MODULATORS OF CHEMOKI NE RECEPTOR ACTIVITY, CRYSTALLINE FORMS AND PROCESS
100011This application clains priority fromU. S. Provisional Application
Nos. 560/ 834,235, and 60/896,026 filed July 28, 2006 and March 21, 2007,
respectively, the disclosures of both of which are incorporated herein by
reference. FIELD OF THE | NVENTI ON (00021The present invention provides
N-((IR 2S,5R)-5-(tert-butylam no)-24(S) -

102- oxo-3- (6-(trifluoromet hyDqui nazol i n-4-yl am no)pyrrolidin-1-

yl ) cycl ohexyl ) acet am de, har maceutically acceptable salt, solvate or
prodrug, thereof, hMﬁELﬁ%ﬁiﬁw@@mﬁﬂﬁﬁPE@MCE@gﬁﬁabl e

phar macol ogi cal char act erlékyg»gALgmdsf;nggﬁng)mﬁs the present invention
are al so provided. Pharnaceutical conpositions containing the sane and
nmet hods of using the same as 1l5agents for the treatment of inflammatory,

allergic, aut O[DtmﬂJne,Thﬁ%Bﬁﬂthanlairﬁ@ﬁ}ﬁ)ﬁ{y RREG QT Pr@ﬁ&gﬂa‘?)ﬂ?ﬁﬁﬁk’tioﬂﬁ\lo@ seases is

al so an objectlve of this invention. present 1nvention also provides a

process for® pri@fdf £y iled I“Ibb?woé apq Yarch A6 |200f, rrgpectively, the

N- (1R, 2S, 5R) -@refobigbdorBith bk #H00) 1:265hnida R6n By feinddbs i f1 uor omet hyl ) qui nazol
in-4- ylarnino)pyrrolidin-l-yOcyclohexyl)acetanm de: R( !O wherein R1,12.8,
R9, RI, andare as described herein. Conpounds that are useful inter rredl at es
of the process are al so provi dggylpeneiris [RAGKFRONND OF THE | NVENTI ON -

[ 0003] Cher noki nes are_chenotactic cytokines, of nolecular weight 6-15 kDa,
that are rel ed®®8 by The piessat ipuention grovides dei(1R 2%, SRt bartitty lpiaoatiElvat e, anong

ot her cel | it ypesko- 3%%@@&@61%3(1) i linB {130 diigi-1-€0si nophi | s, basophils
and neut r ophi lyi)ﬁéil‘g‘m Wed in: aro and, Rasonhoff, New Eng. J. Med. 2006,

354, 610-621; RCgiflGEAR Phyrmagaiiically gepsptalaselt, splpte g BrodmEd Rol | i ns.

Bl ood 1997, 9QherédIaBrSIn unEEt%Et@d Sdn@irdauibn SYREHRbIE biRssaslgfcaichenol ci nes, CXC
and CC, depend two cysteines in the amno acid

on .whet e first
sequence are §h?§g‘ii%ﬂ“éﬁ sﬁ‘ ]?F ’f"%o’{iﬁ‘? B Bseréttd?‘ﬁn'(‘@)?@ drrai%dad) acent (CO).
The CXC chenokihmesceusicat boramsitiois@bhtaiticl fre8arhd did SethoedfusinPiit bamea€t i vVat i ng

protein-2 ( stimulatory activi rotein 10
(MGSA) ar elscheﬁ%"% afg‘i‘g%g%ﬁff‘*f?g?ﬁ@ﬂ%ﬁﬁ @ﬁl‘ff%p%*ﬂ T%&deefml?“\;‘ﬁﬁﬁ’&?ﬂ/t es, whereas
t he CC chenokiands:,caglitohscalsr MNEEES aquhPe&;&;vathmi&verﬁ:bﬁ Tiepesytie chenptactic

proteins (MCP nd MCP-5). and the ins (-1 and
oy are chenot Bt g proVids Shrodsi ToPra e iipatles A iR (F At

| ynphocyt es, é‘béﬂRl@%hR] S(terdbngianinior 2 ¢@)-R-oxo- i@ thbsopitiyd)quitdrelired-al so exi st
t he chenoki ne t ¢tin-2 (both C chenokines), and
fractal ki ne ( %@3 gélﬁglgl)@%")%htewgpe %gleot fall into either of the major
chenoki ne subfam i es [ 0004] The cheffoki bind to specific cell-surface
receptors belonging to the famly of QMp ¢i n- coupl ed
seven-transmenbr ane- domai n prot ei ns((r>evi ewed in: Honk, Trends Phartn. Set
1994, 15, 159-165) which are termed™} kine 20 receptors.” On binding
their cognate |igands, chenokine re g s 4, ansducc an intracellular
signal though the associated tri merézf p\[rot eins, resulting in, anong other
responses, a rapid increase in intr | uPar cal ci um concentration, changes
in cell shape, increased expression af cellular adhesion nnlecules,
degranul ation, and pronotion of ceRf mgration. There are at |east ten
human chempki nc receptors that 25bind or respond to CC chenokines with the
followi ng characteristic patterns{(reviewed in Zl otnik and Gshie Inmunity
2000, 12, 121): CCR-1 (or "CKR& "CC-CKR-I ") [MP-la, MCP-3, MCP-4,
RANTES] ( Ben- Bﬂiér@iﬂ@ﬁ R%R’, @FO andU ég%esc?lged%;eﬁr% ofid tlatigt €r . New Eng.
J. Med. 1998, 3 436 445 CCR- 2A and CCR-2B (or "CKR-2A"/" CKR. 2B" or

" CC- CKR- 2A" / " 8% Bpdigtey ks pfocosggrogise povidehersin. \op. 4, MOP-5] (Charo, et
al., Proc. NatL Acad Set USA 1994 91, 2752 2756, and Luster, New Eng. J.
Med. 1998, 338, 436-445); l£ "CKR-3" or "CC- CKR-3") [eot axin-1,

eot axi n-2, RANTES, MCP-3, ﬁéﬁ‘%} %HH%TEF&NVE{“TZQN J. Blot Chem 1995,
270, 16491-16494, and Luster, New Eng. J. Med. 1998, 338, 436- 445); CCR-4
(or "CKR-4" or "CC CKR-4") [TARC, MDC] (Power, et al., J. Biol. Chem 1995,
270, 19495-19500, and Luster, New Eng.-U- Med. 1998, 338, 436- 445); CCR-5
(or "CICR-5" OR "CC-CKR-5") [MMI|a, RANLES, M P-113] (Sanson, 5 et al.,

Bi ochem stry 1996, 35, 3362-3367); CCR-6 (or "CICR-6" or "CC-CKR-6") [LARC
(Baba, et al., J. Biol. Chem 1997, 272, 14893-14898); CCR-7 (or "CICR- 7"
or "CC-CKR-7") [ELC] (Yoshie et al., J Leukoc. Biol. 1997, 62, 634-644);
CCR-8 (or "CICR-8" or "CC-CKR-8") [I-309] (Napolitano et al., J. |Imunol.,
1996, 157, 2759-2763); CCR-1 0 (or "CKR-10" or "CC- CKR-10") [MCP-1, MCP-3]
(Bonini, et 10 al., DNA and Cell Biol. 1997, 16, 1249-1256); and CCR-1|
[MCP-1, MCP-2, and MCP-4] (Schweickert, et al., J. Biol. Chem 2000, 275,



5 mgration. Denpnstration of the inportance of the MCP-1/CCR-2 interaction
has been provided by experinents with genetically nodified mce. MCP-F -
m ce were unable to recruit nonocytes into sites of inflammtion after
several different types of imune challenge (Bao Lu, et al., J. Exp. Med.
1998, 187, 601). Likewise, CCR-2 -l1-mce were unable to recruit nonocytes
or produce interferon-7 when challenged with 10 vari ous exogenous agents;
nor eover, the |eukocyt es of CCR-2 null mce did not mgrate in response to
MCP-1 (Landin E‘ﬁ} i ng, 1 din. Invest 1997, 100, 2552), thereby
deronstrati ng ¥ spgﬁ?”?‘?k{ﬁe‘t’ %7"'W@H@lcmhws&fw@ecmmwaéﬁﬂéhmTvvo ot her
groups have lnnlaeaemﬂ@mdlby aWaﬁ&QoﬁﬂHﬁtM@i‘tlﬁ&tanda%ﬁwtet %Xﬂco%egﬁaferem
strains of CCR-2 -/- ng WIlliam A Kuziel Acad. Set
USA 1997, 94, “H5%5t588Phagey W@Bmkhﬂc%ﬁ%ﬁm%‘tﬂs@ﬂsomﬁ angpiropld. 1997, 186,

1757). The vi ahikivtd/inatidraanenahiors New bR J'M‘eﬁ"iﬂ'ﬂﬁ@f%% &Wﬁ&%& /- and CCR 2

-/ - ani mal in that disruption of

interactio di"é&%‘%\fﬁgﬁ%ﬁ%"é Py o egne Rpllips ﬁ@P‘éI%‘i‘a%e?Wt%@bﬂheﬁ t hese
data | ead one ateawd hﬁjoﬁﬂﬁbﬁés%blﬁﬂxohh@t CRO RO, @8pchdlAE oK 1D 8, ACT 1 Ons Of
MCP- 1/ CC} woul d be usef in tr, at|n a number of Inflanmatory and

20aut oi mmune di 39t t&@FS " 59’1‘“8\%‘ S§pen R/F"E’Pfé’?’iaﬁdahﬂs‘%’e Phigg saihi§ZedDez, Exp.
Op/ n. Ther. Pat&ntdiac2Q6C). The 4AC caatbkihes, BaNs ORterl WM dzLJg; n@ffpfs. Wessner,

C. Exp. Op/n. 03, 7, 35 pot hesi s has now been
validated in aag-trﬁtr %1?5@1@1&% 2 é‘ﬂfneg‘ﬂ?%roﬁﬁgﬁ‘gémﬁﬁﬁfﬁﬂg Proedn descri bed
bel ow. [0007] KMCS8) kndwmotabta:tpnnvmylfonnﬁuttbphxﬁgndut%ﬁﬂﬂodyﬂas Ptefegths Wi th

rheurmat oi d ar Al i in. Invest 1992, 90, 772 -
779). Mor eove:d&r IIsjger%l/(g(?r{ae SIf)cre @ﬁ?}égf%@?l&d@% PRTHITROPFSIEN t he potenti al
therapeutic vatotrns@¥Carlt By, SiopPa Mdvet, MdRvP-ECRY tienbakiact i #a b treating
rheunmat oi d artritis ¢eln encodi n s shown recently to
anel i orate chron!]c Opagp%%\?régnot F hdu Elnéilfrt(’ﬁl?aig?srjs-}ynvﬁ\’%?%(f% (Sawsan Youssef,
et al., J. d P%mpmise@tldnt@@@&an&e@pplﬁlsl’)herdjldoemsba chbxlﬁacme@dl sease syrrptoms
coul d be a@nt fh &gk e%i 13 ALK 10 ?ég a |bod| for MCP-1 to
rats with col Iygé)kén |Undugeg Ogﬁuﬁ?mﬂs%%mr%%%eﬁ? fé‘ffcg k"éet(a 3C Pat hoL 1997,
182, 106), or chemobipt)dleo deadt fadléhth eivimt d)ftﬁmﬁhgmeﬁbrﬂiktnhﬁmtifmﬁhésRa| ph C. Schi nmer,

et aI J. ot nost sk, nlflca Iy, a peptide
ant agoni st of % ﬁh%%/%g‘ %?18 Wécﬁtg?%\%lﬁcgﬁpﬁﬁ%fﬁ%p@@ |sease onset

and to reducef iy eaS@rasmprples sqvde pandimgaeaiothie ptdtdie (ﬁ:ﬁzleaddﬁnnl stration) in
the MRL-Ipr nmpuse HBLEk,LL. @) tbdy ng . Con, J. Exp. Med.

1997, 186, 131). Moreover, %E 1?44 Hlﬁf)eeér? %ﬁ%%g%%ﬁ gﬁefnr?}émﬁdm ni stration of
smal | nol éQul BowtRD” Qﬁtba'ﬂtﬁﬁﬁf@trgogﬂefdmg@ds chamkipatecstwy eanbduce adent nodel s of

arthritis (C. inthceBuRdmEkRhen 8L a@lciated trih LD 5370; and M Xi a,
et al. US Pat]eg CGAR it e el tl5%06) ‘9}5&3%99 %"g‘%ﬁ’ram" "8t an anti - OCCR2
anti body had UaFys ‘S‘b%f‘f’@E]fié“"f?ﬁser’r‘aWFT?Fé”@FAdICE@wemmrﬂgommhftnlg@ ibi me of

admi ni strati Ofb]l(s]iipe iRrdadd ex@bssRh of c%llui&ﬂﬁﬂwgﬁﬂ m%%@nﬁeq é%mﬂ?t?o 10 Recent
studies with m ce have suggested that eti

exacerbate r 0H8W9t10§ O Fil T igetion, JEFE st leaskien hymgan shqeokinmegseriprs tiat c u mst ances

(M P. Qizhonasd oretspald.to C c@nﬂbkmled’Wi@Sthe foﬂ@@iﬂich]m]agtenﬁéfs IV?:AP E QI nonesl etd
nown t hat is unr egu ate

al. J. Mt Med., 200

in at her oscl eFSfT ?:(rewg‘é’?%‘ﬂsgmﬁ (5‘“‘;8 ?mf?fﬁ’e?(gﬂo dhddh): CRBt! (ef K&R-at i ng | evel s
of MCP-1 are r"exﬂuc(e@mhrpp@m 1ol RRPIERICPY, RhN&hﬁ(%&?B&%haeg&l“%@u (Abdol reza
Rezaie-Myjd, gf.a], é riposcler, Thronb. Vase. Blot 2002, 27, 1194- 1199).
Several key sfy i ’ésHh: g B‘QHﬁﬁéf\fféitEéﬁ  Med. p¥BeHiSi 436-4MeFaBEdtand val ue of

ant agoni sm ofC@meBWQKRQ@R’ZCKRIz%P@ﬁ'tGCO@(RJZAt'/F@@UK%QZBa (l%ﬁgggr]?s' s. For
eficient

exanpl e, re crossed with LDL recep

mce, an é@%rggpc%lcgr? M&P(,S ? Tt dbpdes Wﬂ@vﬂ%ﬁé’%ﬁ%l%&l’( Long Gu, et
al ., ML Cel 12759986, & Lz%)wemg b ardayroomiren abRss), @s3 gpnekigal |y abl at ed
fromm ce whi ch 'Crﬁ?% overgx%ressed human apol i Eo protein B, the resulting
mice were protec LRAE et SO EPQ4ER: WEPHhiGoshadiask.at i ve to t he
MCP-1 +/+ apoB control mce (Jennifa Gosling, et al., 2 din. Invest 1999,
103, 773). Likew se, when 25 CCR-2 -/**Tice are crossed with apol i poprotein
E -/- mce, a significant decrease in the incidence of atherosclerotic

| esi ons was observed (Landin Boring, et al, Nature 1998, 394, 894; T. C
Dawson, et al. Atherosclerosis 1999, 143, 205). Finally, when

apol i poprotein E -/- mce are adm nistered a gene encodi ng a peptide

ant agoni st of CCR2, then lesion size is decreased and plaque stability is
increased (W N, et al. 30 Grculation 2001, 103, 2096- 2101).

Transpl antati on of bone marrow from CCR2-/- mce into ApoE3-Lei den mce
inhibited early atherogenesis (J. Guo, et al. Ariel-loseler. Thronb. Vasc.



10macr ophages in murine adi pose tissue (C. N. Luneng, et al. D abetes 2007,
56, 16), but did not affect a population of M adi pose nacrophages thought
to maintain the "lean" state (C. N Lunmeng, et al. J. Cin. Invest 2007,
117, 175). Cenetic deletion of CCR2 reduced diet-induced obesity and
inproved insulin sensitivity in diet-induced obesity nodel (S. P. Wi sberg,
et al. J. din. Invest. 2006, 116, 115; P Cornelius, RP 15 d adue, RS
Sebasti an, WD pat ent 2006/013427 A2) 2006) dependi ng on experi nent al
conditions (A Chen, 005, 13, 1311). Administration of a
smal | nol ecul e? @éF@Olaﬁ’Eeﬁ’gé?ﬂssfma]@BI ﬂ‘i’f‘Bf‘c?\‘)@buﬁ“ﬁs"{ﬂ“if?fgsél"{éefitli 0980 n this

same nodel (S. 4R-a4¥@iceires Gr "@tRJa’f or "tc@xtm")lm)n@@tm@}J werla¢@1 A15).
[0010JTWO st udi es described the rrgq%t ant role of ert ensi on-
01 nduced vascBPROITRAPRAL 150 PURoaHG: Net Gyt LBBhIS BoBush ot
al ., Hypertensigg @809 orB(éKRBs@@R Mct@bm Rirp- 1stwmmp~agﬂ@§m2004 94,
1203). [0011]1t i's knowntha (E)(é%gulate i n human rrultlpe

sclerosis, &andetiaf, ﬁﬁ@e’ﬁ’é@hl%oﬁﬁ?ﬂ”ﬁé‘%@# (e CERY apYF-a-KR-G"ht er f er on

13-1b reduces t@ﬂz (ﬁﬁ&Qre%}S'JOﬁ}ol @h&?&bﬂhﬁzahsbﬁ 9oz nRnUet €ar.-¢el | S,
suggesting tha Hgs a role in disease 25&300%& on (Carla IarI ori,

et al., J. Neuiaroicﬁ%ﬂﬁ%ff" B8] (Yeghe ot plal Lepipay) Biopl ¥y 6% P3PS Have

denonst r at ed t he Ok nbd @lc- éﬁﬁfa@r{mgmaﬁ@iﬂ% @b, 6}%1%9195!' w%ois'yt he MCP-
1/CCR-2 interaction in treat t hese studies

e boen demagtdPAEbCt I8k K RaAL s "C%I%ﬁtmwceﬂcbésﬁ%ﬂ G EL s (EAD)

the convengponal Dmumtemmlwsfma rmddmb mﬂanpm@ 1,Adobnjsihiration of
anti bodi es for 30 MCP- ani nal s %nl ficantl y di m ni shed

di sease rel aps¥EK! (S\Phwﬁélr’*ﬁ%‘éwl JefgwéIChe’"Jw“q\lé 89 rfinol .~ 1998, 92, 98).
Furthernore, tmos]ep%hadm@wst&%%auxmem&ew{msnmmmaﬁaﬂ resistant to
EAE (B. T. Fife, et al 2000, 192, 899; . lzilcson, et

al ., J. Exp. waom%lewmsawm%ws an?x*’@‘tiﬁ%“éﬁ]ﬁ?éfﬁ{’eef‘é%"r“t“’ &%Pfeémbd t hese
initial obser V ifdc R Selldyprévsiadiiviih ﬂl@binbﬁg plop@tidsof eemOGR2retkpk@d (réfvied M ce from

admi ni St r al? on oWl SRR Gt PR PR B By iy, 120 totaly

progressi on i nc}@E]ZBhésﬁsumz R A(13ES Md MBLrosl ek tkaahe, ragl mabmzaimn bﬂmldn:ﬁzl_ 2005,

175, 5370), 1001 re ted in t| ents who
dovel o bl onchi B o BerEEn aie by nirsne’ SPERIA G Sraitif Bhe aci on
(Martine Reynaimdﬁmhgrramowmg f@lthe, subversivh ofle@mt! iaumaind aymegm TurasiBpleantd. , 2002,
e e e

adm ni st r a0 onCOR2,AICRINCCRH ayd EERAVER- aﬂ;t dsedrftcept(a‘t‘. foemﬂa:tf’eamnnoﬁ ai rway
obliteration; %é?%ﬁ -.m obliteration
in this sane mé‘lﬁﬁw 3\%5“5 e %rgéﬁsggﬁfﬁﬁ&&*ee%es&%afﬁ%@g eﬁé‘%%f 108, 547 -
556). These datflalssu@g‘é)st t hat antagoni sm of MCP-1/ CCR2 nay be beneficial in

treating reject of rr, NG

st udi es have sLdgﬁ) thrlz‘iht% g?@%ﬁ&?#dggmi%ﬁa%&?%%ﬂéagxlpgnp\kfg%&agFélh%)o prol ong
t he survival oﬁnnosﬁrémedlﬁfars@[ﬁir@nmmétbryL@@CéQusalnd igmyneregwletoryZB08lersard | 6929; R
Abdi et al J E@Qﬁ and MCP- 1
was shown t2 56 bgk%&@#@&?& agthmugd a]%m{)d]ﬁkﬁs ag&elg%%ﬁog gscul opat hy (K

Hori guchi et atuch a&]rh@q@aqthd rehviigs qndaﬁét}!ﬂhaﬁfr‘iemsgm megnpolicidisgepps, S4ch sanot her
study, anti - MEndoQRRSis hELRRI: ALHEMASa0rad Rasmo@fu}\rgpﬁ;zw by, Sai ura et

20 al., Artherioscler Thronb Vase Bi ol 2004, 24, . One study descri bed
i nhi bition of é‘)@ﬁeﬁ‘?n@ﬁtﬁaﬂ &y B anghr Wf 4. M@él%?’ﬂl&?ﬁlm%ﬂ%tﬁﬁnl’@ bl ockage of

MCP-1 (H Tat eV\@!ﬁ’ler Qi Rhrr @pzf;wfyﬁz%,@ze:g’hl&lg?zolg'g&602 %551132%(11 thp;i?irla her studies

have denonstrated the potential therapeutic value’ of antagoni smof the

MCP- 1/ CCR2 3§ nt Berass Me# Ghﬁmt%@&té’ﬁnb”@vm anddgihpdtrabisododt VEMEP-1 with a
neutral i zing ags.ipRam. i sokdl Ru7ERAI95090 17AC o Gahibagh | N IMar ked
decrease in bronchi al hyperrésponsi veness and | anmat 1 on (Jose- Angel
Gonzal o, et al Chekain‘ERanocmGheﬂm@%ﬂaﬂlﬁngCfSl?)md 1FStr80}§?t@R/%@ICb@§<§qlﬂ§I e to reduce
allergic airway inflammation in Schi stosoma mansoni egg-chal | enged m ce

t hrough the admninistration of antibodiess-for MCP-1 (Nicholas W Lukacs, et
al., J. Immunol. 301997, 158, 4398). Consistent with this, MCP-1 -/- mce
di spl ayed a reduced response to chall enge with Sehi stosona mansoni egg (Bao
Lu, et al., J. Exp. Med. 1998, 187, 601). [0014] O her studies have
denonstrated the potential therapeutic value of antagonismof the
MCP-1/CCR2 interaction in treating kidney di sease. Adm nistration of

anti bodies for MCP-1 in a nurine nodel of glonerul amephritis resulted in a
mar ked decrease in glomerular crescent formation and deposition of type 5 |
collagen (Care M Lloyd, et al., J. Exp. Med. 1997, 185, 1371). In




5[ 0018] One study described the association of pronoter polynorphismin the
MCP-1 gene with scerodernma (system c sclerosis) (S Karrer et al., J Invest
Dermatol . 2005, 124, 92). In related nodels of tissue fibrosis, inhibition
of CCR2/MCP-1 axis reduced fibrosis in skin (T Yananoto and K Ni shi oka, J

| nvest Dermatol 2003, 121, 510; AMFerreira etal., J Invest DennatoL 2006,
126, 1900), lung (T Okunma et al., J 10 PathoL 2004, 204, 594; M

Gnhar aee-Kermani et al., Cytokine 2003, 24, 266), kidney (K Kitagawa et al.

Am J Pat hoL 2004, . 1 7 \\ad t. al J Am Soc Nephrol 2004, 15, 940)
heart (S Hayashit 5()#1?%%@&2?‘)’1&”(3‘1’06%“;?%"Gﬁla%%?“k‘lwstOEH!GM)f and I|ver (S

Tsuruta et al mﬂahmt:orﬂanhi/ﬁﬁ suh@duenﬂﬁ%éval;ﬂgth&%léns [WaRA Bk Cheaok iy Si-pha
denonstr at ed tlhﬁ"n ft&ﬂ{b éhera éltl c val ue of antagoni sm 150 the
MCP- 1/ COR2 i nt er Seti one i PHEs” 5.‘FR7‘§‘8I“1 ‘Pﬁr@ell‘%‘iéﬁC‘Plat‘l%"CW’tahoﬂ,gA i mune

conpl ex | ung iirfassey exyeeseion ofxated aliRkioRMOBEIS] Md Wephnitibi HALikES, ai sed

agai nst rats S t ons of olitis were partially al evi ated
(QI\J/I chael L. ﬁ%&&l E)e “’P“Sﬂe‘w)‘%mﬁfﬁﬁ%we TlégBZMCRAiQ:CFQRWa%“TD@EMéever al

st udi es have :bh@m‘fl!dﬂéb}p@ﬂpaMﬂnalw1ﬂ1®meapﬂlytrﬂodlﬁ\é@init€ pfcpart @gonism 200f t he
D Loberg. Capbur Rt bl Rt ot ARl S Frerifirens g Rol | s,
Seni nars in Ci#pgee CBilblll@@aOZIGOch al. Mﬁxpls!%d 1598, @4, em).andevRse, Berlxaper g, CUM
cancer D1 U9, RSN, BBk PR e T ROHE] o T e | 08, pumr
of |ung mlé?roNﬁ*thSftxag@ls‘»ISlaEammomovmameladmm@mm(malnumﬁ@ dbser ved (Rosal ba
spec mons. | Oy o apaRo AR bt o) U JER s dhcer pr ogr essi on
(Y. Lu, et al 25%) f@@lby denBingetingrhe SBCTigityld the MiTI6)/CCRI idedabienn, WHE- 1
Pyt on (V. pr iSRRG S BPEAR R i e e T
expressed by GCBrzdlst"B‘feé“@%lh'@é‘r Keitl) o 2k, Relesc det. Homh i ebict SABr oW pr ogenl tors
for bone rnesonss eRd takao kunhaﬁat etdl, JE%‘&E&%BG?& ?%9)7 eviaB'zgrtain% val ue of

[0021] Mul ti pl e st ud| es have describ otent 1 &l thers
ant agoni sm of SPRAINFETY hegtiRet ha MG, ’cﬁa@ﬁCCR -2t-f- @amnahgs woesstogthg i Bat | N humans,

MCP-1 | evel s diafiptdhat @e diaregtty- 2‘4\1’1':&1"5&1%}1 gdes han n&@%?&&ﬁﬁlgéal gl!(l}.e G pol | one, et

al. Arteriosc . Vase. Bl ot ficient in CCR2
or in MCP-1 st%\ﬁ%ﬁg% eé’g%é? fllhigad; qpe forihe ‘ioﬁ?lPWIth?’éP@&C@Wdhat hlotiibe i nt i ma/ medi a

ratio (rel atiagots@f wWdpdlgor Wbdd @erdwﬁ;ﬁﬁ)fe@k%ﬁﬁur@ae} @fr:h@almrﬁaﬁuég%%é (A '\’Ersgﬁober

Roque, et ,al._ Arterioscler. Thr . Vase
et al. G r@ iﬁ”mm Cfis Omg%’ (mi’i‘%lm%’ll Fyria gidefy, Digg-Gonzalep) livg/ Qrein. 1 hadi ophys Res
Conmun. 2003, P@ds, 20086¥,49] emdmm,soﬁ mansitgedd ©wiedsn®, AR TASgat i ve

i nhi bi tor of t et ashl ra, et al. Crc. Res.
2002, 90, 1011 “320102’5 r d %?Tﬁ?si‘sg’g Wg?bﬂhé phingmpgberaf terial i njury.
Bl ockade of Ciffenigiimgl disemse utoral, Bideﬁglb&rﬁddﬂ@dy reduced neoi nti mal

hyper pl asi a agj St |mat es Horvath, et al. Ore. Res. 2002,
90, 488). 0812 (ﬁ' Iﬁ‘gfzﬁg?’tgstﬁ 4eSCr DT teg\}'éff'aé‘ﬁ'ﬁ?ﬁélélih&lﬁmé‘?*d NPT rats with
i nduced bR r\(Aﬂlﬁ%mih,e(@l J S linKinmayt. 1992, 8, 772 -J179Newsiodva ekl 1994, 56, 127,

and Joan W BgritRn. &5 156, 3017). In addition,

st udi es haveEg;fhowna 3 :eé%lve %"'“’é&’ﬁﬁﬁmﬁ?”‘eém?%&ﬁ?ef’P? YazR?Oéam%aomamo fstroke
2007, 38, 134B9M§ﬁd/‘?ﬁi’f§’-!m4mtm@etre(amg MuntdwithedritietA BNA wecifeer eb. Bl ood Fl ow
Metab. 2002, Rdi3R0P-Rhes AL loBlokY 1oPf l;3¢hen a/ reper f usi on
injury. [0023]1t I's known that errtl)ln%/)c t%s rgm%d%mﬁ%&q%g PR nportant rol e
in the 20 de8hoisriers @#Wsﬁ’éﬁ?l@ﬁﬁt@hiﬂchﬁs{mﬂnédﬂ 2:9011 ]%a%IRCIde“esi& i Tracey DJ,
IP?]" ?hgo'([)? ’eoa? %ésﬁ%@gym@ﬁ@oﬁﬁ %Qr:onm)ltiela r}'EamH%(a g@l%lm?)p auoP ﬁF %ﬁ E%{:{ eﬁ?‘cﬁ ag Olbg e];’lor

descri bed r eé‘éﬁ%?“ll)'r‘)m@mhﬂlﬂag?ﬁ @@csdmﬂwds (éﬂllbenﬁagaraea[abnsmhdlm%ﬂf | ammat ory
pai n rel ati vest Qo§)N&iske EQURH &L Rl duced I n behavi or
after intraplantar for nﬁawlgclon i nj ect ?r{)négﬁ%]ngiflﬁgarﬁq’lgc g‘}gmglﬁ'b&tpag’ nmechani cal

al l odynia after intraplantar CFA inj e_c4t~| on (C Abbadl e, et al. Proc. Natl.
Acad. Set, USA 2003, 100, 7947). In addition, CCR2-/- mce did not display
significant nechanical allodynia after sciatic nerve injury. Likew se, a
smal | nol ecul e CCR2 ant agoni st reduced nmechani cal allodynia to -80% of
pre-injury levels after oral admnistration (C. Abbadie, J. A Lindia, and
H Wang, WO PCT 30110376, 2004). [0024] One study described the critical
role of MCP-1 in ischemc cardionmyopathy (N. G Frangogiannis, et al.,
Circul ation 2007, 115, 584). Another study described the attenuation of
experinetal heart failure following inhibition of MCP-1 (S Flayashi dani et
al., Grculation 2003, 108, 2134). [0025] O her studies have provided



30progression to AIDS in H V-infected patients. [0028]It should be noted
that CCR2 is also the receptor for the human chenoki nes MCP-2, MCP-3, and
MCP-4 (Luster, New Eng. | Med. 1998, 338, 436- 445). Since the new
conpounds of fornmula (1) described herein antagonize MCP-1 by binding to
the CCR-2 receptor, it may be that these conpounds of formula (1) are also
ef fective antagoni sts of the actions of MCP-2, MCP-3, and MCP-4 that are
nediated by CCR-2. Accordingly, when reference is made herein to

“antagoni smof SMCP-1. " it is to be assuned that this is eqU|vaIent to

" ant agoni sm of "ewerbik¥e! % 1466). Dethars regst WgEbeantly, p p@idy MmN Ay

conpounds t hat irﬂ-?dpulébb%)%%wn%th%éﬂe\yén’é Mséﬁ%nﬁletﬁ':ﬁﬂ@?bﬂ&ée@ﬁs@as@ w de range
of ut|I|t|eS|ntreat|n | ammat or | ergi c, autoi nmune, netabolic,
f‘sterafsféédmm&tr

cancer and/ or %‘%ﬁ”@f\ﬂé@éﬁﬂ"&‘mdh @W)ﬁtﬂiﬂm%ﬂﬁr&?“m%ﬂwo 10Al

(i ncorporated hefrfk (!halﬁg HoB¢ @Br?gn&%l aﬁﬂxgﬁﬁ@iﬂ@l@?’ﬂ 188 I@T)e%i’éovél\/gphdscam)
di scl oses conpounds that nod 4 activity

via CCR2. The bwunépraenserted @%a‘@i*@%fiaﬁgré%f Si?‘a't‘ F@lﬁ%‘%?@%%‘g%mﬁ’é’e&?‘ﬁﬂar e these

conmpounds i ncl ighidapscBlit foadi RodNIUMARas (ChﬁtBﬂo&ﬁérHéieet tihe rptdspduction and
subsequent renpval of Bro ecting groups. 15 is desirable to find

new conpounds W¥H P Bt Mo i %HS@QFGB%PH!‘H%(‘PQQ?@H%?Wé conpared with

known chenoki nmm@%@wsn aiCCCIEXANRI (9 had $ardisy Qfé&'s miahﬁnet@mfl nd new
conmpounds wi th inproved CCR-2 inhi bitolr(é acti vi and sel ect|V|t(}S CCR- 2

versus ot her GIPFuMing G-t dadpiaispion (. Brublget alsi Aol 208 45 850 |s

al so desi r abl erbt@ntfstuagks wmmd&qm hdve Aty andagR adl&ioa BECCRPEAY ed
characteristics 20j n one or f. the foll ow ng categori

phar maceut i cal “5f9 errtof‘f‘é‘%a’(}irm%m"% ‘ﬂﬁli’ficiﬁfﬁxi’eﬁ@rei’i%'éﬁ?‘i“? %vcesZiie%ab. | i ty

sust ai ned r el egsodesremil AtCHBTE)es 2004, 113, 5B)MADSRGRndsSA Wl V. ey@mirsl (e. g. ,

| oner dosages g@h%/% @gce-dai |y dosi ng); (c) factors which decrease
bl ood concentratto f) k-t o-trough 25characteristics (i.e. clearance and/or
vol ume of di st foobg)t i dinjs;known that MCRL) ishaedsohed trhﬂterdsﬂé:bi&ﬁlﬁﬁoﬁsj‘tﬁd adacent rati on

of active ug, at the ein

di stributi gﬁ] been shown t{‘ f‘&k@?%&%e}st?{ﬁ&pzéﬁﬁé g’rét 8 |u§?)tmei“t“§}8‘f or clinical
drug-drug i nt eﬂmpemmsgeﬁtsy:&mhezarmzdm&ﬁjdeﬂzyHEeanmbﬂ"hnomh Hamsc. Breduct i on,
Syeh a5, P Z080a0) o 9288 cAPF Sl FRR St BT RER D, S B2 L
reference); (fpRactiorduddiattaghatmedde Mfliiél/p?@iRé mtteradtloﬂ mrtreamhger se
side-effects ( t|v n-.coupl ed
Feceptor s, pot At Rhory e nef BB HhitduPRERREL ASPIELGCS

penetrati oﬁQ afificent mioh ae B relkctive ireastticdipiddepositioniwgs @sm@i GbigCdesirable to
find conpounds, hayi ng,; i P@MC@ i oned

phar macol ogi cailt %é?%é?%%?gtzﬁijgg%fgw{l I sqa\?ggggﬁggaﬁ? tggrﬁﬂkt he art to
provi de new anuicehichpirepie dvepxorsesss Bynangpglipepraies Esd@hesabnamd@rc These

processes may Qe LHREGELHELER Dt ‘i\ésiolﬂ%ifn 1(511%1%@\;3&9&3 —?)‘/‘i’f il e adaptati On
to larger scale production, such 'ant or manuf act scal es;
process steps egprlopics @@mﬁi‘@%@"mﬁdbiﬂ G?fg! IHWF AYVhrdt %73Dn11i<¢1’ésepwg¢

10(i ncl udi g chiral./.pyLd &é’émss@&@:‘ﬂi 5'0&36 %Miﬁr/ ﬁa?c’éea ailiandbd-0g Af
i nternedi ates and/or ftinal npoun /or c) fewer process steps.

SUMVARY OF THEthPw,ﬂ_ﬂnw@f\mhmﬁs@mwsm%nbsenn@éirﬁliheﬁomamaéiéiémfae novel
ant agoni st _or pagt 03] gl SRGOMapidhdN hRANDISLerRfis 1995 113 06 Ry, 3GEA Vi tY:
N-((IR 2S, 5R) - 5- itert but'yl am no) - 2-
((S) - 2- ox0- 3- ( ROUPFIF$IY § o FrgerA Fepiniviaedn gofe encodingi protidpmtageTidPrh- | y1) cycl oh
exyl ) acet am deccRy, ti@en@élﬁbrn@ﬁﬁﬁlaieér@@éd Md BRGEREBILIs $Rlchsed 8@ NAL®.0r prodrug,
t hereof , havi ng an une (Fl nation of desirable pharmacol ogi cal

|J

char act eri SPi c&ircudgtips 2 ‘n?em%rr?émdf Trapw!gyteEenefibops1oaTv e &FB2-4l so

provi ded. 20 PhatiReRpIH3CEdE HRGHibile@ Oty CARIARERLDD. EhgeSAME and nmet hods of
using the same as agents for the treatnment of inflammatory di seases,

al l ergic, autoi mmune, netabolic, cancer and/or cardiovascul ar di seases is
al so an objective of this invention. The present disclosure also provides a
process for preparing conmpounds of Formil-a (1), including

N-((IR 2S,5R)-5-(tert-butylam no)-24(S)-2-oxo- 3-(6-

2500 f 1 uor omet hyDgui nazol i n-4-yl am no) pyrrolidin-1-ypcycl ohexyl )acet am de:
R RO wherein RI, R8, R9, RI, andare as described herein. Conmpounds that
are useful internmedi ates of the process are al so provided herein. [0033] The
present disclosure also provides the use of N-((IR, 28,5R)-5-(tert-

but yl am no) - 24( S) - 2- oxo- 3- (6-(trifl uoronmet hyequi nazol i n-4-yl am no) pyrrolidi
n-1- 5yl )cycl ohexyl)acetam de, or a pharmaceutically acceptable salt,
solvate or prodrug, for the manufacture of a nedicanment for the treatnent



5-(tert-butylam no) -2-((S)-2-o0x0-3-(6-(trifluoronethyl)quinazolin-4-

15yl am no) pyrrolidin 1-yl)cycl ohexyl)acetam de, free base, Form N- 2.
100361Fi gure 3 Experinental and sinul ated powder patterns of N((IR, 2S, 5R)
5-(tert-butyl am no) -24(S)-2-o0x0-3-(6-(trifluoronethyl)quinazolin-4-

yl am no) pyrrolidin 1-yl)cycl ohexypacetam de, 1.75 noles H20, Form HL.75-5.
[0037] Figure 4 . Experinental and sinul ated powder patterns of NAIR 2S, 5R)-
205- (ten-butyl am no) -24( ) - 2- 0x0- 3-(6-(trifluoromet hyDqui nazolin-4-

yl am no) pyrrolﬁ } W ohexyl acet am de, nono-ethanol solvate, Form
E-1. 100381Fi gureémf er. ‘ég&fié’ Herfiel 2043 d3 A4 betbedimppimat effecpant er ns of

N ((IR 2S, 5R) %ﬁvz(nbﬁriéﬁdﬂkl(lﬂ}mm%rtefiosclef Th}omb Vasc zol 2008, 25 1014)..
-24(S) - 2- oxo- 38602 mE) ifl uor met hyDgui nazol i n- 4- %pyrrol idin
1- yOcycl ohexy ta ?fbemsl’?’ﬁt 6"-9538{3}"?}33&&“6“%&1%1/exhlhﬁonswimm:s@&ias
H)(()?lgéﬁz %ur e Gne bipetall nwiktiakurand ths Rk tRaiP RYE e Rakd 808t with
5-(tert- but%5| ahe eronping of abaprmslitiss known a5 they” mpiRbalis SrEmIR DYy eI, h- 4-
yl am no) pyr r olvhitihnediudyd gbeyis) @Kwogmaaggm%g@m R0y R LRGN 4G Y cO!

solvate, Form Fi gu DSC of
N( ( 1R, 2S, 5R) - ﬁ?ee?%l fe(??‘?drﬁ %Pg’) {4323( &is wellsiegoanizpdsthat inflammation plays a
(trifluoronet hsit )lmaqqlézzr@mﬂm}dﬂseysi:@mcﬂ@)npy;rerzqﬂdbggepgnhmép@ﬁg}o%g@aypacet am de,

TR 575 - BT By A A B B 200653, 40 et
5(trifl uorl@netQ*ﬁf%k)/q{J Ctimdokitr2006,y/ @ 68 Tmhaiohd @Jdlﬁdjaﬂh’ JLmYIFEszYJEJ)!Oﬂl@%B‘@aC etam de,

hem - hydrat ey 042 ur
N ((IR gs 5R) - E? J{Q%'ganﬂﬂl %g’nq‘né "]b‘?ﬂ)?%j’ ?%"% ‘§<P %“Z gYUCP-1 is recognized as
(trifluoromet IﬁWl)‘%]Eerﬁﬁaz qu‘sw mdl}deamsmmrqs;eramal Idirale; MOGY pleRiSotyRACEt am de,

f b F
sz ?ER g§e5R) Oagﬁﬂsﬂ:!gﬁely]begélg{gétﬁ]ﬂdﬁg% ('%%) MQF?% Exdocginology 2001, 175, 81).

