwasHelenmine i oracyingdreMCR4b epngentrations
from 1 pM to 1 !AM. Reactions were incubated for 90 minutes hour at room ten%&erature and [35S]-

GTPySiGm complRR8shiefé bollRetet eimaquid parediisdcdnsh ot yisisueBashinibition of
MCP-1 dependentifab sty IBy&hinding 0.6 orEmblasesby thieetegindovnppund was determined

at 1.n MCP-1 under identical Gondijgiie, PR Y615 analzes wehd. e and pinding,sofware from
Graphpad Prism 4.
25  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
30  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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CCR-5 GTP-7S Exchange 1002261 A similar procedure to the CCR-2 GTP-7S exchange procedure
set forth above was adopted except that M | P-la /LD7813 was the ligand and the cell line was
5CCR-5/HTWSB2 1IP0I /L D7813 was used as the CCR-5 ligand becauseRCAYES & 2B /$ger signal
to noise ratio than MIP-113. CCR-2 Whole Blood Integrin (CD11b) Upregulation [00227] A
CCR-2-dependent CD1lb upregulation assay was established with 10 human whole blood. Whole
blood (100 pH was pre-incubated with a concentration range of Example 1 at 37C for 10 minutes.
Human recombin&RENIERS e1otpitest TobmlRAiFas tiehsatide datedetsrmingiih 18 | fhal concentration

of IOnM, except fospunatimutatedicontid reactionst) ThecpRESORSWR eofnehbeckfar38 minutes at
37C. After incubati? : 1@@#%@%00@ FAC%%HES Witg 10% EBS blgéer was added, aélg(%Sthe
samples were cent i?\%ﬂg 500 PRF S e BRHTR LR fA S B PSP A Shuffer. The
cells were then inavbat@&bevitithiiz@Gomicfiarti-B Rt ddéd TQ/anmtiGidhd bfRdst solapiamdor20 minutes on ice
in the dark followed) by, addliion,of-h L ob MEAGS ysing:sekiton (Beclon Diekinser dgragh reaction.
The samples were tlhen incubated for 30 minutes on ice in the dark. Fo owing fixation and red blood
cell 20lysis, the celidhweracsafifoyebies dorppoypkisdedcihto 0o ¢l FOXCShipieg sbhgtivlar Samples were
analyzed by flow gytometry 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 CD legh CD1Ib monocyte population. For analysis, CD1 Ib was measured as
median 25fluorescence intensity (MET). CCR-BW¥holenBiaasksD1lb Upregulation 1002281 Similar

procedure to_ the -2 whole blood CD1 Ib upregulation procedure set forth aboye was adopted
et that M 1088 i) S LE R0 A TR TBOIE, RIS ISR P compares
compounds (See WD t12OPSPh&IBT AlllAMG@s 200B40 CLIGO-Apandivy CeROABIOM A G (80 hMhe

comparative datalg %\tﬁe%mn%gex Set%%qugﬁ@bination of equipotent dual CCR-2 and CCR-5 receptor

inhibitory and desirable pharm: co oglicalcharacteristics. TABLE 2 5Comparative In vim Data

Compound CCR-2 Binding 1050 (nM) CCR-5 Binding IC50 (nM) hERG FLUX IC50
hERG Flux

15  [00209] HEK293 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

20  ata 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

25  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.

30  [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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(nM) Na' channel binding (% inhibition) PAMPA permeability (mnisec) Example 12as WO
2005/021500 0.27 (1) Not available 2,800 Not available Not available Example 12aj WO 2005/021500
0.43 L 0.06 YO Ridi/4d4¢edleble 770 Not available Not available Example 2k WRS DUSHZ4833880.7 0.3
(23) 2.3 1.8 51,000 97%, 10,000 nM 529 157 (9) Example 12bd WO 2005/021500

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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1.15 L 0.07 (2) Not available >80,000 54%, 10,000 nM 392 Example 8a WO 2005/021500 1.83 0.80
(12) Not available >80,000 3%, 10,000 nM 33%, 30,000 nM 94 58 (10) Example Se WO 2005/021500
2.20 L 0.03 YO Ad{ 4dedikeble >80,000 6%, 10,000 nM 2 2 (2) Example 9¢c \ROTAGI810PIHE8 0.96 0.26
(19)

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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Not available >80,000 48%, 10,000 nM 75%, 30,000 nM 145 71 (8) Example 1 WO 2008/014381 1.4
0.5 (18) 23.6 12.0 >80,000 0%, 10,000 nM; 21%, 30,000 nM 443 114 (8) Compound CCR-2 Binding
CCR-5 hERBO\M1##94¢H6] PAMPA 1050 (nM) Binding PCT/US2010/052288

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
5 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
10  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

15  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.

20  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

25  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
30  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

- 64 -



FLUX binding (% permeability 1C50 (nM) IC50 inhibition) (nm/sec) (nM) Example 1

W02008/014360 2.74 + 1.34 (15) 6.3 + 1.5 >80,000 13%, 10,000 nM 560 86 (5)
WO 2011/046916 PCT/US2010/052288

10

15

20

25

30

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
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.

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
Chax 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.
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
[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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32%, 30,000 nM Example 1 Present Invention 6.2 2.7 3.6 + 1.8 >80,000 46%, 30,000 nM 336
TABLE 3 Additional Comparative In vitro Data Compound CCR-2 Chemotaxis IC50 (hM) CCR-5
ChemotaxisOROIHMMIHERG patch clamp (% Inhib.) Na+ channel patch cldp/ U2 5328%ample 2k
0.24 0.16 (12) Not available

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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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
oc WO 2011/046916 PCT/US2010/052288

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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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%, 30,00VENA0ELE&#HINE 1 0.8 0.5 (16) 1.1 + 0.7 12%, 10,000 nM PCT/US2010/052288

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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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 nMnM 9.2%, 30,000 13-16%, 30,000

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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nMnM TABLE 4 Additional Comparative In vitro Data Compound CCR-2 Ca2+ Flux IC50 (nM)
CCR-5 2- Flux 1050 (nM) CCR-2 GTP-7S IC50 (nM) CCR-5 GTP-7S IC50 (nM) Example 2k U.S.
Patent No. M@39870#¢81@vailable Not available Not available Not availableFEIAHMBE 01057238
2008/014381 0.924.05

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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111.0 Example 1 WO 2008/014360 0.8 0.6 5.9 3.3 3.5 1.95.4 3.2 Example 1 Present Invention 2.9
15201435 1.96.1 1.2 5 TABLE 5 Additional Comparative In vitro Data Compound CCR-2 CD 1
lb IC50 (nMMOCRLENH31¢ |b IC50 (nM) Example 2k U.S. Patent No. 7,163, 8STA200093p2$84 .4

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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Example 1 WO 2008/014381 0.77 0.40 Not available Example 1 WO 2008/014360 2.6 2.2 34.7 11.0
Example 1 Present Invention 4.8 5.7 10TABLE 6 Comparative In vivo Pharmacokinetic Data in the
Rat CompodHd IbKe+691PO (mg/kg) Cl (mL/min/kg) F% Oral AUC (nM*1) BBGRIpI2024/ 0422838
2005/021500

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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2.5/ 25 40 68 9294 Example 8a WO 2005/021500 6 / 72 42 1.4 690 Example 9¢c WO 2005/021500

443 54 14 1855 Example 1 WO 2008/014381 2 /10 43 51 3794 Example 1
WO 2011/046916 PCT/US2010/052288

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.

5  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,

10 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

15  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.

20  Cells are plated into 96-well, black-wall microplates (100 ul/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

25 (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.

30 [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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WO 2008/014360 210 25 79 10169 Example 1 Present Invention 2 /10 49.7 94 6500 TABLE 7
Comparative In vivo Phamiacokinetic Data in the Monkey Compound Dose IMPO (mg/kg) ClI
(mLiminiikg WORIQHIEC (nM*11) Example 2k PCT/US2010/052288

10

15

20

25

30

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
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.
As a result, 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
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,
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
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.
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 2005/021500 1 /1.4 25 46 862 Example 8a WO 2005/021500 1 /11 14 9.4 1896 Example 9e WO

2005/021500 1 /10 12 26 6763 Example 1 WO 2008/014381 1/ 1.3 23 47 836
WO 2011/046916 PCT/US2010/052288

10

15

20

25

30

intended to encompass antagonism, agonism, partial antagonism and/or partial

agonism.

Fluorometric Imaging Plate Reader (FLIPR®)-based Functional Assay

[00238] HT1080 cells (clone 3559.1.6) were plated at 10,000 cells/well (30
microliters) in 384-well plates (black/clear bottom BIOCOAT® PDL, Beckton
Dickinson) and charged with 30 microliters/well of Fluo-4 AM fluorescent dye
(prepared by dissolving 1 mg Fluo-4 AM in 440 microliters DMSO and diluting with
100 microliters of pluronic solution before diluting further with 10 mL of Hanks
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
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

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

to as “Example 17°) 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
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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Example 1 WO 2008/014360 1 /1 12 95 2352 Example | Present Invention 1 /1 16.4 63 1300
1002301Surprisingly, it was discovered that Example 1 of the present invention are 5not
predominaniP28Ve448Hinst CCR-2 or CCR-5, but instead are equipotent Q$I/ERIAHHINZASS 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 CCREorerUavpssyworo 2suiprrerd byrivirstings 61 theelampedPd Yigvdfo be
modulators of chemgking.saeaRi@cagtyity using assays know by those skilled in the art. In this section,

we describe such ays and gjve their literature reference. More assays are described 15 herein in
the soction tilec "BBILral 5 Bh AV Ao o Tl ey RHCH TR o I S CHEBTAAAG Retvit i these
assays of MCP-1 wittatjorisim] o mpdind pradrtheTéx atjieples.af etepectechie dbcusaflvineghe treatment

of human dls%aslegbglﬁgg |0ar;(ei>§j 1‘5‘"@9 e ISef:')nokln S ang thndr cognate recgﬁlo%rﬁc,é thQ% ggrfrll%%)n of activity

in these assays is a compoun emonstr}ét?rfg a%o}tla)gb ofy %ﬂ%&wgrrelgwer In concentration when
measured in a padifigrantzadenksyineagnidie st NaorR:d stathaddor G arsiutes Iwith W Seghtivan etal.,

Methods Mot BlOtG]rérﬂs'a-%@ﬁqi%gi&%gngich) and then rinsed with deionized water for 5 minutes.