(trifluoronet ARy urpraset ardipogiteand digiop pf MEPildb difitreyloyichipbsxy pacet am de,

{1 ce baseus Fgﬁli’@??gl?c%iase{s%ﬂiﬂlfhﬁwe@ ghdose YARR PRk B od SALIEL M Of

but yl ani no) - 2a¢sEee gopes (Bpk. @dipsin.iGUL6r TRefhyDauigivazeptn adrpraayj no) pyrrol i di
n-1- 15yl ) cycl{robauy masel & b 0045] Figure
12. DSC of N 81 szs 5R) - 5_@@ P’EJ ”g g‘ﬁ%@%ﬁ%%&ozﬁ%&‘@ 5(6- (tri

f1 uor onet hyl ) Wa"z%ﬁl?[??*ea bad %Wﬁtqﬁéﬁyﬁw cititating MOP-1 (hh) soncdieexy| ) acet ani de,
1.75 mol es HZEhntrEQ(STNil;ﬂ;ﬂm%SaﬁCh,j @%ﬂ%&r@yﬁ %J ;15 ancT rel\lésg(:)fMCPu

| R 23, 5R) 5 Eréf é) 1amno
20(triflud g HEYOIR b&f‘iﬁl‘l%bhéﬁﬁwm mith dltndltbeycﬂthymybl@h&awl ) acet ani de

1. 75 nol es ﬂsm&’fﬁ IEarmﬂmaﬂl & a ; ((
(Ao t ed '§§(_J D[_/I%rlggﬂ( gW%nlﬂ'm%oP?(%}Ij gffneé I\f)l;]yl) u

1R, 2S, 5R) - 5- (50%#?% 1 M P
i nazol i n- 4- yl amno) ieH S‘ﬁ -1 yPy Epv erpenxspierl a mudnTi edeerimemmio- acet i ¢ aci d
sol vate, For nmbdi%@-oiobeﬁt’;{ a4 Ehlﬂéﬂl?pr%alce&r%d%se txssue (Sartipy and

N ((I R 2S, 5R) t | a ) - 24 2- 0X0- 3-
(trifluor ometf 3pguf|?r¢éozcollk}(i”%ﬁ ‘{Qrg‘ih%‘)lﬁ# {7 8fi5h-1p W%eymedh@xyDacet ani de,
nmono- acet ¢t a@p@sssmlof/mc}é‘ 1 Yeat predetfidahd occﬁ:%@‘l:@ﬂcﬁh%ﬁ'}&%n%%e JREoOf

NAI R, 23, 5R S
(trifluor o%e?ﬂ&gﬁheglﬁtg%% %914 V’%a’zrrélgf g"ﬁ?ff' e 642 1§21y depdienstielyy Dacet ami de,
nono- 30et harﬁb@W@ioihay&lbexprﬁabmﬁﬂdzP 1 pbﬁ%@]c&gaé(ﬁmwbodgf Fsf the

(NirRlI EI 3;55&%‘;}% g‘%‘. n@&%ﬂﬁw "%Cﬁﬁ?’%%?%@?ﬁ@# Ciay ’.”L’gsff&@%lfb%éwp)acet ani de,

nono- et hanol ‘@dtisent ejth hesera®; the ddveIOmAdnEbgbtn B ﬂeﬁstar@gﬁ b mice was

N-((1R 2S;pR),

5(trifl uor&gnefﬁy%g{%%%%%g%] Q{?ﬁmon g%}’zk%)@»‘/ @F’?‘f“‘id“?@c"%‘lcﬁﬂ?é%’{}@acet am de,
nmono- R- pr opyP@Rantgegatvd pes@de\(Ht Byndier ah ROG:. 3nved ODDR /6, auge #R. TGA of
N-((IR 2S, 5R - 2- 2- 0X0- 3- ( 6-

(trifluor oneﬁ%%%ﬁf%%?%?%l@e )nﬁ?sﬁrot%%ﬁl??ﬁplea?i?? of Mfgfci B13dmesey pacet ani de,
nmonoR- propyl ene gl ycol solvate, Form RPG 3. 10[ 0053] Fi gure 20. Intradernal
chal | enge nodel in cynonol gus rmnkey:' anpl e I inhibited nononucl ear cell
recruitment to skin. [0054] Figure 21. 48-hour TO peritonitis in hCCR2 Ki
nouse: Exanple 1 inhibition of nonocyte/ macrophage infiltration into
peritoneal cavity. [0055]Figure 22. hCCR2 KI nouse EAE (experi nental

aut oi nmune 15encephal onyel ositis): Exanple |I treatnent reduced clinical
score. [0056] Figure 23. Proton NVWVR spectra of Exanple 1, 2nd Alternative



Preparation, Step 3- Conpound 7. [0057]Figure 24. Proton NMR spectra of
Exanple I, 2'd Alternative Preparation, Step 4 - Conpound 8. 20[ 0058] Fi gure
25. Proton NWR spectra of Exanple 1, 2'd Alternative Preparation, Step 4 -
Compound 9. [0059] Figure 26. Proton NWR spectra of Exanple 1, 2nd

Al ternative Preparation, Step 4 - Conpound 10 [0060] Figure 27. Proton NMWR
spectra of Exanple I, 2nd Alternative 25Preparation, Step 5- Conpound 11.
DETAI LED DESCRI PTI ON [ 00611The present invention provides a novel

ant agoni st or partial agonist/antagonist of MCP-1 receptor activity

N- ((I'R, 2S, 5R) - Bssi¢ pototed inghlanmbsitine &N, Kamei, et al. J. Biol. Chem. 2006, 281, 26602).
((S)-2-o0x0-3-(6: ). M i V. i di 0-:1-
30yl ) cycl ohexy?fé%@pg%g%%gﬁ{)sﬁwﬁmg%g{%ﬂce&% tlonI ﬁfﬁfﬁggggeo%%/%%écgg@@
or prodrug, thesieohce intvidigh anusahexareepredred Ghidi ﬁhﬂtw @mldﬁzam#d'gﬂabl e
phar macol 00! Caluf®, 3P b iR By el MP8 1T SRRl LA CBRERRDL | nverti on
are al so provi rmaceu |ca osI't1 ohs contal nin

net hods of dsi MERheceptmeheas shagehthst lfuiaysvmle inrtecaforreation Qﬁobﬁsmf Ialahnatory,
LTl C. AUt Oy IR L8R ran ANl 9 ARV ABENL A O Seases | s
al so an objectlve o] s nventlon Fesent i nventron al o provi des a
process for prepabesy cmﬁppmaﬁ@gzoﬂﬂmmwammcytes inbothudidagpe (C. L.

SN-VR, 2S, SR) - Sfduehtyr buty) ﬁ%?@bqﬁﬂ 7028 3% o%"(nﬁc Fs%ftafcicél&ra@fﬁém' ) qui nazol

i n-4- ylam no)pyriolidin-1-yecycl 6hexyeacet NO wher ei n
RE, 12.8, RO, R®est.2800, 147, égﬁs Gd@é‘eﬁﬂﬁ@d 0ﬁ@€%¥ Wdll@énwma@ﬁé@?d are useful
i nt er medi at,gs I

10[ 0062] 1IN ?( 1%&%@@%? 11991?1%%3 a@fp@sea:is g r(T(],@ r?g\f{ugl_ %)edti @_I‘gbftef %(}_Og 65_6 16),

(trifl uoronet hpudgif noastéict mpapmywmﬁf%@)qﬁmochmp ges Prayestte PHER Y acet ani de,
unexpect edl y del@QP%ia{egbeﬁ [AnfifS ef A @ms:m&mw Q1ny, Q%)Pbi%ﬁéﬁéﬁaétf%g'oﬁa'
characteristics inclu a surprisin h degree of oral bioavai

lability in cofbRAsdreH d\'/ﬁtf”rﬁ‘“‘ieﬁﬂp"é}ix ?’%n@ﬁ‘ﬁé‘i 1“F‘tlmls%“s‘|ﬁ‘|"@hln>¢mé1‘“ﬁp“(?ﬁc| ous and

has excell ent gabRf ModeP@. PtWEn'slﬁarg 3Q963aKN oMb o6k | 84, 9155 P @lordelii32RP €CEpt OF S,
such as those disclosed in Pu bl i cation W2005021500 pubflshed Mar ch

10, 2005 (U8 P&iadhs; Rﬁ@eba;u%glq;@pen ?@@Qéﬁzﬁéﬁhgﬁ(@ fgpendip®om  assigned to

present Appli caﬂ;te%mmafcmd@tm@@& ICREE @ c@ﬂ@%ﬁbmsdegnﬂe) o driiBRIBR e
perneability (a crlqthlcal ictor of or bi oavail ability), are not

). Osuf fici ent I §f Bt apdseyls CR&?“%H%@H‘“SSPVF ¥ méi‘éﬁ?“ﬁi‘ﬁ §™Ebility (a

measure of effhoaqys. p. aREbLAL, ctdiey ciadkeapeusaus. criteria for safety as
i ndi cated by i I ecti Vi

0 hannel [y as neasure RG and Na+ ion
channel st udi eé%lfooeﬂ‘i‘i’ﬁ“ Bftesenbed tx%l’é“?P‘l“f“ﬁé“klerg&@%b’ﬁ/ﬁpﬁ@“&'&?a pr esent ed
herein in the sRGiHOMkchlbitihBhmation, ré&dipRdsahddngpdhehpearcPhshgt gal

%ﬁ: ?gf eRr |2§t I5(F;2 ?%eﬂl(g{’]‘gfé‘%"t “Bﬁ%ﬁ%&‘ﬁ h\{b;lﬂ%/é)g;&%&ggslsg@él%t %1 uor omet hypqui naz

olin-4- ylam osypyr r Bhsitcowd g McyqImkpeegy]a&eaﬂaﬂiademd@masﬂomataaslta

surprisingly h gree of nbr.ane meapi mai_nt.ai ns pot ent
SO b ndiny ATy TArORG ST deey Pahte BiehnBre b FR g
100651Accor di ngl gériphiche blob € ::8idnud] gy 00k sQfzein@\hati DE Pal m@waememml@ene modul at or

usetul i ' B on DB ARG 5. oaf Pergr et B TaDaBB o, cancer

and/ or car di ovasditd ke ahnﬁﬁa&&ﬁ theEWVBOR MeMNp&itiE 0066dnagmemaltiiedi@®ent , t he

di sclosure is R285 -5-(tert - .

Tobuty1 ar ni no) VEKRES risfeta Weain R PR RSHETHT a RASHITAL 1 ami no) pyr ro

lidin-1- y1) cyﬁérmfnewéd)xaeaisammdﬂ autaintmph atcepteutykitBl(EAE)Rteept abl e sal ts,

w?E ?(F)J ZSlg(F){)6 7%%?/?&1%%1 a\r%an%PmoJri3 %r mul%pl‘?al sce'i (%Qa Aldlm?n?strfat?on of ai]:t;bodles for

but yl am no)382- M(3B) I R-aokeris3vi(hEAR sigificamityotiminipédlidena zadnsankd I yeamdao) pyrrol i d

in-1 - ypcyclobexy et am de e pf? 5 8 Anot her enbodi ment is a

crystalline fo th NG mnﬁ%l%& 5 Elér{hem(ore reporshave sgownt at

but yl am no) - 24 CBR-2--0uios Be (Sistattrtd EAROB.ANEL) ypd Ui, 1Eaz G¥ddn2008 yIPArg%o) pyrrol i di
-yl)cycl ohexyl )acet am de, free base, wherein the crystalline form

conprising the N-2 Form [0069] Anot her embodi nent is the N2 Form

characterized by (or having) unit

sol vat e



20cel | paranmeters substantially equal to the follow ng: Cell dinensions: a
= 18.7240(4) b= 8.0171(2) c = 19.6568(5) 25u=90 r3 = 114.935(2)) y = 90
V(A3) = 2675.7(1) Space group P21212, 30Mol ecul es/unit cell 2 wherein said
crystal is at a tenperature of about +22C (RT). (0070] Anot her enbodi nent
in the N2 Form characterized by (or having) a powder x-ray diffraction
pattern conprising three or nore of 20 values (CuKa X=1.5418 A) selected
fromb5.5 9.1, 12.1, 14.0 and 19.2, at a tenperature of about 22C.

5[ 0071] Anot her nbodl n} is the NN2 Form characterized by (or having) a
powder x-ray di Zf’jfsgﬂbtefr% G3- e 2000 0 1 dP7 S0 ofvpitiseupry repery extendedhibese of 20

val ues (CuKa Xaitial.obsdkh&Hons 5¢b:e6hiRsh the @S 0P cﬂcienén?m%nce]f?onpm 119.2 at a
tenperature of about ZZCehéO 721Anot her enbodi nent 1s th orm
)

characteri zed B9 rG‘*H’BR’/’l M O Pl 28l 624 B HOté‘ébrﬁdemr@sm@ﬁbst antially
as listed in FEabll moBculé @@E:Sirﬁd@@ﬁ:h@.rso &Hﬂ@@&x%@tprég%s&&ﬁn%%ﬁ@me

char act eri fraction pattern

ed Ly VI n
subst ant i azﬁ (gché[b!?afi %!I g{ﬁ"@”’?l 2?%0’7%]3%9% her enbodiment is a
crystalline fqampf N—:s(l(ann 83t MBP-15s dpkRbifated in patients who develo

but yl am no) - 2 i fl uoronmeth ui nazol i n-4-yl am no) pyrrol i di
n-1- 15 yOcyf:%’F"“ hlé&‘ﬁ&@é%‘?ﬁ &‘gé’tm“i‘era&ér Ipeesensolagingpn Sfasgemsymd- 11. 75-5 (1. 75
mol es of Wate@apbwhalab,cit@‘Hezednd)&imghﬁmkﬁmnt et |2/ pan amed. a6 g in Tabl e

1, 3 or 4 or V, 4 selectedfromTabIe9

fractional at g!r)ﬁncjg::glgr]a"eﬁt ?Oé'(l’gﬁggst@ %?éf% Wi ol gt brpnckighitie 4 and/or a

powder x-ridy @blﬁtémfacswdmmqgadmze:stmusmb&hamuo&j e il Agnlfoddtgure 3.

200 gogg At &l BRI i BRY 3 b b0 R Lirby biieration i

but yl am no) - 24{8rme mostad {Bhx Belpdmleftbum@’nelnhgslr popdi F‘(BZSI!?I—I’B—S&)- yﬂh@gm no) pyrrolid

in-1- yl)cycl t

(heni - hydr at e) egggﬁgjré%asgétﬁgtr ?H%(gl%gl ﬁﬁ?’ 55?5?’?8?“«5‘]%““@6%??80‘? n Table 1;

3 or 4 or noré& %@aﬂﬁ'ﬁqlia‘é@gcf@m’anfm M@mpn SEﬂle&:HaedSthWGmaﬂ?ﬁh{l;ﬁzoﬁ fractional

atom ¢ coqgidi gagepsulsihanil ISt owder

x-ray diffraction B%atternks\‘%%)@%% ﬁﬁ(ﬁgﬂ%zio’g%ldﬁgjf}-%qrgnséaﬁm t&? P

(0076] Anot her Tyttt /,i682% %ﬁ%@wllimluf?dﬂﬂﬂﬁwwﬂ) ]n R g’z‘ﬂt 5R)-5-(tert-

but yl ani no) - 248, 2R And3vCH:1 (s molmwms;egmh&m Mﬂ{gi &véﬁgﬁaﬁm no) pyrrolid
I n

in-1- vyl )cycl ohe‘g%/ &lgcet am de, free base, orm nono- et hanol
sol vat e) ; Och¥tattre iIéEIIOB%”cP'I*FéaIuHWa’ééWgTp@ﬁdﬁ?ﬁi@ﬂ%ﬂﬁd@ﬁm tm Tabl e 1; 3 or

4 or nore 20 Vraaltluegiuc(thlﬁav{Q(Fl otk aedgatedad FLm actional
atom c coghd gate subst anti al g &mp |stned ﬁa Vab O-E%Q%ﬁpa m?lgg powder Xx-ray
p

diffracti CEPHOSUB St IQ‘F‘T @’057(9%12& 1880t Onestelyrdescybed/igioiiquAnot her
enbodi ment i sofexperyishal detin@aft eoiilal Nerdh i gﬁaléﬁ)ﬁe‘i}f M(ﬁ’r ! (H Tatewaki

but yl am no) 24, i.f 1 uoronet hyDqui hazol i n-4-yl am no) pyrrol i di
n-1- Acycl ohex3(/a Jc%’f ‘?ﬁ%ﬂéosfftéy%bse conprising FormH AC 1 (nono-acetic

aci d sol vat e) [06t¥r acdtberismeids biye i@ nbthied 1eQlolen RANBABLEE Sarfaiynd in Table 1; 3

or 4 or nore u 5418A) .selected from Table 9; fracti onal
atoni ¢ coordi %]g érﬁLs%gfstP é%alll%l{zagtefaft YTSHNESHME. SeWAYAHM 94 powder x-ray

di ffracti éh peliCPdrwithoutestrdiang a;htibyd;aﬁemtdmmgcﬂanedgbcgwc@re&nte&@[ 0078] Anot her

enbodi nent is atterns of ) - 5-

(tert-butyl amm%ggd%%%%f f&&gl;?ggl - fefqgrnf]ﬁnfﬁ%?%#@#W*)“&ﬁpﬁmn?ln 4-

yl ani no) pyr r ofi¢rdein-e1 k., vl Bpyidech h¥98y | B aIse). dnproted pésrstb% tHagae aﬂ@@i@rl sing Form

| PA-1 (mono-i ar act.er i ze the unit cell parameters
found in Tabl %Q%?%ﬂgllahoﬁﬂh gghtls?c)sorﬁ(gmans?m e%gc( é/cg{mg‘ffl_th%)lﬁlétﬂj’ sel ected from
Tabl e 9; and/¥insrigrteniialicatooMCe- Iqdiaholhaat eska&uchst antinanbly as listed in
rab 628 [5%)72]_9(9‘7'@59%98‘3”@&Q\s@m:tﬁ Ris MEEY S Bick 16135 MeRled response

but yl am no) - 2‘&6@’5%‘30‘&@5@1(!@0('!@ ricksowcefan byl ¢t guingpoléd19p8ylsm no) pyrrol id
in-1- yl)cyclghexyl)acetam de, free base conprising Form RPG 3

(nmono- R-propyl ene glycol solvate) characterized by the unit cell parameters
found in Table 1; 3 or 4 or 20 nore 20, val ues (CuKa X=1.5418A) sel ected
from Table 9; fractl onal atom c coordi ?‘uate substantially as listed in Table
8 and/or a powder x-ray diffraction pattern substantially according to
Figure 6. [0080] Anot her enbodi ment is a pharnaceutical conposition,
conprising a pharmaceutically acceptable carrier and a conpound of the
Exanpl es. 25[ 00811Anot her enbodinment is a nethod for nodul ati on of

chenoki ne or chenoki ne receptor activity conprising admnistering to a
patient in need thereof a therapeutically effective anount of a compound of
t he Exanpl es.



[ 0082] Anot her enbodi nent is a method for nodul ati on of CCR-2 receptor
activity conprising admnistering to a patient in need thereof a
therapeutically 30 effective anount of a conpound of the Exanpl es.

[ 0083] Anot her enbodi nent is a method for nodul ati on of MCP-1, MCP-2, MCP-3
and MCP-4, and MCP-5 activity that is nediated by the CCR2 receptor
conprising admnistering to a patient in need thereof a therapeutically

ef fective anmount of a conpound of the Exanples. [0084] Anot her enbodi nent is
a nethod for nodul ation of MCP-1 activity conprising admnistering to a
patient in nee{dtider eothemntdive hapduninsaitédthepdtadtlitapsutgmelyad of a conpound
of the Exanple n 2 r inhibiting CCR2
and CCR5 acti v??t@ggﬁﬁgﬁl(gﬁffgew%@mgﬁm t[%atﬂlg%hgp(gsﬁ%ﬁl n need thereof a
t her apeut i cal | ywdefrfisgatidnod asivodies foO¥ICE- lomarpmuwdmﬁfel efiglonExdanpipbgtis

[ 0086] Anot her L i i sing
10adm ni steri ngeg@%giannﬁgérké e&c%@%@%ﬁn&ﬂéﬁ%«% gfot é@g%&%ﬁsﬂop g?% ective
anount of aScohpdiage (ClretNMicLIExastpl. ok Egai@d dP¥Hd 8t 1 ¥71h einnddige), M@&’e’d from

O o oot b Yics WRh ARG M AE OFim SOAAK oG UEARBIAY Subblr | SChem ©
car di onyopat hy,” psori asr's, pertensi on, ero eoarthritis,
aneurism f eversmnagathdi &MM,QH hHWP\géme (@GWHST@P}SG%EJ CéordgEsti ve heart
failure, autoi n¥gs ﬁ’ eases, H V-infection, Ifni- 15associ ated denenti a,
psori asis, idiopathi 3zul nonary fi brosis, transpl ant arteriosclerosis,

physi cal | y- or [th8EM c&avm}-amm@w dbm@llsnm?fﬂé@mﬁemlﬁhfl@@wm‘@w obowel di sease,
al veol i ti s, oColldd, 1’sm%y§1EmeI/béﬁé'ﬁ]tﬁ?ﬁ[&%lhﬁ%&t%@?ﬁ&ﬂﬂ@ﬂbﬁs%ﬁ?@nﬁtﬁﬁr um

nephritis, gl onerul onephritis, ast gﬁlpe scl erosis,” atheroscl erosis,
vasculitis, VvuCRRRAMI® e b‘éﬂﬂ@@lm}gﬁé‘wrfﬁ‘t%iﬁ@ ¥rrena diseapcaglelivide heir venous

neoi ntimal hy pW’Ipéoﬂ%@artsqh Qhﬁﬁﬁhémwe%ftsy%ﬂg R R mXREGPP RS &,

arteri o-venous shunt inti mal g | asi a rggan transpl antation, chronic
al | ograft nephteopachi), Jé’ﬁdsoé’d\’f’é’ 2003, 66579 An Sh%e fatasrp eSS tvihdhes et hod f or

treating di sorggése mb@R 2iiVig f&ﬂx@:ﬂe@én@sftﬁm oh@er@mp@adﬁeﬂbfmnpnqu thereof a
therapeutically effective anmount of conpaqun he | es, wherein

sai d disordérs BEW“S@I%B@%W“WWW%H@% 43,2@817&?%09}' H@eé t3lf sease,
psoriasis, idi Qﬁawqum@n@m of AdMiRGaSon @ﬂaq)laﬁtmteamagoarst @om&qﬁer osi s,

hysi cal | or chem cal ly-induced brain_trau owel di sease,
g| zem it 35/ colpgepaye, %%#étﬁrfeswﬁﬂgnaém%nﬁ%yn f?ng‘HP ‘réff @ P®er um
nephritis, gl ongisl Onﬁpélﬁdrltdbﬁa 3086l Reasei CCR P 1&n§1@b@pm1mphoa§rt&emscl erosis,
and rheunat oi d art hritis, st en an | ant tl on g cancer .
30[ 0088] Anot hef Séﬁ‘ﬁ%@u“i’ﬁ‘e‘r’i‘ta“ 8%‘*8@???8&“? art'eytféeiﬂgt.vggnap Brayet e gim dnpri si ng
adm ni st ]fzr 209 U.QCoAndpdt a2 Ot 2004, 58 £18)N @IsRQE n@e, tﬂlrw@paubxpaad;dnyn e ect: vet .
amount of a co oun t. erein said.disord sel ecte
from di abet es, S"8H& ?"tcylamt%%(ﬁ?f]a;sgﬂdgslggé\@ mAYSTEM %a“F’USij%h%’ ?'ﬁ@ﬁ% osus,

gl orer ul onephr idisé=8¢ reftild o pbierosC ISevens kalent atuliiey iese H@moms‘.rase,d thfeq&teeWIDSI S, and

organ transpl antati on 0 9Anoth or .treating
di sorders, rrg}gfag?%lﬁ ValLea%Pr?'i“%g%”fS@r? ﬁ@%pg}cﬁ? "é?'nrfl Cnmﬁ mntéeéldn gtégféneof a

t her apeuti caI I xdls&fsé/ﬁﬂlm VECRAD titite v@a‘re Iaoﬁctecbﬁnqmﬂnndfmis of hextEx sadpines, wherein
sai d disor S Ier05| | erosi s,
Crohn's di ggaséqfae‘ g”ﬁ ) 0?? Qpr'e? r/ir‘lottahi-}r i ngé??r%ﬂﬁﬁ%éfbg?net hod f or
treating disor d\elmxstmmxmﬂasmmlgmoiecMMalgomtef COR2,1GECRE, patXEiR3 (mprireed
thereof a ther utl anpl es,
wherein sai d Lo HeNE s 5T 2P SO ARE MlbesBicu SRS RS sl ik

t ranspl ant at i osgdiamshlB@iodiced cm@sg(mmmm steiridgdinrent!. 20858/ 7ndERod f or
treating di abete g&ﬂp S ti ent need thereof a
t her apeuti cal | %‘“8?‘? \Y//e %‘ﬁ%&ﬁ‘géﬁ ?bbﬁnﬁg]%gﬁ%g OB? i e(!)&]i'

[ 0092] Anot Bér  enbostiope atd hlsolaglc@)tlh@djaﬂi@rmt@ucgbmod‘rgof@p?@mi@f & Kdlﬂ!séb@e

15 f th t |
oi footive anoudl o L oreeb R o EMer 0P8 LS anat ner ombodi mont i

a nmethod for treating nultlple scl erosi s, conprising adm nistering to a
patient in need thereof a therapeutically effective amount of a conpound of
t he Exanpl es. 20[ 0094] Anot her enbodi nent9is a nethod for treating

at heroscl erosis, conprising admnistering to a patient in need thereof a
therapeutically effective anmount of a conpound of the Exanpl es.

[ 0095] Anot her enbodinent is a method for treating restenosis, conprising
admnistering to a patient in need thereof a therapeutically effective
anmount of a 25 conpound of the Exanples. 100961Anot her enbodinent is a

met hod for treating organ transplantation, conprising admnistering to a
patient in need thereof a therapeutically effective anmount of a compound of
t he Exanpl es. [0097] Anot her enbodinent is a nmethod for treating cancer,



S5adm nistering to a patient in need thereof a therapeutically effective
anount of a conpound of the Exanples. [001001 Anot her enbodinent is a

met hod for treating inflammtory, allergic, autoinunune, netabolic, cancer
and/ or cardi ovascul ar di seases which are at |east partially nediated
by CCR-2, conprising admnistering to a patient in need thereof a 10
therapeutically effective amunt of a conpound of the Exanples. (00101)
Anot her enbodi ment is a nethod for nodul ation of CCR2 activity conprising
admnistering to a patient in need thereof a therapeutically effective
anount of a cdAPdlind Top repaes desaiipd BeovefeRREORh oMMOPHei the b@diarent i s a

met hod for nodyisatiiieaisQ ctivit di ated by
t he CCR5 rece%’?or comirf]%?ar‘{gzégcﬁ%ngggggg%h#gﬁgmmg{ygél)ﬁ’fanﬁ‘?asﬁz%ggt hereof a
t her apeut i cal I%?‘“é?kr?’eétt?il VEASHATAIeI02f1995, ¢ofrpaundiMirhad beGixanpkes. [ 001031
Anot her enbodizeppt. Bis. 196,60ReyNd of Exanples in the preparation of a

medi canent for the treatnent of diabetes, obesity, netabolic syndrone,
stroke, neur opfl ¢ PBag Hudvidseribadites asveridicomyf ppabiypolpseptiasinshe hypert ensi on,
scheroder ma, 2005t g@8mithEdetddSoma | ar di sease,
Crohn's di seazﬁoﬁ%ﬁj estive heatrf{l%}@t]%}lgilc%nr:rg‘i1 X@?an—&%{aﬁi 9&”‘? @’gt‘)fj

FI TV-i nfectio 4 sB’dFé‘F%@O@fésrﬁmspaﬁbrmnﬂl@mos of CORWMAPHI xxispul nonary

fibrosis, tralfﬁlp&earﬁbroagétn%ﬂdn 3 &h@hAsh fnd PR ch al.l y-induced
brain traung, w tory goweal di sease, )égllog/ag](%fﬂg rmam?%ﬁ% Jler’a‘yStem c

| upus eryt herd er‘??B?)FﬁabtJdi’('Yeé’ Legninh HOBHI2011960), lgmgiffwlmhxaneamhrl tis,

15ast hma, 10Ul Ppbie20ns, 287,099 GAEHGIASEAREOS] S0t AS6 bs ;zé‘s }é‘d' perable
pl aques, rheui}gkq idarthritis, restenosis, venous ncéin r?‘a ’P‘I perpl asi a,

di al ysi s- gr af WP Pl A o 2008465, 38 1 &y Weslaven o digmsSheiitphiait | rral
hyper pl asi a, @lwgahi 940@,!1154?{ (arﬁagishﬁﬁhl cCell T OB, b@grﬁygtz}@@)&dqxg .foay, and
cancer. [00103% E?LW@% ﬁ is_a conpound of the s for use in
therapy. 10[0 bqﬁ " 44 Oﬁé@%é enbodi ed i n ot her speC| fic forms
Wi t hout depar {601 fr@mstuﬂﬁh'&pﬂbrhbﬂstrﬂéd eSsRatikdherRbltc VML 88 LRGEGOT This
inventionals ‘ﬂ& ;}:ﬁ? conmbi nations_of alternative pect s and

ein

enbodi nents o ven lmﬁra?ﬂﬂ)f‘érﬁne}fig’?geﬁ]‘f?om’si Ve 1y yigd doutchat  any and
al | enbodi mentanpleyungénitmkers treated:mﬂ;mmtsnywm\Ahttﬁad;@ﬂms&iJé%st?ﬂb()d' nment to

descri be addi {ienahgel es invention. Furthernore, any
el enents of an engoal %%pm ?ﬁlﬁ?orlf i’ ‘ﬁ?g?aé?aﬁléaleﬁ‘%‘ﬁ%@fh@)‘aebﬁ’ dowbght to be
conbi ned wi t htlafdymamwdl dP92, dthara el errent s from any of the enbodinments to
Sdescri be addjghigenalg.enh R(f’rpE CDI VENT 0106], The present
di scl osure allso Cgr ovi d esgfadhlg%ﬁ\}g?smg%ce e’f“é‘ ?fé‘f?“ﬁ“gvag’&ﬁgm%‘s‘%f formula I:
| ORCN-- RO ?{éhﬁi\ﬁ?wc@?@cmw@@n meatsxg(ca@m (oayteykainnMOD Cras 4ddR). p2- 0X0- 3- ( 6-
(trifluoronmet iyt ci-R820dksRiArY) n r i di f‘ cI ohexypacet am de,
or a phar macc#tl cal ny acceS t abl g@aﬂ??ﬁéﬁ glo tld”fq&%ll{él‘]ﬁ A4"4€t enbodi nent,
the present ‘g’é‘?’égé‘tﬁgézﬂﬁ"b\]/‘( dé% RaGHieveedl R15. Ipbeg.a3sr. Catcepbegar i ng a conpound
of formula I Viurgdaeops, 6C398 WRNRhLSAA p an. am.no acid
derivative of ﬁtructure Ifl or a sa menhmmb%‘% ﬂ“in}?ggrea}ﬁarr‘aﬂ‘@%none of
formula Il, f'sr%ﬂr?atefjﬁé‘thébf‘m(]g@ lmm@wdy,amhnmmmqﬁlwm&mam@@) to afford
a corrpoundS Ofanstnl&téﬁs%uiﬁ]@uﬂv\é 1 W Ghs St REAME n ted am de
side 20 chai Mo I\&A 4 1111 Ial vlfi/\,hér ein ( i gﬂéedg%ﬂl gl‘x’d %d%ﬁt |y

Cl6al koxy; ). Using huggpn ghinicaliurmensoecispre, Wéimwmrbﬁsmhe’a&:sasdmmdmwm ch they
are both att gehede comdiprRreddid (oL, gaggpml,gkenpzéob }b[c,aér,?g)or}x Lacyclic
acetal or cyqv[blg;ithl oace}t]al wher €i n t he cyclic acetal’ or cyc Pc thi oacet al
is selected from SGroVEt b3 hien skow temedigte P@Stme 38per galiterovth and( CT T2) 2,

- (CT1T2) 3, onm/aslélil'ﬁ’) 04, et @NBhogiard 200626206 1 3urAbinRAL RicQC &

i ndependen | ro%g ectcerd Ej:‘gén h drogen Q)4ar yll le 1Cé“l{éngsl §§)h ogen,

hydr oxy, cyano, nitlg, cergde RY ?ncr@epwr%ﬁrdm@(f&@)ommwrwhqpref erably T
1, Ty and 13 Lar@allmbmhkbkymwwﬂjscleﬂ R2 and R3 are independently hydrogen
or an am ne-protecting group; R4 is Iovver Cl. 6al kyl or optionally
substituted benzyl; Y is hal ogen, SMe, S(MefR12, or 0SO2R13; V is OH,

hal ogen or 0SO02R13; 0



15R12 i s hydrogen, Cl.6alkyl, -(CH2)C(0)0 C .6allcyl, or -(CH2)C(0)0O C1-
6al kyl ; and R13 at each occurrence is Cl.sal kyl. [00108] Preferred

am ne-protecting groups are groups that can be renoved by hydrol ysis or
hydr ogenol ysi s under standard conditions. Such groups include w thout
20limtation, a carbobenzyl oxy (Cbz) group, a tert-butyl oxycarbonyl (BOC),
a fluorenyl net hyl oxycarbonyl (FMOC) group, a benzyl (Bn) group or a

prmet hoxybenzyl (PMB) group. Modre preferred are Cbhz, BOC, or Bn groups
(especially Cbz and Bn). [00109] In a 2nd enbodi nent, the present

di scl osure proyoggs aMnkiylektupieOiees sesButh thie @btantial therapeuﬁawﬁm:d)be t oget her

with the carbon at ons bot h |ne forma
carbonyl or a i?ta@glﬁrf](?i%? Wg g?é@%}ﬁ eéaé)ﬁ%rblf‘ém?tﬂpgées em?:.slsd 3& (g)roup) R
i s hydrogen; 30Rycls sorfehis; dire@RB with iz diregenosis (FACipslo@d, e&a.lAfyzhpsc?ér is S(Me);

and Vis OH 5 d t he di scl osure
provi des a proi& g?’%ﬂ“{ %é’?zﬁélnﬁfqgﬂ %({?{}fﬁl gcg%]%”%orrpousr%‘a“'df formula IV
wWith a group 12diddns iwkiensind! asa @dhlraih@gmm,a/medzafmmmeamsmﬂofvmmypm sal t

thereof. The a | atin [ b 001111 In
a 4th enbodi neh{(%na’rﬁsé T C?rgigm%u&y @gecr)(\:lel 1c, Xt /}rp'eyz sc}erqlhromb VT&CBy(]:11 ohexanone
of fornula I'V 2&2a22 sdduanssobed.enet €irs ks 200310%11@5 WnJ alnﬁldhaleﬁtbddmrrent t he

di scl osure pro ces is a

sul f oni um sal t);[e @’5&53@5"%”" gwb’%@dllg@hct%q%}%wgl scl %Dg{ﬁre plg%)ti\/éf'des a
process wher ei mhibiter of SLGF-1 mghd skelciaiouscle ¢l Hgadhér, carl. Cine Res. a!!(ﬁn%’bher e, such
o opri ont ) o) P EEh LR Shalidotoi i rRRER 0, AT OB LR NAR. P or
acetonitril e (esposizaig aytziaxdmrqdmeclﬁaedi:@inaamw;mplaelahmr skpttéstede el)matfm@llu In a
be. achi eved by ehaT b EL el B0 e P ormil & 11 with a dinnide.
20coupl i ng real@dd] i nlwheppisdswriecthodversprasionwAMEP; 1 R ovith indeecdibeary ani ne
base. The di | Ml GouPkinpt aleagﬁﬁrmm%@ci@% ?9%@%@;%3@\; BEXANRkE such as

EDAC. Exanpl es acti1vators i ncl udes sai d termincludes hydrat es
thereof ) arid Nel,N fauneli ¥B6.HyS, éﬁiHolm)&qdif@mﬁéldleﬁ\h%\@ﬁhqvmtbﬂtéﬁ@?ﬁ@RBase

i ncl udes for e(@rg)bgmir d&h@%{i}){ |s%ké‘ﬁ0¥}'§'8”‘3ﬁ'§%9@&@¥ﬂ "rM‘c@EPhM HagHen & and

tri-n-propyl am ne 0115 i ment he di scl osure provides a
process wher ei Al { Keredi Flogdddow dafsbi 2982, ﬁé&@é}ﬁmi’%ﬁw@m@tec%@@ﬁct ivator, is

HOBt, (said te;sgﬂehpg,lefﬁ%,hy, I@tes thereof) and the tertiary amne base is

triet hyl am ne 00116] In a 9'h enbodi ment, disclosure provides a process
wherein the nol®23at i bis keewmthatorsetrinymsrroplpesrlay apfmpestaptiele i 9% de coupl i ng

reagent tozt)hed@v‘éfob%@:tt@fneh%pitﬂ@ af;)mmlmno@genm@mb@m oRge 2000, #pout 0. 090 -
1.50 to about 0. . F respectivel Sai'd nol e

rati os are pre?@r%‘ﬁ]ls‘s?te%tr‘(‘éthtﬂb‘s &‘B’(S‘ﬁ»ta Ry e TOI‘if"BQC%1%5%’[1?3“’@?“%%%?}‘10 and to

about 2.10 to %2@matbESRE aduropainit. pmn[h@sﬂﬂeéﬂes&ﬁbeamwﬁlb echotivent, the
di scl osure prow des a novel process for preparing. a g}\{orn‘}é ound of formula V

havi ng an est efhos¢ aieyed resti’?isth RSP RRIERtE SR be uniget i zi ng t he
amino aci d der in¢@binY f:d6ded Baif BetatioOdfteRinGAMeH REmelfn ifjesudubal didhuyor a sal t

t her eof afford_a conp ornmula V ter ety. [00118]
In an 11t h%énbE?dF‘i‘?‘éﬁ’leCW‘é é”‘?—?é(m&ﬁ&erﬁﬂraalra’éta’ %ﬁ?ﬁ%‘g‘gf:l ‘gbbé’i’e’éé?lkoxy, or Ra
?nd Rb togﬁ_t hewropl Xl bR, Sar bHn2dog, JWUITDHI?)I h}eadldaxbe ctmtzh Wrﬁbd(ﬁ@h@ﬂ anbi Ine to
orma a thioc n a cyc a i ¢ t.hi oacet t he, di scl osure
b vt dee o br otBS e tiAr R tpie BREHR e EHEs P Pe Sler e SSPED o

hydr ol yzyi ng t heleRa: a2 Eba@m@:u&ﬁxcﬁnndchaﬁcatehledpﬁmﬂ%&(mmmwﬁuwhe Ra and Rb
together with th rbo t o .whi.ch th ar car bonyl .
Hydr ol yzi ng caﬁ‘? %% EbRa RO 8%8&]9%@%5[5 gg[e%%wcﬁ)g{zgnone,

acetonitrilse amm3w<sam4()panol or aqueous soI utions thereof; and is

ol | ove the 150 zat%erf%%?ﬁ%‘éﬁ SIS0 L ST PR e oLyt ® st

di scl osure provirtiesyaathy OCES Fravpaiahio, ¢ e (oychia20D] §, S8oondatsred by
conbi ning a conpound of formula IV, or a salt thereof, with a base in the
presence of a solvent. Such bases may bej.-for exanple without [imtation,
cesi um car bonate, cesium bi carbonate, potassium carbonate, sodiumtert-
Obut yl at e, sodi um hexamnet hyl di si | azi de, and preferably cesium carbonate.
[00120] In a 13" enbodi nent, the disclosure provides a process wherein the
cyclization is conducted under an inert atnosphere, such as nitrogen or
argon (preferably nitrogen) in a solvent including, for exanple w thout
limt, DVMSO, DMF, DMA, N-nethyl pyrrolidone, sulfolane (especially DVBO
and/ or DVMF). [00121] In a 14th enbodi ment, the discl osure provides process
for preparing a conmpound of formula VI: V



RaRb VI the process conprising: hydrol yzing the ester noiety of the
conpound of fornmula V with a hydrolyzing agent to formthe acid of conpound
VI at tenperatures fromabout -5 to 5about 5 C. Ester hydrol yzi ng agents
are well know to those of skill in the art and include al kali netal
hydr oxi des, MOH, where Mis Li, Na or K preferably the hydrol yzing agent
is aqueous NaOH. Preferably the hydrolyzing step is perforned under

bi phasi c conditions with an organic solvent that is partially mscible in
water. Preferred organic solvents are acylic or cyclic ethers including
THF, 2-met hy| SPrdesibed the aiternation Rimspertmestn] heprtfaibirokiovens iebipisioa e | y THF.