Differential counts were calculated based on a total of 200 cells counted per sample.
Blood was also collected from the retro-orbital sinus at the end of each study in

10  EDTA for determination of drug concentration.

[00242]  For flow cytometric analysis, peritoneal exudate cells (1x10°) were
washed once with FACS buffer (PBS/0.5% BSA) and resuspended in FACS buffer.
Cells were incubated with an Fc-blocking antibody (BD Pharmingen) on ice for 15
min followed by addition of the following antibodies (BD Pharmingen): PE

15  conjugated anti-F4/80, FITC conjugated anti-Ly6C, and Alexa 647 conjugated anti-
hCCR-2. After 45 min on ice, cells were fixed by BD CYTOFIX® for 15 min on ice,
washed twice with FACS buffer, and resuspended in 200 ul FACS buffer. Cellular
events (40,000) were acquired for each sample and data were analyzed using FloJo
software (TreeStar). A FSC/SSC gate was set to include all monocytes (low SSC,

20 higher FSC) while excluding granulocytes from the analysis. This gated population
was then analyzed for Ly6C (FITC), F4/80 (PE) expression. Peritoneal
monocytes/macrophage numbers were determined by multiplying total peritoneal cell
counts obtained by the cell counter and the percentage of monocytes/macrophages
identified by F4/80" cells from flow cytometry. Statistical significance of differences

25  between means was analyzed using the paired two-tailed t test with significance set at

p values below 0.05.

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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[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 fluoresc® apP#edleator dye, 10Fluo-3. Cells are incubated at 8 x 105PESIE/FAP1H/052288
phosphate-buffered saline containing 0.1% bovine scrum albumin, 20 mM HEPES buffer, 5 mM
glucose, 1% fetal bovine serum, 4 utM 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., | Inmunot MetRBysk aeyaebty sbif EelieptaenivRiEHRprEaags Yrie areinadbiurslieecr-2
receptor such as TitiRrdi@ntiViengMas @yiageglls are then washed three times in

phosphate-buffere line containing 0.1% boyvine serum albumin, 20 mM HEPES, 5 mM glucose and
Db M ProbencallVTHb oSBT EIdE BB e i ARSI LR EEH TLEFRINA, 0 5% bovine
serum albumin, 20w ¢d BRES dnhdDh&Eswitl B rohemnddidlahg/ fngd woncahtbibionod 2294, %4¥06 cells/ml.
20Cells are plated into96-well, black- microplates. (100, Ml/well) and the plates centrifuged at 200 x
o for 5 minute v A e R TG aer
minutes, 50 uu!iw@hﬁfimmhsﬁaﬁ@d %@‘Vgﬂl@ﬁlﬁﬁwl@@ﬁ@&ﬁ@éﬂbiﬂhﬁi@mﬁﬁ. Calcium mobilization is
detected by using,a flyerescenbiRABNGRIHRISIIRS FhfSel muAlaNel is Gxeitadwvithan argon

laser 25(488 nM) and cell-assoclated fluorescence measured for 3 minutes, (every secgnd for the first

90 seconds and e¥&F§lai0SEeb IS B theHadtoB Setdrds I MD4ps Bramrlnd ifubitndbitrhry
fluorescence unitsigethe-ehapgdiin bpiaseancr-oegrehineldetariied)as the maximum-minimum

differential. Comp %—gep ndent irggbition i c%c lated relative to the response of MCP-1 alone.
301002341V 8 AL e oSN LEBRS e SRS S RHESHUR b bliidting immune
cell function in a nhamthalglyachtapaihuingmd@amphahds thatknmbitsor pPasmoke dhefitaitine receptor
function are particafytisell fgr mediakng Immune, cqll Hnclion.for MgranaHic purpgses.
Accordingly, the present invention is directed o compounds Which are useful in the prevention and/or
treatment of a widenlatieB- dehdfisrmniidigand b syendeirpminiosreidatsrgndidbedeesniend diseases,
including asthma gadalleiol SiasaRsRIGRIBR DRALABENIS THBIORSS ity by fidefintion
includes viruses), as well as autoimmune pathologies such as the rheumatoid arthritis and
atherosclerosfs. [(OBSBIFSMaMple, an instant compound which inhibits one or more functions of a
mammalian chemokine receptor (e.g., &ngman chemoking receptor) may be administered to inhibit
(i.e., reduce or prevent) inflammation ofgjfectioys.diseass) d0Ag)a kgsult, 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 gﬁ%ﬁ”cﬁﬂﬂ% plip AR DalApaRemAkiBRISAMNIN (S thaidiWpRik Shemokine) as

administered to 1 ate (induce or enhance) an immune or inflammatory response, such as

leukocyte emigratibh2RgrisiphP dhetaBaNK TexdyRodicctantor spBney A ERgaIniHE S Inflammatory

mediator relegse, iespiinginglee bensficiakstinoulaianet iflamnmatonr RacassesMEar-example,

eosinophils can be recruited to combat parasitic infections. In addition, treatment of th
aforementioned Irmgf,ﬁ%—gﬁ? ,ndc Examplg n pfasma. The K4 for mouse MCP—I%mSmg to hCCR-2

is 0.91 +/- 0.08 nM (n=8) which was determined in cold competition ligand binding

experiments using '*’I-human MCP-1. The average K; for Example 1 binding to
hCCR-2 is 2.0 nM. The fraction 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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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 SW@didtidethmound to cause the loss of receptor expression onRENI§3AdYEFR 2R induction
of chemokine receptor internalization or the delivery of compound in a manner that results in the
misdirection of the migration of 25cells. [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, ovingeamine AGaRRE fRlinBld 8deBHeFEIIHIfHERACIE MEANChR HRdisshad@However, the
method can also he practiced in other species, such as avian species, The subject treated in the
methods above islgrﬁ%%%éﬂ,t%]é?é’%}t? B R 8@&%%‘?5%?@%8?0%%9‘&%@ activity is
desired. "Modulatbrécagarsethblerein is intended to encompass antagonism, agonism, partial
antagonism apd/or partial agonism. Fluorometric Imaging Plate Reader (FLIPRjJ1)-based Functional
Assay 5[00238]HT1080 cells (clone 3559.1.6) were plated at 10,000 cells/well (30 microliters) in
384-well plates (black/clear bottom BIOCOATj?) PDABBEckton Dickinson) and charged with 30
microliters/well of Fhups AV IOFoSCRIUENE ARIRREATRY FiSSOIVPG 1iMEIEMQhAMRIR 440
microliters DMSO and diluting with 100 microliters of pluronic solution before diluting further with 10
mL of Hanks 10 buffer). The cells weMisadlHsidd b7 e ekt &99¢br 30 min before being washed
three times and sirpend&e, ik AnsayBdIRELPMM HEPES, ToZ MM Cal k.50 mMMatisg, 2.5 mM
Probenecid, 0.5% BSA, Ix Hanks). The test article was serially diluted in DMSOj|and then diluted 1:10
with Assay BuffenB&fSre BEMGUAded (8iHECIRIRRIE BALID it SARBIS. SR T 19TPRIRCYRE |plates
were read (10 -7(Q sec) foM&Emdiction |ofifl plasha., agoenist-actbstyld The cells weradhghdgyther
charged with Agonist Solution (30 micrpliters/well; prepared by. diluting BO micralit f 100
microMolar MIP-1 beta ianWr%@%%}A&g gﬁééﬁar; th sorl)lrno océ8 e'I|£vers a final cglrflé%#%roé]tiom of 5 nM
MT-1 beta in the fissay) and the plates|Wéfe(€Re? usitg REAPRA for one minute]| Antagonist jactivity of
the test article wgs deterined 20 relatjyg 9 8.4% DMSO/Butfer negative control. IN VIVO ASSAY(S)
AND EFFICACY [00239]N-((IR,2S .SR)t5-(terf-Butylamino)-24(S)-3-(7-tert-butylpyrazolo[1,5-
a][1,3,5]thazin-4-yladho)-2-oR&0rroligin-1430dyclohexyDhcetahtidé (alsd referred 2Bto as Example

1") was evaluated T e Vivo g%y descrivegh gefow 14 96.72 312 63
50 0.048 16.6 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

* dose was selected from a different study from other doses in the table to provide an
10 example of maximal inhibition. This dose provided a free plasma concentration of

1.9-fold IC90 the hCCR-2 KI binding.