[00122] Al t er natr-Ve] Mayaiti ok bpemhary e Ra and Rb together with
the atomto which @ EZ:aréL g tacheg%g?)%lwr?gfto forma carbonyl, the

di scl osure pr (S‘W'éﬂes q ﬁ“r%@@é@a‘ﬁ@f@vmﬁ@%@mha MBhbbendepfesfedimmul a VI | -

VIVI1 15the prvmm&]sa@gyﬁpdrté b6 Bﬁ%@%d B Loyl a Via,
HO Z- OH, V\Ath a n‘%ound g fornﬁu S \/ gﬂ%s@r%ﬁt}?ﬁwfl)qmgfcor;eanve in the pr esence

of an acid cale‘éffl% fté\’lﬁﬁ’\yém&goé@ﬁﬁ@}%@ %?fﬁlﬂb‘ﬁmp@s\mﬂsmh dB@SBS? 1 N.) wherein
Zis -(CT1T2) Anoiher(sﬁ;cﬁr T Ji3monsRited thé a—\r%)erx‘é'ss101"}glfil’«/f&P:111mIlc;/;'r\é| .ﬁ@;ﬂg&y at each

occurrence is b( endent|ly sel ected from hydrogen C2al kenyl ,
hal ogen, hydr 8X3pretiuRgstung agele for MR- IWIPRS?DE‘?“%F@UMQNGMC( =0)C1. al kyl

(preferably Taﬂano&yer@mmry mmassemféhamg& RQLMead. IEY E5L1RB! 9p, Sd%Ff‘) conpound  of
I uenesul foni c

formula Via is,ethyl ene, the acid catalyst is
acid, or a hyi};l ?Vg%i‘ ‘é’gf’}/MEBd%ﬁ%Tee‘F poted 1n ghefjung ehﬁﬁtﬂp s of padienth scl osur e
ﬁgcj)\/:) deioflﬁpr otk &Hophidic ppl’n&ﬁ&ﬁfIfB@)S]@(W%ﬂﬁn?ﬁesf@ﬁlwﬁr& M, %dcci'ed .ngz 52 (N:-O -

e ransf Qrnin e ketal of formula
VIl to an int @:%@a@c 9@5} %Qﬂ% Pethg prerpisiivon ofMGP “ﬂ?ﬁéeepﬁafﬁ%fﬂdhﬁrmtl onis
preferably coddmfrebreplatmmamh Cror bdiuG. DRRUBARYENE Derm&B03240d, 13,224 710
ot e BRIELESUTE LIS, IR RIS TR 8B B elspevar 1 "1ag) ' P
lr)n xi ng af subsp!aﬁmTlaanbwofﬁﬂmdmeilssha@acnllsanamrremhed@:r Wedtedga¥idl et\bl. tqual Pase (the

ase is e i on, ecially a
doi e era P‘?% 2ls%iz')t hyl 5?'% RepBi e Sgﬁw"efgﬁlhﬁ@p

tertiary am ne, pre y tri 4%nal of or mat e
(for exanpl e, O@Y%ﬁt@mbm@herm%tl@ anfbméteqrsalbhlylumﬂu%@@h)thmvnlfheso&@tlewt| on at a

t enperature OﬁerﬁeBQJ@A@i?éanarﬁnQ,(%eﬁﬁ% AR0ddh460 &%t o forma m xed | Oanhydri de of

the acid of fornula VII; eating the m xed anhydride with an azide
reagent (pref OP2H| y Inaddijon; lﬁ?QRH@Olpimer@élm}éa&ﬁeerashphm&éaetaxsamsémlt}cat al yst

(preferably awididoal kbAmBRIUTLSRDLISN B! SARabIS'S AL Y paRIRAL um brom de at

about 5 M| % at a tenperature of out "Formthe acid
azi de of #Br nfit"8 Mgt 2805, I68RIED- $: N QN,NCON3 C) 2 Vila; and d) heating a

substanti al | yjoay driodisuid Qksibd RibaQtar EOR-23GY bee R fhyiGa 25 h LML Z, M 1@ O
for some strains of HIV (B. J. Doranz, et al., Cell 1996, 85, 1149), Tt has also been
determined that the use of CCR-2 as an HIV co-receptor can be correlated with
disease progression (Ruth I. Connor, et al., J. Exp. Med. 1997, 185, 621). This

25 finding is consistent with the recent finding that the presence of a CCR-2 mutant,
CCR2-641, is positively correlated with delayed onset of HIV in the human
population (Michael W. Smith, et al., Sefence 1997, 277, 959). Although MCP-1 has
oot been implicated in these processes, it may be that MCP-1 antagonists that act via
binding to CCR-2 may have beneficial therapeutic effects in delaying the disease

30 progression to AIDS in HIV-infected patients.

[0028] It should be noted that CCR2 is also the receptor for the human
chemokines MCP-2, MCP-3, and MCP-4 (Luster, New Eng. J Med. 1998, 338, 436-
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formthe correspondi ng i socyanate of fornula VIII. Preferably the
substantially anhydrous solution of acyl .azide is dried over nol ecul ar
sieves. 5(001251 In a |l e enbodi ment, the disclosure provides a process for
preparing a conpound of fornula I X having a ketal noiety: NR-022 t he
process conprising: contacting the isocyanate of forrmula VIII (optionally
in situ) wwth a conmpound 10 of fornula RRoCON(e.g. acetic acid) in the
presence of a corresponding acid anhydride (i.e. (RL000)20) to to formthe
am de of forrmula I X wherein: Riois Cl.6alkyl (Rois preferably methyl):
and Wis OH or443§1Simalteytew compounflOSF¥@Giblal(t) desciBidteeinodgaeriMEihe di scl osure

provides a progess.for pr ing.a .15 co nd of for X .the process
conpri si ng: byebmq\%f’gﬁﬁﬁ%mtc%éorﬁg?% beﬁ%ﬁgﬁﬁ CPPY ngsr%ynflg e DS nul a1 X
to form a conpgsndfcafve hotagmlsa oXthe Katoad of -0 WEP-Agpnd OF(CH-4 thatnge and r eagent s
are well known to thos skill in.the.art.. Preferably hydrolysis is
conduct ed by h‘@%‘ﬁ?t?fg)yaé%fglgugfcgﬁd"@fly’(‘:’%’ Mgfﬁﬁeagﬁ limﬁ%v}}mﬁgn kA ?(né%ég?'gr?%fet y in an
or gani ¢ sol yenMOpfigtit Bxanpkamad éohs )s canidalnt dr ‘Gofagaisinof almindlipabout | N) at
about 45 Cto Qb%‘atﬁo,?S &:I{_Qr,, about 2-4 hours. [00127] In a 20th enbodi nent,

t he di scl osure®provi d%fs a process for preparing a conpound of formula Xl :

,"NRiR2 N -H N029]" ATAccolRmBY, cob@Xinds Het podubesderndipracsiipgould educt i vel y
am nating the ¢o f . it h. i f r .812.9 in
the r esance. ofS Ry o bR hits B o 1 A B flatc B Tl IE 2
conpound of f omattbcdic Xkndeeanidfog cadipyesofd: ldamapl Paterit prebliggiontWO2085@01®81 I n a
21' enbodi pent . I.SClask ' o F=IWABE tively

i nating aompi! BSARIBRAIS LRI R R L AR bl y
titani um r eagesimpowsk that merulag ¥MEBUL MICPH MCPrGrd MCE-4 ectipitopy €58%- to a

solution of CofRaut AYUitRGs HHREpBANIH e b BoliiRAR b an

aprotic solvent to forman imne-enamne of fornula XA® RINR2 (0 NVL -
', NCO2R4 R8NI Roltixep syatheses thatipclydedhaiptmglutivoa apduhsawenbismael of fornul a Xa
with a reduci ngrogggglré?r&ﬁg_ef erably borane dinmethyl sulfide) to afford the
conmpound of formula Xl having a pyrollindonyl amne noiety. 5In the

f or egoi ng 3¢ ep¥38ine Thjsdetinable ifinddgy coappupd ity imgsexsHsharmaGrlesicedt

limtation, di ghl@feaelaered 368 kAW dhbhékinhaatobdMror &B#ple, it is
N- et hyl - pyrrol i di nonggélpr eferably dichl oronethane), 1001291 In a 22"

enbodi ment , t héssHlP 680 pev gRogprse &1t ippreted SERGMBRETGY PR MAMYe of fornul a
HN(12. 8) (R9) i sidfiefyasabty 2t ekdsoridt lpraddi-Bkipled AcQAdSQE. JHT2A réd3p@r),
embodi ment, the S aable 5 Rrd S SS Sl bus PRt v O SoRoUNd Of
formula Xl |: NHspjso desirable to find compounds g p
20 in one or more of the following categories:
(a) pharmaceutical properties (i.e. solubility, permeability, amenability to
sustained release formulations);
)] dosage requirements (e.g., lower dosages and/or once-daily dosing);
{c) factors which decrease blood concentration peak-to-trough
25 characteristics (i.e. clearance and/or volume of distribution);
{d) factors that increase the concentration of active diug 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
30 G.X. Dresser, J.D. Spence, D.G. Bailey, Clin. Pharmacolinet. 2000, 38, 41-57, which

is hereby incorporated by reference);
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RaR9 Xl | the process conprising: deprotecting the pyroll donyl
amne of fornmula XI to forma conpound of 15fornula XIl. 1001311 In a 24th
enbodi ment, the disclosure provides a process wherein the deprotecting step
is carried out by hydrogenating a solution of the conpound of forrmula Xl
in the presence of a catal yst such as palladium Preferably the

hydr ogenation is carried out at about 20 to about 40 psig in a solvent,
including, without limtation, nethanol, over 5% Pd/ C catal yst at about 25
C for about two to about six hours. 1001321 In a 25th enbodi nent, the
di scl osure providef) a prtreebs dasspthe pacritiagoradbereaipetig @f. formul a |

conprising co 0 ound of
formula Wo a]l#a %&é&%} S%oungg ﬁ]%? &utewfoug\ﬁ%reﬁpﬁm’ pmen%‘q C&@? pls a 3-14
menber ed het er%ﬁFS?POl!FFWgﬂWavlnmgd 6N priptritny antilet $h©hin0¢ﬁe}&ﬁbﬂ,gt ek fromN, O
or S (pr efer atégﬁéc,gmgdeglpab}chg ggd &&hgngﬁag@?dg&rgb CI al bn?é ?ryo to two nitrogen

atons) in at |east ‘one of YErs %- substit ut ed
10qui nazol i*h- 4*G;fomenh‘ij}eép}ﬁt*@#céfioalmiyha@acterlstfds uoronet hyl - qui nazolin-4-y1); and

LG is a | eavi nggy ouR islotediashe i QM TSeqWperein R16 is
phenyl, a 5- to 7r menber ed het 6r oar y ghﬁﬁ%ﬁ%%ng%g}mpmedpmf?:?f‘ﬁ? %%el ect ed

fromN, S, or PEFPargsuchgpRyfundseThege procestss mayrbndbenescrized ctibaltiliofthtional | of whi ch

are optional | wysulsteiabdstg r N fr.om hal ogen,
3 and G oal |y ™ %g%"‘ B o B ieor 1 ey

1001331 A | ea@? SSJ%PSG%% terbpighen cpakbinaigeryenintstimthe phiityi t at i on, gr oups

such as haﬂmgexlﬂ&udlﬁm)fhlq;hﬂty) @@Hﬁiy'a&l/&%ase%‘f‘hefn@ﬂﬂlcﬁﬁmnﬂl&ﬁé{&%8’/§r and
triflates. A %r ferred I%%yoﬁ&gfwrou hal ogen or 0SQ2R 6, wherein R16 is

phenyl, a 5- t0 ’forﬂ%oﬁ‘ﬂ%gr ?SQFOS‘/"FSSPF%RFI ng one or nore atons sel ected
fromN, S or O C.sallcyl, or a 3- to 7- 20nenbered cycl oal kyl, all of

which are optionally substit ne to three groups sel ect ed from

hal ogen, CF3, and Cl. 6al kyl SW?%( ‘ﬁ%@ﬁ%ﬁé@ﬂﬂ@g enbodi mrent LG is a

hal ogen, espeddoaz]l y Tl poasern iaventib PrbBidds alﬂavaaﬁﬁgoh;sm%hlﬁent the disclosure
provi des pr r |_n formul a X 5 , e1Cl1%
RgRO X aiéo g Q:%E?&H]fta%g rhg OF@@P rg?egior g ﬂ&@%@%%)ﬁémﬁﬁ’é‘t}’é@é‘t”@}) “Zmoi ety of

t he conmpound ﬁﬁ) $@FQﬁx[Ea(tﬁﬂummthal)d[uyrdzcﬂinytzymgn@gﬁﬂmdinq formthe acid of
conpound VI atjd.gf E‘B NRIRZNRI Ft 2 ( LO(
N O N 0002F1 86%2@&9@4"%‘%% F?’a?gaé’g‘f“"aﬁ 45ef 6%5%"“8‘?‘?%?0;4{3% Via,

HO-Z-OH, wit h"hﬁreé%haﬁmaﬁel ugsikpdetd pertanativh Qﬁ]btltabka@hdrmaaeibo&nlt u) in the presence

of an acid cag}@,‘la\éég 9 @LM8IR SR | | ng a carboxylic
aci d noiety: NRIR2 S'0002(%5( VI 10 eglltlzigI ﬁ%ngh‘genwn ur %Ooq‘mvf’ 'mula Via, HO Z- OH

(preferabl aPWP@ﬁ‘ém@‘IW@é‘l’smome@mallb lthe semhyiderehodd ofmeiby the vdntidnsa conpound

of formul a | VadeRiptdr @fea@dehidhciid a p o1 lccat al yst
(preferably paéteol u%fpesg t gntl éﬁlgiqﬁl,tblgrﬂsgb% iég f}%‘?ﬂ%ﬁ%%&egﬁrx}%&bg

conpound of f SPHEPHYRYCRAERFFHRY discaseprineisoyaniobieeitve ¢f trisiineytion. Khe
present disclosure also provides a process for preparing compounds of Formula (1),
inchuding N-({1R,28S,5 R)-5-(tert-butylamino)-2-((S)-2-0x0-3(6-~

25 (triﬂuoromethyl)quinazolin—4~ylamino)pyrrolidin—l-yI)cyc]ohexyl)acetamide:

Ry

0
H

O
0

-

Ry™ "Ry
}

snz;

Zits
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HO-Z-ON.7 \"'"CO2H g \''" CO2H Via C Z VIVl transform ng the
carboxylic acid noiety of the ketal of forrmula VIl to a correspondi ng

i nternedi ate i socyanate of forrmula VIII: NR R2 ( Lo \\ NCO ) 5VIiI;
contacting the isocyanate of fornmula VIIl (optionally in situ), with a
conpound of forrmula 12. 1000W (e.g. acetic acid) in the presence of a
correspondi ng acid anhydride (i.e. (RI000)20) to to formthe am de of
formula I X having a ketal noiety: NRIR2Z :0 R o |X and hydr ol yzi ng
the ketal noiety of the amde of fornula D< to formthe conpound of fornula
X: X, wherein: 1c2.1, and R2 ar dependent |y hydrogen or an

am ne-protectin roup.s b4 Aan @are ndent Cl. or
optionally subé"?‘?‘%\?&e@zbgn%l’?ﬁlw aZH%IaSFﬁ% E‘gdel}eﬁe&péeo\r{ﬁgwd {%%drogen or Cl
6al kyl ; Wis Okl u%lnécﬁhtkg/dftheqimmeﬁ atesalso PEOVEdER hdeip. - (CT 1T2) 3-,

or--77-11. 3) 04

i ndependent |y %Qaq:@ct eghefffr‘asﬁ’i'tﬁvﬁl%ué%?ﬁso pfbé?) h%i‘ffee%%ﬂ?gygﬁ r{éﬁggen

hydr oxy, cyano buttatnir)-2-QR32- o@@éa& I(qyiﬂuor&mjl)qmmkom( w)ammwhyndm }00135] In a
27t h enbodi pL OV

d
of formula \XH%VPE‘)ﬁWb%ﬁ% am& en%r S %am o?eufcaﬁﬁu(fca& %ﬁ? sajt gﬁ%g@?érgg( ?3%??2?“”
15(( (benzyl oxy)f@a}udnmmyfa;ctaremf Aokdi2enpxofod thp yreatrodnt df inﬂr@mﬂqrﬂddta@%as pi ro[ 4. 5] de

C e e M Gl B AR IS G0 bGP OT formila ViTa i

1, 4- di oxaspi ro[ 4. 51dec- 8-y1) - 2 oxo 3-pyrrolidinyl)carbamate, or a salt

th f; th d of ’
thereof L the, comound 01 RiEkbRsVRlbrioN 67 i pRARNGY

20di oxaspi ré[ 4.[@Bdec- Bigyxt)i BxpoxigeBiakapd siolulagid mytvdes artisenvef &-(Bk2%95Ral t

E ?25)6024( R 88)5rt% —ZQ(ES) f&ﬁ“a' @ r?ﬁubx%m@ﬁﬁ%knazolm—ﬁi—

di oxaspi r of 4. SP&ecn@mbld@—lowéy@hpW)PQﬁtﬁmeﬂﬂ)ldﬁﬂmn@tr@ HOgr4.a salt thereof;
t he conpound Ofg%(f 9] ”“#i%u?é 2l %xl%%}{r'at daf %%%raﬂed(pﬁ%é%réﬁien% o@@ﬁ%ﬁi@@ [

oxocycl ohexyl) 0xo0- 3-pyrrolidinyl)carbamate, or a sal ereof; and 25t he
conpound of foﬁrfter@uﬁllam@)t?eﬁ@y}oﬂo( (68 yriftporomety DRinemling- acet ani do- 4-

(tert-butylgn %ﬁﬁ/ 811 1)y oy Fra Wi, b6l 1¥d, Fe@fpamatc, or a salt
t hereof O 37- E O%Qg% yz)gy y?P)(E;dl m;nt ' t he di scl osure rovides a

process for prd ﬁl ng ’@“@énﬁéﬂﬁ'?ﬁl%‘?] g simwiaed powies gatisis 06 S (Ko AT ng:

nydrol yzi ng t he. @E&Eyl#ﬁﬂh@tﬂ((gfz Hhe- @qwﬂﬁulgauemi,%aumamﬂnae Vuitha
ydrol yzing agen referably an al kal i roxi de, __especi sodi um
hydr oxi de) to ﬂ’&‘fﬂ%"épyéfﬁh‘f}&ﬁ chwﬁohﬁwm@ﬂ 177 mak H?%Fa%ﬁ gand of formula

Va, HO Z- OH, wif§d37f he reempogRgbi@fental and simulated powder patterns of N-{(1R,2S,5R)-

20 5-(tert-butylamino)-2-((8)-2-ox0-3-(6-(trifluoromethylquinazolin-4-
ylamino)pyrrolidin-1-yleyclohexyl)acetamide, mono-ethanol solvate, Form E-1.
{06038] Figure 5. Experimental and simulated powder patterns of N-((IR,25,5R)-
5-(tert-butylamine)-2-((S)-2-0x0-3-(6-(trifluoromethyl)quinazolin-4-
ylamino)pyrrolidin-1-yl)cyclohexyl)acetamide, mono-acetic acid solvate, Form HAC-

25 L
[0039]  Figure 6. Experimental and simulated powder patterns of N-((IR,25,5R)-
5-(tert-butylamino)-2-((S)-2-ox0-3-(6-(trifluoromethyljquinazolin-4-
ylamino)pyrrolidin-1-yl)cyclohexylacetamide, mono-R-propylene glycol solvate,
Form RPG-3.
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S5formula VI, optionally in situ, in the presence of acid catalyst
(preferably p- toluenesulfonic acid, or a hydrate thereof) to afford a
conpound of forrmula VI1 having a carboxylic acid noiety; transf orm ng
the carboxylic acid noiety of the ketal of formula VII to forma
correspondi ng internedi ate i socyanate of formula VIIIl; 10contacting the

i socyanate of forrmula VIII, optionally in situ, with a conpound of fornula
121000W (preferably acetic acid) in the presence of a corresponding acid
anhydri de, (RlOOO} 20 (preferably acetic anhydride), to formthe am de of
formul a | X havP$#§l a Kevwml7. BSCef P:((1R,2S, 5R)~5~(tef‘th>ydd’milw42m@mhﬁok%a| noi ety of

eductively. ary oaeioRebikh Bl T ST DG Bren oottt 1 or mul a
1- 1 NR8R6 ( pr efhéiéra@lif)fftléﬁﬂﬁb’utyl amine) in the presence of a Lewis acid

(preferably a hidiani pmiaagentorfye Il?{ﬁiRgsggérz(be%lmmdﬁg%@y A égpf orm a

conpound of fornu avi n rotecting
the pyrol | i%li ﬁ%ﬂ“%ﬁ?’ﬁ@’llﬁﬂ'iﬂf*@?%ﬁmmmo}mmlﬁm yBcyebhpyladantdefemiul a X 1; and
coupling the goampeUeh @b sformula Xl with a conpound of formla wher ei n:
25RI, and R2 are independent|y hydrogen or an anine-protecting group; R4
and Avar e i ndd¥¥Abientigyeéy D§§I0f<1}‘1((18r JBi--tatbhiylaginos 2 (St @do-behzyl ; Rs and

RO are i ndepengi@nébyethy RLRLL8- @gla%ﬁ%yﬁbﬁ dm-vlgi)g, @;gf‘g{)acggln Lalkyl: “itn Zis

-(CTIT2) 2-, (bCTI T2)3-, or-/ at each gccurrence is
i ndependent | y "8%i Bep & r om hydr ogen, Cl. 4allcyl, C2-3alkenyl, halogen,

hydr oxy, c)anqgo4sj t r pieuEFd, TEChARYHR s, sﬁpfﬁzm%%aﬁno%z %{e)@}-n A

e ot BRI o v
het er oat ons, e&pm:am:y one to two nitrogen atons) in at | east one of the
6111 1 uor omet T qui Ak of 1 Virat s fierm of N 6% F0Geshi ng or oup.
selected fr ombmalamgequ) -DBARRIB(ritM RN R 1B 15- 4pgh§ﬁ§){$)pyrﬁ)h§m-lt 0 7-menbered
et oroar VDAL PG BLARL 8 Sh MRS sl T om N S 10or 0, ot gal
by one to thré®W4gr ouIiJgursel emi@e«)fN (R st )Ry @a-butHaniasd-@hGabdeyd-(s( pr ef er abl y
L6 15 2,1 95, SRSt B LR OIS AT, ol et L
LON 002 FofeHHE, Vorm ihéi-&i n: Rl and R2 are i ndependent I y sel ected
by o 07l S BILRE BLEAEIARS SR AR EAST () B P27 51

- (CTI T2) 320 oftrifluge WWY@QIIIWQIIIH -AFylemingRymeiidinT By iutyclelee i o atits, afse ar e

i ndependent |y meRs 8aS @drif ppm_bydr ogen, C24al kenyl, hal ogen, hydroxy, cyano,

nitro, CF3, OCl Aal kyl, OCF3, and C(=0)Cl 4al kyl (preferably Zis -(CH2)2- ).
A preferred cmﬂundﬁwe Fo e of Nl(18,25, RR- (R8) buppl{nfis)-23(S)-2-0x0-3-(6-

5( benzyl oxycafhomydnan fyi)@)me%@lﬂz&ﬁ Xrﬁfn@}p&x@dh’&m r%ﬁ&ﬁ@@%g@ apeear boxyl i c

acid or a salt thereo I n’'a 30t closure

provi des a coff§UAsH 8 EdicRFACGHA that is

1R 28) - 246 S) {848} be nayrOxsy argbamy i L) 62-
E)xocycl)ohega)n%: f?bg}gﬁgc ng d or d(ﬁé‘%s{’?i)tﬁh%ér)é%?ﬂlﬁma p@%j )érél)})a(631n

enbodi nent e ﬂ}’r"éazﬁ’r“o‘\ﬂlﬁém%)!’ﬂﬁ?\}‘ém %ﬁd}?ﬁ@ﬁﬁwlbﬁetﬁmﬁmow—w |, or a
sal t ther eof : achRARR sofvare, Hdrm HRE-T., \ CO2H

[0049]  Figure 16. DSC of N-((IR,2S,5R)-5-(tert-butylamino)-2-((S)-2-0x0-3-(6-

(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin- 1 -ylcyclohexylacetamide, mono-
30  ethanol solvate, Form E-1,

- 16-



C) Z VIl wherein: 10Rl and R2 are independently selected from hydrogen and
an am ne-protecting group selected fromBOC, Cbz, and benzyl (preferably
IL, is hydrogen and R2 is Cbhz); SS 71ln/ Zis -(CT1T2)2-, -(CTIT2)3-, or
(1-310-4; and T 1, T2 and T3 at each occurrence are independently
sel ected from hydrogen, Cl.4allcyl, C24al kenyl, hal ogen, hydroxy, cyano,
nitro, CF3, OC 4alkyl, OCF3, and 15C(=0)Cl4al kyl (preferably Z is -(CH2)2-

A preferred conpound of formula VIl is (7R 85)-84(35)-3-
(((benzyl oxy) car bonyoami no) - 2- oxo- | - pyrrolidinyl)-1, 4-di oxaspi ro[ 4. 5] decane
-7- carboxyl i cl04801d. Figurf 60 1U®} of M{(@ARI3,58)- St dhiviamino) 1) diose B dur e

provides a co g lohexvl "
(7R, 8S) - 84( 38@’3’*‘{5?0("3%@@1&%% H)onylt) g’%’ﬁ’dﬁ’zl-” e e e Nl ) - 1, 4
di oxaspiro[ 4. Sftuamha@émﬁ;]ﬁnmﬁokyl ic acid, or a salt thereof. [00141] In a

33rd enbodi men he #i ' VS 16859 kespgl a Viia,

or a salt therLﬂc‘)}?f.] m'1@%@@@%ﬁ%%@\%@g@%@%@& 0;(95@' and R2

are i ndependenfttifuasshetiotadntzelr-ipchirodpyrrobdiet | ahcxsphapetsmeds: nerg- 5gr oup

sel ected from ﬁ%go vihZ ch%'fl%b %ngyﬁiﬂggf erably Rl is hydr ogen and R2 is
2

Cbz); sS .e-ch s CTITZ%R! or"--/ (T3)0.4; and T 1,
T2 and T3 at eﬁkﬂﬁz]occﬁjweh%eﬂé’?l ef Nﬁ@gﬁ&ﬁ fei-byleginord- (D Brvpy df-ogen,

Cmal kyl, C24al ) - oatanfidel AadKkyl, OCF3,
and C(- 0) Cl- 4aPﬁ@lydm%ér}g’bggg&omwwa%)p Mfi‘&{-h ymM&“Kggr tea%n erred corrpound of

formula Vila |§p@@wkwglm@wmﬁfr{m¥?\% 7- (a2| docar bony1) -
|, 4-di Oxasﬁbropﬁsﬁldeﬂgxﬁe ¥d) meadesn %aﬁ%%éﬁioﬁ&ﬁﬁﬁ&h&rﬁ@é@%k@ BiRQEA2] In a

34th enbodi men the di'sclosure provides a conpound of fornula Vila that is
benzyl 1 inhibited mononuclear cell recruitment to skin.

((3S) - 14( 7R, 8S)gps4j( azigae ar. bamvd) Td pé}n@h;@qawcmkﬂmédse@mﬁpw) 2- 0X03-pyrro
| i di nyecarbanmate, or a salt thereof 0143] In a 35th enbodi nent, the

di scl osure prOmhtyg@ngf@erf%ﬂg{ﬁ@crgﬁhagqﬂnﬁmagowptppentgqealépa‘gmt thereof: NR R2

\""NCO P Zi wheyesin: Figure 22. IRICTON JRAsSK £E (RApeRRAARAIINNER! ected from
hydr ogen and an am ngﬁygrot ctl n%gqrou sel ect eg from BOC, Cbz, or benzyl

(pr ef er abl y° RLEHCEPIH ugatggytyeduged;clinicl gepreroy o U (CT112) 3-,

or--/ Cr,)04 ;[oa3§l  Figure 23. TPra_t3nNmﬁisjﬁgctﬁtofﬁﬁiﬁh'pl@l;(zﬁm@fmﬁﬁreare independently
selected from h}/dro enS 5Cl4al | g'}/‘;é’( . 4al keny1, hal ogen, hydroxy, cyano,
nitro, OF3, OCFARFENPR, StscFEomlI9c =0) C14alicyl (preferably Z is - (CH2) 2-

). A pr efmes7jed ngmwndomﬁmmta o¥Ekdmpls], D¥matinagye3S) - 14(7 R, 85)-7
- isocyanato-1,4-diox i rol.4.5]dec-8-y1)-2-o0x0-3-pyntlidinyl)carbanate.
1001441 In a 385‘"’33%‘}?8%?%{9_ om ngi scl osure provides a conmpound of formula
VI 10t hatoi s[dess1zyl Flgure 25 Proton NMR spectra of Example 1, 2™ Alternative

((38)-14(7R 88 1.S0C, oxaspi ro[ 4. 5] dec- 8-y1) - 2- oxo- 3-
pyrrolidinyl )cg?egagrf‘htnet § %quf]&i%hereof 1001451 In a 37th enbodi nent,

t he di scl osur e[4989vi dlégurazﬁol?rptomhidﬂbsfpecftwaﬁﬁkeamﬂe)q Y8iAlamstet t her eof NRLR2

vi "oNli, RO Qreparanon, Step 4 - Compound 10

[0060] Figure 27. Proton NMR spectra of Example 1, 2™ Alternative

25  Preparation, Step 5—- Compound 11.

DETAILED DESCRIPTION

{8061]  The present invention provides a novel antagonist or partial
agonist/antagonist of MCP-1 receptor activity: N-((1R,28,5R)-5-(zert-butylamino)-2-
((8)-2~0x0-3-(6-(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1-

30 ylheyclohexylacetamide, or a pharmaceutically acceptable salt, solvate or prodrug,
thereof, having an unexpected combination of desirable pharmacological

characteristics. Crystalline forms of the present invention are also provided.
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wher ei n: RI and R2 are independently selected from hydrogen and an
am ne-protecting group selected fromBOC, Cbz, or benzyl (preferably R is
hydrogen and R2 is CbZ); Zis -(CTIT2)2-, -(CTIT2)3-, or-/ (1.330-4 20T 1,
T2 and T3 at each occurrence are independently sel ected from hydrogen,

C2aal kenyl, hal ogen, hydroxy, cyano, nitro, CF3, OC4al kyl, OCF3, and

C(=0) Ci14al kyl (preferably Zis -(CH2)2- ); and 1210 is Cl.6allcyl
(preferably nethyl). A preferred conmpound of formula I X is benzyl
((35)-1-((7R 88)-7-acetam dol, 4-di oxaspiro[ 4. 5] dec-8-y1)-2-o0xo-3-pyrrolidin
yl ) car bamat e. Ppgowessiica] ¢prmogidmn cantrivonti thesame abdreetilids of wagtie sprhoasi des a
conmpound of f Qedmul s i . . .

((38)-1-((7R 8 %7%%&%%( Jgﬁ%@%@%ﬁ%ﬁ%&yﬁg{ BB A OB aS Mstaheicotanses . 3-
5pyrrolidinyl FREpsarigysculydisgaseds elsq dnesbmetive o00BAkntion. ZhGSedanterbodi ment

t he di scl osur evRiRY LEESroFIGR t. thereof: RR-Po
X 10wherein: I%i pro m%%?ﬁ%&géﬁ{ gﬁljfl ?D yéﬁyog?%%gﬁ%b’rm%{ (ﬁ“"

and
am ne- pr ot éct Th§ el sérdendamnipg) g BESxoGHs-(tridindtobehd)gbineaiit 4R 0 i S
Cal kyl . Pref e@ablkm)p%oliicﬁn_hyxj@@ggaf,;)gg&ahﬁe:(:bz and Riois methyl. A preferred

15conmpound of fortnula X is benzy

((3S)-14(18, 2R) - 2- acet ani do- 4- oxocycl &h - 2-

oxo0- 3-pyrrolidinyecarbanate. [00148 #h th enbodi ment, the disclosure
provi des a conmpound of formula X t@s benzyl

((35)-1-((15, 2R) - 2- acet ani do- 4- oxoc1 ofexyl ) - 2- oxo- 3-

t he di scl osure provides a conpound forlmula XI, or a salt thereof:

wher ei n: Rl and R2 are indepengent|% hydrogen or an ami ne-protecting
group selected from BOC, Cbz, and benzyl; 5Rg and R9 are independently

hydr ogen or Cl.6alkyl; and Rio is ReS . Bal | cyl. Preferably Rl is hydrogen, R2
is Cbz, R8 is hydrogen, RO is ten-butyl, and Rio is methyl. A preferred
compound of formula Xl is benzyt—~((38)-14(1S, 2R 4R) - 2-

acet am do-4-(tert-but xkgm’ ]Qo) C hexyl ) - 2- ox0- 3- pyrrolidi nyl)carbamate.

10[ 00150] | n #hAtinRe DAY Frennd tie adies ddsoihad kergn.oRintesnd timospound of
formula Xl thgksl SiteREITY, . :

((38)-14(15, 28,48 2. aceétsé’fﬁihé%’f’ie-“‘(?r%?’%f’-%&‘??/‘ﬁdé‘%e‘ﬁ‘t)) cycl ohexyl ) - 2-

oxo- 3- pyr 81 i BP%A}ec dNHERetSSR) Srltey-typflamindh@r(E0R-0k004611 I n a 42' d

enmbodi nent, t ket Rz B O oU [, or a salt
Chereof - ohd 1 1 o R R Ry Ry st AR g

ani ne- pr ot ect PREPGFHY fereees s & desrlpr @omatiapyl phamecolsgivaly| © Rs and RO are

i ndependent | yctacte@gerin@iidifg » Sakikby n2h BopRRR Graf HoCHRAHIN - .
Preferably Rl is.hydragen,, Rs is hydrogen, RO is tert-butyl, and Riois
nethyl . A pre(fogﬁ)}né nc%ﬁ’ﬁ%‘h%orﬁfthaf Bisrhighly odiqacipus and has excellent safety

NA(1. 12, 253 5Ryt@4( 35) - 3- am no- 2- oxo- 1pyrrol i dinyl)-5-(tert-butyl am no)cycl o
nexyl) acet am e LPHRBbuifod oot SIBON TNk G dhedl e Provi des @
N- (OR, 28, 5R) -124(@5)» 0205021520 paotishkd PiFchabiW0NYE)PaRn(NE 53 037

but yl am no) cysg C m de r a salt thereof. [00153] In a 44th

embodi nent , tihségwg%%gﬂg@a}paﬁ%ﬁeﬁg)sp“é?e'ﬂ%rﬁ’ffbﬁﬁ?f&lthgtéjle@(%‘f%’ﬁe £ gpquate

( 7R 85) - 84( 35%kee ¢fatrarizapk pxypaaith Gryifitah fi-000)f-o2x OxsOrailatiyy) @b heti nye- 1, 4-

di oxaspi r ¢f 4. gkdeg =carboxylic .acid a salt. thereof; 10benzyl

((35)-14( 7R, 855-%- az?‘é%‘ggsf %’on%i ?dltfyjﬁeéficocggébd?‘ﬁ%”[a%ﬂ@] @acasgrapf) - 2-
efficacy), and/or they lack appropriate criteria for safety as indicated by ion channel

selectivity as measured by hERG and Na+ jon channel studies.

pyrrolidinyl)carbamate, or a salt t\@E)f .r;00149] In a 40th enbodi nent,

[0064] In contrast, as illustrated by the data presented herein in the section titled
“Comparative Pharmacological Characteristics”, infia, the relatively polar molecule,

5 N-((IR,25,5R)-5-(terr-butylamino)-2-({S)-2-0x0-3-( 6-(trifluoromethyl)quinazolin-4-
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oxo0- 3-pynol i di nyecarbamate, or a salt thereof; benzyl

((35)-14(7R, 85)-7-isocyanat o-1, 4-di oxaspi ro[ 4. 5] dec- 8-y1) - 2- oxo- 3-
pyrrolidirtyl)carbamte, or a salt thereof; benzyl

((35)-1-((7R 85)-7-acet am do- 1, 4- di oxaspi ro[ 4. 5] dec- 8-y1) - 2- oxo- 3-
15pyrrolidinyl)carbamate, or a salt thereof; benzyl

((35)-1-(18, 2R) - 2- acet ar ni do- 4- oxocycl ohexyl ) - 2- oxo- 3-
pyrrolidinyl)carbamate, or a salt thereof; and benzyl

((35)-1-(08, 2R, 4R) - 2- acet am do-4- (tert - butylanlno)cyclohex ) - 2-

0X0- 3- pyrr ol i ARy eEFdidivel-d)cyephesylieqetamids depayptray [ﬂlews%l}glx Wel 45t h

enbodi ment,  t hgodt SEhasiaR mvwlﬂ@sana BREESSs YVRE! €CRY binding abil@dy conpound  of
formula VIl is 7R, 85) - 8- ( (((benzyl oxy) car bonypani no) - 2- oxo- 1
-pyrrolidinyl )ﬁqﬂwlﬁleﬁ%él%‘ﬁl"?"d%ﬁmsl]sé'é%fﬁé - carboxylic acid, or a salt

t her eof ; 065] ALSHTREYNH: &Eseﬁﬂﬁ&&liuﬁl pYdilides b fePeREYkine modulator

((35)- 14(7R 855 7- (azi docar

25di oxaspi rd[ @BSHHQWTBYGQ??‘“@?%%&-CSI %?/’Pﬁ“‘éﬂ'sf”éﬁ%I’S)eé&fi"ﬁéfﬁal?eé’sefﬁ'rma sal t

t her eof ; %Wo@fallf:@fcnwuﬁmhﬂhﬂlé me@bdR 'WaNder and/or cardiovascular
((38)-1-((7R 85) i socyanato-1, 4-

di oxaspi r of 4. 5{tf&¥s-8- y1) - 2- oxo- 3- pyrrol i di nyl ) carbamate, or a salt thereof:
a conmpound of formula I X is benzyl cmBE3mMENIR 85) - 7- acet am do- 1, 4-

di oxaspi ro[ 4. 5] dec-8-y1) - 2- 0x0- 3- I|din I)c salt thereof;
30t he conpound[JOBq6lf orlﬂﬂiaeae“%ogmﬁ‘étn@gp‘s‘( pontsis di feCtﬁ?T’g‘?g(%%% 53%%?% do- 4-
oxocycl ohgmy :c )l;uzylﬁ?ﬁﬁo)&- )8 &Jdﬁ(%lf)u@ﬁhbﬂam&laz@]i’n fylsanb)pyiaieol-; and

a conpound of for

a3s)-1-((1.1, ) eﬁlg‘ﬁ‘g?’ﬁlﬂ? &deé‘ BRSPS SERIRIS S L P BBy | ) - 2- ox0- 3- pyrro
| i di nypear banam)em]or fnogat émﬂohﬁreeuﬁa{:@ﬁalﬁﬁdfoﬂnmofm «m hs emmdment t he

?:?,S(ZﬂS?g lIEIQ; _GSPE ?V' anb]ﬂ? ﬁ@%‘%%ﬁo“%&@w@n{%% Srltjago in- —ylammtr)%yrrohdm g N((

5(trif|uoronethy@%qumﬂ&zahmﬂe4ﬁybaalno)pyrrol|d|n 1-yl') cycl ohexypacet ani de
or a salt [001 resent ied in other
specific f $ ﬁw§Wr1 g@par m%n??%%??ﬁpmgﬂF?&@qgﬁﬂégggﬁgﬁgg attributes

t her eof . Thus,mnﬁenm@mN@Sbhbﬂd]ﬁﬂhﬁmoshmmwﬂmmﬂmmbelﬁmnmphgm@du+lnltlng. Any
and all enbodi ryen fit L vent onj unction
W th-any" ot her BAuaiseHshReyE 3R Bhe XN SO AR h RS AN -7

enbodi ments. Edeh. i ndi vi dual el enent (including preferred aspects) of the

enbodi nents is o] [ gt}]pg el ement of
an enbodi nent Ehégjrea\g&t:holt‘hgpﬁﬁg flﬁe Fﬁﬁgﬁifag%ww@g%ahmgwtemnts from
any enbodi Afnt cellpadasicrsististanieldalial fodkeaibllevidi ment. In addition, the
present invention lagpcoanasses conbinations of different enbodlnent parts
of enbodi ments, definitions, descriptions, and exanples of the i nvent i on
not ed herein. DEFINITIGN51§6@9@7]The following are definitions of terns
used in this specificatjof,gng)20 appended clainms. The initial definition
provided for a group or termherein applies to that group or term

t hr oughout the specifi catiideoodd cl ai ms, i ndi vidual 'y or as part of anot her
group, unless ot herw se,Lrgi cat ed. [00158] The term"al kyl" refers to
straight or branched chain hydrocarbon groups having 1 to 12 carbon atons,
preferably | to 6 car boh= é.%%% DMhen nunbers appear 25in a subscript after
the synbol "C', the subgepppt defines with nore specificity the nunber of
carbon atons that a partlgular %roup may contain. For exanple, "Cl-6alkYl'
refers to straight and Bidahz hed-ERai n al kyl groups with one to six carbon
atons, such as netmwkxgghﬁyngmhpropyl i sopropyl, n-butyl, t-butyl,

n- pentyl and so forth. T e sHbscript "0" refers to a bond. Thus, the term
hydr oxy( C0°9) al ky! Melersnissl o hydr oxyal kyl i ncl udes hydr oxy,

hydr oxynet hyl angeilyad @¥oatIW b enPhidike ghaBupS227BYRDE substituted with one to
three groups sel ected fron1(C16)aIkyI (02.6) al kenyl, hydroxy, hal ogen,
cyano, nitro, CF3, O(Cl.6alkyl), OCF3, C(=0)H, C(=0)(Cl-6alkYl), CQ21-1,
C2(C .6al kyl), NHCO2(Ci .oalicyl), -S(C-oal kyl), NH2, NH(C -oal kyl), NG _
6al kY1) 2, N(CH3)3', S02(Chsallcyl), g=0}J{Ch4alicylene)NH2, C(=0)(Cl_

al kyl ene) NH( al kyl ), C(=0) (Cl-4al kylene)N(Chal 1cyl)2, C3_7cycl oal kyl,
phenyl , benzyl, phenylethyl, phenyl oxy, benzyloxy, napthyl, a four- to
seven- nenbered 5Sheterocylo, and/ or a five- to six- nenbered heteroaryl.
When a substituted alkyl is substituted wwth an aryl, heterocyclo,
cycl oal kyl, or heteroaryl group, said ringed systens are as defi ned bel ow
and thus may have zero, one, two, or three substituents, also as defined
bel ow. [001591 When the term"alkyl"™ is used together w th another group,
such as in 10"arylallcyl"”, this conjunction defines with nore specificity



| Oabove for al kyl groups. 1001631 The term "al koxy" refers to an oxygen
atom substituted by al kyl, as defined herein. For exanple, the term