[00248] Collectively, these results clearly demonstrate that Example 1 is a potent
blocker of monocyte/macrophage infiltration with an EC50 of ~ 4.9 nM. Maximal

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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48-hour Thioglycollate (TG)-Induced Peritonitis Model in hCCR-2 KI Mouse Methods 1002401 The
hCCR-2 K | mice (C573L/6-SVJ129) were injected intraperitoneally 30with 1 ml of thioglycollate (TG)
(Hardy Diag@sttd)y0488teach study, eight male mice per group were used PEXAMMENRZ dosed
orally 1 hour prior to TO injection The vehicle used was 0.01 N HC1 in water. Forty-eight hours post
TO injection, peritoneal lavages were performed by injecting 5 ml PBS/10 mM EDTA/10% BSA into the
peritoneal cavity. [00241] For the 48-hour TO peritonitis study, Example 1 was dosed twice a day with
the first dose one REaMpR&TT Bl HSFAsTOMAH Serdsitaa telrdbgritsRialesalittited on isolated

cells by a cell coupiehsQEPISHRIE PRfeIMBR IR dsisinsditierantiaklawkocyte counts. The cells
were stained for 3 minutes. with WrightGiemsa Stajn (Si -Aldrich) and then rinsed with dcionized
wator for 8 minutcTETHOREHA BBUTRL A6 GARAILEFURMEA rf Sl P38 BBl counted per
sample. Blood wasosiseptiditaaiedhfoains ttee;rdireftditalysimatdire ren dosihepldhicstudy in 10 EDTA for
determinationof drug concentration, [002421Eor flo ometric analysis. peritoneal exudate cells
(1x106) were ek B B R s butfer. Cell
were incubated whbiPpars@eibidakintsantitiday BPhathingers) otidpethor 18mamntolibvestd. by addition

of the following anjiiegigs (i &neminagR i FiEatReROIMARIRE AL dARRehatdGsconjugated
anti-Ly6C, and Alexa 647 conjugated anti- hCCR-2. After 45 min on ice, cells were fixed by BD

CYTOFIXt for 15 ARYHRIRESRYASHER e Mitreres Bivgen annrienepeea@art®ot R1 FACS
buffer. Cellular evagis 440 Wwerstasquirephisaachispapiesanadgdaiopwess angyaeidsing FloJo

software (TreeStayr). A FSC/SSC gate was set to include. all monacytes (low SSC, 20higher FSC) while
oxcliing ordulo bt AR oIS PHERS b SERe MR TS S TRBH S or Ly6C (FTTC)
F4/80 (PE) expresspsti¢tderftomeahmand oyigsfinaciopivase gatitoges; wetentetemndineddsy multiplying

otal pritoneal cell gpu0iA SR R e Sl pHIISE AL A RELCRAIAE Blenic 1ypus

1
monocytes/macrophages identified by F4/60- cells from flow cytometry. Statistica ‘sl.'llgnlficance of
differences 25betwiemidess, Wwagsdisalysey isinyetile peieedithrictagiunectssmgiigignificance set at p

values below 0.05, Regsiise (QPa431Examnie diwas, eyaur]edin e hatiidiktanause TO

peritonitis model to 30determine its EC50 in inhibiting monocyte/macrophage infiltration. Mice were

administered thioghyutiaca st dasisa Sty arth reRamie! 16240, 882 BRIBE MM BID. Forty eight

hours post TO tredtsesist, petitenealiavagevasnahiriedvtortelitlpoiaiicataapalisis by flow

cytometry. 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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[00244] A dose-dependent inhibition in monocytelmacrophage infiltration was observed (Figure 4).
Doses of 10, 50, and 160 mg/kg gave an inhibition of 25%, 54% 5and 63%, respectively. Of the four
separate st¥R30WiP#eAldtiple doses, the maximal inhibition reached was - POTE3A1HHSRIErage EC50
for inhibition of monocyte/macrophage infiltration by this analysis was estimated to be 4.9 nM, which
correlates well with the in vitro IC50 (5.8 2.3 nM) for Example 1 inhibition of 125 [- mouse MCP-1
binding to human CCR-2-expressing cells (hPBMCs). 101002451To assess the in vivo level of
receptor occupan€ySRPEREMPIRTIRVLHY ASOHIUAHHTEOPAE BERTAN Hfoderiis e CR-2 KI
mouse, plasma leugiamf)bettick xamalenkhandsmpHssid GRrluweip preasresh thhergayerat for this
estimation is that %%%.CCR.-Z and itsgna#jor ligan MCP-l'V%TfEs tfaken into consideEﬂion. The receptor
occupancy of a lighnd i e SrESERES BF W R Ship i i OIS Y EH B ThE T & ad dum
equation: JRL1 _ parpRicHifk@ds[Lif(ubl ingl|ufGO2 461 Sinoeh xamiplefdcii as coripatitiueatobdsitor of
MCP-1 binding to CCR-2 ' the amounts.of. both mouse MCP-1/CCR-2 recepter complex and Example
ICOR-2 20 e e O S B pr anc
protein-unbound Expeis. filgsiasmidrenmsokes (uksouSeNsEPomipiid g toriCGR)-X¢st0dos. +/- 0.08
nM (n=8) which wag deisrminge ol comRstingdicans Hinciog exReiMants HsignR5 1-human
MCP-1. The average K for Example 1 binding to hCCR-2 is 2.0 nM. The fraction of mouse
MCP-1/CCR-2 rec@istr anip IBIgiIEs i85 g te AFIREE) LRING WAL &7 BP SRS EGUSHor Wekiibed above.
To determine the ffacbiRstafcmxapplediCaR12reomigexes thagmialiniasddedined as: LU _ [R]l +
(K; /12] (1 + [T]/ Ka) Finally, the amount.of CCR-2 free.is determined from: 30[CCR-21 Jtotal =

(R 2ren Nmoruie HOPHIGEHBE » (R SR THSE Rk P L S AR 8. the percent
inhibition of monoeyté/hiadropteagaimfiitrd ticatintot thfa peditoneom ctidBahmatoef|ecfscthapercentage of

Example 1/QCR2 {ﬁ?&ﬁgﬁ%%?%ml%‘?ﬁd%%% ﬁlpﬁrs%gggi@atior_l Of.l.n vivo Receptor Occupancy of
Example 1 in Blood of hCCR-Z KI Mice in the 48-hour TO Peritonitis Model

[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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Dose mg/kg Concentration of Mouse MCP-1 in plasma (nM) Concentration of free Example 1 in
plasma (nM) (fold IC90 CCR-2 binding) (I/0 mouse MCP-1 bound CCR-2 % Example 1 bound CCR-2
(/0 free CCRQ DHIrHittion of monocyte/ macrophage infiltration' 200a 0.088 T3NS 45 1.44 71
160 0.046 62.0 0.16 96.72 3.12

10

15

20

25

30

that are not thought 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
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,
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
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
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
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
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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(including exocrine pancreatic carcinoma), esophagus, stomach, gall bladder, cervix,
thyroid, and skin (including squamous cell carcinoma);

hematopoietic tumors of lymphoid lineage including leukemia, acute
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma,
histiocytic lymphoma, and Burketts lymphoma;

hematopoietic tumors of myeloid lineage including acute and chronic
myelogenous leukemias, myelodysplastic syndrome, myeloid leukemia, and
promyelocytic leukemia;

tumors of the central and peripheral nervous system including astrocytoma,
neuroblastoma, glioma, and schwannomas;

tumors of mesenchymal origin including fibrosarcoma, rhabdomyosarcoma,
and osteosarcoma; and

other tumors including melanoma, xenoderma pigmentosum,

keratoactanthoma, seminoma, thyroid follicular cancer, and teratocarcinoma.

[00257] In another embodiment, disclosed herein are methods of treating cancer,
wherein the cancer is selected from breast cancer, liver cancer, prostate cancer, and
melanoma. Additionally, compounds disclosed herein may be useful in the treatment
of ovarian cancer, and multiple myeloma.

[00258] The present invention provides methods for the treatment of a variety of
non-cancerous proliferative diseases.

[00259] Combined therapy to prevent and treat inflammatory, infectious and
immunoregulatory disorders and diseases, including asthma and allergic diseases, as
well as autoimmune pathologies such as rheumatoid arthritis and atherosclerosis, and
those pathologies noted above is illustrated by the combination of the compounds of
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
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

-0 -



a dose was selected from a different study from other doses in the table to provide an 10example of
maximal inhibition. This dose provided a free plasma concentration of 1.9-fold IC90 the lICCR-2 K
binding. 100¥9004&efively, these results clearly demonstrate that Exam#éTEBU6M ¥ ocker of
monocyte/macrophage infiltration with an EC50 of 4.9 nM. Maximal 15inhibition 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
monocyteimacrophiE MmN As e rRPbosRIRYissiertednhibion 91 BrEddRS BIPBGHtRfons of human

or other species whighheamRe:bigaied 2 ikainpibilons L shemekinenraceriamioshiar, include, but are

not limited to: inflammatory or allergic diseases and conditions, including respiratory allergic diseases
Such as asthma, AEFGR THITES, Ry BarCRTU U BB LIRS SR D
cosinophilic cellulipisfecgtin@ibsisymoscrae)ddcsisoplidli sufareamb niasiéag, jltadéhiar 'sigyndrome,
chronic eosingphilic 5pneumanial, cosinophilic.fasciitis (e.9., Shulman's.syndrame), delayed-type
rypersensitviy. I o o e B B B b scociated
with rheumatoid arehifvie; systentieton push epyehidernsieaud2 aniagosiio spohidgliasalsysmmiersclerosis,