"al koxy" or includes the group -0-Cl_6al kyl. [00164] Wen a subscript is
used with reference to an al koxy, thioal kyl or am noal kyl, the subscri pt
refers to the nunber of carbon atons that the group may contain in addition
to heteroatons. [00165] It should be understood that the selections for al
groups, including for 5exanples, al koxy, thioal kyl, and am noal kyl, w Il be
made by one skilled in the field to provide stable conpounds. [00166] The

t erm " car bonyli#07flef efsotitep erabddimeat ig tite NoaAFbonhhrageruPby Gf Bng) 2 [ 00167] The
term"acyl" r 1 rbonyl group |jnked to organic radical, nore
particularly, {)ﬁgeé}é?ag/uc%fﬁg%%? fncgl's(’pwg]gld”ﬁ%orﬁf’ ?ﬁ%gé{f‘lé?ﬁ(cﬂf%up -Q(=0)12, - ,
10whi ch are | Anket 810 sadoga fiiom stsadlil cizlis 14,070 19RO4R [WRPetRR depse! ected from
al kyl, alkenyhrcalkynyl, cycloal Il cyl, heterocyclo, aryl, or heteroaryl as
defi ned hereiii; “or when appropriate, the correspondi ng bival ent group,

e.g., allcyl ews71)] 0046 er i@ dfoRnM the KT Rl cBathcter &I 157 (Sr Pkl | Y saturated
and partially uqﬁatur%tfd,h drocarhon rings (and thérefore’i ncl udes

"cycl oal kenyl PETHGE#Y dyffacsos petigm tyjiher comppsine 1pur o3 mogs of 28 splirs fCelicons.  The
term "cycl oal heysdish eletsesos ey 1 i1ngS 4RAYi ; or three
substituents gqlectéﬁﬁfron1(CI4alkyl, (C24§2?i§%&%?mﬁg %g%ﬁ@ﬁhydroxy,

cyano, nitro, QCES, O(CL. 4al kyl), OCF3, C(=0)H, C(=0)(C,..4alkyl), CO2H,

CO2( Cleal kyl iSHEN. 3C ’ g KV
(ool o)) ot S delhctioNimn: ibEN D gkl Wit K1 L o) e,

N(C _eal | |)}21, _N(Z%J‘. al k
C(:O)(Cl4§¥ky EHEPNHERICKTYntgiogbitantlyes ksgditTablal kyl ene) N(Cl 4al kyl) 2. The

term “cycl oal fopt3y almtﬂeﬂ&ﬁmdmnﬁm@méMcﬁ@é&eﬂ%d%y%&%%ﬁg)ra? ng fused
thereto (e.qg. |ncluggﬂ%?benzo, het erocycl o, or hetéroaryl~rings) or having

a car bon- car bBWeb¥ i3 iompatten suisepidly aecoring to Figwe89] The term "hal 0" or
"hal ogen" ref @Bt 0 Adother @nbobikeAs a érlsdMinedntth Jrad@ir 108G A The term

"hal oal kyl " s .a .substjtuted al kyl having one or nore hal o

25subst i %/uentngu%’q?—%'f’o)zzig%'%‘,0‘3'%éf”é‘él%l"@?ﬁy‘)‘i“}g?ﬁoﬂerés)”ar%ﬁ@!,’yﬂl?iif,“ndnd
trifluoronet hybcyclpla@ilftdtaribe foebase, chagrnk KoMy 1. MEa ST saRoi@l ¥y gr oup havi ng
one or nore h@hﬁa%%gﬁgi uent s Fortex?ng+e, " hal pal koxy" incl udes OCF3.
[00172] The term ~het f oat ons™ PERAFFS FHET M@y t@id o 8grer28rvaBesd ni t r ogen.
[00173] The t efCnKtaryb418Aefabicad fiompheiay] frachinphamyit cookditb@s @B¥nsatly- napht hyl

and 2- 30nap \ : rm"aryl" incl.ydes such rings having zero, one,
two or threehgﬁgégPﬁ%@ﬁ%gn@%ﬁﬁ?%gﬁKFWb efﬂfﬂFw@${m%%QW%$ﬂ%%W$, hal ogen,
hydr oxy, cyanteFimietdro, CF3, O0(Cl.4allcyl), OCF3, C(=0)H, C(=0)(C _eal kyl),

CO2H, CO2641. 1 Gl 4al kY1) ... S.Ci | H2, NH( Cl4al kyl ),

NG 4al | g§| )g@ﬂs@/c)f‘ Sﬁhg?%%‘gﬂ%‘égﬁa(“ %‘f“ﬁ;%?r?é?b(k(}é‘é‘;%gé%%k(w‘ége) N :

C(=0) ( C34al | cineaayNidEHyd=p;3-(Gfaiflorro@ind)pGhalaklybyimys)didinal ky02.
[00174] The t Yl YEkO. SRek Licy refers to substituted and
5unsubstitut e °%%ﬁigﬁ%ﬁ%ﬁ?§gE%HF%%C%ﬂﬁgﬁéeéﬁf¥qgﬁPy”%gwﬁﬂﬂly saturated) 3-
to 15- nenber@# PG OHAY et prameers bund hdrele bat @r®r mSech vilbegs can be

510 7. mener e IREH CBLONRRT b b IR B BLEELLS g oups, and

10-to 15-nenbered tricyclic groups. Ea rrng o € 0 group

cont ai ni ng a Hétet Bdrde? eroreonveir n-rordifostion petecoxsypbrantialy salrfitg  at ons

and/ or from apeigh@ four nitrogen atons 10 provided that the total nunber of
heteroatoms in each ring is four or less, and further provided that the
ring contai nd"%®! | edapthetembedimpns it arsieiling Frem ol N &6 Ry2SHES-Se@npl et i ng bi cyclic
and tricycli Gugl@#Ry-20BY-26RpBak Ay OB A _be. saturat ed,
partially sat%?gted, g?yunsatﬁégiggﬁ&%ﬁﬁﬁﬁﬁg%%ggﬂ§gﬁgggﬁﬁ¥wﬁ 5tons may
optional Iy be SGUrodaccitde g bare compepnafonE- hiyoroptieonsdivar)be quat eni zed.
The het er acy chaad@geosipnd@y: O RkAGRMAL TRV 1:3%RY LARLE 2Pl LifQgen or carbon
atom The heterocyclo ring nmay contain zero, one, two or three substituents
selected fro %%%7%ﬁ%§$2%F@§¥ﬂﬂﬁ5ﬁ%@ﬁ@ﬁ?mméM@génmowydwomyanWano, nitro,
CE3, 0(Ci4dal kyl), OCF3, C(0)H, g=0)(C 4al kyl), CX2H, CO2(Challcyl),
NHCO2( G, 4al kyl ), S(C Aal kyl), NH2, NH(CL.4alkyl), N(Cl4allcyl)?2,
N(Cl4al | 04) 34, S02(Ci _4al kyl), C(=0)(@&:. 20 4al kyl ene) NH2,

C(=0) (G al kyl ene) NE1(al kyl ), and/or C(-0)(Cl-4al kylene)N(Cl al ky1l) 2.

Exenpl ary heterocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl,

i m dazol i nyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl,
tetrahydrofuranyl, piperidyl, piperazinyl, 2-oxopiperazinyl,

2- oxopi peridyl, 2- oxopyrrol odinyl, 2-oxoazepinyl, azepinyl, 4-piperidonyl,
t et rahydr opyranyl, 25norpholinyl, thianorpholinyl, thianorpholinyl
sul f oxi de, thi anmorpholinyl sul fone, 1, 3-dioxolane, quinuclidinyl. and
tetrahydro-1, 1-di oxot hienyl and the |like. 100175] The term "heteroaryl"



25[00178] The conpounds herein described may have asymmetric centers.
Conmpounds of the present invention containing an asymetrically substituted
atomnmay be isolated in optically active or racemc fornms. It is well known
in the art howto prepare optically active forms, such as by resol ution of
racemc fornms or by synthesis fromoptically active starting materials.
Many geonetric isoners of ol efins, 30C=N doubl e bonds, and the |ike can

al so be present in the conpounds described herein, and all such stable
isoners are contenplated in the present invention. Cs and trans geonetric
i somers of thexsqREPaundR sehdbhepdiieseny diffacant p:bmaattnaedg kidethgand  may be
isolated as a m xture of isoners or as separated isoneric forns. Al

chiral, diastePd®¥4c, racemc fornms and all geonetric isoneric fornms of a

;st ructure ar ef oﬂiﬁndeﬁd}otﬂéﬂérﬂﬁagmtebﬁ% g&@ghlfzhdlfoﬁaﬁ eMeQeRestR}- ?Yteﬂf i sogerl C
ormis specifjc cate 17 e.en ner o ounds

di scl osed her e? ?'F&‘éo)cﬁ gg&'zd@"os?(]@ed’?fﬁ‘rm H{?WCB?‘PVZ@ r%ﬁ?‘@‘&ow ]e ot her.
Thus, all of typystiekaRchenids it BieabRpeanSode -1 gndae-aeetipagit of the

present inventl en required, par ation. of .t racemn c mat o ial can be
ht eved by HPCCAIR TG o B s gy oo b FEoh G 2 resol vi ng
agent such as @ap «cr=alhogd)dea @aiﬂdmﬁtmsem&o Natengs codidinle,
Ant i m'crobi al A en?gmlo an& C%égg% gzrazgal 1995, 2 02 2605. [00180] The
phrase "phar math ﬂ‘f‘}“&]é’f?s)}’s'ﬁ {ehsPls 1289705 4PosiE R %P%WW“?IB refer to those
the s6ope. gga%gﬁi;?“ﬁ‘é”fm;f ‘%“ﬁf’%“ e gébfis?g‘? f v@“@“ggg%gt % th the
ti ssues of ‘hu ei rﬁj&o ba? V&éﬁﬁy?tﬁl i foan RS GN{GRIBPRN Y i rritati on,
al I ergi ¢ respo@sebutAimihbol-{{8)-2-prood (6 fuoreemyldaizelon- commensurate with a
reasonabl e ben f| t/ erein r eutically
accept abl e sal}f )81”5(5“1{“8} 6@%’ [)gptx?’@aélémmﬂe%ﬁeeg%% Yo 8%%’68%5%%%%5 wher ei n
'g(le p?rentfcohn@mmmop:s;)mmofvlae}jchbgacmmkd hgthammdcedirpataa]sersfalnﬂsn Tdveer eo:‘_ od
anples of p eutic u re not limte
to, nineral orﬁéroégﬁf%mﬁ?bﬁxg‘?%@g%? E‘%g@%@e‘%w%&% q‘gbd%g %/aam nes; al kal i

or ?fl organmsc sativsl ebmacbdiipateessbdangsllysu tiedim TobleBoxyl i ¢ aci ds; and t he

XS, e DR AR YRR PR S A LR Lol
formed, for exanghminoka-gi-how-3- (Mfmormﬁgaqmmﬁzqim bylgambpyadidisl- For
exanpl e, such i Qs yed from

i norgani c aci dgl% 2 gﬁ&ﬁgagﬁlﬂafragcr} e% g%%l gmﬁpﬁiqg]?g ][r?'girinﬂg% (ll%glsu}?]p ﬁﬁlk sul fam c,
phosphoric, ni glmotsm)tlmacterlk@ bya}wdmtthéi madneterplowpian &eblé | é‘mrélogani c acids
f;gthaglscacg§ | CgROPRLONK o SHEELILE) selLUeRLA Euni ShAEAf LT C 10y

gl utam c, benzmoshnamhbwhulbl as qu‘ @] albla&anﬂera@ewde(yﬁb‘evnilﬁ'raetlorrfmmw| c,

t ol uenesul foni% %%g@f,ﬂ% Wi [,ﬁ)nf; Gure £t hane disul fonic, oxalic, isethionic,
and the |iKke. % rmaceut i cal | y accept abI e salts of the present
i nvention can E&@yntmezwcﬂmm it ehquanagwticalaympesitivg, salvipadingont ai ns a
basi c or aci di Yac Wl §I;’ge£§ General ly, such
salts can be p é‘%‘:g‘wﬁg %%4?2&9&'{9%25 ree g(g‘lgf )Ja@gge forms of these
conmpounds @iith[0&81§ton‘tﬂwh§mquéneahmmethe¢ for medelgion opeticapkingeise or acid in
water or in an %QBEé e??b'r\!&ﬂh{ cﬁ’x?prﬂs:ﬂg%M%&Hﬁ%a%aﬁeﬂﬁn%% hed&pgrally,
nonaqueous nedia |1i her % acetate anol, ‘i'sopropanol, or
acetonitril e aterappubsady P@@“V‘Hf@qust e cempabpidheBiamslenr e found i n

Remi ngton's 5 [y rfacmwes:@rhbo%eﬁng%emam?;rf%@ulanol}/%@&cﬁtat}baegtm ng Conpany,
Easton, PA, 19385, 8, the disclosure of her eb¥ i ncor por at ed
by reference. f@@ﬂB@PPSﬁlﬁ&éfﬂwlﬁmflﬁq% 2 ptEnYdn BWH ﬂﬁfﬁoéﬁ‘ﬁ&rﬁﬂf‘é“‘?ﬁ}ﬁer ous

desirabl e ggal 83 BouRhak BRGRM GRleSxbRpEs., Solubility, bioavailability,
manuf acturing, etc.) the conpounds of the present invention may be

delivered in pl88Hug 4wther enppdinent i e msthed &y modgatio pEMGP oln M -3, nt ended to
cover prodrugsy@p e MrFesend Merd é%hﬂ%ﬂhéi%m%&q%y t]{EQid‘KQqéceStfo; delivering

t he sane and conpositions contalnlng the sane. "Prodngs"” are intended to
include any covalently bonded carriers_ghich rel ease an active parent drug
of the present invention in vivo when such prodrug is admnistered to a
manmal i an subj ect. Prodrugs the present invention are prepared by nodifying
15f unctional groups present in the conpound in such a way that the

nodi fications are cleaved, either in routine manipulation or in vivo, to

t he parent conpound. Prodrugs include conpounds of the present invention
wherein a hydroxy, am no, or sul fhydryl group is bonded to any group that,
when the prodrug of the present invention is adm nistered to a mammalian
subject, it cleaves to forma free hydroxyl, free am no, 20or free



15novel material, in particular in a pharnmaceutically acceptable form In
certain preferred enbodi nents, crystalline fornms of the free base are in
substantially pure form Preferred enbodi ments of crystalline forns of the
free base are disclosed in Exanple 2 as the E-1, HAC-1, IPA-1, N2, RPG 3,
1-10.5-4, and HL.75-5 Fornms, [001891As used herein "polynorph" refers to
crystalline fornms having the same ?.0chem cal conposition but different
spatial arrangenents of the nol ecules, atons, and/or ions formng the
crystal. 100190] As used herein "solvate" refers to a crystalline formof a
mol ecul e, at onpmEBBEedminreng thapatfeurih hex tieesnf aihasparidadg lffegveof a sol vent or
sol vents i ncorBQJn%%ckohlp&&d% }[a¥ns ?I | ine structure. The sol vent nol ecul es
in the solvate esen 'S regul ar arrangenent and/or a

non- or der ed ar{ﬁﬁéﬁgerrém:tther mh@ds@hmaa elethaq/focmnqnnansmﬁwcheractan@t oi chionetric
or nonst oi chi SQ cul es exanple, a
solvate with g orﬁisng {ITE%%E)I élﬁ%ml ?eﬁ ereé)o VEh emﬁ%‘}]% %ﬁc%‘ée may result
from parti al P@Q@t@ff&@@ibwﬂpfﬂwmm sol vat e. [001911As used herein

"anor phous” r st f /ar. ions that is
not crystalli ﬁfé)%}An %@e?ﬁ%%og n{seg Eg%atgg%ggoﬁ%gm%cp Wﬁfl‘f Pve X-ray

di ffracti on p&temsisng adr{ue@@g@ltmms@dn besr gierpof a@mmmny effdctivepur e, " when

used in refer@@gﬁtggcgmggﬁ%ﬁhétﬁgm]@rm means a conpound having a purity
greater than 90 vvelg i ncluding greater than 90, 91, 92, 93, 94, 95,

96, 97, 98 an{t8d ‘%ﬁ*ﬁer "/"&boﬁﬁ&nfa%@eﬁhﬁkﬁ%maﬁ@ daqm&rs tcmnmbmglt 100 wei ght %
of the conpoupdhinbesfdo QBatfeﬁ'ﬁH W&l gﬂ;eopj thér%u&aﬁ)%m:g Amolf1Gs § €Mai ni ng
mat eri al conprises ot “her o rm(s) he conpound /or reaction

i mpurities anB?”H%O“‘i’i‘r%H@sEé‘Pfﬁ@eﬁ Sﬁ‘ﬂlﬁ‘%sP’tdeéée‘w Fadfrem é?ﬂ*?qqugobpﬁwpar ation. For
exanple, a cr Wﬁﬁdilhkﬁﬂrmrﬁﬂoﬁg neuropathic pam ischemic cardiomyopathy, psoriasis,

N( 1R, 2S, 5R) - tert but yl am no? f - 2- 0x0-3- (6-

(trifluoronet ‘)t?fﬁ’f’?ré%f/qd?fm&’- Caarﬁhﬁﬁ“) BRAEHE e cardigyayqnlas fistsascy | ) acet ami de
may Ee gi/eerredCsjhb’stiﬁMd , abrlpyistipa st m@er@tmmﬁmmﬁsﬁ@emw wi;%@@ﬁ@r dt han 90| |
wei ght % .as re at_this time known and genera
accgpt ed i S\l t Séocgaﬁ Wgﬁa'éy?’??@s H‘Z‘ﬂ% 'W%"‘I’“@@’sfbf%ﬁrfmfﬁ’l%l ght % of ?rat eri al Y
conpri ses ot h@teriﬁ@fer[(ss,)ph@fhcally or chemicaily-induced brain trauma, inflammatory bowel

N((1R, 2S, 5R) - e ni no rifluor rret hyDqui nazol
i n-4- yl ani no ise(Q%er’ %IF?OIPP} Xollﬁts Sﬁsm‘%m ﬁg&fbé%e&aﬁ’ﬁ‘i‘sd‘éeggrﬁ%fﬁrscri“@é Bh inpurities
and/ or process‘pmgﬂiﬂnwhnm nse"sna li!ﬁﬂxﬁl@i%dsﬁaﬁh)drmleﬁbﬁls tvagulidisy aili@kdbicne forms may
be provi ded L i hase ho nei t indi catipg the
presence of \é\f)l %§#§E&a§%@rltg sltlgngszso Q%us ne 1 rgaa hﬁ"ﬁéé‘s}‘ ﬁﬂ”%{%%mgptu onal |y
m nor anodht stesntipalhypyplate, el“t@lOFVelﬂouss}yngttlathmal hﬁmfpdﬂsmrg’cfﬁhe presence of nore
than one crysgak Mrndg] b, Qb Bhi A E&qggpﬂ y, term ned by techni ques such
as powder X—raigé F)actl on %X or (sng ang‘é I{ég{te nucl ear magnetic 20
resonance spelt¥ cbsc 5?‘116 Jrentipr methedfpl eeatinghiisoplessempdsind  extra peaks in
the conpari SOﬁnﬂﬁxst%o%Pﬁﬁth{lﬁe@é lh¥1e§%Q§éﬂ{p%ng§%eBﬁ?yal%&ﬂnM th a sinulated

PXRD pattern may i ndi_cate nore than one crysta ormin the sanpl e. The
si mul at ed PXRE?“W&V“‘%%%%HI%&W@? ﬁrﬁ‘Bﬁoﬁjgtséf@ﬂy@@@lmnxdm@}%dat a. See Smith,

D. K., "A BORTERANyPCOEE Alsdat)] pdonbsitiaRbiiRe piimBayy mmserra%&r action
Pat t er ns," Law ence 25Radi ation Laboratory, Ljvernore l'i fornia,

UCRL- 7196 ( ApFielostlsess Physig iy £F chepineldy-mevdpd biapgrapipgs dnflammieiosy bosen has

substanti al | ydxmsfeealﬁﬁaﬂﬁs?cdhﬂﬂ@%ﬁﬁ(t hﬁus%ﬁnﬂaﬂﬂio%trﬁghr%xxk@e?&nﬁlmﬂnslo%
preferably Iesis t referably | ess than 2% of thé total peak

area in the eXpart ﬂ‘éeﬁ ‘éﬂsi Vthﬁ‘édg‘m@gsc% %%W?S@FTHSI%PF%@WWI@W the extra
peaks t hat arathabsmsﬁendqrsmmqhﬁn@mnw@t@ﬂcB?éEiD pattern. Most preferred is a
30 crystallin rm ha bstantl ure phase honogeneity with | ess
than 1% o 0 h@ﬂt{sgt aIA”Bi‘ %P%g’e‘?tl’f‘ at’ﬂ f)‘g?e?tr‘f@riiﬂsa’f £y SYEEEHR%d PXRD pattern
ari si ng from ddminieeting 2 peaks il fad thaee aaks@pitchiymeihe asbiubat ed PXRD
pattern. [00195] Procedures for the prep atlo of crystalline forns are
known in the C;Or Lu“ﬁlhgt%cgflaﬂpéﬁs’l ‘}?53"1‘33!% %ﬁ ec B‘?“Déjpféﬂ%ﬁa'l‘iﬁﬁs’a variety of
met hods, including for exanple, crystallization or recrystallization froma
sui tabl e sol vent, sublimation, growmh22roma nelt, solid state

transformati on from anot her phase, crystallization 5froma supercritical
fluid, and jet spraying. Techniques for crystallization or
recrystallization of crystalline forns froma solvent mxture include, for
exanpl e, evaporation of the solvent, decreasing the tenperature of the

sol vent m xture, crystal seeding a supersaturated solvent m xture of the
nol ecul e and/ or salt, freeze drying the solvent m xture, and addition of
anti sol vents (countersolvents) to the solvent mxture. 10[00196] The forns
may be characterized and distingui shed using single crystal X- ray



of the crystalline fornms of

N((IR 2S,5R)-5-(tert-butylam no)-2-((S)-2-o0xo-3-(6-
(trifluoromethyl)quinazolin-4-ylam no)pyrrolidi nThypcycl ohexyl ) acet am de.
The conposition of this enbodi nent may conprise at |east 90 wei ght % of the
form 15based on its weight in the conposition. [00202] The presence of
reaction inpurities and/or processing inpurities may be determ ned by

anal ytical techniques known in the art, such as, for exanple,

chromat ogr aphy, nucl ear nmagneti c resonance spectroscopy, nmass spectronetry
or infrared spewsitoSubpy dise6f 6BROE Eprysstidhdniatveusf pmeulongphtids, pokdplar ed by a
variety of net . I 1 jzation or
recrystallizat %.bgeg&fsf %ﬁn?gsug@%?’ééﬁ?%og%%\%éﬁ%" t%&%ﬁ’%lalﬁon, growh froma nelt,
solid state trHi8For mutatlgnerhirodimeaniot methog fom geating digartiead, cbmeprisingn from a
supercri ti cal LdithiGeri@Na biifenSRhaN ulitkor J BERRLAURS ffnefmahalrh! 2ati on of
recrystallization of ¢rysta fll ne forms 1roma sofvent mxturée incl ude, for
exanpl e, 25&vapumatidon thefExpmpless whereinsaid diewdenyt sected &omempériat ure of t he
sol vent m Xtur&)’ier&*}%{éﬁ scRBEd &nasﬁééﬁs‘%ra%ﬁtd%éés.ed solvent m xture of the
mol ecul e and/or _salt, freeze drying the solvent mxture, and addition of
antisol vents (H8%Ht erdnothpeembpylimest ip pacthod {peeating stiserdes, ctihgrlvinghr oughput
crystallizati OEHzﬂiE%QIEHHg%'QgMWn D& d FER LY Rkah R DIG BRLEyEdniorh@ehi ne T or ms

i ncl udi ng pol ynor phs. "30[ 00204] Crystal s of drugs, 1ncluding polynorphs,

met hods of pr epEPatided thedamplprawhereia paid disréms ©¢ sedcted flemyetteabss. ar e di scussed
i n Solid-Shat eqhiobh§idneied, A U8S:. S - R Byrn, R R Pfeiffer, and J. G
Stowell, 2nd Edition, SSCI, West Lafayette, Indiana (1999). [00205] For
crystal | i zat i o998 chrittgthesenhodimentipp sigthadfoy Benting dipketesHompBEsig  sol vent or
sol vents is typinfmbibohgdeRpARRNA ndéR ARrBNLMOhp Ry ERLHQ! SnoudUgR as
solubility of the 5conpound, crystallization tec%nl que, and vapor pressure
of the sol vent “OBEWH; WK ACIFSHEPIBF ~ sol vents may be enployed; for exanple, the
conpound nay bposn| ubidoieeshiodt@ntis b nkhbd &0 e Cllndd kg, @ sol ution,

f ol | owed bxat he additi on .of an antjsol vent to_decrease the solubility of

the conpound i FPPPHETSYIMIRSIEIPELR HPTISAHR PESH dheranbe PErpRabsadN o BctiEs ystal s, An
"antisol vent" ifouat Falcyepdund 6f WOEGkplehle conpound has | ow 10sol ubility.

Sui t abl e sol ve for, prepar.i crystals include pol ar and nonpol ar
sol vent s. [002@&33% dAH'Et WP@BQ’F’B“ ?%&?%}OEFWP%PBIFPIG sclerosss,
2\|—((§1R, 2S, 5R) iﬁ)n(p'ria'h% Tdﬁuﬁiytbxafg'ml@batﬁnt in neeld thereof atlherapeutic):ally effecltived ) oh
S) - 2- 0x0-3-(6-(trifl uoronet ui pazol i n-4-yl am no) pyrrolidin-lyl)cyclo
exyl ) acet am dear?ogmsotf%ﬁ%rﬂ%oélgggﬂ%%)’f’%m?{éf"rred in a suitable solvent to afford
a 15sl ur r y20 whijoa%] mayAothehaatiodithehias pmetiod for tléatisphtbdrosolerositvempeding "sl urry, "
as used herein S turated.saolution of .the free base whi ch may
al so contain aar?ngyg?rﬁ"g%gs aug%ﬁrrlﬁed g}eref) taet%%%?%%ﬁﬂﬁe e(ggxéefarngpg 0gahet er ogeneous
m xture of thecooprpowhte&ndngessol vent at a given tenperature. Suitable
solvents in thj eg i f. | .pol ar aprotic.solvents and
pol ar protic sf(())ﬁ%/g(lnt ?{n%glﬁge%nbl%gﬁ?ﬁtelgglggég O\rlxgéaggglﬁ%?ném PREYE  as discl osed
her ei n. [ 002073dBemderoryst pdtisntimyeced themdtbetiortmputnily effegsteadnlonmtatfbon m xture to
promote crystalli Elﬁltdio‘?ﬁleE'ﬁﬁn;ﬁ%sl | be clear to the skilled artisan, seeding
is used as a nmeanhs of COALTO ing growth of a particular crystalline form
or as a neans 8896 ontieibkt swpotiventyia wetbbdlosirgngrgatidpsplingtionf t he
crystalline pr 31 : ! P i . of seeds
needed depends&gﬁﬁ%lﬁgeﬁgﬁggetgg{égé %%atggéghgggg{eﬁggfeera%gmfzaﬁgg@éeég%er ed size of an
aver age producimqyairaf @ gprapoysd efdbck4amelds. for exanple, in "Programred cooling
of batch ctyst b Zer Syt : |:] 1 e Engi neeri ng
Sci ence 1971, @gﬁ%éﬁl 3%8{3%%@%% gf],@t%sjdefg}{jgyﬁb %éaﬁcaeﬂlg@g@gare needed to
ef fecti vel §0 cotiimiteringéo ypasorttin eked deszet atherapentiqaleefgtiverpmoge@is of smal |
size may be g%g{pg&n@qugﬁgngq{%spg, 30m I ling, or mcronizing of larger
crystals, or by mcro-crystallization of solutions. Care should be taken
that mlling or mcronizing of crystals does not result in any change in
crystallinity fromthe desired crystal form (i.e., change to anorphous or
to anot her pol ynorph). (00208] A cool ed-2sixture may be filtered under
vacuum and the isolated solids nay be washed with a suitable solvent, such
as cold recrystallization solvent, and 5dried under a nitrogen purge to
afford the desired crystalline form The isolated solids may be anal yzed by
a suitable spectroscopic or analytical technique, such as SSNVR, DSC, PXRD,
or the like, to assure formation of the preferred crystalline formof the
product. The resulting crystalline formis typically produced in an anount
of greater than about 70 weight % isolated yield, but preferably greater
than 10 90 wei ght % based on the wei ght of



added or renoved to optim ze reaction concentration. Preferably, the final
concentration is adjusted to about 50 wt % at which point a slurry
typically results. 1002111It rmay be preferable to add solvents directly to
the reaction vessel without distilling the reaction m xture. Preferred
solvents for this purpose are those which 5may ultimately participate in
the crystalline lattice, as discussed above in connection wth sol vent
exchange. Although the final concentration may vary dependi ng on desired
purity, recovery and the like, the final concentration of the free base in
solution is pri@®8r abhpothisembodi®ent ¢ aaiztheti f&f%eatfﬁg%rﬁ:@ﬁﬁﬁér@ﬂthﬁhéﬁbéﬂ@ nmay be
stirred follo nd si taneo vvarmed By way of

il lustration, Vg%lﬁcged?mn?/%gg&c?g%} trlrllb%?m%er R &gy pp ’}08}3 about 1 hour while
war mng to abd@®9)7 0 CAnathrs embeadirbinois alr@t}pdﬁxaeahgwﬂﬁnﬂnhﬁfyedle@& and washed
with either t e ] e.so or .a conbi nation

t her eof . Seedagtﬁ {/st aE sn%l&lbgﬁé ga%%gn&é&tc%r%mm@?ryésfaa?Fsl PPRETH sol ution to
initiate crystdrivjsiges on. Pat1€®012m@ﬂfeeo‘ﬁaﬂlempmxwiy pEectlesandubed her ei n may be
di stingui shablegmfduamanesdagRet her through the use of various anal ytical

t echni ques known to one of ordinary skill in the art. Such techniques

i ncl ude, but a%%3%ot Apgtegr erabpdirgsnt lxﬂlﬂaj}mi)ﬁmﬂemmglmlﬂ&mzaetbnyome(gw(RD) and/ or

t her nogr avi mhﬁtbiﬁuﬁﬂ@'rﬁé‘f‘a‘b&m( J%‘ and%?%%fobfgﬁhflr%lseag&%hw are atrl‘ra

characterized and. distingui shed using single crys X-Tay ffractlon

whi ch is based#HYUrd fateégy cc MWW&P@IM*CW@D AghtEniGn y&tiaﬂere@f aa given
format a i X@@rapedtiongleftdtic@bmd BING LAk MuSd oﬁué’ﬁ&ﬁxh .g£d description of unit
cells is provkpgﬁ in Stout & Jensen, Ray Structtre Determ nation: A
Practi cal lﬂ/ac‘ﬁ?qt}feéﬁ”‘%%‘menNéW@P%fO( poddation ChEpR2ecti@ity whi ch is herein

i ncor por at ed bymprigihg b&nigeterid tbebﬂﬁhﬂMﬁée)d,the}éa?aﬁlé}'aﬂz‘dﬁcaﬁ&‘éﬁé@ﬂﬁ yrent of atons
in spatial relati crystalline lattice may be characterized

according to f”ﬁoung)nfacf)wg?imfl?ggﬁ’ﬁﬁﬁf“atom c coordinates. Another 15neans of
charact eri zi nipoting meteﬁédmoﬂﬁneﬁhﬁ Bk MbELok SolNatBRYERTP- X5 A% AY Fr action

anal ysi s i,n which e fr rofile is corrparedtoaswru at ed
profile regr e S8NHY ‘?%g‘ ‘{é %@Xdlé?&%‘éﬁ’ﬁl conpgisipg pdsHnigieringiea patiet anal yti cal
t enperat ure, a}nwdedwthasafladm&lphﬁxcrin?reﬁéchﬁe shhinestta chRpdnE bahaelahiced as a

series of 28 %ﬁzs %9.1,11!1 four. or E‘H‘) 0[ 00213} O her rreans of
characteri zi nEU% form maﬁ gEeissacoyg Oégx’g’éﬂl‘?sd“ £ BteeargtigeloBar magneti c
resonance (SSNM%I)anE{mefmtth@mcamt ofdiabttes; evbityQineSI6i0 Bird@dnadudkd meby (DSC) ,

t her mogr aphy natlion of the crystalline or anorphous
mor phol ogy. T%’g g%g?gm Ei§%er gic Ggioay Sthﬁfeosﬂéaé'é%‘lyﬁer@% FaEPHH o

charact er 2%e tstpearguitip, @eeturlﬁr@,rfmer F@O@‘la@lﬂhehséﬁse (Dlrr(dinrsaiﬁsyass Ydohdestiv@ the art will
appreci ate t hgl &S & of pt r e talned wth a
measur ement error th atﬂmggﬁepcfésﬁ up@%ct“f) %Igaﬁ%sﬁ ﬁ?‘g Y% ondi ti ons
enpl oyed. | n Pafiasiscidiopgthic P‘@lmp@ng%bmmsah#ryplkmammsdkad)s:a piiyeindiyt bres in a X-ray
diffraction paehRhfy-NBked briiigt o) renment conditions
enpl oyed and t he sn(al e (e)r ' &ﬁﬁﬁeln%ﬁ%}gb%wgrﬁs ?VBP fitg g[ﬁ d be further
under st ood th%‘(fte’i‘“élhé’ﬂli* wh?mﬁt@n%mnhé@mmm rsohrma,rg%nmbapendhmg upon
experi mental £08d] hilens shndis, AREREHIRE \WYscuk r ensity
shoul d not be taken fi’{g\ltso logccount OAdvl Scréﬁgvuﬁéﬁ%p%ﬂggﬁheur@@ﬁfc} error of
diffracti on afgres FEFIOS BRI Aeqisgl byxerplasig, ddhbf‘ifSr%tnegmtlpat ternis
typi cal |y aboiperlasla, @ﬁerio%ﬁous el ehalhypahaut organltraélgazan@lln dﬁ: seussed

0

herei nafter), ,and.s de)?r ee of measurenment error be taken into
account as peﬂlf%{?%[“’r?émf’?ih A BPSF-enent i oned diffraction angl es.

Consequent | y, [68104] S Anothb@mbodRES 0dnbhat oHR@EQJnib?ers%r b O R, gfz the instant
i nvention, il @%@r é_glted to the 15crystal forns that prowcil X-ray
di ffraction 38 nd "& BHEIRR BEX LY eﬂ@H‘EIF‘UﬁIO“‘?@P?%@ mqayﬂmtfdwml on patterns

depi cted in tien tegonmpanydntg JtHgiksesrai Sﬂhsqa\eequ&ﬁ{ls%'eﬂconé&s\éescarySt al forms
t hat provide X- bmﬁ}f)n Iy rdentical to those

l{r action patterns substantia

di scl osed in ¢ acc%?r% HYTHG 2 BPYLAE smpadimengs of Hicinveptisngieepberef. t he present
i nvention. The abl lity to ascertain substantial identities of X-ray
diffraction patterns is within the 20pérview of one of ordinary skill in
the art. SYNTHESI S Schene | 25Hydrol ysis of ketoester V to ketoacid VI
ester = ', NCQ2124hydrolysis cil NRIR2 ( tO VI [00215] Ketoester Vis
hydrol yzed to its correspondi ng ketoacid VI by suspending V in an organic
solvent partially mscible with water, such as acyclic or cyclic ethers

i ncluding THF, 2-nethyl THF, 1, 2-di net hoxyet hane, 1|, 4-di oxane, THF bei ng
preferred, and addi ng aqueous base such as aqueous sol utions of alkali
metal 5 hydroxides MOH, where Mis Li, Na or K, |IN NaOll being the
preferred base, at - 5Cto +5C. The biphasic mxture is then agitated at 5




,NR1122 N - 'OO2H ketalization ,000211 HO-zZ-Of 0() _ VIVII [00216] The
solution of VI, preferably in dichloronethane, is exchanged via
distillation into a non hygroscopic, higher boiling solvent, such as
toluene, trifluorotoluene, xylenes, higher boiling esters such as n-butyl

or isobutyl acetate, b.0 preferably toluene. A glycol of fornula HO Z- CH,
(wherein Z is as defined supra) is then added, preferably ethyl ene glycol
(1.2 eq), followed by a catalytic amount (0.5-2 M % of an acid, preferably
p-toul enesul fonic acid, and the mxture is distilled at atnospheric
pressure until Itf!@vnﬂalmooﬁth@tfanmquﬁﬂmoﬂimﬁnﬁ% glaxcweenreconmh@owﬁg@m VI |
Clystallizes ungl add efmoQésc;@&e%m@r&%n%@mm%fmgflsa@gemgve&,@onapprOXI mat el y

70C. HAfter furt cooling to roomtenperature I's 1solated by
filtration and FQ@WE@@[&@HY elgmgntagd an pmbdyigoant mﬂ)@dyig@rqﬂef(efl BIPCHDERGHZRI0OH |, RH,
R2=a3z) . Scheff%e I‘&Bﬁ@é&/% ﬁ@tah@ax aﬁerlé@h@,hs Bty MirknelePopBRLRObAt ed ket al

i socyanate VII| 3 to ketal am de Vi a aC|d activationdazi dati on,
Curtius reaﬁraﬁg@ﬁ@ﬁﬁdgamﬂeﬁhﬁhﬁﬁﬁon %NHL%;NRIRZ 1002171 The ket oacid
VIl is first activated by transformng it to its m xed anhydri de using
tertiary amnes, preferably triethylam ne, and hal oformates, preferably

i sobut vyl chl or SREIGESSENRO gmwm@ﬂﬁvents such as toluene, trifluorotol uene,
101, 2-di chl or ogjdigge. Tﬂe&&leﬂrdﬁl?l%lﬁé‘ﬁso ﬁfWﬁe@@ﬁ@vepﬁr@cfe@srf@prmeiyy tol uene, by
addition of a haloformate to a precooled solution of VII and trial kyl am ne.
The preferred CeMRPGUIE™IBL m xed anhydride formation is -10C to OC.
After approximately 30 mn, an aqueousrsol on of alkali netal azide,
preferably -30 w % sodi um azi de and a phé§§5transfer catal yst, such as
tetrall cyl ammonium salts, preferably rabut yl ammoni um bromi de (5 no
% is added and the biphasic m xtur g igorously agitated for about 111
at -10C to 0C. The organi c phase is thennseparated and the resulting acyl
azide solution is dried, 4 A nolecul O 5 bei ng preferred drying agent.
The Curtius rearrangenent and the c m tant trapping of the isocyanate
VIIl insituwith a carboxylic acid te forma ketal amde I X is
20acconpllsged by first adding a CaﬁbBX¥|IC acid, preferably acetic acid,
and its correspondi ng anhydri de, preferably acetic anhydride, to a dry

sol uti on of thamamy@iﬂl@ﬂasSamd(khemwhmﬂmﬂnganh®anXGure 80-90C for 1-4
hours. The use of, an conj.unct.i acid is
critical to m rgm%u%rgm? ﬁ’bﬁ(ﬁym?z )?%Po r%ga m%??'mk‘fhfl efyvl\fc%f:kfh }glﬁ?eé%rnﬁg/a of the

sol vent and cambﬂx&ﬁmmmaﬁmmqh@mdmhkabﬁt|on the product crystallizes upon

cooling to roo e e S and drying in
6578 9o yi el d_ (P Lehedielcpg SRR Gt bip bR ZTC T
5Hydro|ysi§50fpkeﬁamxaﬁpdﬁghxomQNMépbknFMKiwx [ 00218] The ketal hydrolysis
of conpound IXﬂ&gm&Q§C§g de X is acconplished by heating a solution of

| X in organic, ter mscibl’e solvent, preferably acetone and an aqueous
sol ution of strong @vplhg apla@fnerﬁa@IdSAWIaMeH@MmeumHIZOMﬂ shit thereThwithe ef err ed

10t enperat ur e 9&0@%@%1@ %61‘ uiaﬁl 61521 %ﬁg‘xere’% V\ﬁé‘ef prép%rmtyxﬁll V%Z@?@tlm’to the
product is extracted to | or dnet hane i's exchanged to €t hyl
acetate by di staffpﬂdatCP@PPUﬂCT h@“wté!’d d¥torx bé’r%}@?ﬁl@‘i*%“bﬁ‘%%@ﬂ sidgcet at e upon
cooling to qpoomfienperature, and is isolated by filtration and drying in
85-90 %yield (for HQ(CH2)201-1 , RI=H R2=CBz, RtO=Me). 15 Schenes
Reductive am nation of ketoam de X to the am™oanpde Xl [ 00219] To a dry
sol ution of X, preferably i n di chl or onet hane, pii mary or 20secondary

am ne i s added, preferabb?'%ert butyl am ne (5 eq), ¥ollowed by a Lew s

aci d, preferably Ti C12( PPr<#§2%( 1.2 ea), at -20@rR&e~QGco:The resulting imne

mxture is warmed to 10 and borane (1.1-1.2 e s added as a conpl ex
wi th di nethyl sulfide oryTEM prefera y d;nethyl fide. The reaction
m xture is agitated for 46 h and et hyl tate safuwgated with water is

then added. The titaniumsalts are renov d by filtration and the product
Xl is extracted fromthe organic filtrate®o water as its salt with an
aqueous acid, preferably IN HC1L. Dichloronmethane is then added and aqueous
base, preferably concentrated anmoni um-#§droxi de is added to the agitated
bi phasic m xture until pHis adjusted to 8.0-8.5. The product-rich

di chl oronet hane phase is then separated and washed twi ce with ag amoni um
chloride solution to 10renove the undesired trans isoner of X, and finally
with water. Dichloronethane is exchanged into ethyl acetate by distillation
and XI crystallizes fromethyl acetate upon cooling and heptane addition.
NJ is isolated by filtration and drying in 65-70 %vyield (forR2=CBz, R38=H,
RO9=tert-Bu, Ri 0=Me).



15Scheme 6 Deprotectiorx of pyrrolidonyl am ne Xl [00220] Renoval of the
am ne protecting group R2, where R2 is CO2CH2Ph or C -12Ph, is acconplished
by hydrogenating a solution of XI in an al cohol, preferably 20net hanol, in
the presence of Pd catalyst, preferably 5wt % Pd/C, for several hours. The
catalyst is then renoved by filtration, and nethanol is exchanged into
ethyl acetate by distillation. The product Xll, which crystallizes from

et hyl acetate upon cooling and heptane addition, is isolated by filtration
and drying in 90-95 %yvyield (for Rl=H, R2=CBz, R8=H, RO9=tert-Bu, 1210=M).
25 Schenme 7 Coupli of amine XII with Béterocycle bd¥ring a | eaving group
HET- LG - HET -wWidréifN13 LG (00221] Synthesis of conpound | is

acconpl i shed by coypli the 5 pyrrolidonylamne XII and a heterocycle
bearing a | eaving ?%ﬁ?ﬁ*?@@“ﬂ?”é‘%@m@@‘%ﬁ a tertiary anine, preferably
triethylamne, in Lyl di chl or onet hane,

i sopropanol _or ace'ﬁar o}%’igﬁ) i tg&lﬂ%fgﬁ ngg%n%%nﬁgﬁgcﬁe?ynaée %i'ﬂé?’t@%gﬁ?m 9
conmponent s ar €° {RBREMBI @ HHeserveryLariclichiests of ayticthioastal, edet@thef or 24- 48 hrs
at room t enperagiiagotal Ar §RIidHhioAR 0k sBERMIsAHS bY, Br sRakeds crude heterocyclic
conponent may 10al so be enployed. After reaction conpletioh,

di chl oronet hane is washed wi tl dizhute acid, preferably aqueous 5 wt %

acetic acid, the aqueous phas separated and di chl oronmethane is then
exchanged i nt qcethy| _@eat ats 18k | ion, [The product |,. which
crystallizes fr or?%t h(yl p[tzft)g’et ate upon ’égﬁi"%a‘édn@ ah%f)’f AHETRGUTti on, is

i sol ated by fiMepRelsngh sdesepd dioyihidroban. 75289, Chapikelyy hilbgn, Hiabwll, R8=H,
RO=tert-Bu, 1%k, CFf, 00, WL MR %L 8UOREZAkIi 74 [[00222] For the
process of this inyention, lsta){?ti rll:g nat eri a‘F‘gHa{ eréfgl)(é81 Tr"cﬁé‘?‘% “vai | abl e
or can be %ea&?‘ihﬁly%l"%eﬁér ed by one or ordinary skill in the art. Solvents,
tenperatures, presgyRLaidR§bRhtdepidddhBl &fdr §orl'hﬂ‘é{nﬂ19_ E%&tiﬁjge%bﬁ ed groups, and
ot her ?.0reaction ]iﬁﬁng’ltl ns, may be readily selected as ppDroprlate by one
of ordinary skill T PHE Qrelotesartsnglysutstivigd bsylscal ed up in order to
prepare |arger quapisihiogs, Qe t TRITR f formula I, such as in a

commer ci al production f%inl I %y%%@ﬁéggzﬁﬁOZR] The foll owi ng Exanpl es

i | lustrate enbodi meRt¥Lgplogmer PEQELI ve conpounds and starting materials,
and are nats i nt endedishdrbden ¢, Aibg - ot heo s Ll B 4] As
appropriate, reactions were clcgng}gcte pﬁggcgrsgﬁqétoné‘g%ﬂg{(ﬁgo dry 5nitrogen
(or argon). Fe¥<%i#R{drous reactions, Dri-Solv solvents from EM were

enpl oyed. For oth tions, reagent grade or HPLC grade sol vents were
utilized. Unless g%'ﬁgetr%%%ggmgte%teésoél“‘sé{%f]' commercial |y obtained reagents were
used as recei VIO#08I[ 002D8TerbCiniE:-proasing @rmp S WoIpe tabiabhRethousiyg a Shi madzu
HPLC Waters ZQ shie £1 I s, spectroneter hybrid system Data for
t he peak of i%_er%gst afdég%gafsgspuglg{rg%m}af ocr?{“%{%ﬁs‘t %Wégf%ﬁf‘e‘“ YeCt e pr ay

i oni zati ort? NNRitfNBE cedpbenatet Tl posnn amcelylspesiongl (BOCE at ypi cal |y

obt ai ned on B In%hﬁ])l;% 40 5 instrunents in the indicated
sol vents. All chgﬁi cal shi %ts)nglﬁ@égg gurpf g%nw%%'f:}rﬁ%’&ﬁ?"et ramet hyl si | ane
with the sol vBRTOYBYEHARYB) ersunt Réort prefsrrerbdre EbaBOAT ¢ Bnltoups NVR spectral data
are typical | yesrpont@s agphol | ows: chem cal shift, multiplicity (s =
singlet, 15br a = broad singlet, d = doublet, dd = doublet of doublets, t =
triplet, q = QU etlh 2 dogmbodiasnt.dite prosent divelpsuiepiretdes appebpragemar ent )

coupl i ng esnsémmdis (Hz), and integration. [00226] One of skill in the art

w || recognize the standard abbreviations utilized herein, throughout the
specification. Fore8%dt Reetpiayitythereeon plyas whpidvhertaredng dindkdde, but are
not necessar i doybloc 6 fo86la E:Rbon§Edk a 173-SBLAMALS L&y M 90 QgL f or mance
liquid 20 chroorra;,ography, AP = area perclzle%t,Slpﬁggl':ﬁ:gf aar]:?é- glllaé(g ﬂgr, RT = room
t enper at ur e, >=mllinoles, HAMS = high-resol uti on mass spectroscopy,
TBTU = 0- benzotr Ragdkdrdesy] - N, N, N1, 1\ P-t et r anet hyl ur oni um

tetrafl uo?(ﬁbor ate l\/g:gE_ = TBME = tert-butyl nethyl ether, EDAC

N ( 3-di net hyl am ngb'tS ¢1) - 1\ 11- et hyl car bodi i mi de hydrochl ori de, EDC =

N- ( 3- di net hyl am nopr opy1) - NLet hyl car b%%Ii imde, TEA -- 25 triethyl am ne,
DPPA = di phenyl phosphoryl azide, WA ="isopropyl alcohol, TFA =
trifluoroacetic acid, DCM = dichl oronet hane, THF = tetrahydrofuran, DVF =
N, Ndi et hyl f or mam de, BOP =

(benzotriazol -1-yl oxy)tris(di met hyl am no) phosphoni um hexaf | uor ophosphat e,
Et 0OAc = Ethyl acetate, DVSO = di met hyl sul foxi de, C = degrees Cel sius, eq
equi val ent or equivalents, g = gramor granms, ng = mlligram 30 or
mlligrams, nL (or m) = mlliliter or mlliliters, h = hour or hours, M
nmolar, N = normal, mn = mnute or mnutes, Miz = nmegahertz, tic = thin

| ayer chromat ography, v/v = volune to volume ratio, and ca. = about



OCF3 0, 1002281 Exanple 1, Step 1: (IR 2S, 5R)-ten-Butyl

2- benzyl oxycar bonyl am no7- oxo- 6- aza- bi cycl o[ 3. 2. 1] oct ane- 6- car boxyl at e
(89.6 g, 0.24 rnol, see: P. H Carter, et al. PCT application WO

2005/ 021500) was dissolved in ethyl acetate (1.5 L) and 10 the resulting
solution was washed with sat. NaHCO3 (2 x 0.45 L) and sat. NaCl (1 x 0.45
L). The solution was dried (Na2SO4) and then filtered directly into a
3-necked 3 L round-bottom flask. The sol ution was purged with direct
nitrogen injection before being charged with 10% Pd/ C (13.65 g) under

ni trogen at nospher er; idhelrdgem@sk was evacuat ed and back-filled w th hydrogen;
this was repeated :{\(\‘ftc§ rr@(&g Hydr ogen 15was bubbl ed t hrough the sol ution
for 30 min and thenthe!'t%€dcti on was stined under 1 atmH2 for 18 h. The
fl ask was evacuat edy idogekyfid | ed with nitrogen, and charged with fresh
catalyst (6 g of 10% Pd/ C). Hydrogen was bubbl ed t hrough the sol ution for
30 mm and then the Y& ion was stirred under 1 atmH2 for 18 h. The flask

was evacuat gd mlﬂ]acfﬁJﬂrqeln%diﬂfeﬁthwﬁyré‘?%ggﬂe mbe;sabmwr@nms focdst er ed
through Celite; the 20filter pad was then washed wth ethy (@tate The

filtrate (-4.6 NrihetqoReriseg ﬂ%f)tmaa@ compPpef IFmHp %{c‘@f*tﬁﬁr?‘wﬁx@( 8 1) and
charged sequentyigh hytogsh !B fdemMstiRaimt Hitaridde (HRNGltit agdnt hdferaBIBTU (77 g,
0.24 nol), and N, N-dilsopropylethylam ne (42 nL, 0.24 nol). The reaction
was stirred at mreg"élrﬁo‘ihg?’rperature for 4 h, during which time it changed from
a suspension tqm}aml eﬁ;razﬁ"a;lmubaxmaa tirmsdt@a:@tpmmemoaess@heqamenched with the
addi tion of sat 14C1% i {5 n1 t] é 15 L); the m xture was

di | ut ed furlpher‘i}\?hf’W"E‘fed’,& orpyla $¥ 5 3 tolugngsn %ﬂaé “were nixed and separ at ed
and the organi ¢omigsemues enmsdigentvhé dﬁsmnmpmmiar()&s@(wl&r@n@ and sat. NaCl
(1 x0.751). The S0 2S5M4), filtered, and concentrated
in vacuo to gi v&" ‘koélm%sf e?”(]f%?)lﬂé’??i

2-((9)-2- (benzyommcafntmﬂ‘iyalrﬁmhmer)t tHe disclosure prowdesaprocess wherein the

(met hyl t hi o) butan gd -0x9 d za-rta (%gcl e[s ﬁ 10 eaneaIG0 car boxyl ate as
an oil, which w%lg) f’%\’k@ pngrdundpan Koo “% B o RSP P8 our i fi cat i on.
LC MS for [ZiISI mépryfepiakitropd Bmmapibﬂzdsohmnm&@ ;prdphiallet iseprBi28 a@tatd, h~ 1- NVR

g_ﬂl;)? L\‘r/Hé (m 1'\/%'269@ afetgte t?ré y&l@c&%ﬁa@tgmggé% rﬁ%&ii%@tbﬂ%lé&(l&mtmm 240§ Em

4H), 1.9 (m 1£ce16)tc";) 1.7 (in, 2H), 1.54 (s, 91-1). Also present are EtOAc

[1.26 (1), ; ) 2.83 (s)].

[ 00229] Exanpl O?Q]Steal]a‘ QT%M mwﬁ%%@‘%%ﬁ%%%%@%@% utyF 2-((9)-2-
10( benzyl oxycarcbwtiyt @@mbﬂ edhiegeq yethhsonteptingatsamperado Hoymuta b xith 8 damile

bi cycl o[ 3. 241] I 1 S88.PFHGYI oUs

pr ocedur e) z\?,asng}pgg%re%gﬁ?ﬁgﬁégg&ngo%gﬁé%@ anﬁé)ﬁg%éms???red for 48 h at
room t enper at udémidgReuphesictdeniindielss @éﬁé’éﬁ?#%ﬁ’éﬁleﬁwh@%@%c Franplesf due was
di ssol ved in d'a&ﬂht‘afsq}i[‘?&d'@@ﬂ@Bﬁd&qldqaﬂﬁﬁd?ﬁcfe%ﬁﬁatésQhe\‘e%@)%d NTR.g. was repeat ed
twice nore. The resultant sludge was 15di ssol ved in 'di chloromethane (0.4 L)
and poured i nt dmethyiaging-grriging. Ajleiery pige basp sfudgaTisEexemple, tsthylaREe.r esul t ant
yel | ow sol i ds ng,bgﬁ%ﬂ)ﬁgpagyl\mg,egﬁtpm ngg, hifmati on and dried under high
vacuumto afford the sul foni um sal This materijal was taken into

t he next st?ép W ADut Irafr telwpd'ﬁlarrt fh? %&"?Sbrﬁ ProviseMePPEsss Blharsimtng dipaidk :

[ MVe2S+Hr 45%ewﬂjllnéMoem i9EDAE; the kiNVE, (s%tl\(kiﬁd tefiftbRGdhydratey’ - 35 (M SH),
20509(32 in), 4.28 (m.11-1), 8(m1H§ 3.3 - 3.45 (m
21-1), 2.97 (sfhesej?i)@" %E@ﬁtm(%am‘mﬂ‘)a‘*métﬁfﬁ’ﬂ%m%m 2.0 - 2.3 (m 4H), 1.7
(m 2H), 1.52 (eo1161- 111)a9m/¥nﬁ>@d1ﬂélﬂscﬁ§¢losﬂé QIOMHE!E‘& ;{r&cegsaﬁl'(eﬁe)n thé’)mBle(rﬁl)o} and
traces of N, N, N, _N-tetranethyl urea s)]l. 1002301 Exanp , Step 3:
All of the sul PHRFROw o fqulBW]t‘HéberSlr“@'{f’i"'GBf? 88 EpepC 2% 2RBi0a Odiined) was

di ssol ved i3r0 Dhgp6iar Zmife Lﬂout&hﬁ)dge&rlﬂl)'@@ng 56@) dbbth]’DSV\laﬁ)tSElﬁbd’ufEOt)t35gnger)

ni trogen at enper e and charged wi cesi um car 16 ¢
porti onwi se. ﬁ? s‘ﬁ%’fﬁé’ﬁg Ea‘Q\E‘Q]eéTtioF P Hregetrahﬁyo%t‘% %’ﬂﬁ@r@?ugg}%f%‘? % h and
then filtered besnamayeotaban 30b tods20, BaRcselwti on was divided into -0.22 L
portions and worked up as foll ows: the reaction mxture (-0.22 L) was
diluted with ethyl acetate (1.5 L) and.washed successively with water (3 x
0.5 L) and brine (1 x 0.3 L). The organi c phase 30was dried (Na2SOQ4),
filtered, and concentrated in vacuo. The desired (1R, 2S,5R)- tert-butyl
24(5) - 3- (benzyl oxycar bonyl am no) - 2- oxopyrrolidi n-1-yl)-7-0xo0- 6-

azabi cycl o[ 3. 2. 1l oct ane- 6- car boxyl ate (90.8 g, 83% was obtained as a

m crocrystalline foam free fromtetranmethyl urea inpurity. LC MS for
primary peak: [MBoc+H]t = 358.4; [M+Nar = 480.4. 1H NWR (400 WVHz, deMeOH):
8 7.35 (m 51-1), 5.12 (s, 2H, 4.35 (m 2H, 4.2 (m 1H), 3.6 (m 1H), 3.3
(m 111), 2.64 (in, 1H), 2.28 - 2.42 (m 2H), 2.15 (in, 1H, 1.7- 2.0 (m



15 but oxycar bonyl am no) cycl ohexanecar boxam de (25.3 g, 53 mmol),
acetonitrile (1.9 L), and 2.6 L of water/ice. The m xture was stirred and
cooled to 0 C. |odobenzene diacetate (25.77 g, 80 mml) was added and the
reaction was stirred for 2 h; another 0.5 eq of iodobenzene di acetate was
added. The reaction was stirred for 9 h (reaction tenp < 10 C). The m xture
was charged with 8 eq N, N-diisopropyl ethylam ne and 2 20eq acetic
anhydride. Over the next thirty mnutes, 4 eq N, N-diisopropylethylam ne and
2 eq acetic anhydride were added every ten mnutes, until the reaction had
proceeded to d8HpTlet fionl0f' smbmlinmgynt, tRrviiclaut pmiitesialnevahascasefved | n vacuo;
sone solid se ah:ed ¢ was col |l ected by
filtration. Tﬁpr e]%gﬁ E#ﬁ%ﬁnﬁ ggogﬁgdg\g%még%%]g%%?&eﬁ Wi th di chl or onet hane (3 L,
then | L). The organic phase was 25washed séBdfentially with water, sat.
NaHCO3, and brine. The collected solids e added to the organic phase,
along with activated carbon (15 g). The @‘we was stirred for 30 m nutes
at 40 C before being filtered and—concent g at eégén vacuo. The residue was
di ssolved in EtOAc (1 L), and the result *SofUti on was stirred at 75 C
for I Ii before being allowed to cool t m tenperature. A solid
separated and was 30col | ected by fil tratl This solid was purified
further by recrystallization: it was fi st "dl ssolved in 0.5 L CHd 2, then
concentrated in vacuo, then re-crystallized froml L EtOAc; this was
repeated three tinmes. The solids obtained fromthe nother Ilquors of the
above were reg}e)&’ﬁc%tsﬂq"&’é"éﬁ"tghr ee tines using the sane nethod. The conbi ned
solids were recryshyaldde20iniW L8 BBy to provide
ol ds el rects ?butf Bvd SRMAE SISl §¢ b Qnnda )
(1R, 3R, 48) - 3- §EEPd et pafRylagompeng of roydny bond aariteao)oiay.
oxopyr rol i di n{ob118]) cyah offestosidkRamBizer ( LG/ MS for 5
primary Peak: [M FHl+ = 489. 4 [MtBu+HraHa:JRHr¥magp%nd%{l\fl\% ‘(‘?‘i‘lt'i’t?) (14-
MEOH) : 8 7.3 Ro#ndRspoggthaspayth ts carbor( 'o whithiyhey dreBbth (tachddfombibs kiolama. 1H) . 4. 04
(m 1H, 3. 8 ﬁﬂﬁoc&banlgc h(:%t 1.87 - 2.05
(m 4H), (J; : y ﬁ: egw?‘ﬂ%tﬂécgtm th%g%?m%reé)lr—ﬂv&ﬁ%m $Ter eocheni cal
fidelity ¢ tH *C%tf%ﬂ%lﬁ f?’@ﬁ?@ﬁﬁg@ﬁﬁlﬁﬁten@shﬁmwmaﬂdthhmckft@mu&syoay crystal
structure ana{hyﬁhéscoﬁli)mﬁtlftln%fahQR RIRQ Wb [,002341
Example 1, St ep ./, 10 a % t| gn of wt%gtr%rq%ﬁ?ﬂ%%i é@%gﬁe?’freé’éet am do- 4-
(65) - 3- ( benzylBRFH SFBSTP I n%’jd“ﬁY%‘}gc?ﬁRy?@r@P‘ihmeﬁmMyéfely@w@hexyl car banat e
(100 g, 0.205ace®hd, bitmos @wmﬁtﬂm\aﬁm@@ﬁop@ﬁdmr aqu)eoag@au@oqgﬁgmgfﬁd(]400 m) at
-20 C. The rﬁﬁcttmglncsr% ctliglon was stirred at room tenperature for 2 h. The
¥ 1B

sol vent and AP RBPRISREHW e S riieRdY: ticdadrelysls pereisBasahe and t he
resi due wag déligatiedstey.t h di chI or ornethane (2 L) and aqueous K2CO3 sol ution
(2 L). The p a e N HCl. The aqueous | ayer was
extracted wit O“ﬁ%hﬁ%??@ iy leme(“ ggei‘m?lﬁ%“repf?l"éd"é?)ﬁ”SF‘ﬁ%Hh%@@ﬁ'ﬁl c layer was
dried over Na@S@ationanebndondénvomtiaos i enome dIeMENL 1,3} a salt thereof,

14( 1S, 2R, 4R foc cI 0 yl opyrrol i di n- 3- yI car bamat e
as an .). 0oi |%E%€l%§&q]i'%8’5fb§“%‘én dﬁ)SOK’ g g “%?é E Lééﬁa‘?ﬂer‘@@l"}“y in the next
step without Hwjtatipieeespiordafbont, coimm lﬂx@ﬂﬁaﬁa,lﬁmsmlrreca&mna‘i& B teA Sol ution of
benzyl (S 1-futh

4- ar ni nocycl oheylxa:ﬁa gﬁn@%%ﬁ!r o(? Qﬁ% énd)ﬂmfem%éﬁcé‘tuglc(a%’gnaée g, 34 mind) and 3,
5-di t en- but y! 842 ﬁbhé‘kfa egbedimerg.-the cﬁ%thsumero(«ﬁes&@@,ess%emmhé i n met hanol
(160 n) was Jashddni e for he sol uti on was
concent r at ed ind f{!)g%\ﬁi?ﬁ a%ﬁ?%}ﬁléﬁ%% cr%ﬁlc)ha%lﬂlgo%%toé?‘c?'?S m), followed
by addition cfPrefSES‘\WéX’”%W@Q@@eQI3®1@)HU fPhexamplacithan limasDEEOrDEE, at room

t enper at ure frva 2Net X3 tratl on and washed
wi th dichl or onet hane ?% qﬁ?@fm%@e*@éal@%ﬁ%@%@%é&%rat ed under vacuum
to remove “nod?¥igt a&‘eﬁ’d‘némb ent.dkg divgloswperodi¢syr@ess Wirtphepaithgdi chl or onet hane
(200 nl) and cv@pdiad otfointhiagtieous NaHCO8 sol ution (200 nml) and brine (200
ml). The conbi ned aqueous | ayers were extracted with dichl oronethane (2 x
100 nml). The combi ned organic extracts were dried over Na2SO4 and
concentrated. The product benzyl - 28 -

(8)-141S, 2R) - 2- acet am do- 4- oxocycl ohexyl ) - 2- oxopyrrol i di n-3- yl carbamate
was obtained as a solid (12 g, 90%yield) by crystallization in Et0OAc (100
m ) and Hexane (200 ni). 11-1-NWVR (500 MHz, DMBO-d6) 8 ppm 7.99 (d, J=9.35
Hz, 1 H, 7.44 (d, J=8.80 Hz, 1 H), 7.28 -7.39 (m S11), 5.03 (s, 2 H),
4.50 (s, 51 H), 4.31 (d, J=12.10 Hz, 1 H, 4.18 (q, J=8.98 Hz, 1 H), 3.27
(m 2 H, 2.82 (dd, J=15.12, 5.22 Hz, | H), 2.52 -2.65 (m 1 H, 2.40 (dd,
J=12.92, 4.67 Hz, 1 H), 2.15 - 2.31 (m 2 H), 2.09 (d, J=15.40 Hz, 1 H),
1.90 (m 1 FO, 1.81 (s, 3 H, 1.68 (m 1 H. tez: 388.46 [ M+l -1]. 1002361



20t o dryness. The residue was dissolved in dichloronethane (1 L) and
extracted with acetic acid solution | (prepared by conbining 700 nL of

wat er and 22.6 nL of glacial acetic acid) twice (500 mM, 200 mLl). The

aci di c aqueous |layer (pH 4-5) was extracted with dichloronmethane (2 x 300
ml). The di chl oronmet hane | ayer was extracted with acetic acid solution |1
(300 m; prepared by conbining 300 nL water with 4 nL of 25gl acial acetic
acid). The conbined acetic acid |ayers were basified with 1 MNaOH to pH >
12 and extracted wi th dichloronmethane (3 x 700 nl). The conbi ned organic

| ayers were dried and concentrated to give theM&Rude product as a solid
(45.6 g, 93%vyield). The crude product was pukified by recrystallization
from Et OAc (400 m)/Hexane (900 nl) to give 6 g (88%

N ((1R 28,5R)-5-(tert-butyl am no) - 2- COH
0((S)-2-oxo0-3-(6-(trifluoronathyl }-gui-razol 'yl 'ani no) pyrrolidin-1-
)cycl ohexyl )acetam de with 99. 7% purity. @g

7

1 0

yl NMR (500 MHz, DMSO-d6) 8 ppm
9.71°(1 H, hr. s.), 9.02(1 H, s) 8.71 (1 FI/S.d, Hz), 8.59(1 H, s), 8.04(1
H dd, J=8.66, 1.79 Hz), 7.88(1 H, d, J=8Fs2RHz), "4.91 - 5.13 (1 FI, m,
4.30 - 4.57 (1 H n), 3.86(1 H, dt, J=11.89,,3.71, 3.64 Hz), 3.43 - 3.57 (1
H in), 3.35 - 3.45 (L H n), 3.04 (I H t, J385Hz) 2.23 - 2.40 (1 H,

m, 2.05 - 2 2e prbcdds camorisibg90- 1.98(1 FI, nm), 1.86- 1.93 (3 H, n), 1.50-

1.78(5 H, , 0.98 0-4) 5 ppm 171. 23,
169. 35, 150 54, 153‘”’%’9%(1%?’ Wmnioéeé‘%fgml%’g’%%’gé%g\@ q, J=30.52 Hz),
121.55(1 C, br hydsolx)zmglagmtmlf(omn e agyd Oﬂcﬁ@?wnﬁyllatt)ampmesaﬂom 58).11'26;0 52. 39,
50.81, 47.5 7. -y 23. 29,

50 30 19F- %NRAI[(%}F%%C 4@313?% dré d%ﬂgeﬁéarga’eﬂ gl%uﬁ't%ﬂ(o%e sklzl in 15}1%%(% ML= H]
Anal . Cal cd f oicledsiatingus kgiroxies 560 WheF?MGSI%NaNKPB‘:fg@lYm 11. 25 Found:
C 5048 1 Onfrbivblg 01 & ke, Aol TRV RATLEN OF EXAVPLE
1 1002391 Exarrp’lﬁﬁeby &%ernzftal \(/)g P?eparat{aﬁir? v .gaﬁﬁgéen dried 3-neck
15r ound- bot t onPideERiRh2siR SONSRGRDEPIIrgaRicA0 et évat ig Pwalbamsmbée @eveed ref | ux
condenser, andpieS&Rinde sofkhi€hire GQAL bNG kNGRS xh@ud:ﬁ%ﬂ—lﬁ hasdtnN@gychar ged
sequentl aI Ig with (1R 25,6 5R)-24(S)-3 -(benzyl oxycarbonyl am no)-2 -oxopyrrol
i din- yP) - 52ﬁtWYW%d%WP%ﬁipﬁﬁﬁlb’y fohexanecar boxyl i ¢ acid (60 g,

126 mml see [EeaIp! ealternaBl@P ;Aals”&eebmeﬂ:rw&eﬁ&g@m ethéwmmyl nor phol i ne
(27.7 L, 252 nmmol

and 20 di hen phos or azide ( n., 139 mmmol).
The reaction \/\Hgmé‘% YVP*%@%‘"@?&* f”&‘f: 9!-’8 M%/ CWW#’F ‘fihﬁcéosum
2-trinethyl sil pbhetiansdcedsF piparifedloompBlnl oMsmasgd. The reaction was set
to heat, and reached reflux 30 mn later. It was aIquxed toreflux for 1 h,

at whi ch time it was all owedifir cool to 50C gra 'Y*and then cooled to 15
C with external cooling. reacti on was quenchediw th the addition of
acetic acid 25(1.734 ni, omol ). The reactiom wa$ concentrated in vacuo

and then dissolved in Et0AE Q& g LHO4®Hwas was Segwentially with water
(1 x 0.3 L), sat. NaHCOB %3 Oy rNHCL (1fx 0.3 L), and brine (2 x
0.3 L). The organic phas s dried M@2SM4), firitered, and concentrated in
vacuo. A solid appeared vefy early on in the c eRtration process. After
the volatiles were renoved] 800 mL 10% 30 Et OA He anes was added, and the
m xture was stirred overnlg The solid was col l®cted and dried to yield

t en- but yl (1R 3R, 48) - 44( S) ¥i3- benzyloxycarbonylamV"

no2- OXO0pyr 1, |n | - %ﬁ %é

trlnethyIS| yf18?W8§§& W8NS ani no) cycl ohexyl carbamate (60.5 g, 102 ol ,
81 %yield). EPLC shotivach doh@bunﬂhefoﬂfﬁlﬁlﬁﬂaaﬁﬁvmfi’)HYQr% ptonghound dfifortnola 12%
inpurities. T to the next step wt

bUr T cat: on. @Y Aoe LY PRRRr oR et tvaroh 4% PEPELHbt her 438 o
of product. Tofeahulyvéld = 64.9 g (87% . 5[00240] Exanple 1, Alternative
Preparation, Step 2: A dry 500 nL round- bottom fl ask was equipped with a
stir bar and charged sequentially with tert-butyl

(1R, 3R, 4S) - 44(S) - 3- benzyl oxycar bonyl am no- 2- oxopyrr Ol i din-1-y1l)-34(2-
trimet hyl sil yeet hoxycarbonyl am no) cycl ohexyl carbamate (60.5 g), CH2C12 (180
m.), and a solution of para-toluenesul fpni c acid nonohydrate (19.48 g, 102
rnmol) in 10 CH2C12 (120 nlL) and nethanol (30 nL). The m xture was pl aced
on a rotary evaporator and the bul k of the CH202 was renoved (bath tenp ca.
20 ©). Wen the m xture began to foam the vacuum was rel eased, and the
bath tenperature increased to 46 C (the tenperature varied between 44 and
51 C it was controlled with the addition of external ice). The m xture was
rotated at this tenperature for exactly one 15hour (gas evolution was

vi si bl e throughout) and then diluted with EtOAc (1 L). The organi c phase
was washed with 0.5 N NHAOH (2 x 250 ralL). The aqueous washes were conbi ned

>



(trinmethylsilypethyl (IR ,2

S, 5R) - 24(S) - 3- benzyl oxycar bonyl am no- 2- oxopyrrolidinl -yl)-5-(hydroxyam

no) cycl ohexyl carbamate (350 ng, 0.69 mmol) in acetone (5 nL) was stirred at
roomtenperature for 16 h. The m xture was concentrated in vacua. The

resi due was dissolved in anhydrous THF (7 nL) and cooled to O C. A solution
of 30 MeMgBr (1.1 nL, 3Min diethyl ether, 5 eq) was added dropw se. The

m xture was stirred at roomtenperature for |I .5h. The reaction was
guenched with water (5 rnL) at 0 C. The m xture was diluted with ethyl
acetate (100 nL) and filtered through &’ pad of celite. The filtrate was
washed with brine (30 nmL.). The sol uti o@ dried over anhydrous MySOH4,
filtered, and r in o. T due was dissolved in 2 m of
acetonitrile gﬁ%ﬁ%ﬂsa@%e%g? vﬂ%@cféad%‘d eﬂn x¥re was stirred at room

t enper ature fdn, T sholir s sackhecusaley Bnfdep@sento s0Me f@myaﬁgenccy4@m yiproduct was

Spurified by gi umm. chr omat of nmethanol in
di chl or onet haneJ"CII]a@ll(gﬁ]}’I %%105711 bt {Oxy’tcgarﬁ) B g{f’?ﬂ% 4@‘@31&%@ and
2- (trinet hyl sidigyberdigrably T 1, T, and Ts are each hydrooen)

(1R 2§, 5R) 524 I|d -1-yl)-5-(tert-
but yI ani no)scyg%eﬁ%ihﬁcar Egﬁ%&g%ﬁ@%%m &ﬁlﬂ%eg % FS%‘#]EP*TJ[M@E“ 547.

[ 00244] ExarrpFoéuellesulﬁqﬂtceﬂﬁﬁa@|a\hedrﬁlﬁzépmoét| on, Step 6: A stirring solution of
2- 10(trimeth yly. et py

(1R 2S, 5R) - 24 §;§ 23|§ bﬂeﬁz@ émbogh‘?eﬁ%ﬁlﬁ (Fisplosurs psovides 8 propsst fogprgparing a

| -y1)-5-(tert€ W})‘I‘ddﬁtf%@ll@ élohexyl carbamate (100 ng, 0.183 mml) in

di chl oronet hane (3 nL) was charged with trifl NQ{Roacetl c acid (2 nL). The
reaction was stirred for 2 h at roomtenperature and concentrated in vacuo.
The residue was di ssolved in dichloronmethage 50 nL) and washed with
saturated NaHCO3 (20 nL). 15 The aqueous IaQer was extracted with

di chl oronet hane (3 x 30 ). v he di chl oron*ﬁ’éol ayers were conbi ned and
dried over anhydrous Na2SO4, 'TilTered;” and centrated in vacuo to give
benzyl

(S)-141S, 2R, 4R) - 2- am no-4- (tertbutyl am noﬁ)yc ohexyl ) - 2- oxopyrrolidin-3-ylc
arbamate (66 ng, 90% . LC/ MsS found [M += 3~ 20[ 00245] Exanpl e 1,
Al'ternative Preparation, Step 7: A sol utlonvf?f benzyl (S)- 1-(( 1

S, 2R, 4R) - 2- am no-4- (tert-b4ltyl am no)cycl ohexyl) 2- oxopynol i di n- 3-

yl car banat@ (Hopiwesss @0ESngmol ) in di chl oromet hane (2 nl) was charged
sequentially with I nd. acetjc .anhydride (6.1
my, 1.1 eq). The ﬁ%ﬁﬁ@% t}\%arpgﬂg%f%rgng% ‘)1‘1%) a% ngﬁg%e At lﬁocé?ﬁafeé)ﬁg)é“r"é?ur e,

di l uted with YeHbeiynrngive sasef¢sdy mnjucaidiam@ed raitipesattur at ed NaHCO3
O ) e EYEAN! G PRASEURSCA e e QURHe RIS RUSNARRA I, 1 Lered. and
concentrated I n vacuo tq give benzy C? ? i %

S, 2R, 4R) - 2- acEPsRHRe et @pduckd tvip adimre Yeyelzomen yonprBng tepigps @l i di n- 3-

yl car bamate (22?1)”'911?("%/‘)1‘3%4;1%]%@%%@thMo?i oHoPmu'I f}ggmh%%gs%itgg‘bfgx anpl e 1,
Alternative Preparation, Step 8: sol ution o?

(S)-14(1S, 2R3 e’?”ﬁ&?e‘ff%ﬁublamzﬁﬁ%é? (ﬂkvder@w &?ﬁeﬁ@i)Yc%AeﬂH@mewyie) 2- oxopyrrolidin
-3- ylcar barraﬁ-a”el(aaitrmgwmem@ﬁ mml) in nethanol (2 nm.) was added Pd(OH) 2 (20
mg of 50% wet cata st,)., fl ask was evacuated and back-filled with

hydr ogen from a ﬁéfé}gd‘d‘élﬂ WA GorFxamine 2shieofrmatnaseiaeily FReD:5Ctoom

t enper at ur e fthxr solitibn @ndenifigngasfatoysdbonas) FagRey Wyl hitd Atdon. The
filtrate n te to provide
N-((IR 2S, ‘%? fr*% Oﬁg"“ﬁ‘?} S/X‘pyrrondin | -y1)-5-(tert-

but yl ani no) cycl Qhesayihg the et -@tithedifdkIvitgn aﬁ&%ageh@%aﬁ?%ﬁﬂ[’w{h@t H = flh
o a solution o

5[ 00247] Exa er nat.ive Pr
O[? 25, 5]R) 2- EB?{éf““‘é“fﬁ“ 0 ‘%‘“S&SWW‘@D%?HY it%'figg‘lylﬁm(”t”é}"ﬂ SHUEEH 4mi no) cycl ohexy
| ) acet am de (tﬂlt)nglammommﬂqurm@I a} ationt 3 1BOPY) ePaB@ber{nde Flaboan @dded

4ch|or06(t u 3 nmy, 1.2 eq) and triethylam ne
(56.9 ng, d%th 8%%&)4?%‘%1&0‘5% }%P& & at roomtenperature for 1.5 h.
The sol vent 10 was removed under reduced pressure. The residue was purified
wi th preparative HPLC to provide the ti)tle conmpound as its bis-TEA salt
(110 mg, 67%. LC Ms found [M-F i-if 507. 2ND ALTERNATI VE PREPARATI ON OF
EXAMPLE | [00248] Exanple 1, rd Al ternati ve Preparation, Step la: To a
hydr ogenat or were charged et hyl

(7R, 85)-8-((S)-1-phenyl -ethyl am no) -1, 4-di oxa-spiro[4 .5] decane7

-carboxyl ate 4-tol uenesul fonate salt 1A (1417 g, 2.8 noles, c.f.:
W2004098516, prepared anal ogous to US Pat. 6, 835,841), ethanol (200 proof,
11.4 L), and 10% Pd/ C 20 catal yst (50% wet, 284 g). The mi xture was inerted
Wi th nitrogen, then pressurized with hydrogen gas (45 psig) and agitated



5 vessel was shielded fromlight and the m xture was hel d under sl ow
agitation for approx. 24 h. To the thick yellow precipitate was added

met hyl ten-butyl ether (2.7 L) and the m xture was held for approx. | h.
The product was isolated by filtration and the cake was washed w th nethyl
tert-butyl ether (2x1.4 L), then dried under vacuum vyielding

[ (S)-3-benzyl oxy-carbonyl am no- 34( 7R, 8S) - 7- et hoxycar bony1-1, 4-

10di oxa- spi ro[ 4. 5] dec- 8-yl car banoye- propyl | - di net hyl sul f oni um i odi de 3
(671.4 g, -94%yield) as an off-white solid (HPLC purity 99.9%. (5) NH

CbzHN(s)\'"'CO2Et (A) _ NHCbz z Q{( s) \'"TREt (I?) ,NHCbz (NO (- s)
"'c 0 2Et ory [00250] Exanple 1, 2"nmRfefnative Preparation, Step 2:

Sul foniumsalt 3 15 (619.4 g), andicesium cafbonate (416.8 g) and anhydrous
di ret hyl sulfoxide (6.2 L) were cop 'N ol N B reactor equipped with a
scrubber to neutralize volatile sulifides. Viporous agitation was maintai ned
until conplete conversion was obt ai @ﬁﬂ&c . Ethyl acetate (12.4 L) was
added, followed by 20% brine (3 L). orgahi ¢ phase was separated, washed
twice with brine (2x3 L) and evapor to optain a solution of 20ethyl

(7R, 8S)-8-((5)-3-benzyl oxycar bonyl afm no} 2- oxp-pyrrolidin-1-yl)-1, 4-di oxa-
spiro[ 4.51cl ecane-7-carboxyl ate 4 iin-ethyl aretate (-0.8 L). Acetone (2.55

L) was added, followed by aqueous 0,5 M hydrochloric acid solution (2.3 L).
Wth good mixing, the solution was heat ¥ to ;38dt o 60C until conversion of

4 to ethyl (IR, - 3 WA | am no- rolidin-
1-y1l)-5-oxo- 25c§%¥%ﬁ§ é%§%§§ﬁ§§§ﬁg%§é§Oﬁgéﬂggﬁﬁﬁgkggiﬁgﬁé§k9¥Eggnixture
was concent r at @dn thederespadingegeysnes siipenuiny e Pixd¢rably 4o sstentotly ed to - 30 C,
and water (4.1 addad.. ; | 1] i s cooled to 5 to 10C
and agitated f%?}@?@§83r.mTh?”I?§’Egﬁgvgﬁq?ﬂﬁﬁgfﬁﬁ%gnd the cake was washed
with water §2xBOBSE) Ingddnerfeddingpnb thiedigelosuenredies amepsesd fir bpardngg const ant
vei ght bel ow 40,6504 @ rHAGHYRY h&ygbggixanone 5 (2729, 70%yield) was
obtained (HPLC purity 98.79%. 002511 anple 1, rd Alternative
Preparation, Step 3: Cyclollexanone 5 (100g) wd¥"®uspended in THE (500 mi)
and cooled to 0 C. IN NaCH (271g) was added/at\0-5C and the biphasic

m xture was agitated at 5 C for at |east onenWiou®?. 10 MIBE (500 ni) was

added and the layers were separated. The bottom, equs | ayer was washed
again with MIBE (500 nlL) awg the wer pariat ed. Di chl or onet hane
(500 m.) was charged to the product-rich aq s 1%yer, and the mxture was
cooled to 0 C 3N 1-1C (156 ,g) was charg intaining 5 C. After
stirring for at least 10 nm the m xture rmed to 20-25 C, and the

| ayers were 5separated. The aqueous | ayer was“extracted with

di chl oronet hane (100 rnL). The organic | ayers*were conbi ned and sol vent was
exchanged into tol uene via distillation. The toluene solution volune was
adj usted to apPfBRFFRIBIRSTE and p-tol uenesul fonic aci d nonohydrate (0. 24
g) was added. Ethylcengtigt yhe tocyeife &Zomulangsi (agbediy iand) vhlea tongoutd was

distilled at s i ressure until, formati on of coppound 7 was :0
conpl et e aﬁ@ tﬁggﬁﬁgﬁégﬁa a%&‘ﬁﬁﬁﬁﬁthﬁﬁfﬁ?Ve%%ﬁP76@° 2*fe sol ution was
cool ed t o approkidrat éley(RFEG;0)andh fetrdit armidet BbenyBB0vekein: was added

mai nt ai ni ng approxijratel y,70.C.. Th I xture was cooled and filtered to give
73 g (70 % yi el d) &“‘%gh%lélﬁg@{‘“f?p‘e%ramy ety 212

(7R, 8S) - 8- ((39) - 3- (W isumhaydOxylkgar bonyl ) am no) - 2- 0x0- | pyrrol i dinyl)-1,4-dio
xaspi ro[ 4. 5] de ; 7-carbexyli.c acid.. 00. 00 -.8910 1002521 Exanpl e
1, 2nd Alter na@?{\}g] Prfgpalga r%{%)rﬁifmegfté%m%?osjf% péw’sq%{’ﬁ ?rgceosf fo{:'ge agé‘hg 7 (147 Q)
in dry tol benecoph®dndrif Yormals Xcharged triethylamne (32.7 g) at 15-25 C.