Sjogren’s syndror%gﬂgémmﬁ}@%sﬂgaa@wgmﬁégﬁéh%Wm@%%ﬁmaﬁﬁﬁ@iﬁviw
ns),

responses, drug allergies 10(e.g., to penicillin, cephalospori eosinophilia-myalgia syndrome due to

the ingestion of cANEAAIPRRE Gy BIBRARClIRs IRt e zelinsimiiemerasidégses, such as

rheumatoid arthritisoppaetiziasthitis.ondbiple siderasisndysiemialu puh aribenmatosus, myasthenia

gravis, juvenjle onset diabetes; glomerulonephritis, autoimmunc thyroiditis, Behcet's djsease; graft
O S Pipltad

rejection (e.g. in (ANSSEASEHSAY LB LS AR PESEEH &%H}?P\}é‘r EhEsttidease;
inflammatory bowstdiseasesossahtaig@nohintsmise abkandeytoanpdivel s difisssg ddytoanhropathies;

scleroderma,; pso@%%j&giﬂ%%%gglé&gﬂk{ﬂeoqﬁ;e%%%%éqsi@1@@&1 i'lpﬁgmmatory demiatoses such as an

dermatitis, eczema, atopic dermatitis, allergic co t dermatitis, urticaria; vasculitis (e.g., necrotizing,
cutaneous, and hyisarepLMeTSI ROV SuRIktS PR Srme ppiidamybEie sisasihopeird fpsiies; cancers with

leukocyte inﬁ|trati%féﬁ%ﬁé%%@f%%séﬁ%h‘ﬂeﬁ%%%%fﬁ@%@W%éPMQ#Q%WQ@Sirab|e
0

inflammatory responses are to be inhibited can be treated, including, but not limited to, vasculitis,
vulnerable playuedMERSEE hOSiAGHYA MybE PR YRR iR P eisiSis-graft neointimal
hyperplasia, artio-ugfatsosisotinticnatfyperplasiah 22athesose et osipraefitiy heimatolagic
malignancies, cytokine-indudced to&ici}xegg.%. seeJl)ltgg,sh ck, endotoxic Sh%ﬁ ,Spé)lymyositis,

dermatomyositis. frreCHOUE disE 5SS ES'0F cgngﬁlons (0] ﬁuﬁféenoép ootrﬁeorthseﬁem S’which can be treated
with inhibitors of chlemuidngicelbamppsinotionidnchgdeschutharelngs lmidddit, thith d@IRBAIDIseases or
conditions of hummg&gg@&r 1ﬁ9&ﬁlgﬁ %ﬁ/@% ﬁ%bg&gﬁiﬁgly, the pharmaceutical compositions
20  include those that also contain one or more other active ingredients, in addition to a
compound of the present disclosure.
[00260] Examples of other active ingredients that may be combined with a
compound of the present invention, either administered separately or in the same
pharmaceutical compositions, include, but are not limited to: (a) integrin antagonists
25  such as those for selectins, ICAMs and VLA-4; (b) steroids such as beclomethasone,
methylprednisolone, betamethasone, prednisone, dexamethasone, and hydrocortisone;
(c) immunosuppressants such as cyclosporin, tacrolimus, rapamycin and other FK-
506 type immunosuppressants; (d) antihistamines (H1-histamine antagonists) such as
bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine, clemastine,
30  diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdilazine,

promethazine, trimeprazine, azatadine, cyproheptadine, antazoline, pheniramine

pyrilamine, astemizole, terfenadine, loratadine, cetirizine, fexofenadine,
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30with 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 (Waefddittgttdiation therapy, chemotherapy, therapy for autoimR$TiHESA848228F 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, Entefosbnsthesylyiaading apkibs ke Seroijyititnidaisantrtimsdies fHehiashd; trematodes
(flukes) (Schistosepygigist&hBMENIRsIB)r QeI el (tARSI WAIIR) R CHINAGACINRIR.rHAGR@SIS
saginata, Cysticercosis%' !i;stqgeral worms, visceral larva milgjraines eﬁg.,. Toxocara), eosinophilic

gastroenteritis (e.§T &K folki BOPEARS: SEPTS B 3O LU AR b DS R MRS TATeylostona braziliense,
10 Ancylostoma ceokuriehc Bhe gompauaitubithenpredanisinpenticasareshdesrdmwbilukseful in the

prevention angl tr € ide variety of inflammatary, infecti ir 10fequlatory disorders
P diseases 1000112 e B Tt e
autoimmune diseatusiddrintisdlpamaictemgsiatedfokibromisiers poeieieridderdptesr 15function if one

contemplates the dgliveryof.suffigiantAemBAYBHLASAUSE IR Ioss 0 AGCRRIGs SiRression on cells

through the induction of chemokine receptor internalization or delivery of compound in a manner that
results in the misdif@EaEH-StubdPFRfgRathsinsfCe frdonsefs s IaiRAtsh ahiEp et P IAEEANt invention
may be used to evalpateithpirRpuiativespetHicagatisisiapRiagasistaf @wputaincetpled
receptor. The[‘ reserﬁt invention js directed to the use Of trTSfe comp%unds in the preparation and
execution of screéfil é%%@é%sf PRl SRR RS S TR AR D 8K ine receptors.
Furthermore, the dowiptuadSoicthiscinsidnfennane, eefithic, ebtdbimshingepadetepinaring the binding site

of other compounglg; d&@‘?i%}o%&,@?téﬁﬁ@tﬂ%%?do%&aéﬂ gﬁ&%ﬁ%@}% }a@&i}éoa@igr%g%%[gggrer!ce in an
assay to compare its known activity to a compound With an unknown activity. When developing new
assays or protocol§uéapisusts Beelofanaoatie prefsarmingediisHlenifl e adddlientadictheir

gffectiveness. _Sp%@iﬁ?,adl}ﬂhé&iﬁ@aﬁ%%ﬁ%@@d%l%@&‘e@(@ﬂﬁ{ﬁ@aﬁ@d%ﬁ@ﬁl%ﬁi%ﬁ%ﬁ@r examplg, for use
in pharmaceutical research involving the aforementioned diseases. 30The compounds of the instant

invention are! lso (eIt L PR ISYEISHSH B RA fer sisarire Heslataniars o s ¥iftfidkine receptors.
In addition, one cqulthslidizecsanipay posaidhis apenie b myarnie thespesificitybatizopsotein

coupled recept(_)rsotha ar U’rt1af)t %kéo eht 58 e che ! king1 rece etrg)ars%L &S%bé/ san ilrggrsg & xamples o_f
compounds which é%pnol%gnm Ords structira vzlrrr@wfg of cafr%)poung actve 8i i%ese’?e eptors which
may help define spédifiositéplofsipitedastime1P02B3(POBMPHUNdshdisaipgedittestithare useful to treat
or prevent disordefiz. pRRIGCIREHRM. TR ATRUHR, ASIERATEAIIS ritRle SpH i alerosclerosis,
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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aneurism, fever, cardiovascular effects, haemodynamic shock, sepsis syndrome, post ischemic
rcperfusion injury, malaria, Crohn's disease, inflammatory bowel diseases, mycobacterial infection,
meningitis, PEAAAEIY4edegestive heart failure, fibrotic diseases, cachexia, gP&f/IESBHA228%oimmunc
diseases, skin inflammatory diseases, 10multiple 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, cdPfdAttivitlectestbpriheaisery aRitia napRerscdosispfoiexeBnifitis, eosinophilic
Fgeumonias, eOSiWﬂ@ﬁ\Hi6&1%§6HH§,if&ﬁﬁlﬁmNﬁiﬂa@?@iﬁ&ﬁgtﬁ@%@w]l@tiﬁQﬂ@@c@%@ﬁﬁr&lﬁa, cystic
ibrosis, Churg-Strauss syndrome, lymphama, Hodgkin's djsease, ¢olonic carcinoma, Felty's
syndrome, sarcoidBSRETRIRHIS KIS RATIEr IR TG ERAR Gt U RRRHE RIBLE i3 matosus,
esophageal squama080cell dareutoris, friowrbpatR) gainalznd bPeGity.oh@zbbdirotmother aspect, the
compounds age usefulia,\iester prevent 200ammajon, diserslers peledisd from, fheymaloid arthrits
ostcoarthritis, atheros%?ero&s, aneurism, ¥ever, cardiovascular eﬁrects, trohirs 8|se}ése, in?lammatory
bowel diseases, psetinsiss eongaeniian tbrrndaiwean washiplecseicrisisivadisinmintask diteases, skin
inflammatory diseggesyientQdemalREPther aspect, the compounds are used to treat or prevent
inflammatory 25disorders selected from rheumatoid arthritis, osteoarthritis, atherosclerosis, Crohn's

disease, inflammadRPBbwdp diseigeenssid niampiretererbsie muserarettic a8erHendp e examples

disclosed herein rayhentsefyl ndpkithakeament i yaieiyohcansesscinaludingsdutant limited to,
the following; carcinoma including that of the bladder (in¢luding accelerated and metastatic 30bladder
vl aglv e e S S M e

cell lung cancer aagetunds acgrtecaperidipajyctvacynhstaiettestesngenitbindtiany taotityinphatic
system, rectum, lafyp, RANCTEAS (OGMAG,SXORING RRIGHEAIF SAIGNOTIA. FRARNAGIS, ptomach. gall
bladder, cervix, thyroid{ and skift (mc?&dalng squamous cell carcinoma); hematopolctiC tumors of
lymphoid lineage iidhsdinl deeikesnibonehese (o phoeytiore drkeshizyva oyt dpmpasiigdics ukemia,

B-cell lymphoma, Jiacefra-lympiemem Ao i S nemBiReRatpgkinisiymalmasaaly cell

lymphoma, histiocytic lymphoma, and Burketts lymphoma; hematopoictic tumors of myeloid
lineage inclutfing Attt HRd RS ARSGENTHS BURETIRIDYeR3EFeblastic syndrome, myeloid
leukemia, and promyRISCYtiadesiainia; cbipsnans akths canifahascopriiphiarakpavauegystem

including aStrOCyt%re?gih r%lajlglobbelgﬁgl)mn}gt’egelho irrpzcio’m igla?lgzokr]lvyva}t noqt e?'gﬁti—cancer and cytotoxic

agents and treatments useful in the treatment of cancer or other proliferative diseases.
The invention herein further comprises use of the compounds herein (or other

20  formulae disclosed herein), in preparing medicaments for the treatment of cancer,
and/or it comprises the packaging of the compounds of herein together with
instructions that the compounds be used in combination with other anti-cancer or
cytotoxic agents and treatments for the treatment of cancer. The present invention
further comprises combinations of the compounds of and one or more additional

25  agents in kit form, e.g., where they are packaged together or placed in separate
packages to be sold together as a kit, or where they are packaged to be formulated
together.
[00264] The second (or more) anti-cancer agents may be selected from any one or
more of the following:

30 alkylating agents (including nitrogen mustards, alkyl sulfonates, nitrosoureas,
ethylenimine derivatives, and triazenes); anti-angiogenics (including matrix

metalloproteinase inhibitors); antimetabolites (including adenosine deaminase
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tumors of mesenchymal origin including fibrosarcoma, rhabdomyosarcoma, and osteosarcoma; and
other tumors including melanoma, xenodcrma pigmentosum, 15keratoactanthoma, seminoma, thyroid
follicular ca¥@2dmh@4ertocarcmoma. [00257] In another embodiment, dis®638PHEAAA22$E methods
of treating cancer, wherein the cancer is selected from breast cancer, liver cancer, prostate cancer,
and melanoma. Additionally, compounds disclosed herein may be useful in the treatment 200f ovarian
cancer, and multiple myeloma. [00258] The present invention provides methods for the treatment of a
variety of non-cant8ibi psliferaif A GRERANE PO 2892 eIt BY S 8! pFEANt and treat
inflammatory, infegtigiistRRd aMMIIREaubAanY disisiess.anatdiseases achgingoasima and allergic
diseases, as 25 well as autoimmune athé)é? jes such as rheumatoid arthritis and atherosclerosis, and
those pathologiesaﬁgl?ﬁyﬁuﬁgi’fé’i%rﬂm%%%ﬁ 1&1}?% combination of the compounds of this invention and
other compounds which it dytavwes ponsuahdifibitie snEyaes xampie] -prdleintieatfasnt or prevention of
inflammation,sthe ﬁﬁﬁgﬁgrtscompounds 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, siimerahenihtatieeninmlipgibitendstenids nedrdsis faotbetinribieas.an NMDA
antagonist, an inhifQigrRiTiE RiAE Qs ARINRIRIRLOf ke suRitesis Al UG MXidRJR AR;Steroidal

anti-inflammatory agent, a phosphodiesterase inhibitor, or a cytokine-suppressing anti-inflammatory
agent, for exampl8 4IRS EUHISUERCRL L A InBhBIE IRZH B A LB HEICAS gy NI, ibuprofen,
indomethacin, ketprolRE,] aQinktidnaRIgXeRs phenasatie, RUedidasraIsiejedalanalgesic, sufentanyl,
sunlindac, interferon alpha 5and the li imilarly, the instant.compo ay be administered with a
oain reliever 0 poPERF SIdHEAR CAH ) A0 BB S RG] TTEM of magnesium
hydroxide; a decomgestaisiguthgaspbitny] dyimin e hphenylnolding amitidipse udopitedrine,
oxymetazoline, ephi I | | zoline, pr lines ) y-ephedrine;
and antitussive Sl?{:;lh&}gg %%%Eﬁigﬁ%%%ﬁgﬁgﬁm ﬁﬁjﬁﬁ%@éﬁ%g%g%fgrl?egﬁé%@??gmethorphan;
a diuretic; and a sedditmigtsrdodsBaad gt hedstdire nhikawisandommourty Bistlosed herein may

be used in COmbi%’ﬁ@@d‘%k{hﬁ@iﬁﬁrﬂmﬂ%&b%ﬁf%ﬁl%@ﬁivmeﬁﬁﬁr&‘i@ﬁtm@&ﬁpfﬁl‘{ﬁﬁﬁi@!‘ﬁEﬁpreSSion or
amelioration of the diseases or conditions for which compound of theﬁgesent_invention are useful.

Such other dhigs DL 1843 KigasFdRhIBY A4S SRE BTN - AHOOBELERIIRTRAsd therefore,

contemporaneousiiyhipiseqoiesrtialy tittbnim c@mpeunkisifde present invention. When a compound is

used contemporaneousl Wrigrt]uglrllg_alrsmotre otgr%rS dSql%%SdSae Qagrsgl 1§§Jtircﬁllle?roam ossitia%g containing such
other drugs in addition to the compoundjoofrt?‘(\% present invVeRtion may be used. RELST ingly, the
pharmaceutical cakipagitionsiROitdbuties thinbeitgaealisosedntai-onesormhdremthedlzctive ingredients, in

addition to a com%g&ﬂghgbf éBS’tlﬂ[gﬁ%rhtnqiﬁ%f?%&’ﬁ%eﬁ@%ﬁ?&ﬁﬁ%ﬁ@& 911:88@?{ active ingredients that

may be combined with a compound of the present invention, either administered separately or in the
same pharm#teutical carigiosislesinbing dotiehiireng aediitder beslipg) imgikirdalyehists 25such as
those for sclectins, ICAMs,BREnEARIRIAI Qs TL1:0ia5 BEEIRMEIIARBNEHS; platinum

coordination complexes; signal transduction inhibitors; and other agents used as anti-
cancer and cytotoxic agents such as biological response modifiers, growth factors, and
immune modulators.
25
[00265] Additionally, the compounds of the present invention can be formulated or
co-administered with other therapeutic agents that are selected for their particular
usefulness in addressing side effects associated with the aforementioned conditions.
For example, compounds of the invention may be formulated with agents to prevent
30  nausca, hypersensitivity and gastric irritation, such as antiemetics, and H; and H,

antihistaminics.
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methylprednisolone, betamethasone, prednisone, dexamethasone, and hydrocortisone; (c)
immunosuppressants such as cyclosporin, tacrolimus, rapamycin and other FK506 type
immunosupPre39ahtdotds antihistamines (H1-histamine antagonists) such &BrERBEHERRMine,
chloipheniramine, dexchlorpheniramine, triprolidine, clemastine, 30 diphenhydramine,
diphenylpyraline, tripelennamine, hydroxyzine, methdilazine, promethazine, trimeprazine, azatadine,
cyproheptadine, antazoline, pheniramine pyrilaminc, astemizole, terfenadine, loratadinc, cetirizine,
fexofenadine, dest¥féthobBachaisdntfisr Ahrdensatikasqey okt tarploabinreehiratseddlich as b2-

agonists (terbutalipg, osiariaiesenl pleaatamkisostbalinewah utealahjrRteraloanshiihiterol),
theophylline, cromolyn sadium, atropine, ipratropium bromide, leukotriene antagonists (zafirlukast,
montelukast, pranORREE AR OB KSR S B S A A A OHEHE HECRACLE fbitors
(zilcuton, BAY-1005yrdinanosiciBiarticlattantiinflammatory agents (NSAIDs) such as propionic acid
derivatives (alminggigsn, DERXARLRIE.USIRXIE Acidk FaIRIAlERANRYAR.EARRLG(eN, fluprofen,
flurbiprofen, ibuproten, indopro en,If(etoprof%n, miroprofen, naproxen, oxapr82|n, puyprofen,
pranoprofen, suprefientitiagrotanicBacithesamg uitxdprdiert)y asetiotDddid wenittivasyimdbmethacin,
acemetacin, alclofepag, flidanac Aipfanac koaelenas lansleaisacithfentiazasmiaignac,

ibufenac, isoxepac, oxpinac, sulindac, tiopinac, tolmetin, zidomctacin, and zomcpirac), fenamic acid
derivatives (flufen¥ifficeaefflitear] Sheraricagrnt theraramelde e saaminraiarantBRERTaIRic acid),
biphcnylcarboxyligircig desivedivas  diftupisalanddluéemsalkaxicams 15(isoxicam, piroxicam,
sudoxicam and tenoxican), salicylates (acetyl salicylic acid, sulfasalazine) and the pyrazolones
(apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone, phenylbutazone); (g)
cyclooxygenase-2 (COX-2) inhibitors; (NP O8$AsH isNID plodsghadids@rase type IV (PDE-1V); (i) other
antagonists of the & kipIc-f‘lrece toqlr%s(gfgplglgsié?rol Iowerin%d':\nglen SH%@ as HMP-COA reductase
a