After the slurry becane a solution after 10-15 mn stirring at 25C, the 5
flask was cooled to -10C and isobutyl chloroformate (44.1g) was charged at
-10- 0C. The m xture was agitated at -10- OC for about 30 nm A solution of
sodi um azide (42 g) and tetrabutyl amoniumbromde (5.2 g) in water (130
m.) was added at -10- OC. The biphasic slurry was vigorously agitated for
at | east one hour and toluene (1750 niL) followed by water (300 niL) were
added. The two phases were 10 stirred for-at least 10 mn and the top
organic | ayer was separated and dried with 4 A nol ecul ar sieves. Acetic
anhydride (76 nL) and acetic acid (28 nL) were added and the sol uti on was
heated to 80-90C for 1-4 hours, until <2 AP of internmediate 9 was detected
by HPLC. The solvent was partially distilled off to approximately two
thirds of the initial volune under atnospheric pressure, the solution was
cooled to ambient 15tenperature and the resultant slurry was stirred for 16
hours. Heptane (350 nL) was slowly added and the slurry was stirred for I|Db.
The solids were filtered, washed with toluenc/heptane 4:1 (300 nL), and



NTI Cbz, NHCbz 1,10 "NHAc 'NHAc [002531 Exanple 1, 2" Alternative
Preparation, Step 5: To a solution of conpound 10 (109 g) in acetone (760
m.) was charged IN HCl (760 nL). The m xture was heated to 50 C for 2.5
hours. The acetone was distilled off under reduced pressure and the product
was extracted with dichloronmethane twwice 1 x 1 L5 and 1 x 0.5 L.

Di chl or onet hane | ayers were conbi ned and di chl or onet hane was exchanged i nto
ethyl acetate by distillation until the b.p. on the kettle reached 78C and
the final volume was approximately 10 nL/g conpound 10 input. The et hyl
acetate slurry was cool ed to anbi ent tenperatummgg, agitated for 16 hrs and
the solids were filtered and washed with ethyl acetate (400 mL). The solid
was dried to give 84 10 g (87% vyield) of co@%&yad 11, benzyl

((35)-1-(0S, 2/ 0- 2- acet am do- 4- = H

oxocycl ohexyl ) - 2- oxo- 3- pymx ol i_di_nyl.)J;a;ba\‘T?Efl" 11 12 [002541 Exanple
1, rd Alternative Preparation, Step 6: The C12(&P62 15 reagent was
pre-formed by adding Ti(OPr)4 (11.5 nL) to Ja solution of IMTiCl4 in

di chl oronet hane (39 nL) at 5-10C and subsequ‘én& stirring at anbient
tenperature for 15 min. Conpound 11 (25 g) was”di ssol ved in dichl oronethane
(500 nl) and thomtop¢sapimpeisin84 nl) was added at roomtenperature. After 10

mn the sol uti on Was.&20k - to -20. C.and prefornmed titanium
reagent sol ution 3@5 Ogdg%ﬁgg%t8§ O%%b‘)fﬁheer?ﬁlé ea“lfg(f'“@“lﬁif 8%/6{“-"??)@‘“9?1‘?5’ m xture was
al | oned to waphPtalarbarthydrelypes anditiensandirckdenwas vadikhaied oed of111. A

sanpl e was st akgninta aHONH L a0 Lm.ne formation by m niquench with
sodi um bor ohydr i de | n met han Fﬁd(glgﬁhg(géﬁ%?ewﬁyg%ﬂ%sH‘HH’P@ ted the conplete
consunpti on ofoPNENddEdptingigkded moisey in 49 orgBorsalventdionetbyle asunbjse (7.0 nl)
was then addegydadonBriofei@@chut NR) £185GH b 1 XbHT8- ! to sSanbi ent
tenperature and stir rea@fg oru a_t)l easlt' %%h{(;gua)r&sn%{ 5% (\é\ﬁﬁrgp%u&egﬁﬂlgwé was partially
(about hal f) E0XFbr db &40 swhedimentdilie discigsnispsyides aprdeesseor weiayihe acet at e (300
mL, prefor nededmpoddior anhing x@t hyl acetate with water) was added within 30-60
mn. The resulting slurry was agitated for at least 4 h, the solids were
filtered and washed several tinmes with di chl §Fdiet hane until no nore than 5
M % of the product was retained in the cal(g%;rl'he filtrate and washes were
conbi ned, IN HC1 (200 nL) was added and t hay hasic m xture was agitated
for at least 30 nm (gas evgl uti BRRggased SHt ¥ -g) mn). The product rich
aqueous | ayer (upper phase’f V\HS_S"ED'aTH‘[ed ilichl or onet hane (500 inL) was
added. Concentrated ammoni um hydr oxi de was~adde® to the agitated biphasic

m xture until pH was adjusted to 8-8.5 (-1% nlL). The organi c phase was
separated and washed 2 x 100 xxi L with 1&W R amoni um chloride, to renove
t he undesi®ed trans isoner of conpound 12, xand finally wth 10water (25
). Dichl or oggethane. .exchanged into ethyl acetate by distillation under
nor mal pr essu?igrunt%i IO_W?ﬁSe“?%. p. on the kettle reached 78C and the final

vol une was appr oxiefetistly argingting ghecompounh df fhamilap whth br 4dife sidrmulne sol uti on
was cool ed t opaedl, 8Nte JE&ERELAL HE8s A H 250, nl) was added slowy at
40-50C and conpodun 1626rstar toed_ tosé&;@g@igf}%éea.m i) %%el‘]ft@mw&‘s agi tated at
room t enper at@naouwd et fgromdmKkhaging 2 pyrellidwly] dsnawesieyfi | t ered, washed with
ngtzsre (100 [pdapsantch 11 @RbdBndk e cngIog’ungpr()\%Qes%)pYolcgsjs(\:Dnergifn compound 12,

(( 3. 5) - 14( 1S, hectiely-amingting compriess theceryafout yl ani no) cycl ohexyl ) - 2- 0xo- 3- pyrro

i di nyl ) car bamad) eaddg a Waivfs Aucidf hidfef b1 cent incik 0@ R, Exanple 1, rd
Al ternative Pre ra&fpn, Ste%(éz Cp%pgﬁﬁhak%&fgdméﬁ&&%§§§Fgsolved in

met hanol (4061%91?% ASEHORRIN G0 @ S Itigpof cquipogndgX 218! thit 2rdige e ddded. The

m xture was iiyeingeNraRret @tpic Grafdo 22mRS tind YamBllor HRGug LAl ySt was
removed by filtration, and the nethanol was exchanged 1 nto ethyl acetate by
continuous distillation. The product crystallized fromethyl acetate (160
m.) upon 25cooling. Heptane (160 nL) was added at 25C, the slurry was
agitated for I h and the product was filtered, washed with heptane and
dried to give 12.8 g (94 %yield) of conmpound 13,

N ((JR, 2S,5R)-2-((3S)-3-am no-2-0x0-13pyrrolidinyl)-5-(tertbutyl arnino)cycl
ohexyDacet am de. 5(002561 Exanple I, rd Alternative Preparation, Step 8:
6-(trifluoronmethyl)-4- quinazolinol, 14 (5 g; see P. H Carter, et al. PCT
application WD 2005/ 021500) was suspended in dichl oromethane (100 nth).

N, N-di i sopropyl ethylam ne (4.2 m., 1.05 eq) and DVF (0.4 nL, 0.2 eq) were
added. Oxalyl chloride (3.0 nL, 1 5 eq) was then added to the agitated
slurry at 20-25 C under cooling (exotherm c addition). The 10 orange slurry
was agitated at 30-35 C for 2h. Steady gas evol ution was observed for hrs
at which point the slurry becanme an orange solution. After cooling to 20 C,



by continuous distillation until the b.p. on the kettle reached 78C and the
final volunme was approximtely 10 nL/g conpound 13 input (--15 nlL). The
slurry was cooled to anmbient tenperature, heptane (15 in.L) was slowy
added and the slurry was agitated for 16 h. The solids were filtered,
washed wi th heptane/ethyl acetate 1:1 (5 5 InL) and dried to give 1.83 g
(72% vyield) of beige crystals (form N2 by XRD) of

N((I R 28,5R)-5-(tert-butylam no)-24(S)-2-o0x0-3-(6-(trifluoronmethypquinazol i
n-4- ylam no)pyrrolidin- 1-yl)cycl ohexypacetam de, Exanple |I. EXAMPLE 2
10Crystal Forns of N-((1R 2S, 5R) 5- (t gixyk= butyyl am no) - 24( S) - 2- oxo- 3- ( 6-
(trifluoronmethyDqui nazol i n-4-yl am no)Pyrroliidi n-1-y0cycl ohexyBacet am de

[ 00258] Various crystal forns of @

1R, 2S, 5R) - 5- (t en- but yl am no) - 24( $) 03-(6-(trifluoromethypqui nazolin-4-y
| am no) pyrrolidin-1-yl)cyclohexyl)agetanide,| free base were prepared and
characterized as described bel ow. GOCOR PROCEDURES FOR

CHARACTERI ZI NG TI LE FORMB Singl e al Datla [00259] Data were collected
on a Bruker-Noni us (BRUKER AXS, | ~5465 Bast Cheryl Parlcway Madi son, W
53711 USA) CAD4 serial diffractonet fr. Unit icell 20 paranmeters were

obt ai ned t hrough | east-squares anakwei s of tihe experinental diffractoneter
settings of 25 high-angle reflections. Intensities were neasured using Cu
Ka radiation (X = 1.5418 A) at a conghant tenperature with the 0-20

vari abl e scan techni que and were corrected onl'y for Lorentz-polarization
factors. Backgr obundrestgniieSmiverceargiod bidcieth Xt withereéxingepes (pofferttie scan f or
hal f of the ti of .the.s rnatel v, .singl tal data were

col | ected on ag%?nﬁlfhen?%ﬁuﬁﬁ%) ég@iadt ! mﬁ’g‘ﬂﬁl Osf?}csfrt" %ﬁ%&g‘.{"yn" %cu Ka radiation (X
= 1.5418 A). | pgekindvgylamehepnagessi ng of the neasured intensity data were

carried out .w t 0) f i b Ze & Mnor, W
(1997) in Nécr%ﬂ% @%ﬁygé ﬁ%gyté‘?%ﬁ‘}é%?ﬁ%ﬁ%&%g‘iﬁ*’g‘%ﬁ’%’3’?*,’*54‘}'\3‘8#;‘50#" & Sweet ,

R M (Acadeni cdiciNpmettgie, ac2Baiilp PMBD PAME2 8hd NipethybpBoUdinpredprefsrablyr am sui t e.
(Col | ect Data ﬁi%l&%ﬁafethﬁﬂ and processing user interface: Collect: Data
collection software, R Hooft, Nonius B.V., 1998.) Alternately, single
crystal data w09 ol hedR'e dmbetimenBiighicloASPIRPERE PIETRESSSYISeanhedting Cu Ka
radiation (X gz dopdlindlyrd Rdestad, andui eRssi ng of the measured
intensity data were carrirgd9 out vvit% t he "APEX2 sof t war e package/ program
suite (APEX2 DHOBOtolInecd| enbadimenp thsciisslopuigiprawidys DYosese (P RESINGPEX2 User
Manual , v1. 27;0(&%9&@%%9@”@}@9, 5465 East Cheryl Parkway Madi son, W 53711
USA). 51002601 Wien indicated, crystals were cooled in the cold stream of
an Oxford cryo system (Oxford Cryosystens Cryostrdé'aﬁ‘n cooler: J. Cosier and
A M dazer, J. Appl. Cryst., 1986, 19, 105) dyri data col |l ection.

[ 002611 The structures were solved by direct nmewiodd and refined on the
basi s of observed reflections using either the@iﬁ\ﬂs » Structure

Det erm nati on Package, 1O0Enrgf- Noni_us., Bohem a "11716. Scattering
factors, including]' and]", in the SDP softwar re®taken fromthe
"I nternational Tables for Crystallography", Kyngch Press, Birm ngham
Engl and, 1974; Vol. TV, Tables 2.2A and 2.3. 1R<soRt ware package with ninor
| ocal nodifications or the crystall ographic packages MAXUS (rmaXus sol ution
and refinenent software suite: S. Mackay, C. J. &'Tnore, C Edwards, M
15Tremayne, N. ShRWaAE tomgfisinghanl cl and. nmaXus: a conputer program for the
solution and refinement of crystal structures fromdiffraction _data or
SHELXTL4. The der i V&Ro%sBsite pefaqﬂwléwgleegmw Aatode e PeI at ur e
factors) wese rbimed t hrough full matrix |east-squares. The function
mnimzed in &ﬂﬁ refinenegts(%as 1.:waFol - IFel)2- Ris defjned as SVol -
| Ficii/El Fo1 w3 rdn2 2 zipd Wﬁt’Ihe\rg%iBJW@Wﬁ FPPGHEPER B0i s an
%,Pﬂ opri ate wehdgphitdcngy §tébﬁ_§&dr1gdﬂl daa&&@l | dtb@erﬁﬁ;ﬁg‘i}d’ﬁ)ldtiﬂ? bihRe @b@ea;ﬁlz_iw&g intensities.
erence maps were_exanm ned at. all stages of refin nt . rogens were
i ntroduced in aﬁBQP%yéﬂﬁﬁ8§??¥%ﬁ%“ﬁpwﬁﬁFgﬁ?P@kﬁ?mtgﬁ%%?%%ﬁ?e factors, but
no hydrogen paraneters were varied. X-ray Powder Diffraction Data (PXRD)
1.5 1002621 PXRD data were obtained usigg.a Bruker C2 GADDS . The radiation
was Cu Ka (40 KV, 50md). The sanpl e-detector distance was 15 cm Powder
sanpl es were placed in sealed glass capillaries of 1nmor less in dianeter;
the capillary was rotated during data collection. Data were collected for
320<35 with a sanple exposure tine of at |east 2000 seconds. The resulting
t wo- di nensi onal diffraction SCarcs were integrated to create a traditional
1-di mensi onal PXRD pattern with a step size of 0.02 degrees 20 in the range
of 3 to 35 degrees 20. Differential Scanning Calorinmetry (DSC) [00263] DSC
experinments were perforned in a TA Instrunentsm nodel QLO00 or 2920. The




30 [00268] Finally, Figures 1, 2, 3, 4, 5 and 6 present XRPD patterns for
Exanples 2a, b, ¢, e, d and f, Figures 8, 10, 13, 15, 17 and 19 di scl ose
the TGA of Exanples 2a, b, c, d, e and f, respectively. Figures 7, 9, 12,
14, 16 and 18 disclose the DSC of Exanples 2a, b, ¢, d, e and f,
respectively. Figure 11 discloses the Vapor Sorption |Isothermof Exanple
2b. Form Preparation, DSC and TGA Characterization 5 [00269] Exanple 2a,
Form 110.5-4: 150 ny of

N-WR, 2S, 5R) - 5- (t en- but yl am no) - 24(S) - 2- oxo-3-(6-(trifluoronet hyl)qui nazolin
- 4-y| am no) py rwdiogaptipnls roisg ohtoheoyl acabamiodsis it & aavdagsRuas di ssol ved in

varm nbuy aegbausuamhibaad WAL Rk RIS RS S LT 2

persi stent cloud was observe e"slurry

HO.5-4 is charh®t@ikhowy by 0.5 nole water per nole N

10( (1R, 2S, 5R) -[hmgier tyLutyl amg: 24 S).- 2- 0x0-3- (6-(trifluoronmethyl)quinazo
lin-4- ylan no[) pyr]r ol i di n-1 %@%é%ﬁ%@?f}ﬁ% r(%‘flgeﬁia&é({cgsf fBETBUYE2 Form HO. 5- 4
was char actler i°28epPupy olHfomst lchwpisogramlihatht ngumuit @asimendart @ onset

typically in the range bet ca. RT and ca. 67 Cin agreenent with the
TGA curve; at higher teme?@sﬂ@t her events may ensue. Form HO.5-4 was

char act eri zed chypandorkflat I Curtyﬁfdg@ygmoﬁldv@hgﬁ{,]ahgﬁﬁ%i}lypi cally from
0.6%to about 1. 4%91&5 tQ 191"’"3@00 C. The theoretical werght Toss for Form
HO.5-4 is 1.7% ho i -t pnepeerrd petsipind iag havine contfabeiciagiomat es t o becone

partial |y dehydecetiddmmpanords(picrebiy QORI XA, &BocialiPbi gy 1 9 of

N-((l R 28,5R.~5-(tert:b | i - 2- .
(( (S§ - 2- oxo0- 3- %%lﬁ%(%‘ra?ohsuglréé%%? %%Gf’ RAZSIFRsArsferally nopEytaed din- 1- 20
yl') cycl oheRy| yeeepind-tlle moky mefeldbly 6-timroticss DiwRdoliny- 10 opd. Of water-free

Et 0OAc at 77C. The I coal to 70C. ng of seeds of N-2 were
added. To the sl ur@i{suiég%ﬁ%g\%?p Sr?i%ﬁ%%g%{ﬂgal?/ﬁg Ohég%?g“éo‘(?@?’e“ll{hd%r with a
syringe punp. PIRE. &}-ie T-yembectivtirad| haom oROG hac 206 @wekd bohougs, and
agitated at 2¢ I _+The Lj \ i .S ted. by filtration, washed
with 3 nL of nﬁl’g—%ﬁr&%p%?igzq’gﬁ %gj(sﬁgc}%e%%?]vﬁgt%ﬁ”ﬁfcﬂ%%P\PBHODS%r ni ght. Form N-2
is N((IR 2S, Bikytiged hyegne toagiiey sravis nect@-fiopSakRen X85 G (Boalkyl

(trifluoraset Rydd:s DA Halbuds ygpgdgg]@gmgﬂe?ol i di n-1-yl)cycl ohexyl ) acet am de,
free base, a @ﬁg{s form (w t hout "additional nol ecul es of water or solvent).
Form N-2 was Ao t'eler U RER AP 28 upSaerein archdess withduaNmitrgom reapckatther mi ¢ onset
typically betwaane®a. medBte Gofdibict Rulf i W, th no other
transformatiopns. Form_l\izf 10 was chzfrgigsf g?)lﬁ%ees nghﬂg!esel‘cgg%tep\é\% havi ng

negl i gi bl e wel"Giite FILS HHosEhor B Ghs. vdeTindiait@hénl, agete femmbaiet h t he

Si ng:c e- cryst ahetgtar Gividgone of Q02 {idhs EXRRPEEMEAC 8 oF B ) Sily1 73231 A Sl urry of 50
ng o . . : .

N (1R 28 5R) MRS gied ph A wish aqrgpnadly substitated br grerta freagrooet hyl ) qui nazo
l'in-4-yl am no¥jsyted dbr tatogeh,-GFL )aay ot odmEX Vin kGRS AR 88ed dHEEMRATE VAS _

vi gorously agﬂagoa,geg Lo . awat er for nore than 16 hours. Form Hl. 75-5 is
characterized by 1.75 noleS"8t water per one nole of

5N- ( (I R, 28, SRPOB4| t ér 4 285etpbdimemade Bsclos ) pidviaXQr pdock B S prdpheir,0Met hypemi nazo
lin-4- ylam Wn?ﬂnﬁ%ﬂo%%é%- -yl )cycl ohexyl )acet am de, free base. Form

Hl. 75-5 was characterize y a DSC t her nogram havi ng an endot hertn onset
typically between ca. RT and ca. 70 C i pRa&greement with the TGA curve; at

hi gher tenperatures other events may/ensue. FormH .75-5 was characterized
by TGA curve having a wei ght 10l oss of 4.3%to ca. 5.3% at tenperatures
up to ca 100 C. Theoretical weight loss i ca. 5.9% however, it is not
unusual for unstable hydrates to bec“‘pa I"al |y dehydrated upon drying.
[00272] Exanple 2d, HAG 1: 100 ngy of “\NAI R, 28, 5R)-5-(tert-butyl am no) - 2-
((S)-2-0x0-3-(6-(trifluoromethyDqui nazol i n-4-yl am no)pynolidin- | - 15

yl ) cycl ohexyl ) acet ani de, free base wad sli ssolved in 0.1 nL of HOAc at 80C.
To this, 0.2 nL of t-BuOAc was added and the solution was cooled to 20C
The solution was evaporated to dryness. *the resulting solid was agitated in
hept ane at 50C for 15 hours, followed by cooling to 20C. HAC-1 was filtered
and dried at 25C under vacuum overni ght: Form HAC- | is characterized by 1
nol e of acetic acid per one 20nvl e of

N((I'R 2S,5R)-5-(tert-butyl am no)-2-0)-2-o0x0-3-(6-
(trifluoronethyl)quinazolin-4-ylam no)pyrrolidin-I|-yOcycl ohexypacet am de,
free base. Form HAC-1 was characterized by a DSC t het nogram havi ng an
endotherm c onset typically at ca. 100C in agreenent with the TGA curve; at
hi gher tenperatures other events nmay ensue. Form HAC-1 was al so
characterized by a TGA curve having 25ca. 15..3% weight loss up to ca. 200
C. Theoretical weight loss is ca. 10.5% however it is not unusual for



d FormH a(A) b(A) c(A) ala 0 v(A3) Exp 2a 110.5-4 -50 17.7845(7)
7.6215(3) 20.9510(9)90 109.062(3)90 2684 1(2) Exp 2b N-2 RT 18.7240(4)
8.0171(2) 19.6568(5)90 114.935(2)90 2675.7(1) Exp 2c 111.75-5 -70
12.7648(2) 34 3194(7)12.9659(2)90 99.053(1) 90 5609.4(2) 2941.4(61
2938.7(2) Exp 2d HAC-1 RT 7.9766(7) 1.058(2)33.348(4) 90 90 90 Exp 2e

comprising the steps of:
hydrolyzing the ester moiety of the compound of formula V with a

hydrolyzing agent to form the acid of compound V1 at temperatures from about -5 to

about 5 °C:
NRiR NRR,
Q\\\cozm - Q\\\cozu
0 o
5 ' Y| .

reacting a compound of formula Via, HO-Z-OH, with a compound of formula
IV {optionally in situ) in the presence of an acid catalyst to give a compound of
formula VII having a carboxylic acid moiety:
SRR,

o

z;/

HO-Z-0H

v ' WCO2H
Via Q

A
Vit

10 reacting 4 compound of formula VIa, HO-Z-OH (preferably alkylene glycol,
especially cthylene glycol), with a compound of formula 1V (optionally in situ) in the
presence of an acid catalyst (preferably p-toluenesuifonic acid, or a hydrate thereof)

10 give a compound of formula VII having a carboxylic acid moiety:

-35.



E-1 -50 7.9866(3) 1.2594(6)12.680(2) 90 90 90 Exp 21' RPG 3 -50

10. 3004(3) 10. 5475(4) 15. 4784(6) 90. 045(3) 102.476(2)109.083(2)1547.0(1) Exp
29 1PA-1 RT 8.4487(2) 11.6615(3)31.3800(9)90 90903091.7(1) TABLE 1
(continued) Unit Cell Parameters Exp 2a 2 Conoundil __ sidsaly_ 671 P21
1.235 Exp 2b 2 669 P21 1.258 Exp 2c 4 701 P2l 1.274 Exp 2d 1 735 P212121
1.279 Exp 2e 1 735 P21212, 1.249 Exp 2f

NR,R
NRiR, s 2

ey

)

o o

Y

HO-Z-OH

WCOH W COaM
Q Via

Zz
Vi Vil

itf

transforming the carboxylic acid moiety of the ketal of formula VIl to a
corresponding intermediate isocyanate of formula VIIL

NRiR,

~

3

o}

e
¢

Z
5 VIIT;

contacting the isocyanate of formula VIII (optionally i situ), with a

compound of formula RigCOW (e.g. acetic acid) in the presence of a corresponding
acid anhydride (i.e. (R,0C0O),0) to to form the amide of formula IX having a ketal
moiety:

\\NR1 R,

sy

3

0
H

e
10 C Zj

IX; and
hydrolyzing the ketal moiety of the amide of formula IX to form the
compound of formula X;

fn

.36 -



2 774 Pl 1.257 Exp 2g 1 773 P212,21 1.217 5[00276] The variabl es used in

Table | are defined bel ow T = tenperature in Centigrade for the
crystal l ographic data (RT is roomtenperature which is about +22C) V =
volume of unit cell Z' = nunber of drug nol ecul es per asymmetric unit 10Vm

= V(unit cell)! (Z drug nol ecules per cell) sg = space group dcalc =
cal cul ated crystal density TABLE 2 15Atom ¢ Coordi nates for Exanpl e 2a,
Form HO.5-4 Atom X Y Z Atom X Y Z Fl 0.1718 0.5612 0.2388 F138 0.9730
0.9700 0.6210 F2 0.1576 0.4167 0.1518 F139 1.0220 0.7300 0.6430 F3 0.1277
0.6827 0.1463 F140 0.9470 0.7710 0.5532RR,

o
H

\‘\N \n/

0

e

Rqg

o=

X5
wherein:
Ry, and R; are independently hydrogen or an amine-protecting group,;
5 R4 and Ry are independently Cy.4alkyl or optionally substituted benzyl;

Rz and Rp are independently hydrogen or Cy_galkyl;
W is O or OC; . galkyi;

Y

C\\
7 is ~(CT\To)r, ~(CTiToh or =7 (Tt ang

T 1, T2 and T3 at each occurrence are independently selected from hydrogen,
10 Ciaalkyl, C4alkenyl, halogen, hydroxy, cyano, nitro, CF3;, OCy.salkyl, OCF3, and
C(=0)Cy.qalkyl.
[00135] Ina 27" embodiment, the disclosure provides a process for preparing a
compound of formula XI wherein:
the compound of formula V1I is (7R,85)-8-((3.5)-3-
15 {{(benzyloxy)carbonylamino)-2-oxo--pyrrolidinyt)-1,4-dioxaspiro[4.5]decane-7-
carboxylic acid, or a salt thereof;
the compound of formula VIla is benzyl ((35)-1-((7R,8S)-7-(azidocarbonyl}-
I,4-dioxaspiro[4.5)dec-8~yl)-2-0x0-3-pyrrolidinyl)carbamate, or a salt thereof;
the compound of formula VIil is benzyl ((38)-1-((7R,85)-7-isocyanato-1,4-
20  dioxaspirof4.5]dec-8-yl)-2-ox0-3-pyrrolidinyl}carbamate, or a sait thereof;
the compound of formula IX is benzyl ((35)-1-((7R,85)-7-acetamido-1 ,4-
dioxaspiro[4.5]dec-8-y1)-2-0x0-3-pyrrolidinyl)carbamate, or a salt thereof;
the compound of formula X is benzy! ((3.5)-1-((15,2R)-2-acetamido-4-
oxocyclohexyl)-2-oxo-3-pyrrolidinyl)carbamate, or a salt thereof; and
25 the compound of formula X1 is benzyl ((35)-1-((15,2R,4R)-2-acetamido-4-
(tert-butylamino)cyclohexyl)-2-oxo-3-pyrrolidinyl)carbamate, or a salt thereof.
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N7 0.3729 0.0177 -0.0187 0137 0.5289 1.1320 0.2702 N9 0.3967 0.3613 0.0716
H O 0.3464 0.3422 0.0601 Ni |l 0.5034 0.5324 0.1275 H16 0.1889 -0.1347
-0.0192 N12 0. 1513 -0.3723 -0.0803 H85 0.2780 0.4332 0.1193 N15 0. 2070
-0.0340 -0.0258 H88 0.4895 0.3182 0.0357 Atom X Y Z Atom X Y Z N18 0.4944

[00136] Ina2g® embodiment, the disclosure provides a process for preparing a
compound of formula I:

NR;R
$NR1R2 NR4R; d‘ ?
= = 2 aCO:H
CO.R = w2
wblaRg WGOH HO-Z-OH .
- Via -
v P4
Vi vil
- NRiR;

-
=
[+]
o
H1|
T O
=
%

N Ry °
\h \ﬂ/ H
RmC(O)W a \\\N Y Ry
CJ o
) C) !
X
Vil X
SRR NHR
> 1
&0 &
N
o 10 = i
HNRng O WI o O\\\N \n/ R10
— i ~ [s]
N. =
Re™ Ry RV
8 3

the process comprising:
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0. 7660 0.2016 H90 0.2688 -0.4938 -0.1162 023 0.3677 0.2704 -0.0786 1191
0.2791 -0.3427 -0.1635 025 0.2371 0.2420 0.0154 HO93 0.2277 0.1128 -0.0967
C82 0.2630 0.6176 0.1822 1195 0.3290 -0.0521 -0.1140 C83 0.4281 0.4888

0. 1165 H99 0. 3760 -0.3135 -0_0574 C84 0.3027 0.5269 0.1466 H100 0. 3100
-0.3067 -0.0228 C86 0.3810 0.5754 0.1513 11102

hydrolyzing the ester moiety of the cornpound of formula V with a
hydrolyzing agent (preferably an alkali hydroxide, especially sodium hydroxide) to
form a compound of formula VI;

reacting a compound of formula Va, HO-Z-OH, with the compound of

5 formula VI, optionally in situ, in the presence of acid catalyst (preferably p-
toluenesulfonic acid, or a hydrate thereof) to afford a compound of formula VII
having a carboxylic acid moiety;

transforming the carboxylic acid moiety of the ketal of formula VII to form a
corresponding intermediate isocyanate of formula VIII;

10 contacting the isocyanate of formula VIII, optionally in situ, with a compound
of formula RjsCOW (preferably acetic acid) in the presence of a corresponding acid
anhydride, (R;pCO),0 (preferably acetic anhydride), to form the amide of formula IX
having a ketal moiety;

hydrolyzing the ketal moiety of the amide of formula IX to form the

15  compound of formula X; and

reductively aminating the compound of formula X with an amine of formula
HNRgRy (preferably iers-butyl amine) in the presence of a Lewis acid (preferably a
titanium reagent such as TiCl,{O-iso-propyl);) to form a compound of formula XI
having a pyrollidony!l amine moiety;

20 deprotecting the pyrollidinyl amine of formula XI to form a compound of
formula XII; and

coupling the compound of formula XII with a compound of formula

{ ::}—LG
to afford a compound of formula [

wherein:
25 Ry, and R, are independently hydrogen or an amine-protecting group;

R4 and Rygare independently Cy_galkyl or optionally substituted benzyl;
Rs and Ry are independently hydrogen or C|_galkyl;
W is OH or OC) ealkyl;
55
7 N
. 7 (Tadoa .
Zis (CTiTa)e-, (CTyTads-, or slo4
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. 4 0.0450 0.0773 C87 0.4447 0.2515 0.0409 11103 0.4804 0.1033 0.1290
28828 2647 -0.3681 -0.1237 H105 0.1184 -0.0766 -0.1500 C92 0.2304 -0.0122
-0.0852 11106 0.1831 -0.0821 -0.1859 C94 0.3163 -0.0776 -0.0729 H 10
0. 3980 0.9063 0.2542 C96 0.4172 0.7161 0.1933 11112 0.4292 -0.1628 0. 0516
C97 0.1821 0.5681 0.1800 H113 0.3692 -0.0449 0.0742

T 1, T2 and Tj at each occurrence is independently selected from hydrogen, C;.
aalkyl, Cz salkenyl, halogen, ydroxy, cyano, nitro, CFs, 0OC4alkyl, OCFs, and
C(=0)C,.qalkyl (preferably Z is {(CHy),- );

HET is a 3-14 membered heteroaryl ring having one to four heteroatoms

5 selected from N, O or 8 (preferably one to three heteroatoms, especially one to two
nitrogen atoms) in at least one of the rings (HET is preferably a 6-substituted
quinazolin-4-yl , more preferably 6-trifluoromethyl-quinazolin-4-y1); and

LG is a leaving group selected from halogen or OSO,R s, Wherein Risis
phenyl, a 5- to 7-membered heteroaryl having one or more atoms selected from N, S,

10 or O, Cisalkyl, or 2 3- to 7-membered cycloalkyl, all of which are optionally
substituted by one to three groups selected from halogen, CF; and Cy_galkyl
(preferably LG is a halogen, especially chlorine).

{00137} Ina29™ embodiment, the disclosure provides a compound of formula VI,
or a salt thereof

NR{R,
=

O

WCOzH

O:Omz;j

N
Vi
wherein;
R, and R; are independently selected from hydrogen and an amine-protecting

group selected from BOC, Cbz, and benzyl (preferably R, is hydrogen and R, is Cbz);
o,
7 N\
: — 7 {Talous .
20 Zis —(CT1T2)2~, —(CTsz)],-, or 3704 N and

T 1, Tz and T at each occurrence are independently selected from hydrogen
Craalkyl, Cyqalkenyl, halogen, hydroxy, cyano, nitro, C¥F3, OCyalkyl, OCFs, and
C{=0)Cialkyl (preferably Z is {CHah- ).

A preferred compound of formula VI is ( IR,285)-2-((8)-3-

¥

5 (benzyloxycarbonylamino)-2-oxopyrrolidin-1 ~yl)-5-oxocyclohexanecarboxylic acid
or a salt thereof.
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C98 0.3221 -0.2755 -0.0632 11115 0.2715 0.8230 0.2452 C101 0.4735 0.0847
0.0816 11117 0.0540 -0.3914 -0.0071 C104 0.1724 -0.1130 -0.1448 11118
0.1047 -0.5613 -0.0042 C107 0.3915 0.1858 -0.0261 H119 0.0122 -0. 5664
-0.0392 C108 0.2116 0.0919 0.0195 11121 0.0157 -0.2070 -0. 1065 C109 0.3748
0. 8103 0.2276 11122 -0.0438 -0.3568 -0.1418 C111 0.4081 -0.0451

[06138] Ina 30" embodiment, the disclosure provides a compound of formula VI
that is (1R,28)-2-((S)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yl)-5-

oxocyclohexanecarboxylic acid or a salt thereof.

5 {00139] Ina31* embodiment, the disclosure provide a novel compound of formula

V1, or a salt thereof:
\\\N RyR,

0]

IHZ

WCOH
-,
VII

wherein:
10 R, and R are independently selected from hydrogen and an amine-protecting
group selected from BOC, Cbz, and benzyl (preferably Ry is hydrogen and Ry is Cbz);
&,
@

7 is «(CTiTols-, «CTiToh- or =7 Tahos: ang

T, T2 and T3 at each occurrence are independently selected from hydrogen,
Ci.qalkyl, Coaalkenyl, halogen, hydroxy, cyano, nitro, CFs, OC .4alkyl, OCF3, and

15  C(=0)Cisalkyl (preferably Z is —(CHz)z- ).

A preferred compound of formula VI is (7R,85)-8-((35)-3-
{((benzyloxy)carbonyl)amino)-2-oxeo-1-pyrrolidinyl)-1,4-dioxaspiro{4.5]decane-7-
carboxylic acid.

[00140] Ina 32™ embodiment, the disclosure provides a compound of formula VII
20 that is (7R 85)-8-((3.5)-3-({{benzyloxy)carbonyl)amino)-2-oxo- 1 -pytrolidinyl)-1,4-

dioxaspiro[4.5)decane-7-carboxylic acid, or a salt thereof.

[08141]  Ina 33" embodiment, the disclosure provides novel compounds of

formula V1la, or a salt thereof:
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0. 0507 11123 0. 0156 -0.2818 -0.1762 C114 0.2994 0.7605 0.2220 H126 0. 1446
-0.3645 -0.1779 C116 0.0592 -0.4960 -0.0309 11128 0.5835 0. 7006 0.1755 C120
0.0087 -0.3106 -0.1338 11130 0.2266 0.0448 0.1189 C124 0.0696 -0. 4465
-0.0977 11131 0.1603 -0.0732 0.0701 C125 0.1783 -0.3101 -0.1359 11132

0. 1430 0.1249 0.0800 C127 0.5309 0.6696 0.1690 11134 0. 0091

SRR

(P

Q\\\CON:;
C‘:Hi?z-z

Vila

iz

wherein:
R; and R; ave independently selected from hydrogen and an amine-protecting

5 group selected from BOC, Cbz, and benzyl (preferably R, is hydrogen and R, is Cbz);
v
<‘/ \&
Zis ~(CTiTa)-, "‘(CT;Tz);-, or ===/ (Tados ;and

T1, To and T; at ¢ach occurrence are independently selected from hydrogen,

Ciaalkyl, Cysalkenyl, halogen, hydroxy, cyano, nitro, CF3, OC\salkyl, OCF;, and
C(=0)Ciqalkyl (preferably Z is (CHa)a- ).

10 A preferred compound of formula Vila is benzyl ((38)-1-((7R,88)~7-(azidocarbonyl)-
1,4-dioxaspiro{4.5]dec-8-yl)-2-0x0-3-pyrrolidinyl)carbamate,
[002142)  Ina 34™ embodiment, the disclosure provides a compound of formula Vila
that is benzy! ((35)-1-((7R,85)-7-(azidocarbonyl)-1 ,A4-dioxaspiro[4.5]dec-8-y1)-2-ox0-
3-pyrrolidiny{)carbamate, or a salt thereof,

5 [00143] Ina3s™ embodiment, the disclosure provides a compound of formula

VIII, or a salt thereof:

NRiR,

(10

wNCo

»

><:>mz

wherein:
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-0.6633 -0.1497 C129 0.1827 0.0426 0.0774 H135 0. 1005 -0.6984 -0.1175 C133
0.0611 -0.6143 -0.1412 11136 0.0686 -0.5851 -0.1833 F4 0.9541 0.9380 0.5714
11141 0. 1830 -0.4440 -0.0580 F5 0.9826 0.6800 0.5759 1114 0.6945 1.0312

0. 5339 F6 1.0259 -0.8300 0.6655 1121 0.7741 1.5073 0.4379 N3 0.6040 1.3694
0.4758 H28 0.7049 1.4602 0.3064 N13

R; and R; are independently selected from hydrogen and an amine-protecting

group selected from BOC, Cbz, or benzy! (preferably R, is hydrogen and R, is Cbz);
o,
<‘/ \js
. 7 (Tadoa .
Z is ~(CTy T2, ~(CT1Tak-, or o4+ and

T, T» and T'5 at each occurrence are independently selected from hydrogen,
5 Ciaalkyl, Coaalkenyl, halogen, hydroxy, cyano, nitro, CFs, OC,.salkyl, OCF;, and
C(=0)C;4zlkyl (preferably 7 is {CHz)p- ).
A preferred compound of formmla VIIT is benzy! ((35)-1-((7R,85)-7-
isocyanato-1,4-dioxaspiro[4.5]dec-8-yI}-2-0x0-3-pyrrolidinyl)carbamate.
[00144} Ina 36" embodiment, the disclosure provides a compound of formula VIII
10 thal is benzyl ({(35)-1-((7R,85)-7-isocyanato-1,4-dioxaspiro[ 4.5 Jdec-8-y1)-2-0x0-3-
pyrrolidinyl)carbamate, or a salt thereof.
[00145] 1Ina 37" embodiment, the disclosure provides a compound of formula IX,

or a salt thereof’
NR1 Ry

15 X
wherein:
Ry and R; are independently selected from hydrogen and an amine-protecting

group selected from BOC, Cbz, or benzyl (preferably R, is hydrogen and R, is Cbz);
o,
<\/ Ql
Zis m(CTsz)z—, "(CT;Tz)z.-, or = (73)0.4;

20 T4, T2 and T; at each occurrence are independently selected from hydrogen,
Cialkyl, Coualkenyl, halogen, hydroxy, cyano, nitro, CFs, OCy.salkyl, OCF;, and
C{=0)C,salkyl (preferably Z is «(CHy)- ); and

Ryg is Cy.salkyl (preferably methyl).
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. 1 1.0203 0.5573 1129 0.6130 1.4814 0.2902 N17 0.7581 1.7462 0.3780
(]).12230.5464 1.0615 0.5430 NI 9 0.6266 0.8793 0.6383 1134 0.6724 1.6789
0.4661 N20 0. 7501 1.4082 0.4350 1135 0.5807 1.7062 0.4509 N22 0.7080 0.6517
0. 7080 1138 0.8152 0.9372 0.5749 024 0.7581 1.1336 0.4774 1141 0. 5545
1. 4575 0. 3823 026 0.5442 1.1244 0.4164

A preferred compound of formula IX is benzyl ((38)-1-((7R,85)-7-acetamido-
i,4-dioxaspiro[4.5]dec—8~yl)-2-0xo—3—pyrrolidinyi)carbamate.
[80146] Ina3g" embodiment, the disclosure provides a compound of formula IX
that is benzyl ((35)-1-((7R,88)-7-acetamido-1 ,4-dioxaspiro{4.5)dec-8-y1)-2-0x0-3-
5  pyrrolidinylcarbamate, or a salt thereof.

[60147] Tna3o® embodiment, the disclosure provides a compound of formula X,
or a salt thereof:

10 wherein:
Ry and R, are independently hydrogen or an amine-protecting group selected
from BOC, Cbz, and benzyl; and
Ryois Crealkyl.
Preferably R, is hydrogen, R, is Cbz and Ry is methyl. A preferred
15 compound of formula X is benzyl {(35)-1-((18,2R)-2-acetamido-4-oxocyclohexyl)-2-
ox0-3-pyrrolidinylcarbamate,
[00148) Inado™ embodiment, the disclosure provides a compound of formula X
that is benzyl ((35)-1-((18,2R)-2-acetamido-4-oxocyclohexyl)-2-0x0-3-
pyrrolidinyl)carbamate, or a salt thereof,

20 [80149]  Ina 40" embodiment, the disclosure provides a compound of formula X,

or a salt thereof:
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1144 0.5540 1.3350 0.5873 C27 0.6643 1.5023 0.3242 1145 0. 6406 1.2709
0.6290 C30 0.6817 0.9034 0.6081 1148 0.6272 1.8887 0.3818 C31 0.5921 1.1293
0.5402 H49 0.5627 1.7587 0.3377 C33 0.6205 1.6624 0.4324 H52 0.6566 1.2721
0.3752 C36 0.5758 1.2019 0.4701 H55 0.6234 1.5433 0.5534 C37 0.8201 0.8496
0. 6069 H56 0.6965 1.4170

JRRz
{ Xy
N
Y

HiZ

R‘IB

wherein:

R; and R, are independently hydrogen or an amine-protecting group selected
from BOC, Chz, and benzyl;

5 Rg and Ro are independently hydrogen or C; gatkyl; and

Rie i Crsalkyl.

Preferably R, is hydrogen, R; is Cbz, Ry is hydrogen, Ry is tert-butyl, and Ry
is methyl. A preferred compound of formmula XI is benzyl ((35)-1-((15,2R,4R)-2-
acetamido-4-{tert-butylamino)cyclohexyl)-2-oxo0-3-pyrrolidinyljcarbamate.

10 [00150] Ina41™ embodiment, the disclosure provides a compound of formula XI
that is benzyl ((35)-1-((15,2R,4R)-2-acetamido-4-(tert-butylamino)cyclobexyl)-2-
ox0-3-pyrrolidinyl)carbamate, or a salt thereof.

[06151] Ina42™ embodiment, the disclosure provides a compound of formula XIJ,

or a salt thereof
NHR,

15 Xt
wherein:
R, is hydrogen or an amine-protecting group selected from BOC, Chbz, and
benzyl,
R and Ry are independently hydrogen or Cy_galkyl; and
20 Rigis Cygalkyl.
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. 8887 1.9136
0. 5619 Atom X Y Z Atom X Y Z C39 0.7568 0.8126 0.6288 H58 O

0.4290 C40 0.6067 1.4694 0.4172 H59 0.9292 1.8759 0.3743 C42 0.8902 0. 7591
0.6317 H60 0.9085 1.7203 0.4146 C43 0.6042 1.2934 0.5840 H62 0.6632 1.7578
0.2922 C46 0.7651 0.6822 0.6794 H64 0.8824 1.3038 0.5620

Preferably R, is hydrogen, Rg is hydrogen, Ry is tert-butyl, and Rjo is methyl.
A preferred compound of formula X1I is N-({1R,25,5R)-2~((35)-3-amino-2-0x0-1-
pyrrolidiny1)}-5-(ters-butylamino)cyclohexylacetamide.

[00152]  Ina 43" embodiment, the disclosure provides a compound of formula X1
5 thatis N—((IR,2S,5R)—2—((3S)w3~amino-2-oxo-1—pyrrolidinyl)—sw(tert-
butylamino)cyclohexyl)acetamide, or a salt thereof.
[00153) Ina44™ embodiment, the disclosure provides a compound selected from:
{7R,85)-8-((35)-3 ({({benzyloxy)carbonyDamino)-2-0x0- 1-pyrrolidinyd)-1,4-
dioxaspiro[4.5]decane-7-carboxylic acid, or a salt thereof:
10 benzyl ((38)-1-((7R, 88)—7—(azidocarbonyl)—l,4—dioxaspiro[4.5}dec-S—yl)—Z-
oxo-3-pyrrolidinyl)carbamate, or a salt thereof;

benzyl {(3S)-1-((7R,85)-7-isocyanato-1 ,A-dioxaspiro{4.5]dec-8-y1)-2-0x0-3-
pyrrolidinyl)carbamate, or a salt thereof:

benzyl ((35)-1-((7R,35)-7-acetamido- 1,4-dioxaspiro[4.5]dec-8-y1)-2-0x0-3-

15 pyrmolidinylcarbamate, or a salt thereof;

benzyl ((35)-1-((1 3,2R)-2-acetamido-4-oxocyclohexyl)-2-0x0-3-
pyrrolidinyl)carbamate, or a salt thereof: and

benzyl ((35)-1-((1 S,2R,4R)—2-acetamid0-4-(zerr-buiylamino)cyclohexyl)-Z-
oxo-3-pymrolidinyl)carbamate, or a salt thereof.

20 [00154] Ina 45" embodiment, the disclosure provides a process wherein:

a compound of formula VII is (7R,85)-8-((35)-3-
({(benzyloxy)carbonyl)amine)-2-ox0-1 -pyrroiidinyl)-1,4-dioxaspiro[4.5)decane-7-
carboxylic acid, or a sait thereof:

a compound of formula VIIa is benzyl ((35)-1 -((7R,88)-7-(azidocarbonyl)-1,4-

25 dioanpiro[4.5]dec-8—y1)—2—ox0-3—pyrroiidiny])carbamate, or a salt thereof;

a compound of formula VIII is benzyl ((38)-1-((7R,BS)-7-isocyanato-] 4-
dioxaspiro{4.5}dec-S—yE)~2~oxo—3-pyrrolidinyl)carbamate, or a salt thereof;

a compound of formula IX is benzyl {((38)-1-((7R,85)-7-acetamido-1,4-
dioxaspiro[4.5]dec—8-yl)-2-oxo-3—pyrrolidinyl)carbamate, or a salt thereof

30 the compound of formula X is benzy! ((35)-1-((LS,2R)-2-acetamido-4-

oxocyclohexyl)-2-ox0-3-pyrrolidinylcarbamate, or a salt thereof: and
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C47 0.6162 1.7663 0.3697 He5 0.8870 1.4370 0.5064 C50 0.8099 1.8166 0.3410
H66 0.9097 1.2396 0.5019 C51 0.6689 1.3952 0.3877 H69 0. 7263 1.9822 0.2803
C53 0.7895 1.2775 0.4740 H/0 0.8132 2.0339 0.2846 C54 0.6389 1.4243 0.5469
H71 0.7823 2.0761 0.3450 C57 0.8917 1.8331 0.3947 H73 0.8374 1.5813 0.3078
C61 0.6751 1.6998

a compound of formula X1 is benzyl ((38)-1-((15,2R,4R)-2-acetamido-4-(tert-
butylamino)cyclohexyl)-2-oxo-3-pyrrolidinyl)carbamate, or a salt thereof.
(00155]  In a 46™ embodiment, the disclosure provides a process wherein a
compound of formula I is N-((1R,28,5R)-5-(tert-butylamino)-2-{(S)-2-ox0-3-(6-
5 (trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1-yl)eyclohexyhacetamide or a salt
thereof.
[00156] 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
10 may be taken in conjunction with any other embodiment or embodiments to describe
additional embodiments. Each individual element (including preferred 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
embodiment to describe an additional embodiment. In addition, the present invention
15  encompasses combinations of different embodiment, parts of embodiments,

definitions, descriptions, and examples of the invention noted herein.

DEFINITIONS
{00157] The following are definitions of terms used in this specification and
20  appended claims. The initial definition provided for a group or term herein applies to
that group or term throughout the specification and claims, individually or as part of
another group, unless otherwise indicated.
[00158]  The term “alkyl” refers to straight or branched chain hydrocarbon groups
having 1 to 12 carbon atoms, preferably | to 6 carbon atoms. When numbers appear
25 ina subscript after the symbol "C", the subscript defines with more specificity the
number of carbon atoms that a particular group may contain. For example, "C,_alkyl”
refers to straight and branched chain alkyl groups with one to six carbon atoms, such
as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, and so forth. The
subscript “0” refers to a bond. Thus, the term hydroxy(C,,)alkyl or (C,,
30 hydroxyalkyl includes hydroxy, hydroxymethyl and hydroxyethyl. Alkyl groups
may be substituted with one to three groups selected from (Cy.g)alkyl, (Cagralkenyl,
hydroxy, halogen, cyano, nitro, CF3, O(Cy.ealkyl}, OCF;, C(=O)H, C(=0)(C.¢alkyl),
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0. 3362 H74 0.8486 1.7393 0.2638 C63 0.8750 1.3182 0.5148 H/5 0.7629 1.6701
0. 2558 Co67 0.9615 0.8066 0.6143 H/7 0.8443 0.5011 0.7349 C68 0.7802 1.9934
0. 3099 H79 0.9456 0.5638 0.6960 Cr2 0.8152 1.6904 0.2872 H81 0.6060 0. 7320
0. 7067 C76 0.8381 0.5893 0.7029 H142 0.7500 1.8390 0.4090 C78 0.8982 0.6264

0.6799 H143 0. 5333

CO:H, COx(Crsalkyl), NHCOACy.salkyl), -S(Ci.calkyl), NH,, NH(C,.salkyl), N(C..
salkyl)z, N(CHs)a", SO(Cy.ealkyl), C(=0)Cy.qalkyleneNH,, C(=0)C,.
salkylene)NH(alkyl), C(=O)(Cyqalkylene)N(Cysalkyl),, Cascycloalkyl, phenyl,
benzyl, phenylethyl, phenyloxy, benzyloxy, napthyl, a four- to seven-membered

5 heterocylo, and/ or a five- 10 six- membered heteroaryl. When a substituted alkyl is
substituted with an aryl, heterocyclo, cycloalkyl, or heteroaryl group, said ringed
systems are as defined below and thus may have zero, one, two, or three substituents,
also as defined below.
[60159]  When the term “alky]” is used together with another group, such as in

10 “arylalkyl”, this conjunction defines with more specificity at least one of the
substituents that the substituted alkyl will contain. For example, “arylaliyl” 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(Co4)alkyl includes a substituted lower alkyl
having at least one aryl substituent and also includes an aryl directly bonded to

15 another group, i.e., aryl{Colalkyl.

[00160] The term “alkenyl” refers to straight or branched chain hydrocarbon
groups having 2 to 12 carbon atoms and at least one double bond, Alkenyl groups of 2
to 6 carbon atoms and having one double bond are most preferred. Alkenyl groups
may be substituted as described above for alkyl groups.

20 [00161) The term “alkynyl” refers to straight or branched chain hydrocarbon
groups having 2 to 12 carbon atoms and at least one triple bond. Alkynyl groups of 2
to 6 carbon atoms and having one triple bond are most preferred. Allcynyt groups
may be substituted as described above for alkyl groups.

[00162]  The term “alkylene” refers to bivalent straight or branched chain

25 hydrocarbon groups having 1 to 12 carbon atoms, preferably 1 to 8 carbon atoms,
e.g., {-CHy-},,, wherein n is 1 to 12, preferably 1-8. Lower alkylene groups, that is,
alkylene groups of 1 to 2 carbon atoms, are most preferred. The terms “alkenylene”
and “alkynylene” refer to bivalent radicals of alkenyl and alkyny! groups,
respectively, as defined above. Alkenylene groups may be substituted as described

¥0  above for alkyl groups.

[00163]  The term “alkoxy” refers to an oxygen atom substituted by alkyl, as

defined herein, For example, the term “alkoxy” or includes the group -O-C, calkyl.
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1.1298 0.3123 C80 0.6445 0.7516 0.6862 H144 0.5194 1.0278 0.2538 TABLE 3
Atom ¢ Coordinates for Exanple 2b, Base Form N2 Atom X Y Z Atom X Y Z NI
0.7824 1.3195 0.3238 Cr71 0.9289 1.4591 0.5167 N2 0.1685 0.3056 -0.0178 H72
0.9378 1.4237 0.5668 H3 0.1633 0.1989 -0.0196 H73 0.9764 1.4359 0.5102 Md O
6223 0.8215 0.1887 Cr4 0.8719

[00164] When a subscript is vsed with reference to an alkoxy, thicalkyl or
aminoalkyl, the subscript refers to the number of carbon atoms that the group may
contain in addition to heteroatoms.
[60165] It should be understood that the selections for all groups, including for

5  examples, alkoxy, thicalkyl, and aminoalkyl, will be made by one skilled in the field
to provide stable compounds.
[80166} The term “carbonyl” refers to a bivalent carbony! group —C(=0)-.
[00167} The term “acyl” refers to a carbony! group linked to an organic radical,
more particularly, the group C(=0)R,, as well as the bivalent group ~C(=O)Re—,

10 which are linked to organic radicals. The group R. can be selected from alkyi,
alkenyl, alkynyl, cycloalkyl, heterocyclo, aryl, or heteroaryl as defined herein, or
when appropriate, the corresponding bivalent group, e.g., alkylene.

[00168] The term “cycloalkyl” refers to fully saturated and partially unsaturated
hydrocarbon rings (and therefore includes “cycloalkenyl rings”™) of 3 to 9, preferably

15 3 to 7 carbon atoms. The ierm "cycloalkyl” includes such rings having zero, one,
two, or three substituents selected from (Cyg)alkyl, (Coy)alkenyl, halogen, hydroxy,
cyano, nitro, CF3, O(Cr.aalkyl), OCF;, C(=O0)H, C(=0}Ci.4alkyl), CO:H, CO2(Cy.
satkyl), NHCO(Cyqalkyl), S(Cy.aalkyl), NH, NH(Cy.salky!l), N(Cyaalkyl)s, N(Cy.
aalkyl)s’, SOACraalkyl), C(=0)Cyqalkylene)NH,, C(=0)Ci.4alkylene)NH{alky!),

20 and/or C(=0)(Cy salkylene)N(C).4alkyl),. The term “cycloalkyl” also includes such
rings having a second ring fused thereto (e.g., including benzo, heterocyclo, or
heteroary! rings) or having a carbon-carbon bridge of 3 to 4 carbon atoms,

[00169] The term “halo” or “halogen” refers to chloro, bromo, fluoro and iodo.
[00170] The term “haloalkyl” means a substituted alkyl having one or more halo

25  substituents. For example, “haloalkyl” includes mono, bi, and triffuoromethyl.
[00871] The term “haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, “haloalkoxy” includes OCF;.

[00172] The term “hetercatoms™ shall include oxygen, sulfur and nitrogen.
[08173]  The term “aryl” refers to phenyl, biphenyl, fluorenyl, 1-naphthyl and 2-

30  naphthyl. The term “aryl” includes such rings having zero, one, two or three
substituents selected from (Ci.)alkyl, (Cyu)alkenyl, halogen, hydroxy, cyano, nitro,
CFa, O(Calkyl), OCFs, C(=0)H, C(=0)(C,.salkyl), COH, COy(C,.salkyl),
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1. 7574
0. 9765
1.3914
0. 0258
0. 8851

0.6080 N5 0.2627 0.4840 -0.0849 C/5 0.6719 1.2862 0.4846 No 0. 6868
0. 2943 Hr6 0.6246 1.2933 0.4390 H7 0.7030 0.9877 0.3420 H/7 0.6814
0.5103 N8 0.4185 0.9718 0.0742 H/8 0.6660 1.2009 0.5162 N9 0.0989
-0.1003 C79 0.9173 1.6199 0.6639 N1 0 0.7913 1.3680 0.4754 H30

1. 5217 0.6541 H11
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NHCOCyualkyl), S(Cyaalkyl), NHz, NH(Cyalkyl), N(Cy.aalkyl)s, N(Cysatkyl);",
S02Cyaalkyl), C(=0)C,42lkylene)NH,,

C(=0)(Cy4alkylene)NH(alkyl), and/or C(=0)Ci.salkylene)N(C) qalkyl),.

[00174]  The terms “heterocyclo” or “heterocyclic” refers to substituted and
unsubstituted non-aromatic (which may be partially or fully saturated) 3- to 15-
membered rings having one to four heteroatoms. Such rings can be 3-to 7-membered
monocyclic groups, 7-to 1 1-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 one to four nitrogen atoms
provided 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,
partiaily saturated, or unsaturated. The nitrogen and sulfur atoms may optionally be
oxidized and the nitrogen atoms may optionally be quaternized. The heterocyclo
group may be attached at any available nitrogen or carbon atom. The heterocyclo ring
may contain zero, one, two or three substituents sclected from (Cra)alkyl, (C,.
sjalkenyl, halogen, hydroxy, cyano, nitro,. CFs, O(Cyaalkyl), OCF3, C(=0)H,
C(=0)(Cyqalkyl), COH, COH(CaalkyD), NHCO3(Cy.4alkyl), S(Cy_qalkyl), NH,,
NH(Cr.qalkyl}, N(Ci.aalkyl),, N(Cysalkyl)s", SOx(Cyaalkyl), CE=OXC,.
salkylene)NHz, C(=0)(C\.4alkylene)NH(alkyl), and/or C(=0)(Cy.salkylene)N(C;.
aalkyl),. Exemplary heterocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl,
imidazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl,
tetrahydrofurany!, piperidyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidyl, 2-
oxopyrrolodinyl, 2-oxocazepinyl, azepinyl, 4-piperidonyl, tetrahydropyranyl,
morpholinyl, thiamorpholinyl, thiamorpholiny! sulfoxide, thiamorpholinyl sulfone,
1,3-dioxolare, quinuclidinyl. and tetrahydro-1,1-dioxothienyl and the like.

[00175]  The term “heteroary]” refers to substituted and unsubstituted aromatic 3-
to 14-membered rings having one to four heteroatoms selected from O, 8, orNinat
least one of the rings. Said rings can be 5- or 6-membered monocyclic groups, 9- or
10-membered bicyclic groups, and 11- to 14-membered tricyclic groups. Each ring of
the heteroary! group containing a heteroétom can contain one or two oxygen or sulfur

atoms and/or from one to four nitrogen atoms provided that the total number of
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7826 1.4618 0.4918 H81 0.9305 1.6578 0.7142 N12 0.5331 0.6005 0.1813 H382
9647 1.5943 0.6584 N13 0.3353 0.7474 0.0475 C83 0.9176 1.9198 0.6225 H14
3028 0.6896 0.0583 H34 0.9680 1.8999 0.6220 N15 0. 8501 1.6946 0.5311 H85
9252 1.963! 0.6707 N16 0.4567 1.1267 0.1887 H86 0.8887 1.9992 0.5842 017
7470 1.1042 0. 4435

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

5 quatemnized. 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 zero, one, two or three
substituents selected from (Cy.p)alkyl, (Ca.q)alkenyl, halogen, hydroxy, cyano, nitro,

10 CFs, O(Ciaalkyl), OCFs, C(=0)H, C(=0)(Ci.aalkyl}, CO:H, COxC,salkyl),
NHCOCialkyl), S(Cyualkyl), NH,, NH(Cyatky)), N(Ciqalkyl);, N(Cy4alkyl)s",
S0(Cjsalkyl), C(=0)(C,4alkylene)NH,, C(=0)XC,salkylene)NH(alkyl), and/or
C{=0XC4alkyleneN(C,salkyl),.

[00176] Exemplary heteroaryl groups include pyrrolyl, pyrazolyl, pyrazolinyl,

15  imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, furanyl, thienyl,
oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl, indolyl,
benzothiazolyl, benzodioxolyl, benzoxazolyl, benzothienyl, quinolinyl,
tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl,
benzofuranyl, chromonyl, coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl,

20  indazolyl, pyrrolopyridyl, furopyridyl, dihydroisoindolyl, tetrahydroquinolinyl and
the like. Particular heteroaryl groups include, for example, 6-substituted quinazolin-
4-yl and 6-trifluoromethyl-quinazolin-4-yl
[00177}  Where a group is referred to as “optionally substituted”, the term is
defined herein to include both a substituted and unsubstituted group.

25 [00178] The compounds herein described may have asymmetric centers.
Compounds of the present invention containing an asymmetrically substituted atom
may be isolated in optically active or racemic forms. It is well known in the art how
to prepare optically active forms, such as by resolution of racemic forms or by
synthesis from optically active starting materials. Many geometric isomers of olefins,

30 C=N double bonds, and the like can also be present in the compounds described
herein, and all such stable isomers are contemplated in the present invention. Cis and

trans geometric isomers of the compounds of the present invention are described and
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- . 7660 1.8705 0.5758
C87 0.7960 1.7901 0.6131 018 0.2114 0.7470 -0.1165 H88 0O

019 0.2229 0.5239 0.0583 H89 0.8064 1.8325 0.6620 020 0.8588 1.0890 86?3?:81
H90 0. 7667 1.6881 0.6048 Atom XY Z Atom X Y F21 0.5881 0.9034 0.4

0. 2069 0.3753 0.0494 F22 0.4828 0.7754 0.4659 C92 0.1886

may be isofated as a mixture of isomers or as separated isomeric forms. All chiral,
diasicreomeric, racemic forms and all geometric isomeric forms ofa structure are
intended, unless the specific stereochemistry or isomeric form is specifically
indicated.

5 [00179]  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
agent such as camphonic chloride as in Steven D. Young, et al, dntimicrobial Agents

10 and Chemotherapy, 1995, 2602-2605.

[00180]  The phrase “pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of
human beings and animals without excessive toxicity, irritation, allergic response, or

15 other problem or complication, commensurate with a reasonable benefit/risk ratio.
[00181]  Asused herein, “pharmaceutically acceptable salts” refer to derivatives of
the disclosed compounds wherein the parent compound is modified by making acid or
base salts thereof. Examples of pharmaceuticaily acceptable salts include, but are not
limited to, mineral or organic acid salts of basic residues such as amines: alkali or

10 organic salts of acidic residues such as carboxylic acids; and the like. The
pharmaceutically acceptable salts include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound formed, for example, from non-
toxic inorganic or organic acids. For example, such conventional non-toxic salts
include those derived from inorganic acids such as hydrochloric, hydrobromic,

"5 sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from organic
acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic,
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, isethionic, and the like.

0 [00182) The pharmaceutically acceptable salts of the present invention can be
synthesized from the parent compound which contains a basic or acidic moiety by

conventional chemical methods. Generally, such salts can be prepared by reacting the
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0.3981 -0.1294 F23 0.5874 0.6500 0.5199 H93 0.1617 0.4641 -0.1751 C24
0.1049 -0.1653 -0.0049 C94 0.1345 0.3960 -0.0889 H25 0.1473 -0.2167 -0.0125
H95 0. 1249 0.5115 -0.0787 H26 0.0773 -0.2487 0.0097 C96 0. 3636 0.8982
0.1612 H27 0.1257 -0.0826 0.0338 C97 0.0560 0.3169 -0.1396 C28 0. 0052
-0.2107 -0.1371 H98 0. 0300 0.3865 -0.1836 H29

free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally, nonagueous media like ether, ethyl acetate, ethanoi, isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Remington’s
5 Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA, 1985, p.

1418, the disclosure of which is hereby incorporated by reference.
[00183]  Since prodrugs are known to enhance pumerous desirable qualities of
pharmaceuticals (e.g., solubility, bioavailability, manufacturing, etc.) the compounds
of the present invention may be delivered in prodrug form. Thus, the present

10 invention is intended to cover prodrugs of the presently claimed compounds, methods
of delivering the same and compositions containing the same. “Prodrugs” are
intended to include any covalently bonded carriers which release an active parent
drug of the present invention in vive when such prodrug is administered to a
mammalian subject. Prodrugs the present invention are prepared by modifying

15  functional groups present in the compound in such a way that the modifications are
cleaved, either in routine manipulation or iz vive, to the parent compound. Prodrugs
include compounds of the present invention wherein a hydroxy, amino, or sulthydryl
group is bonded to any group that, when the prodrug of the present invention is
administered to a mammalian subject, it cleaves to form a free hydroxyl, free amino,

20 or free sulthydryl group, respectively. Examples of prodrugs include, but are not
limited to, acetate, formate and benzoate derivatives of alcohol and amine functional
groups in the compounds of the present invention.
[60184]  “Stable compound” and “stable structure” are meant to indicate a
compound that is sufficiently robust to survive isolation to a useful degree of purity

25  from areaction mixture, and formulation into an efficacious therapeutic agent. The
present invention is intended to embody stable compounds.
{00185] “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

30 combination with other active ingredients effective to inhibit MCP-1 or effective to

treat or prevent disorders,
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- -0.1565 -0.1806 H99 0.0226 0.3123 -0.1131 H30 -0.0204 -0.2889

-8 (]).23181 C(ZI).OO 0. 0655 0. 1409 -0.1647 H31 0.0423 -0.2685 -0.1506 H101 0. 0138
0.0994 -0.1999 C32 -0.0102 0.0236 -0.0618 C102 0.2651 0.6526 -0.0801 H33
0.0176 0.1111 -0.0276 C103 0.3727 0.8727 0.0930 H34 -0.0371 -0.0447 -0.0399
Cl104 0.3129 0.8065 0.1831 H35 -0.0478 0.0713 -0.1077

[00186]  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 rnammal, in particular, when such mammal is predisposed to
the disease-state but has not yet been diagnosed as having it; (b) inhibiting the
5  disease-state, i.e., arresting it development; and/or (c) relieving the disease-state, i.e.,
causing regression of the disease state.
[80187]  The names used herein to characterize a specific form, e.g., “N-2”, should
not be considered limiting with respect to any other substance possessing similar or
identical physical and chemical characteristics, but rather it should be understood that
10 these designations are mere identifiers that should be interpreted according to the
characterization information also presented herein.
[00188]  The present invention provides, at least in part, crystalline forms of the
free base of N-(( 1R,28,5R)-5-(terz-butylamino)-2-((S)-2-oxo-3-(6-
{trifluoromethyl)quinazolin-4-ylamino)pyrrolidin- 1 -yDeyclohexylacetamide, as a
15 novel material, in particular in a pharmaceutically acceptable form. In certain
preferred embodiments, crystalline forms of the free base are in substantially pure
form. Preferred embodiments of crystalline forms of the free base are disclosed in
Example 2 as the E-1, HAC-1, IPA-1, N-2, RPG-3, H0.5-4, and H1.75-5 Forms.
[00189]  As used herein “polymorph” refers to crystalline forms having the same
20 chemical composition but different spatial arrangements of the molecules, atoms,
and/or ions forming the crystal.
[00190] As used herein “solvate” refers to a crystalline form of a molecule, atom,
and/or ions that further contains molecules of a solvent or solvents incorporated into
the crystalline structure, The solvent molecules in the solvate may be present in a
5 regular arrangement and/or a non-ordered arrangement. The solvate may comprise
either a stoichiometric or nonstoichiometric amount of the solvent molecules. For
example, a solvate with a nonstoichiometric amount of solvent molecules may result
{from partial loss of solvent from the solvate.
[00191] As used herein “amorphous” refers to a solid form of a molecule, atormn,
0 and/or ions that is not crystalline. An amorphous solid does not display a definitive

X-ray diffraction pattern.
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H105 0.2826 0.7213 0.1525 C36 0.6347 0.8573 0.2590 C106 0.4090 1.0275
0.2081 C37 0.7956 1.1614 0.3094 C107 0.1998 0.2249 -0.1544 C38 0.5429
0.6399 0.2526 H108 0.2268 0.1548 -0.1108 C39 0.5969 0.8058 0.3661 11109
0.2321 0.2314 -0.1820 H40 0.6303 0.8901 0.3943 C110 0.0479 -0.0823 -0.0781
C41 0.5928 0.7673 0.2949 Cl111 0. 3943 0.5437

[00192]  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
including equal to about 100 weight % of the compound, based on the weight of the

5 compound. The remaining material comprises other form(s) of the compound, and/or
reaction impurities and/or processing impurities arising from its preparation. For
example, a crystalline form of N-((1R,28,5R)-5-(tert-butylamino)-2-((3)-2-o0x0-3-(6-
(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1-yDcyclohexyhacetamide may be
deemed substantially pure in that it has a purity greater than 90 weight %, as

10 measured by means that are at this time known and generally accepted in the art,
where the remaining less than 10 weight % of material comprises other form(s) of N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-2-0x0-3-(6-(trifluoromethyl}quinazolin-4-
ylamino)pyrrolidin-1-yl)cyclohexyl)acetamide and/or reaction impurities and/or
processing impurities.

15 [00193]  Samples of the crystalline forms may be provided with substantially pure
phase homogeneity, indicating the presence of a dominant amount of a single
crystalline form and optionally minor amounts of one or more other crystalline forms.
The presence of more than one crystalline form in a sample may be determined by
techniques such as powder X-ray diffraction (PXRD) or solid state nuclear magnetic

20 resonance spectroscopy (SSNMR). For example, the presence of extra peaks in the
comparison of an experimentally measured PXRD pattern with a simulated PXRD
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

25  Radiation Laboratory, Livermore, California, UCRL-7196 {April 1963).

[00194]  Preferably, the crystalline form has substantially pure phase homogeneity
as indicated by less than 10%, preferably less than 5%, and more preferably less than
2% of the total peak area in the experimentally measured PXRD pattem arising from

the extra peaks that are absent from the sinmlated PXRD pattern. Most preferred is a

30 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 peaks that are absent from the simulated PXRI} pattern.
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- 2 0.7174 1.0886 0.2543 H112 0.4319 0.5306 0.0416 H4A3 0. 7243
19bgég20.cgl48 H 13 0.4226 0.5469 -0.0417 C44 0.8437 1.4188 0.3806 Cl14
0.1202 0.1477 -0.2041 H45 0.8919 1.4020 0.3733 H115 0. 0955 0.2128 -0.2496
C46 0.8266 1.6034 0.3730 H116 0.1283 0.0355 -0.2179 H47 0.7791 1.6255
0.3797 C117 0.3076 0.8411 0.2485 H48 0.8177

[80195]  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
example, crystallization or recrystallization from a suitable solvent, sublimation,
growth from a melt, solid state transformation from another phase, crystallization

5 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.

10 {00196]  The forms may be characterized and distinguished using single crystal X-
ray diffraction, which is based on unit cell and intensity measurements of a single
crystal of a form at a fixed analytical temperature. A detailed description of unit cell
and intensity analysis is provided in Stout & Jensen, X-Ray Structure Determination:
A Practical Guide, Macmillan Co., New York (1968), Chapter 3, which is herein

15 incorporated by reference. Alternatively, the unique arrangement of atoms in spatial
relation within the crystalline Jattice may be characterized according to the observed
fractional atomic coordinates. See Stout & Jensen reference for experimental
determination of fractional coordinates for structural analysis. Another means of
characterizing the crystalline structure is by powder X-ray diffraction analysis in

20 which the experimental or observed diffraction profile is compared to a simulated
profile representing pure powder material, both at the same analytical temperature,
and measurements for the subject form characterized as a series of 20 values and
intensities.
[00197]  The term “negligible weight loss,” as employed herein, as characterized

5 Dby TGA indicates the presence of 2 neat (non-solvated) crystal form.
[00198]  The term “negligible % water uptake,” as employed herein, as
characterized by moisture-sorption isotherm indicates that the form tested Is non-
hygroscopic.
[00199]  In one embodiment of the invention, a crystalline form of N-((IR,2S,5R)-

0 5-(tert—buty!amino)-2—((S)—2~0x0—3-(6-(triﬂuoromethyl)quinazolinu-’-i—
ylamino)pyrrolidin- I-yleyclohexylacetamide is provided in substantially pure form.

This crystalline form may be employed in pharmaceutical compositions which may
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1. 6396 0.3230 C118 0.2292 0.2619 0.1158 C49 0.5524 0.7201 0.3942 H 19
0.2846 0.2720 0.1469 C50 0.6668 1.2414 0.2237 H120 0.2172 0.1487 0.0989
1-151 0.6690 1.2785 0.1776 H121 0. 2001 0.2924 0. 1441 H52 0.6125 1.2182
0. 2137 C122 0.3349 0.4024 -0.0337 C53 0.8609 1.3569 0.4595 H123 0. 3502
0.3144 -0.0588 H54 0.8773 1.2398 0.4636 H124

optionally include one or more other components selected, for example, from the
group consisting of excipients, carriers, and one of other active pharmaceutical
ingredients or active chemical entities of different molecular structures.
[00200]  Preferably, the crystalline form has substantially pure phase homogeneity
5 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
crystaliine form having substantially pure phase homogeneity with less than 1% of
the total peak area in the experimentally measured PXRD pattern arising from the

10 extra peaks that are absent from the simulated PXRID pattern.

[00201]  In another embodiment, a composition is provided consisting essentially
of the crystalline forms of N-({1R,2S,5R)-5-(tert-butylamino)-2-((8)-2-ox0-3-(6-
(trifluoromethy Dquinazolin-4-ylamino)pyrrolidin-1-ylcyclohexylacetamide. The
composition of this embodiment may comprise at least 90 weight % of the form,

15  based on its weight in the composition.

{60202}  The presence of reaction impurities and/or processing impurities may be
determined by analytical techniques known in the art, such as, for exampie,
chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry or
infrared spectroscopy.

20  [00203]  Crystalline forms may be prepared by a variety of methods, including for
example, crystallization or recrystallization from a suitable sofvent, sublimation,
growth from a melt, solid state transformation from another phase, crystallization
from a supercritical fluid, and jet spraying. Techniques for crystallization or
recrystallization of crystalline forms from a solvent mixture include, for example,

25  evaporation of the solvent, decreasing the temperature of the solvent mixture, crystal
secding a supersaturated solvent mixture of the molecule and/or salt, freeze drying the
solvent mixture, and addition of antisolvents (countersolvents) to the solvent mixture.
High throughput crystallization techniques may be employed to prepare crystalline
forms including polymorphs.

30 [00204]  Crystals of drugs, including polymorphs, methods of preparation, and

characterization of drug crystals are discussed in Solid-State Chemistry of Drugs,
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. 3290 0. 3556 0.0092 C55 0.4991 0.5496 0.2836 C125 0.3458 0.7009
Eﬁg 0. 4668 0.4624 0.2569 H126 0.3682 0.7937 -0.0371 C57 0.7010 1.
0.2841 C127 0.4561 1.0941 0.1233 H58 0.6975 1.4822 0.2628 H128 O.
1.1659 0.1085 H59 0.6744 1.3722 0.3171 C129 0.4030 1.0567 0.2762
1. 6472 0.5099 1-1130 0.4339 1.1390 0.3084

10

15

20

S.R. Byrn, R.R. Pfeiffer, and J.G. Stowell, 2nd Edition, SSCI, West Lafayette,
Indiana (1999),

[00205]  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.
Combinations of solvents may be employed; for example, the compound may be
solubilized into a first solvent to afford a solution, followed by the addition of an
antisolvent to decrease the solubility of the compound in the solution and to afford the
formation of crystals. An “antisolvent” is a solvent in which the compound has low
solubility. Suitable solvents for preparing crystals include polar and nonpolar
solvents.

[00206]  In one method to prepare crystals, N-({1R,28,5R)-5-(tert-butylamino)-2-
((S)—Z—ox0~3-(6-(triﬂuoromethyl)quinazolin-4—ylamin0)pyrrolidin—l—
yDeyclohexyl)acetamide is suspended and/or stirred in 2 suitable solvent to afford a
shurry, which may be heated to promote dissolution. The term “shury,” as used
herein, means a saturated solution of the free base , which may also contain an
additional amount of the compound to afford a heterogeneous mixture of the
compound and a solvent 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 herein,

[00207])  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 2 means of controlling the
particle size distribution of the crystalline product. Accordingly, calculation of the
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 “Programmed cooling of
batch crystallizers,” J.W. Mullin and I. Nyvlt, Chemical Engineering Science 1971,
26,369-377. 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,
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
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1161 0.9621 1.7039 0.5438 C131 0.2548 0.7395 0.2713 C62 0. 7404 1.2441
0. 4666 C132 0.3536 0.9679 0.2955 C63 0.5039 0.5898 0.3526 H133 0. 3500
0.9907 0.3403 He4 0.4747 0.5300 0.3726 F134 0.1847 0.7359 0.2156 C65 0.5722
0. 6959 0. 1556 F135 0.2364 0.8060 0.3220 Atom XY Z Atom X Y Z 1166

change in crystallinity from the desired crystal form (i.e., change to amorphous or to
another polymorph).
[00208] A cooled mixture may be filtered under vacuum, and the isolated solids
may be washed with a suitable solvent, such as cold recrystallization solvent, and

5  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, PXRD, or the like, to assure formation of the preferred crystalline
form of the product. The resulting crystalline form is typically produced in an
amount of greater than about 70 weight % isolated yield, but preferably greater than

10 90 weight % based on the weight of N-((1R,2S,5R)-5-{rert-butylamino)-2-({S)-2-0xo-
3-(6-(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-I-yl)cyclohexylyacetamide
originally employed in the crystallization procedure. The product may be co-milled
or passed through 2 mesh screen to de-lump the product, if necessary.

[00209]  Crystalline forms may be prepared directly from the reaction medium of

15 the final process step for preparing N-((1R,2S,5R)-5-(tert-butylamino)}-2-{(3)-2-0x0-
3-(6-(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1 -yDeyclohexylacetamide.
This may be achieved, for example, by employing in the final process step a solvent
or mixture of solvents from which the free base may be crystallized. Alternatively,
crystalline forms may be obtained by distillation or solvent addition techniques.

20  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.