I s ¢ ¢g osure cafl be NIStere oral"dosa
20inhibitors (lovastatin, Simvastati ,pravastatm,ﬁuvagtatln, atorvastatin, and other statm%?,

sequestrants (chofesspgretrtiblstarmdnsolestippeh ohicbidniechsies feviofibdiccii detivatvelsaggemfibrozil,
coforat, fenofires A 57 NEIEMRRC ARMEON SRS A9RUIR SYRp e suln

sulfonylureas, biguanidcs (metformin), aglucosidase inhibitors (acarbose) and glitazones (troglitazone
ad pioglitazoh®); &?‘é@‘ﬁ?’épgﬁﬁtirdﬁéy&flﬁﬂ%&@‘aﬁ%s(ﬁ‘i?ér%FB‘i’iaéi?Bﬁaﬁé'ao,l}}ﬁ@’ff‘é‘ 8HOPB, interferon
alpha-N3, interfergnrhgiadacintameiembsia-ob iintenirn ormmailBikmanivisahsermpounds such as
efavirenz, nevirapjne, indiqgvir, %ang.iclovir,.l mié(#d?e, famcicl(rivirrt, ai% zaIcitEbinff; .éoéothqrﬁr
compound such a$"84hh38ETieY L é%%@’é%@%% GO HRIED G e taboiites REdh HEH S S hioprine and
6-mercaptopurinealand bytatoxeltawdéd b3odinensatied rapke apbagentstiddeangighticatid of the
compound of the entinvention o th tive | ient 1] nd will depend
upon the effectiveeé%%seogttg? 8%%%%é?é%§§§%§gggﬁ%%?}%%%&%npﬁe{}?e%%ggggséjro tlézggich will be used.
Thus, for exafthple0030&h a tbafsoasrésicmmbingy adthparNSA D piescreigrntzaiovoflieé compound of

the present inventigp{e SiiRing!Lgsneratiy iAok fram MH&M@Q&&&?&%W 1:1000, or

alternatively from about 200:1 to about 1:200. Combinations of a 5compound of the present invention
and other active ifGRERFEHESHINTGRNRILIRN BB WHHI TRdSIBIEREnAbHEBIPAYGHOB R each case,

an effective dose gieash.getive ingresliertizaoeddicousad LORRO6X R keating;canegiira combination
of chemotherapeutic agents faqd/or other tr(ﬁaﬁ(ment§ .g., radiation ther is often advantageous.
and ¢ ;the kind o

e.g., :
The second (or thir agt%nr%to r%%//n%%“thte same’or differ rﬁ&%@éﬁgﬁ%@@?%@ﬁ%% an the primary
therapeutic 8gentticatmaopth ¢he speciallydusefitaidoe i oynel/totbiépadiupooimbifabtopstedierein the two

or more drugs beifg,aem é%‘é‘%g%?read‘?tA”pﬂ%?éﬁlﬂto%?&ﬁ{&i% D.Aiierenhphrssloline el cycle,

and/or where the two or more drugs have overlapping toxicitics or side effects, and/or where the thugs
being combined egfé¢rtiesaangerhohde drag Bifideto 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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15in treating the particular disease state manifested by the patient. 1002631Accordingly, compounds
disclosed herein (or other formulae disclosed herein) may be administered in combination with other
anti-cancer BiH28y1dH0itb agents and treatments useful in the treatment of FFRESYHBNR§Sroliferative
diseases. The invention herein ithther comprises use of the compounds herein (or other 20formulae
disclosed herein), in preparing medicaments for the treatment of cancer, and/or it comprises the
packaging of the compounds of herein together with instructions that the compounds be used in

combination with StHERBSRifEARERPE dpteRe%Id Agente Brrr tehiiing et atd He BRI of cancer. The
present invention fukueanyprise seembinations afdhecavmiaundsnf &ang ang, o mekstadditional
25agents in kit form, e.g., where they are.packaged t er or_placed in separate packages to be
ol together as s S VRBREHE, LTI SERAR A 150 et ey oS PR <scondt (o
more) anti-cancerlagantsiinaiiten seleciat) focrhdamgoottior avive iogtbbcioliowing:catadlaylating agents
(including nitregen syustards, allyl sufonates, pilfosewrcaseieniming dervalives ang triazenes):
anti-angiogenics (mcluo%ng matrix meta Ioprotelna%e inhi |tor§$); antimetabolites Zivnc‘Tu |r?£j adenosine
deaminase inhibitévécrivlity i dharriyenisrs d potineabrdd gusistesasd ipdeieidih D aifaiues); antibiotics
or antibodies (indbﬁﬂiﬁgié&?&%!z%ada@ﬁ}tﬂ?@@%1@Tﬁﬁﬂrﬁm@é}@ﬁ&c@'Hﬂfﬁc)&‘ﬂ@?ﬁﬁifﬁg'iﬂé‘tasc

[

inhibitors; cell-cycle response modifiers; enzymes; famesyl-protein transferase 5inhibitors;
hormonal and antfsSihE1EFHemeeaPrRd BRI thE ARIMY dymmitvifsa98% o§ilBEaitolds,

estrogens/anti-estipgeAsdmgiv Sk R sttapdipgenstanti 30 dmRgaRskridogastne A ogesterone receptor
agonists, and luteinizing hor e-releasing [LH RH] agonists and antagonists); insulin-like growth
Fantor (o D g A PSS Tk M ore (neiuting IGFR]
inh!b?tors); integiir_[{mg'nalingjmmimimods;_dfitiénﬁsmmhﬁbiﬂmml@nemdingFmﬂﬁd@ﬁmdaikﬁdﬂimomand/or
infibitors of Sre kARG Lo [ abluAUSHRAERFIIROLL RS [DISHBNIRIS. RANLEL HEr,pnd Her-2

antibodies, VEGF inhibitors, inc uél ing anti-VEGF antibodies, EGFR inhibitors, mitogcn-activated
protein [MAP] inhigtoisatehesk Wi nans toxed apdhiifeise dhin s dsrmo datiyanibiteesn.dhel other

tyrosine kinase injiiioss, @hseHRg S FeRNIRekINasR BRI rathe HigHAMBMIGdisTuptor agents, such
as ecteinascidins or their analogs and derivatives; microtubule-stabilizing agents such as taxanes, and

the naturally ccutMiRgsbpBtHifofse &8st synthetic and semi-synthetic analogs;
20microtubule-bingiggy,2qlestetilizing agenise(ipsitidingaincsatein Elmi-ane with suitable

pharmaceutical diluents, excipients, or carriers (collectively referred to herein as
pharmaceutical carriers) suitably selected with respect to the intended form of
administration, that is, oral tablets, capsules, elixirs, syrups and the like, and

20  consistent with conventional pharmaceutical practices.
[00273] For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl cellulose,
magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the

25  like; for oral administration in liquid form, the oral drug components can be combined
with any oral, non-toxic, pharmaceutically acceptable inert carrier such as ethanol,
glycerol, water, and the like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents, and coloring agents can also be incorporated into the
mixture. Suitable binders include 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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topoisomcrase inhibitors; prenyl-protein transferase inhibitors; platinum coordination complexes; signal
transduction inhibitors; and other agents used as anticancer and cytotoxic agents such as biological
response mydid/p8¥th factors, and immune modulators. 25 [00265] ARSHTAMRWRRBEMpounds
of the present invention can be formulated or co-administered with other therapeutic agents that are
selected for their particular usefulness in addressing side effects associated with the aforementioned
conditions. For example, compounds of the invention may be formulated with agents to ,izrevent

t

30nausea, hypersBASIVIN MG Es iR MAaH 8 cRUE btséHTetiodiv gt laddangndithsdikpistaminics.

[00266] The aboverthetiterapeuiic, ages NMIemsMpeyehitisowinatioawithihecampounds of
the present invention, can be us (ja,f example, in those amounts indicated in the Physicians' Desk
Reference (PDR) ’6arn§’sa%ﬁ]f‘é‘?mﬁ§§t %fé[??nined by one of ordinary skill in the art. 5[00267] The

compounds are af@n2vigferethtacanpamdnalf ith apieenapeuticallyceffeive adnauizteBy iithierapeutically

effective amount” 5 Tisant ag agmeunt of 8. compaund. gt e, presail dkelpsuys pat, when

. 1pOsSOome de C . .
administered alone or in combination an additional therapeutic agent to a m§mmal, is effective to

prevent or amelioridatheleligesiskeconditiolibmntpllapyegetsssibipofanesdisebs e O8XRGE AND
FORMULATION 100268 gﬁ‘tﬁﬁﬁ@?ﬂ@é{ RAsok hisidigelesyee-cambe, JUPHNBIRIRG 1 SHER oral dosage

|
forms as tablets, caﬁsules (each of which includes sustained release or timed release formulations),
pills, powders, graflds] elikiparmedivrabtheiperbisneartignapy, ahrbe serrindivia sehble may also be
administered in injayeRaUs (Rekisbl ivambrintRpRHtonaals sabetameous, or intramuscular form,

all using dosage forms.well known to those of ordinary skill in the pharmaceutical arts. They can be

S mmisterod onRo B RN U &GRSt o LB B Ry EARHEr Qlihead on he
basis of the chosgridyisofyathylmistratiodepinch stangaigephydermaceotpedy lysactiobs2046002691 The
dosage regimen fqr . campennds, of (he-ReseRt IReion il of feuIse. Y ANHERERding upon
known factors, such aSthe p%armacodynamm characteristics of the paprucu]ilar agent an Yits mode and
route of administratieaunies peeless, edeodaexadsbibolrmeaticaicbdritl ridvcangioprtighedfalseseecipient;

the nature and exigntaf e SYRRIANSLINRKIDY.RS CRRGHTRNE Usatmsl: thefrguansef 25treatment;

the route of administration, the renal and hepatic function of the patient, and the effect desired. A
physician or Yterfidpaly %h’ﬁ%’été‘%ﬁlﬂH%lﬁ%l%%ﬁ@qw&%ﬁ%]@wgraﬂmr& 4#id-drug required to

prevent, counter, polgtigsideiRlyess0f, heydisondaryh)d60LBnvay1atgane@bgligaace, the daily
oral dosage of each acti%/.e 319i re%ient, 1vvhen uisﬁd for the indicated effects, will range between about
0.001 to 1000 mgg BPBBaY S EIgH: “SP PG ABEED D1 to 100 mg/kg of body weight per day, or
alternatively, betwi@827aboubtsegtof@tnsphagidayutictiaanausiyntheudasesovilinangediom about 1 to

about 10 mg/kg/ mﬁﬁh“t‘i?o &@%ﬁcﬂ%ﬂaﬂ&ﬁﬁ%ﬁ{ﬁi%&%ﬁ%%H%?n%f tPL%tﬁQX‘?Q%%HE%@( pe
administered in a sm}é e daily dose, or the total dailly dosage may be administered in di ded doses of
two, three, oRfourdsias erifly Inihesrepbrbacintisat come atiprorcdstagmardinbrtile ingredient is
between 3and  ordinarily be present in an amount of about 0.5-95% by weight based on the total
weight of the composition.
[00277]  Gelatin capsules may contain the active ingredient and powdered carriers,
such as lactose, starch, cellulose derivatives, magnesium stearate, stearic acid, and the
25  like. Similar diluents can be used to make compressed tablets. Both tablets and
capsules can be manufactured as sustained release products to provide for continuous
release of medication over a period of hours. Compressed tablets can be sugar coated
or film coated to mask any unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract.
30  [00278] Liquid dosage forms for oral administration can contain coloring and

flavoring to increase patient acceptance.
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5600 mg either administered once daily or in divided doses administered twice daily. Alternatively, the
active ingredient may be administered in doses of 10-20 mg administered twice daily or 40 to 100 mg
administereW 0r38é1ddi¥1Alternatively, the active ingredient may be adminiXERERUO9E2388.2.5 mg
twice a day or 75 mg once a day. Alternatively, the active ingredient may be administered in doses of
3, 10, 30, 10100, 300, and 600 mg administered either once or twice a day. [00271] Compounds of
this invention can be administered in intranasal form via topical use of suitable intranasal vehicles, or

via transdermal rd@2disirlg Eassdenpisr-iHiphie R8s Sakife AEIHIHSTAIRY (81sesforAldf a

transdermal delivegygystiessr (bR EOSAEE APEIRISIEALRMN @ CaUESEolR BRIINRUS@IREr than
intermittent 15throu ho.uﬁ% he dosage regimen 0 2.72%T e com Founds are }ypicall¥ administered in

admixture with suftabiE BREFASEEUIEA ARSI BR8P Ry PR RISHR BRI YERERd to herein
as pharmaceuticaheareiens)suitatlyssbibietedt witth¢ espectitgrébenntendblt fobiliefngdunistration, that
is, oral tablets, capsules, elixirs s and the like, and.20consistent with conventi |
harmacounchl e S e L L ORI, et o
capsule, the activeodrug sdfifponereadrs belGentlisineldngioh eumbiadd.rron siosdelepteditiraeg utically
acceptable, inert camier Uch AsdariasticSIaeh FHEIQRCAIUCARR MSThY! cellioss, magnesium

stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the 25like; for oral administration
in liquid form, the BRI, SCHHIDRY FeRSOBLIIIECE B RSIHEe Withea Ry érifoRgRL kR idsharmaceutically
acceptable inert ca#RyISUEPragyEfandeh, alyCerirobatafoland the like. Moreover, when desired or
necessary, suijtable hi (ﬂers lubricants, disintegrating agents, and colgring agents can also be
incorporated into turé‘?@éﬁa@?@r%"&&@%L%?Ugéss%laeréﬁfcélgf%{fiw,%fﬂ%ﬂ%%gLfgars such as glucose
or 30 beta-lactosePeornswieietd veks;cagtihvtalladhd Byntiafiengams suehdaslackeiactragacahth, or
sodium alginate, (}ellgfaoxymethylcellulose, polyethylene glycol, waxes, and the like. Lubricants used in
these dosage forms include sodium oleate, sodium stearate, magnesium stearate, sodium benzoate,
sodium acetate, st¥izihl chiBeietes atrdivisariike! Phigimesgraicatsl asesaderwitivo admmisawoan sfarch, methyl
cellulose, agar, beptonitg, xanthamaURARcthhs lataPRZAA FliRgompounds of the present
invention can also be administered in the 5form of liposome delivery systems, such as small
unilamellar vESicles, large unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed
from a variety of phbgshelipids, such as cholesterol, stearylamine, or phosphatidylcholincs. 1002751

Compounds of the present inyention may also, be coupled with solub| mers as targetable thug
cariers. Such polf R ca R TR I RN TRGHE SO EQ G GRS adar B
polyhydroxypropyfivetiiacdytahtid eqphanobaploby iy d tdxydiiytaspaf amwitteghanok ogredient,
polyethyleneoxide Beiyleine, SUBSIIHIGS Wi pRlION epldues. fHERSHIRIS, Ih,famppunds of the
present invention may be toupled to a class of Biodegradable polymers use ufln gchlevmg controlled
release of a ddug, fer@seample, polylactic acid, polyglycolic acid, copolymers of polylactic 15and
polyglycolic acid, polycpsilon caprolactonc, polyhydroxy butyric acid, polyorthoesters, polyacetals,
polydihydropyrans, polycyanoacylates, and crosslinked or amphipathic block copolymers of hydrogels.
[00276] Dosage f A cal compositions) suitable for administration may contain from
about 1 milligram feoasut 10ehixilligEmaioé agtivéidndiies @pépeI2ATaRAGE 467tedn these
pharmaceutical compositions, the active ingredient will ordinaril resent jn an amount of about
fonsced ot orchl A B @%}P

0.5-95% by weight HISBEEF AR YBLSI VLTS IR ReApOdiesed BY means of a positve

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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[002771 Gelatin capsules may contain the active ingredient and powdered carriers, such as lactose,
starch, cellulose derivatives, magnesium stearate, stearic acid, and the 25like. Similar diluents can be
used to maR¥Q3MpPdetled tablets. Both tablets and capsules can be manuRcPSEY0S3288ined
release products to provide for continuous release of medication over a period of hours. Compressed
tablets can be sugar coated or film coated to mask any unpleasant taste and protect the tablet from
the atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract. 30[00278]
Liquid dosage formidgraiarbtiritHishhiids pa Samam keloting RRWREYS SRy isineied8e patient

acceptance. WO 203i1/0459t6R¢ DA/ 058288.[08(R1Nn general, water, a suitable oil, saline,

aqueous dextrose (glucose), and related sugar solutions and glycols such as propylene glycol or
polyethylene glycols are suitable carriers for parenteral solutions. Solutions for parenteral
administration maingotisin a water soluble salt of the active ingredient, suitable stabilizing agents,

5and if necesgary g supstances.. Antioxidizin nts such. as, sodium bisulfite soq%um sulfite, or
~ecorbic s eto TShe o B S R e i o
salts and sodium BRRcd hyaddition! -pXrémtessdsilarsivs omtcdmmtainlfbe dervelieepronyleees

benzalkonium chigfids) MeWHXsOrERYIRH 3RS BOh&RIIoRHaRML LQEARZRR RKaRle

pharmaceutical carriers are described in Remington's Pharmaceutical Sciences, Mack Publishing

Company, a standifidkebrence text in this [00281] Representative useful pharmaceutical

dosage-forms for administration of the compounds of this invention can be illustrated as follows: 15

Capsules [00ﬁ82]s: Iarge number of unit capsules can be prepared by filling standard two-piece hard
ese

gelatin capsu R WIR™00 milligrams of powdered active ingredient, 150 milligrams of lactose, 50

milligrams of celluj68286nd Snmdligrasnsspragive sambpsteasdter Saftadelatind@iapsouldst[00283] A

mixture of active ingredit i, g5 sle pi such emspylan ol eosssd ol qrgliye ol may be
prepared and injected by means of a positive 2 Isplacement pump into gell%%m to form soft gelatin
capsules containisgrhoumilighaphslefaherag i eotigrebianeatrhb Capdaiskitshoedipe Washed and dried.

Tablets and 0.025 mL of vanillin.

15
[00287] Where the compounds of this invention are combined with other
anticoagulant agents, for example, a daily dosage may be about 0.1 to 100 milligrams
of the compound of Formula I and about 1 to 7.5 milligrams of the second
anticoagulant, per kilogram of patient body weight. For a tablet dosage form, the

20 compounds of this invention generally may be present in an amount of about 5 to 10
milligrams per dosage unit, and the second anti-coagulant in an amount of about 1 to
5 milligrams per dosage unit.
[00288] Where two or more of the foregoing second therapeutic agents are
administered with the compound of the examples, generally the amount of each

25  component in a typical 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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[00284] Tablets may be prepared by conventional procedures so that the dosage 30unit is 100
milligrams of active ingredient, 0.2 milligrams of colloidal silicon dioxide, 5 milligrams of magnesium
stearate, 279 halgy8#p216f microcrystallinc cellulose, 11 milligrams of starcRGHYPBIG/PARFams of
lactose. Appropriate coatings may be applied to increase palatability or delay absorption. Injectable
5[00285] A parenteral composition suitable for administration by injection may be prepared by stirring
1.5% by weight of active ingredient in 10% by volume propylene glycol and water. The solution should
be made isotonic WithEBHreAH GRtdTidedasrsstERN S5/ G SUSHSHE O STRIZBIE &N RickIEdifs suspension

can be prepared fgs:@sal 8graiisi aiamseibat arckvaThgantaw, 10 fhaisffingndivided active
ingredient, 200 mg of. sodium carboxymethyl cellulose, 5 mg af sodium henzoate, 1.0 g of sorbitol
olution. U.5.p.. AN GG5A T EoB A T4 SO0 CIRLTE HERU S URE B iR Ay Blon are
combined with othercamticiohguttnatagents ofah@xamppenandaiytidosageimayime edvosiddh thso 100

milligrams of the compprad oL Egrle | A0 abauh 1 (6.7 & millaigms. L e sesond qpicoagulant

per kilogram of patient bo%fy Welgﬂ?.el}or a tablet dosage form, the 20 compounds of this invention
generally may be pteséesinCan eftisuantion aissedisnts mayraiiidrapestpbrdbgapetaii vameh the second
anti-coagulant in apraRQuUptafRROMARMINAMSRarAAsags LR R0288] \herg, two or more of

the foregoing second therapeutic agents are administered with the compound of the examples,
generally the amoRHiBZSRIY I SRR BATTRCE Bproambinn 5¥a e di HhiEArds<ays Bm may be
reduced relative teheinsuridesagampbiatage Bt whefoadmisistaegdatanacindvieweatthgadditive or
synergistic eéfg:ct of'% e thera eu{tic a entzrwhetzn adtm{nistegfte‘clf in combinatio%. OO1 S%Particularly
when provided as% SRGERSLRYS T they PBISRHEFES AT A eRShHARA RIS 8een the
combined active itigrédientsidaorthinndasagonifodhanithdicb thp oundoniberiamiples withl a second

iherapeutic agent ale SaMBEE A HR9ISSasAE AR NG A Umieled spehsnaiaginoush the

active ingredients are com In a single dosag physical contact between the active
ingredients is minivizadeliimelsuebcdiiced) Fosexaraigle driv denvarpmjtaaidiseiiydse enteric coated.

By enteric coating gpgef %}%ﬁi@iXﬁpi%gf?a@é%ﬁﬁari&l@aﬁQ%%@Jﬁﬂ‘@fe%ﬂ)/iﬂcbf&é?it%‘i‘%@tﬁ@ﬁ contact between
the combined active ingredients, but also, it i3£ossible to control the release of one of these

components 1 thé@é&%}h‘i@&iﬁsf?ﬂ%%%ﬁ t}hlg 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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50ne of these components is not released in the stomach but rather is released in the intestines. One
of the active ingredients may also be coated with a material which effects a sustained-release
throughout W@ gektiteRtsstinal tract and also serves to minimize physical cB6HEISBetNERASthe
combined active ingredients. Furthermore, the sustained-released component can be additionally
enteric coated such that the release 10of 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 sust4ifédlandrd PBhESARPEIehcBORIf disArRIthersithBrE ShpbneatiidurRBcoated with a

polymer such as adwgeasittgsaceepHaABdKY DUARYLRELRY IeeilloSRHEIPIMG asiatheleappropriate
materials as known in the aﬁain order to furthier 15se ara\ytﬁ the ct"ve cgél[nesonents. The polymer
coating serves to BB LSRG KA PEFTE RBIERS Y WAHIHE S P EHIn YRR {oB290] These as
well as other waypeiimnuhizéngmpoiads detfueeactiva endpenertsiof camibitiatioivippoiloats of the
present invengion,ivglhreéhertlaoc}lministered in a single dosage form or administered in separate forms but
at the same time by the’28same manner, will be readily apparent to those skilled in the art, once
armed with the pré&&disclisuveslj0orations ditidvigHyioneral vaswmpouidecdissingéel pidrein may be
useful as metabolifes,of HhehH ¢RIMRAURCS, TR UEIRIEIN PRSLEFIRMINE i GItARLRdS May be useful
either as a substantially pure compound, which may also then be incorporated 25into a pharmaceutical
composition, or m&Ha §éf8pa§§}&amﬂn%e9\/ﬁreﬁlﬁs%%H@%@Mrt&cmﬁfgﬁ%ﬂ@ﬁr&ﬁﬁe prodrug of
that compound. Inignesepeadimenbsa-irmpatnd 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 30having a purity greater than about 90 weight percent, including about 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, and 100 percent. [00293] As one example, a compound disclosed
herein may be substantially pure in having a purity greater than about 90 percent (by weight), where
the remaining less than about 10 percent of material comprises other metabolite of the compound, a
prodrug of the compound, and/or reaction and/or processing impurities arising from 5its preparation.
[00294] Obviously, numerous modifications and variations of the present 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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WHAT IS CLAIMED IS- 1.A compound having the formula: 5or a salt thereof. 2. The
compound of claim 1 that is a crystalline form said compound. 3. The crystalline form of claim
2, wherein tROG8ARMEform comprises 10 the N-1 Form. 4. The cryskIIAeSE8IH0a2%rding of
claim 3, wherein said Form N-1 is in substantially pure form. 155.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) 20c = 22.688(2) a=90 p =90 =90 Space group P212121
Molecules/unit celZM L IDEALIMER S -cm 3: 1.194 wherein said crystal is at a temperature of about
-70 C.

1. A compound having the formula:

5  ora salt 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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6. The crystalline form as defined in claim 3 as characterized by a powder x-ray diffraction pattern
substantially in accordance with that shown in Figure 1. 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 fpagaijroapvbiz2 i3, characterized by a thermal gravimetric analysis curve in
accordance with that shown in Figure 3. 9. A pharmaceutical composition comprising the
compound of cl&flR geules/ iyt ¢elb(Gharmaceutical composition of claim 9 further comprising a
pharmaceuticallp aeggpiapteycatiferi1.19411. The pharmaceutical composition of claim 9 further

comprisingrg least one addjtional therapeutic a%%nt. J2. Use of the compound of claim 1 for the
manufacliREF SR GIYSAd Rkt FBRRIBHIRE8RY A0 ©CR-5 receptor activity.  13. Use of the

compound of claim 1 for the manufacture of a medicament for the treatment of a disorder selected
from diabetes, obesity, metabolic syndrome, stroke, neuropathic pain, ischemic cardiomyopathy,
psotiass, hyperonsion] ey P CHRIED SR AL AR EL P e R PSS RNRL B O S Sa Cronis
disease, ganaeson piaean daiisteptialioimmetiaaiceasesihal ¥hivieatior gbty tassociated dementia,
psoriasis, idiopathic pulmonary fibrosis, transplant arteriosclerosis, physically- or chemically-induced

brain trauma, inflammatory bowel disease, alveaolitis, colitis, systemic lupus erythematosus,
nephrotoxic sergm nepttidisngtamesdsmeabodtnasihoiai rmglipierstierepistaibedagcierosis,

vasculitis, yulnerable plagues, rheumatqid arthritis, restenosis, venous neointimal hyperplasia,
ciatysis- TR N CoLPEC S T EHE S AT A RS BEARRaE By S cation,
chronic atfegreiPnephrorrieyidotreel ctemibNedivintal Popeplasia, dialysis-graft neointimal
hyperplasia, and arterio-venous shunt neointimal hyperplasia. 14.A process for preparing
N-((IR,2S,5R)-5-(tert-butylamino)-2-((S)-3-(7-tert- butylpyrazolo [1,5-a] [1,3 ,5]tri azin-4-ylamino)-2-
oxopytrroli din- 18: yl)cyThaheygttesdorhtescipipatsingiti en @ ogess isatHatitten 26¢ Boliowengacheme: |

. .. ) . i : -<\'
| POCIS, DMAR DIER2 PO RIEA 13 EHTRRVIA I RRAL: Jmuia: NHAUN O

0. A pharmaceutical composition comprising the compound of claim 1.

10.  The pharmaceutica composition of claim 9 further comprising a

pharmaceutically acceptable carrier.

11.  Thepharmaceutica composition of claim 9 further comprising at least one

additional therapeutic agent.

12. Use of the compound of claim 1 for the manufacture of a medicament for
modulating CCR-2 and CCR-5 receptor activity.

13. Use of the compound of claim 1 for the manufacture of a medicament for the
treatment of a disorder selected from diabetes, obesity, metabolic syndrome, stroke,
neuropathic pain, ischemic cardiomyopathy, psoriasis, hypertension, scleroderma,
osteoarthritis, aneurism, 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 disease, aveoalitis, colitis, systemic lupus erythematosus,

nephrotoxic serum nephritis, glomerulonephritis, asthma, multiple sclerosis, atherosclerosis,
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H O NH or a salt thereof.

vasculitis, vulnerable plagues, 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 neointimal hyperplasia, and arterio-venous shunt neointimal hyperplasia.

14. 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 HoN™ “NHNH, (MeQ);CH P -N

M on
NC - - HoN H)_é HN N N
AcONa, 50 °C NC AcOH, 70 °C k\N <

1. POCI3;, DMAP, DIEA
2. PhOH, DIEA

H/N/// o acidic workup, then oPh
7.5% K,HPO
N H it N7 NN
= N ,N\ ~ =~
N N

N

08

2

e T}NHZ
Oﬁ/N‘H

15. A compound having the formula:

or asalt thereof.
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