[60210] By way of general guidance, the reaction mixture may be filtered to
remove any undesired impurities, inorganic salts, and the like, followed by washing

25  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 coliected 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

30 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
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.6734 0.1065 F136 0.2859 0.5920 0.2960 C67 0.8949 1.7014 0.4308
212343.2977 0.8329 0.2710 1168 0.9412 1.6866 0.4211 F138 0.2168 0.6170
0.2301 HE9 0.8818 1.8193 0.4256 F139 0.2934 0.6790 0.3395 C70 0.5532 0.7632
0.4678 H140 0.8280 1.7679 0.5060 H141 0. 1330 -0.0400 -0.1062 TABLE 4
At om ¢ Coordinates for Exanple 2c, Base Form 111.75-5 Atom

added or removed to optimize reaction concentration. Preferably, the final
concentration is adjusted to about 50 wt % at which point a slurry typically results.
[60211] 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
5 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 final concentration of the free base in
solution is preferably about 4% to about 7%. The reaction mixture may be stirred
following solvent addition and simultaneously warmed. By way of illustration, the

10 reaction mixture may be stirred for about 1 hour while warming to about 70°C. The
reaction is preferably filtered hot and washed with either the reaction solvent, the
solvent added or a combination thereof, Seed crystals may be added to any
crystallization solution to initiate crystallization.
{00212]  The various forms described herein may be distinguishable from one

15 another through the use of various analytical techniques known to one of ordinary
skill in the art. Such techniques include, but are not limited 0, X-ray powder
diffraction (PXRD) and/or thermogravimetric analysis (TGA). Specifically, the
forms may be characterized and distinguished using single crystal x-ray diffraction,
which is based on unit cell measurements of a single crystal of a given form at a fixed

20 analytical temperature. A detailed description of unit cells is provided in Stout &
Jensen, X-Ray Structure Determination: A Practical Guide, Macmillan Co., New
York (1968), Chapter 3, which is herein incorporated by reference. Alternatively, the
unique arrangement of atoms in spatial refation within the crystalline lattice may be
characterized according to the observed fractional atomic coordinates. Another

'S5 means of characterizing the crystalline structure is by powder x-ray diffraction
analysis in which the diffraction profile is compared to a simulated profile
representing pure powder material, both run at the same analytical temperature, and
measurenents for the subject form characterized as a series of 20 values {(usually four
OF more).

0 [08213}  Other means of characterizing the form may be used, such as solid state
nuclear magnetic resonance (SSNMR) spectroscopy, differential scanning calorimetry

{(DSC), thermography and gross examination of the crystalline or amorphous
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XY Z AomXY Z C1 0.3942 0.1176 0.2183 C51 0.6094 0.0443 -0.0547 C2
0.2287 0.1174 0.0897 C52 0.6750 0.0382 0.0420 N3 0.1192 0.1293 0.0594 C53
0.9963 0.1572 0.4974 N4 0.1798 0.0501 0.1322 C54 0.7176 -0.0005 0.0684 N5
0. 3753 0.0509 0.2822 C55 1.1985 0.0503 0.7049 N6 -0.0927 0.1070 -0. 1055

morphology. These parameters may also be used in combination to characterize the
subject form.
[00214]  One of ordinary skill in the art will appreciate that an X-ray diffraction
pattern may be obtained with a measurement error that is dependent upon the
5  measurement conditions employed. In particular, it is generally known that

intensities in 2 X-ray diffraction pattern may fluctuate depending upon measurement
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

10 account. Additionally, a measurement error of diffraction angle for a conventional X-
ray diffraction pattern is typically about 0.2° or less, preferably about 0.1° (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

15  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

20 purview of one of ordinary skill in the art.

SYNTHESIS
Scheme 1
25 Hydrolysis of ketoester V to ketoacid V1
DR IR, B DNRR; ]
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C56 1.1539 0.
N8 -0.2260 O.
C59 0. 7341 0.
Cl1 0.0785 O.
C62 0.5636 O.

10

15

1133 0.4965 N7 -0.3691 0.1154 -0.3165 C57 1.0229 0.1608 0.6162
1440 -0.1970 C58 1.0367 0.1185 0.4572 09 0.1323 0.1298 -0.1137
1669 0.3280 010 0.0301 0.0456 0.0130 Co60 1.1829 0.1168 0.6162
1332 -0.0419 C61 1.1435 0.1563 0.6496 Cl12 0.2431 0.0735 0.0697

1744

[00215] Ketoester V is hydrolyzed to its corresponding ketoacid VI by suspending
V in an organic solvent partially miscible with water, such as acyclic or cyclic ethers
including THF, 2-methyl THF, 1,2-dimethoxyethane, 1,4-dioxane, THF being
preferred, and adding aqueous base such as aqueous solutions of alkali metal
hydroxides MOH, where M is Li, Na or K, IN NaOH being the preferred base, at -
3°Cto +5°C. The biphasic mixture is then agitated at < 5 °C for at least one hour.
Low temperature for the base addition and reaction is important to minimize the
epimerization at the carbon adjacent to the ester group. Water-nonmiscible solvent,
preferably methyl ters-butyl ether is then added and the layers are separated. The
product is then transferred from the aqueous back to the organic solvent, preferably
dichloromethans, by adjusting the pH with acid, preferably 3N HCI, and VI is used in

solutton for the next step.

Scheme 2
Ketalization of ketoacid VI to ketal acid VII
— NRR
[ SRR N
\ P
(4]
Lo :
= P GO
A nCOH ketalization w2
Q HO-Z-OH
o L)
L __I Z
V1 h211

{00216] The solution of VI, preferably in dichloromethane, is exchanged via
distillation into a non hygroscopic, higher boiling solvent, such as toluene,
trifluorotoluene, xylenes, higher boiling esters such as n-butyl or isobutyl acetate,
preferably totuene. A glycol of formula HO-Z-OH, (wherein Z is as defined supra) is
then added, preferably ethylene glycol (1.2 eq), followed by a catalytic amount (0.5-2
M %] of an acid, preferably p-toulenesulfonic acid, and the mixture is distilled at
atmospheric pressure until formation of compound VII is complete. The product VII
crystallizes upon addition of ethyl acetate after cooling to approximately 70 °C.
After further cooling to room temperature, VII is isolated by filtration and subsequent
drying in about 70 % yield (for HO(CH,),0H , R;=H, R,=CBz).
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0.0306 C13 -0.2272 0.0747 -0.2281 C63 0.6973 0.1581 0.4320 Cl14 0.0812
0.0382 0.0995 C64 0.7972 0.1517 0.5115 C15 0.4135 0.0738 0.2008 Co65 1.3015
0.0605 0.7775 Cl16 0.2774 0.1283 0.2010 C66 1.2257 0.0279 0.6122 C17 0. 3592
0.0623 0.0929 Co67 1.1287 0.0258 0.7652 C18 -0.3242 0.0799 -0.2978 C68
0.9017 0.0664 0.4282 C19 -0.1859

Scheme 3
Transformation of ketal acid VII to noniselated ketal isocyanate VIII and then
to ketal amide IX via acid activation/azidation, Curtins rearrangement
5 and acylation
MR Rz ™ NRR, 7 \\NRIR‘I
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100217] The ketoacid VII is first activated by transforming it to its mixed
anthydride using tertiary amines, preferably triethylamine, and haloformates,
preferably isobuty} chloroformate in dry solvents, such as toluene, trifluorotoluene,

10 1,2-dichloroethane, {-chlorobutane, xylenes, preferably dry toluene, by addition of a
haloformate to a precooled solution of VII and trialkylamine, The preferred
temperature for mixed anhydride formation is -10°C to 0°C. After approximately 30
min, an aqueous solution of alkali metal azide, preferably ~30 wt % sodium azide and
a phase transfer catalyst, such as tetralkylammeonium salts, preferably

15  tetrabutylammonium bromide (5 mol %) is added and the biphasic mixture is
vigorously agitated for about 1h at -10°C to 0°C. The organic phase is then separated
and the resulting acyl azide solution is dried, 4 A molecular sieves being preferred
drying agent. The Curtius rearrangement and the concomitant trapping of the
isocyanate VIXI in sity with a carboxylic acid to form a ketal amide IX is

20  accomplished by first adding a carboxylic acid, preferably acetic acid, and its
corresponding anhydride, preferably acetic anhydride, to a dry solution of the acyl
azide, and then heating the mixture 80-90 °C for 1-4 hours. The use of an anhydride
in conjunction with carboxylic acid is critical to minimize impurity formation. After

partial removal of the solvent and carboxylic acid by distillation, the product
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-0.0329 -0.2601 C69 0.8592 0.0308 0.4749 C20 -0.3192 0. 1441 -0. 2671 F70

0. 7706 -0.0040 0.1659 C21 -0.1804 0.1091 -0.1748 F71 0.7890 -0.0119 0.0101
C22 -0.1842 0.0372 -0.2149 F72 0.6477 -0.0283 0.0583 C23 0.0394 0. 1336

0. 1281 N73 0.7366 0.2979 0.1640 C24 -0.3330 0.0112 -0.3340 N74 0.9286
0.2769 0.3415 C25 -0.2347 0.0067 -0.2683 N/5

crystallizes upon cooling to room temperature. 1X is isolated by filtration and drying
in 65-78 % yield (for Z = -(CH,)- , Rj=H, R;=CBz, Rip=Me).

Scheme 4

5 Hydrolysis of ketal amide IX to ketoamide X
NRR,

&0
H
Rlo ketal

N R
w T hydrolysis N \n/ 1o
8] O
VA X

1X

12

[00218]  The ketal hydrolysis of compound IX to the ketoamide X is accomplished
by heating a solution of IX in organic, water miscible solvent, preferably acetone and
an aqueous solution of strong acid, preferably 1N HCY, for 2-4 hrs. The preferred

10 temperature for hydrolysis is 45-55°C. After removal of acetong, the product is
extracted to dichloromethane, which is exchanged to ethyl acetate by distillation. The
product X crystallizes from ethyl acetate upon cooling to room temperature, and is
isolated by filtration and drying in 85-90 % yield (for HO(CH3),0H , Ri=H, Ry=CBz,
Ryg=Me).

15

Scheme 5

Reductive amination of keteamide X to the aminoamide X1
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[00219]  To a dry solution of X, preferably in dichloromethane, a primary or

20 secondary amine is added, preferably ters-butylamine (5 eq), followed by a Lewis
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0.9490 0.3548 0.4399 C26 0.0308 0.0146 0.1792 N/76 0.6679 0.2686 0.0076 C27
-0.3753 0.0465 -0.3473 N/77 0.5468 0.3015 -0.1239 C28 -0.0381 0.1410 -0.0545
N78 1.1302 0.3587 0.6021 C29 0.4391 0.0161 0.3216 079 0. 7689 0.2552 0.3756
C30 0.4331 -0.0152 0.2365 080 0.8000 0.3561 0.3182 C31 -0.0565 0.1490
0.0571 C81 0.6779 0.3005 0.0685

acid, preferably TiCly(OPr-i), (1.2 eq), 2t -20°C to 0°C. The resulting imine mixture
is warmed to 10-20°C and borane (1.1-1.2 eq) is added as a complex with dimethy!
sulfide or THF, preferably dimethyl sulfide. The reaction mixture is agitated for 4-6
h and ethy! acetate saturated with water is then added. The titanium salts are removed
5 by filtration and the product XI i3 extracted from the organic filtrate to water as its

salt with an aqueous acid, preferably 1IN HCl. Dichloromethane is then added and
aqueous base, preferably concentrated ammonium hydroxide is added to the agitated
biphasic mixture until pH is adjusted to 8.0-8.5. The product-rich dichloromethane
phase is then separated and washed twice with aq ammonium chloride solution to

10 remove the undesired trans isomer of XI, and finally with water. Dichloromethane is
exchanged into ethyl acetate by distillation and XI crystallizes from ethy! acetate
upon cooling and heptane addition. X1 is isolated by filtration and drying in 65-70 %
yield (for Ry=H, Ry=CBz, Rg=H, Ro=tert-Bu, R =Me).

15 Scheme 6
Deprotection of pyrrolidonyl amine X1
NRR, JRE
A N R E N R
W Y 9 amine deprotection AN \[r 10
C o o}
N. .
Ry Ry R R
X1 X1

[00220) Removal of the amine protecting group Ra, where R, is CO.CHyPh or
CH,Ph, is accomplished by hydrogenating a solution of XT in an alcohol, preferably

20 methanol, in the presence of Pd catalyst, preferably 5wt % Pd/C, for several hours.
The catalyst is then removed by filtration, and methanol is exchanged into ethyl
acetate by distiliation. The product X1I, which crystallizes from ethyl acetate upon
cooling and heptane addition, is isolated by filtration and drying in 90-95 % yield (for
Ri=H, R,=CBz, Rg=H, Ro=tert-Bu, Rjg=Me).

25
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Scheme 7

Coupling of amine XII with heterocycle bearing a leaving group HET-LG

R;
Ry N~—HET

N ¥ &
A \N CHy coupling with ~ \‘N\IrCH:‘
o )

(00221]  Synthesis of compound 1 is accomplished by coupling the
pyrrolidonylamine XII and a heterocycle bearing a leaving group in the presence of a
tertiary amine, preferably triethylamine, in 2 compatible solvent, such as
dichloromethane, isopropanol or acetonitrile, dichloromethane being preferred. All
components are therefore combined and the solution is reacted for 24-48 hrs at room
temperature. A solution of previously prepared crude heterocyclic component may
also be employed. After reaction completion, dichloromethane is washed with dilute
acid, preferably aqueous 5 wt % acetic acid, the aqueous phase is separated and
dichloromethane is then exchanged into ethy] acetate by distillation. The product I,
which crystallizes from ethyl acetate upon cooling and heptane addition, is isolated
by filtration and drying in 75-80 % yield (for Ry=H, Rg=H, Ro=tert-Bu, Rp=Me,
HET=6-(triflnoromethyl)quinazolin-4-yl).

[00222]  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
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,

EXAMPLES
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0.9782 0.0854 0.4895 C87 1.0815 0.3238 0.6395 N38 0.8832 0.1624 0.4564 C88
0.6395 0.3717 0.0871 N39 0.6198 0.1729 0.1273 C89 0.9221 0.3194 0.4932 NO
0.7167 0.1350 0.2533 C90 0.5107 0.3694 -0.1081 NA1 0.5429 0.1472 -0.0401
C91 0.5605 0.3350 -0.0649 N42 1.1331 0.0855 0.6708 C92 0.6021 0. 2715
-0.0843 043 0.9140 0.1821 0.2960

[00223]  The following Examples illustrate embodiments of the inventive
compounds and starting materials, and are not intended to limit the scope of the
claims.
[00224] As appropriate, reactions were conducted under an atmosphere of dry
5 nitrogen (or argon). For anhydrous reactions, Dri-Solv solvents from EM were

employed. For other reactions, reagent grade or HPLC grade solvents were utilized.
Unless otherwise stated, all commercially obtained reagents were used as received.
[00225]) LC/MS measurements were obtained using a Shimadzu HPLC/Waters ZQ
single quadropole mass spectrometer hybrid system. Data for the peak of interest are

10 reported from positive-mode electrospray ionization. NMR (nuclear magnetic
resonance) spectra were typically obtained on Bruker or JEOL 400 MHz and 500
MEHz instruments in the indicated solvents. All chemical shifts are reported in ppm
from tetramethylsilane with the solvent resonance as the internal standard. '"H-NMR
spectral data are typically reported as follows: chemical shift, multiplicity (s = singlet,

15  brs=broad singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, sep
= septet, m = multiplet, app = apparent), coupling constants (Hz), and integration.
[#0226]  One of skill in the art will recognize the standard abbreviations utilized
herein, throughout the specification. For ease of reference, the abbreviations include,
but are not necessarily limited to; sat. = saturated, HPLC = high-performance liquid

20  chromatography, AP = area percent, KF = Karl-Fischer, RT = room temperature,
mmol = millimoles, HRMS = high-resolution mass spectroscopy, TBTU = O-
benzotriazol-2-y1-N,N,N' N'-tetramethyluronium tetrafluoroborate, MTBE = TBME =
tert-butyl methyl ether, EDAC = N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride, EDC = N-(3-dimethylaminopropyl)-N'-ethyicarbochimide, TEA =

25  ftriethylamine, DPPA == diphenyl phosphoryl azide, [PA = isopropyl alcohol, TFA =
trifluoroacetic acid, DCM = dichloromethane, THF = tetrahydrofuran, DMF = N N-
dimethylformamide, BOP = (benzotriazol- 1 -ytoxy)tris{dimethylamino)phosphonium
hexafluorophosphate, EtOAc = Ethyl acefate, DMSO = dimethylsulfoxide, °C =
degrees Celsius, eq = equivalent or equivalents, g = gram or grams, mg = milligram

30 or milligrams, mL (or m]) = milliliter or milliliters, h = hour or hours, M = molar, N =
normal, min = minute or minutes, MHz = megahertz, tlc = thin layer chromatography,

viv = volume to volume ratio, and ca, = about.
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C93 0.5266 0.4037 -0.0538 044 0.8654 0.0771 0.3382 C94 0.9119 0. 2659 0.1620
C45 0.8542 0.1720 0.3563 C95 0.5911 0.4051 0.0443 C46 0.5876 0.1117 -0.0112
C96 1.1535 0.3924 0.6738 C47 0.6629 0.1387 0.1561 C97 0.6068 0.4429 0.0984
C48 0.6954 0.0688 0.1114 C98 0.8832 0.3710 0.3595 C49 0.6512 0. 1060 0.0865

C99 1.0912 0.2839

1002271  "o", "”, "R" and "S" are stereochemical designations familiar to those
skilled in the art.
EXAMPLE 1
N-((lR,ZS,SR)-S-(tert-butylamin0)—2-((S)-2-0x0-3~(6—(triﬂu0romethyl)quinazolin-
5 4-ylamino)pyrrolidin-1-ylcyclohexyl)acetamide
H

N,

g .
585
OYN\H N)/——O

==

[06228] Example 1, Step 1: (1R, 25, 5R)-tert-Butyl 2-benzyloxycarbonylamino-
7-0x0-6-aza-bicyclo[3.2.1Joctane-6-carboxylate (89.6 g, 0.24 mol, see: P, H. Carter,
et al. PCT application WO 2005/021500) was dissolved in ethyl acetate (1.5 L) and
10 the resulting solution was washed with sat, NaHCO; (2 x 0.45 L) and sat. NaCl (1 x
0.45L). The solution was dried (Na;SO4) and then filtered directly into a 3-necked 3
L round-bottom flask. The solution was purged with direct nitrogen injection before
being charged with 10% Pd/C (13.65 g) under nitrogen atmosphere. The flask was
evacuated and back-filled with hydrogen; this was repeated twice more. Hydrogen
15 was bubbied through the solution for 30 min and then the reaction was stirred under 1
atm H; for 18 h. The flask was evacuated, back-filled with nitrogen, and charged
with fresh catalyst (6 g of 10% Pd/C). Hydrogen was bubbled through the solution
for 30 min and then the reaction was stirred under 1 atm H, for I8 h. The flask was
evacuated and back-filled with nitrogen. The mixture was filtered through Celite; the
20 filter pad was then washed with ethyl acetate. The filirate {(~1.6 L EtOAc volume)
was diluted with acetonitrile (0.3 L) and charged sequentially with 2-M-Cbz-
methionine (68 g, 0.24 mol), TBTU (77 g, 0.24 mol), and N,N-dtisopropylethylamine
(42 mL, 0.24 mol). The reaction was stirred at room temperature for 4 h, dwing
which time it changed from 2 suspension to a clear solution. The reaction was
5 quenched with the addition of sat. NH,CI (0.75 L) and water (0.15 L); the mixture
was diluted further with EtOAc (0.75 L). The phases were mixed and separated and
the organic phase was washed with sat. Na,CO; (2 x 0.9 1} and sat. NaCl (1 x 0.75

L). The solution was dried (Na;SOQ,), filtered, and concentrated in vacuo to give
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0.4757 C50 0.5679 0.0801 -0.0813 C100 1.1264 0.2872 0.5933 C101 0.9810
0.2861 0.2520 0151 0.4292 0.1756 0. 7593 C102 0.9190 0.4094 0.3235 0152
0.3473 0.1636 0.8339 C103 1.0516 0.4113 0.6921 H153 0.4310 0.1254 0.2979
Cl104 1.2130 0.3807 0.7821 11154 0.4349 0.1341 0.1645 C105 1.2167 0.4208
0.6206 H155 0.2779 0.1337 0.0447 F106 0. 6836

(1R,28,5R)- tert-butyl 2-({S)-2-(benzyloxycarbonylamino)-4-
(methylthio)butanamido)-7-0x0-6-aza-bicyclof3.2.1]octane-6-carboxylate as an oil,
which was taken into the next step without further purification. LC/MS for primary
peak: [M-BoctH]" = 406.3; [M+Na]" = 528.3. 'H-NMR (400 MHz, d,-MeOH): 3
5 7.36(m, 5H), 5.11 (s, 2H), 4.32 (m, IH), 4.2 (m, 1H), 4.0 (m, 1H), 2.5 - 2.7 (m, 3H),

2.25 (m, 1H), 2.11 (s, 3H), 2.05 (tn, 41), 1.9 (m, 1H), 1.7 (m, 2H), 1.54 (s, 9H). Also
present are EtOAc [1.26 (1), 2.03 (s), 4.12 (q)] and N,N,N,N-tetramethylurea [2.83
().
[00229] Example 1, Step 2: A sample of (1R,25,5R)- tert-butyi 2-((5)-2~

10 (benzyloxycarbonylamino)-4-(methylthio)butanamido)-7-oxo0-6-aza-
bicyclof3.2.1]octane-6-carboxylate (0.24 mol assumed; see previous procedure) was
dissolved in iodomethane (1,250 g) and stirred for 48 h at room temperature. The
reaction was concentrated in vacuo. The residue was dissolved in dichloromethane
and concentrated in vacuo. This was repeated twice more. The resultant sludge was

15  dissolved in dichloromethane (0.4 L) and poured into a rapidly stirring solution of
MTBE (4.0 L.). The resultant yellow solids were collected via suction filtration and
dried under high vacuum to afford the sutfonium salt (179 g). This material was
taken into the next step without further purification. LC/MS for primary peak: [M-
Me,S+H]" = 458.4; [M]" = 520.4. "H-NMR (400 MHz, d,-MeOH): & 7.35 (m, SH),

20 5.09(s, 2H), 4.33 (m, 1H), 4.28 (m, 1H), 3.98 (m, 1H), 3.3 ~ 3.45 (m, 2H), 2.97 (s,
3H), 2.94 (s, 3H), 2.78 (m, 1H), 2.6 - 2.3 (m, 4H), 1.7 (m, 2H), 1.52 (s, 9H). Also
present are MTBE {1.18 (s), 3.2 (s)] and traces of N, V,N,N-tetramethylurea [2.81 (s)].
[80230] Example 1, Step 3: All of the sulfonium salt from the previous step (0.24
motl assumed) was dissolved in DMSO (2.0 L). The resultant solution was stirred

25  wunder nitrogen at room temperature and charged with cesium carbonate (216 g)
portionwise. The suspension was stirred at room temperature for 3 h and then filtered
to remove the solids. The solution was divided into ~0.22 L portions and worked up
as follows: the reaction mixture (~0.22 L) was diluted with ethyl acetate (1.5 L} and
washed successively with water {3 x 0.5 L) and brine (1 x 0.3 L). The organic phase

30 was dried (Na;SOy), filtered, and concentrated in vacuo. The desived (1R,25,58)-
tert-butyl 2-((S)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yl)-7-0x0-6-

azabicyclo[3.2.1]octane-6-carboxylate (90.8 g, 83%) was obtained as a
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0.4427 0.1806 H156 0.2164 0.0417 0.2100 F107 0.5186 0.4543 0.1375 H157
0.3714 0.0703 0.3474 F108 0.6281 0.4715 0.0364 1-1158 -0.0576 0.0785

-0. 0868 14109 0.3031 0.2523 0.0895 H159 0.2173 0.0675 -0.0123 N110 0. 3202
0.3294 0.1970 H160 0.4992 0.0681 0.2061 NI | | 0.5022 0.3356 0.3522 H161
0.2372 0.1127 0.2569 N112 0.0946 0.2741 -0.0674 H162

microcrystalline foam, free from tetramethyl urea impurity. LC/MS for primary peak:
[M-Boc+H]" = 358.4; [M+Na]" = 480.4. 'H-NMR (400 MHz, d;-MeOH): §7.35 (m
SH), 5.12 (s, 2H), 4.35 (m, 2H), 4.2 (m, 1H), 3.6 (m, 1H), 3.3 (m, 1H), 2.64 (m, 1H),
2.28-2.42 (m, 2H), 2.15 (m, 1H), 1.7 - 2.0 (m, 5H), 1.55 (s, 9HD). If desired, this

5 material can be isolated as 2 solid by dissolving in MTBE (1 volume), adding to

7

heptane (3.3 volumes), and collecting the resultant precipitate.
[00231] Example 1, Step 4: A stirring solution of (1R,25,5R)- tert-butyl 2-((5)-3-
{benzyloxycarbonylamino)-2-oxopyrrolidin-1 -y1)-7-oxo0-6-azabicyclo3.2. 1joctane-6-
carboxylate (108 g, 0.236 mol) in THF (1 L) was charged with lithium hydroxide

160 monohydrate (21.74 g, 0.519 mol). Water (0.3 L} was added slowly, such that the
temperature did not exceed 20 °C. The reaction was stirred at room temperature
overnight and the volatiles were removed in vacuo. The pH was adjusted to ~4
through the addition of 1N HC (450 mL) and NaH,;PO,. The resultant white
precipitates were collected by filtration and washed with water (2 x 1 L). The sohid

15 was dissolved in dichloromethane (1.5 L) and water (~ 1 L). The organic layer was
dried (Na;zSOq), filtered, and concentrated in vacuo. The residue was dissolved in
EtOAc (0.7 L) and the resultant solution was heated at reflux for [ h. Solids
separated after cooling to RT, and were collected via filtration. These solids were
purified by recrystallization in isopropanol to afford the desired (1R, 28,5R)-2-((S)-3-

20 (benzyloxycarbonylamino)-2-oxopyrrotidin-1-y1)-5-(zert-
butoxycarbonylamino)cyclohexanecarboxylic acid as a white solid (104.5 g, 93%
yield). LC/MS for primary peak: [M-tBu+H]" = 420.2; [M-Boc+H]" = 376.2;
IM+H]" = 476,2. "H-NMR (400 MHz, da-MeOH): 8 7.35 (m, 5H), 5.11 (s, 2H); 4.35
(m, 2H), 3.71 (m, 1H), 3.45 — 3.6 (m, 2H), 2.99 (m, 1H), 2.41 (m, 1H), 2.15 (m, 1H),

25 2.0(m, 2H), 1.6 — 1.9 (m, 4H), 1.46 (s, 9H).
{00232} Example 1, Step 5: A 3 L round bottom flask was charged with
(1R,2S,5R)—2—((S)~3—(benzyioxycarbony]amino)—z-oxopyn'olidin—I -y1}-5-{tert-
butoxycarbonylamino)cyclohexanecarboxylic acid (75.5 g, 0.158 mol), EDC-HC(I
(33.5 g, 0.175 mol), 1-hydroxybenzotriazole (23.6 g, 0.175 mol), and

30 dichloromethane (1 L). The reaction was stirred at room temperature for 2 h, during
which time it changed from a white suspension to a clear solution. Ammonia {gas)

was bubbled into the solution until the pH was strongly basic (paper) and the reaction
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0.2676 0.1594 0.2134 N113 -0.0336 0.2377 -0.1697 H163 0.3639 0.0302 0.0854
N114 -0.2016 0.2650 -0.2433 H164 0.4006 0.0751 0.0350 0115 0.1682 0.3314
0.0829 1-1165 -0.3534 0.1727 -0.2828 0116 0.1499 0.2237 0.1243 H166 -0.1099
0.0321 -0.1626 C117 0.2052 0.2373 0.0644 [-1167 0.0215 0.1059 0.1611 C118
0.2992 0.2930 0.2475 H168 0.0659 0.1539 0. 1907

was stirred for 10 min; this ammonia addition was repeated and the reaction was
stirred for an additional 10 min, Water was added. The organic phase was washed
with sat. NaHCO3, NaH,PQ,, and brine before being concentrated in vacuo. The
residue was slurried with acetonitrile (0.5 1) and then concentrated in to give

5  (1R,28,5R)-2-((S)-3~(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yi)-5-(terz-
butoxycarbonylamino)cyclohexanecarboxamide as a white solid (75.9 g, ~100%),
which was used in the next step without further purification. LC/MS for primary
peak: [M-Boc+H]" =375.3; IM+H]" = 475.4; [M-tBu+H]" = 419.3. '"H-NMR (400
MHz, dy-MeOH): 8 7.35 (m, 5H), 5.11 (s, 2H), 4.25 (m, 2F), 3.70 (m, 1H), 3.6 (m,

10 1H), 3.45 (m, 1H), 2.91 (m, 1H), 2.38 (in, 1H), 2.12 (m, 1H), 1.9 — 2.05 (m, 2H), 1.65
- 1.9 (m, 4H), 1.46 (s, 9H).

[00233] Example 1, Step 6: The reaction was run in three equal portions and
combined for aqueous workup. A 5 L, 3-necked round bottom flask was charged with
(1R,28,5R)-2-((S)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-y1)-5-(zerz-

15 butoxycarbonylaming)cyclohexanecarboxamide (25.3 g, 53 mmol), acetonitrile (1.9
L), and 2.6 L of water/ice. The mixture was stirred and cooled to 0 °C. Iodobenzene
diacetate (25.77 g, 80 mmol) was added and the reaction was stirred for 2 h; another
0.5 eq of iodobenzene diacetate was added. The reaction was stirred for 9 h (reaction
temp < 10 °C). The mixture was charged with 8 eq N,N-diisopropylethylamine and 2

20 eqacetic anhydride. Over the next thirty minutes, 4 eq N,N-diisopropylethylamine
and 2 eq acetic anhydride were added every ten minutes, until the reaction had
proceeded to completion (HPLC). The acetonitrile was removed iz vacuo; some solid
separated from the residue, and this was collected by filtration. The remaining
residue was extracted with dichloromethane (3 L, then 1 L). The organic phase was

25  washed sequentially with water, sat. NaHCOs, and brine. The collected solids were
added to the organic phase, along with activated carbon (15 g). The mixture was
stirred for 30 minutes at 40 °C before being filtered and concentrated in vacuo. The
residue was dissolved in EtOAc (1 L), and the resultant solution was stirred at 75 °C
for | h before being allowed to cool to room temperature. A solid separated and was

30 collected by filtration. This solid was purified further by recrystallization: it was first
dissolved in 0.5 L CH;Cl,, then concentrated in vacuo, then re-crystallized from 1 L

EtOAc; this was repeated three times. The solids obtained from the mother liquors of
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Cl119 -0.0515 0.3401 -0.0764 H169 -0.3750 -0.0142 -0.3730 C120 0. 3416 0. 2960
0.3644 H170 -0.0484 0.0061 0.1467 Cl121 -0.1222 0.3701 -0.0923 H171 0.0783
-0. 0115 0.2000 C122 0.4698 0.2615 0.2174 H172 0.0297 0.0317 0.2489 Cl123
-0.1737 0.2997 -0.1931 H173 -0.4526 0.0496 -0.3983 Cl124 -0.0044 0.2713
-0.1206 1-1174 -0.0573 0.1673 -0.1021 C125 -0.2438 0. 33!!

the above were recrystallized three times using the same method. The combined
solids were recrystallized twice more from acetonitrile (0.7 L) to provide 66 g (84%)
of tert-butyl (1R,3R,45)-3-acetamido-4-((S)-3-(benzyloxycarbonylaming)-2-
oxopyrrolidin-1-ylicyclohexylearbamate (purity >99.5% by HPLC). LC/MS for
5 primary peak: [M+H]' = 489.4; [M-tBu+H]" = 433.3. '"H-NMR (400 MHz, d,-

MeOH): 87.3 - 7.4 (m, 5H), 5.11 (s, 2H), 4.35 (m, 1H), 4.15 (m, 1H), 4.04 (m, 1H),
3.8 (m, 1H), 3.6 (m, 2H), 2.44 (m, 1H), 2.12 (m, 1H), 1.87 - 2.05 (1, 4H), 1.87 (s,
3H), 1.55 - 1.7 (m, 2H), 1.46 (s, 9H). The stereochemical fidelity of the Hofmann
rearrangement was confirmed through X-ray crystal structure analysis of this

10 compound, as shown in Figure 1.
[00234] Example 1, Step 7: To a solution of zert-butyl (1R,3R 48)-3-acetamido-4-
((5)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yleyclohexylcarbamate (100 g,
0.205 mol} in dichloromethane (400 ml) was added TFA (400 ml) at -20 °C. The
reaction solution was stirred at room temperature for 2 h. The solvent and most of

15 TFA were removed under reduced pressure, and the residue was diluted with
dichloromethane (2 L) and aqueous K2CO; solution (2 L). The pH was adjusted to 10
with IN HCL The aqueous layer was extracted with dichloromethane ( 3 x 1L). The
combined organic layer was dried over Nay SOy, and concentrated to give benzyl (S)-
1-((15,2R 4R)-2-acetamido-4-aminocyclohexyl)-2-oxopyrrolidin-3-ylcarbamate as an

20 oil (81 g, 100% yield). This amine was used directly in the next step without further
purification.
[00235)  Example 1, Step 8: A solution of benzyl (S)-1-((1S,2R,4R)-2-acetamido-
4-aminocyclohexyl)-2-oxopyrrolidin-3-ylcarbamate (13.3 g, 34 mmol) and 3, 5-di-
tert-butylcyclohexa-3,5-diene-1,2-dione (7.54 g, 34 mmol) in methanol (160 ml}) was

5 stirred at room temperature for 2 h. The solution was concentrated and diluted with
acetone (132 ml) and water (33 ml), followed by addition of Dowex-50WX8-200 (23
g). The reaction was stirred at room temperature for 2 h. Dowex-50WX8-200 was
removed by filtration and washed with dichloromethane (300 ml). The filtrate was
concentrated under vacuum to remove most of acetone. The residue was diluted with

0 dichloromethane {200 ml) and washed with aqueous NaHCO; solution (200 m!) and
brine (200 mi). The combined aqueous layers were extracted with dichloromethane 2

x 100 ml). The combined organic extracts were dried over Na, SOy and concentrated,
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-0.2090 H175 0.4770 -0.0409 0.2650 C126 -0.0754 0.3040 -0.1278 H176 0. 3484
-0.0242 0.2146 C127 0.1701 0.2420 -0.0535 H177 0.4596 -0.0045 0.1679 C128
0.3488 0.2578 0.2007 H178 -0.1282 0.1348 0.0707 Atom XY Z Atom X Y Z
C129 0.5097 0.2640 0.3350 H179 -0.0650 0.1804 0.0686 C130 0.4624 0.2986

0. 3883

The product benzyl (S)-1-((18,2R)-2-acetamido-4-oxocyclohexyl)-2-oxopyrrolidin-3-
ylcarbamate was obtained as a solid (12 g, 90% yield) by crystallization in EtOAc
(100 ml) and Hexane (200 mi). 'H-NMR (500 MHz, DMSO-ds) 8 ppm 7.99 (d,
J=0.35 Hz, 1 H), 7.44 (d, /=8.80 Hz, 1 H), 7.28 -7.39 (im, 5 H), 5.03 (s, 2 H), 4.50 (5,
5 1H),4.31(d,/~12.10 Hz, | H), 4.18 (g, /~8.98 Hz, 1 H), 3.27 (m, 2 H), 2.82 (dd,

J=15.12, 5,22 Hz, 1 H), 2.52 - 2.65 (m, 1 H), 2.40 (dd, /=12.92,4.67 Hz, 1 H), 2.15 -
2,31 (m, 2 H), 2.09 (d, J=15.40 Hz, 1 H), 1.90 (m, 1 H), 1.81 (s, 3 H), 1.68 (m, 1 H).
m/z: 388.46 [M+H].
{00236] Example 1, Step 9: To a solution of TiCl; (1M in dichloromethane, 36

10 ml, 36 mmol) in dichloromethane (30 mi) at 0° C was added Ti(OiPr)s (10.8 ml, 36
mmol). The mixture was then stirred at room temperature for 10 min. To a sohution
of benzyl {8)-1-((158,2R)-2-acetamido-4-oxocyclohexyl)-2-oxopyrrolidin-3 -
ylcarbamate (23.25 g, 60 mmol) in dichloromethane (600 ml) was added zer:-
butylamine (30 ml, 300 mmol) at room temperature, followed by the addition of the

15 TiCl/Ti(OiPr)s solution at -50 °C. The reaction was allowed to warm slowly to reom
temperature. The reaction was finished after 2 h (The reaction was monitored on
HPLC by quenching an HPLC sample with NaBH, in methanol). The solution was
cooled to 10 °C and BHa#SMe, (1M in dichloromethane, 66 ml, 66 mmol} was added.
The mixture was stirred at room temperature for 5 h then quenched with Na;COs

20 aqueous solution (300 ml). The precipitate was filtered off. The two layers were
separated and the aqueous layer was extracted with dichloromethane (600 ml). The
combined dichloromethane layers were extracted with 1IN HCl twice (150 mi and 15
ml). (The product and the undesired #rans isomer were both in the acidic aqueous
phase.) The combined acidic aqueous layers were neutralized with 12 M aqueous

25  solution of NH,QH (12 ml) to pH~8 and extracted with dichloromethane twice (600
ml, 450 ml). (The product was in organic phase, while the trans isomer was still in
aqueous layer.) The combined organic layers were washed with NHyCl aqueous
solution 3 times (3 x 200 ml) until there was no trans isomer left in organic layer. The
organic layer was dried over Na,SO4 and concentrated. The residue was purified by

30 crystallization in EtOAc/Hexane(200 ml/ 800 ml) to give the desired benzyl (5)-1-
((18,2R,4R)-2-acetamido-4-(tert-butylamino)cyclohexyl)-2-oxopyrrolidin-3-
yicarbamate (20.80 g, 78% yield) as a white solid with 99.5% purity. "H-NMR (500
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1 0. 5963 -0.0009 0.3924 C131 -0.0968 0.4077 -0.0362 H181 0.5930 0.0381
g. 3832 C132 0. 3460 0.2683 0.0015 H182 0.5596 0.0461 0.4284 C133 -0.1317
0.2372 -0.2271 H183 0.4332 -0.0251 0.4433 C134 0.5253 0.3677 0.4289 H184
0.3902 0.0220 0.4712 C135 -0.2190 0.3662 -0.1602 H185 0.3084 -0.0081 0.3820
Cl136 0.2745 0.2511 -0.0941 H186 0.9987 0.0754

MHz, DMSO-ds) & ppm 8.76 (s, 1H), 7.27 - 7.46 (m, 6 H), 5.03 (m, 2 H), 4.14 (m, 1
H), 4.07 (q, /=8.80 Hz, 1 H), 3.83(m, 1H), 3.36 (m, 2H), 2.91 (s, 1H), 2.18 (m, 1H),
2.04 (m, 1H), 1.78 (s, 3H), 1.41 - 1.74 (m, TH), 1.04 (s, 9H). m/z: 445.54 [M+H].
100237}  Example 1, Step 10: To a solution of benzyl (S)-1-((15,2R,4R)-2-

5 acetamido-4-(terr-butylamino)cyclohexyl)-2-oxopyrrolidin-3-ylcarbamate (433,98
mmol) in methanol (400 ml), 10% wet Pd/C (4.34 g) was added. The mixture was
evacuated and back-filled with hydrogen with a hydrogen balloon. The mixture was
stirred at room temperature for S h. The mixture was filtered and washed with
methanol (500 ml) and concentrated under vacuwum to dryness. The crude product

10 obtained was distilled with IPA (2 x 100 mf) under reduced pressure to give product
N-((1R,2$,5R)—2-((S)-3—amino-z-oxopyrrolidin-1—y])—5m(z‘ert—
lmWhmh@wddwm@wmmmmmsmoﬂGOg9%6ﬁd®ﬁﬂ$ammew%u%dm
the next step without further purification.

[00238] Example 1, Step 11: To a solution of N-((1R,28,5R)-2-({8)-3-amino-2-

15 oxopyrrolidin-1-y1)-5-(zert-butylamino)eyclohexylacetamide (30 g, 97 mmol} in IPA
(400 ml) was added TEA (27 ml, 195 mmol) and 4-chloro-6-
(M&mmmﬁﬂhMmmmeSgMﬂmmdn%P}LGMmemLKquMmbn
WO 2005/021500). The mixture was stirred at room temperature overnight and then
stirred at 70 °C for th. The resulted solution was concentrated under reduced pressure

20 to dryness. The residue was dissolved in dichloromethane (1 L) and extracted with
acetic acid solution 1 {prepared by combining 700 mL of water and 22.6 mL of glacial
acetic acid) twice (500 ml, 200 ml). The acidic aqueous layer (pH 4-5) was extracted
with dichloromethane (2 x 300 ml). The dichloromethane layer was extracted with
acetic acid sohution 11 (300 ml; prepared by combining 300 ml. water with 4 mL of

25 glacial acetic acid). The combined acetic acid layers were basified with 1 M NaOH to
pH > 12 and extracted with dichloromethane (3 x 700 ml). The combined organic
layers were dried and concentrated to give the crude product as a solid (45.6 g, 93%
yield). The crude product was purified by recrystallization from EtOAc (400
ml)/Hexane (900 ml) to give 42.86 g (88%) N-(( 1R,25,5R)-5-(zert-butylamino)-2-

10 ((S)—2-0x0~3-(6-(triﬂuoromethyl_)quinazolin«4—ylamino)pyrr01idin—1-
yheyclohexylacetamide with 99.7% purity. 'H-NMR (500 MHz, DMSO-ds) & ppm
9.71(1 H,br.s.),9.02 (1 H,s),8.71 (1 H, d, J=7.97 Hz), 8.59 (1 H,s), 8.04 (1 H, dd,
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0. 5691 C137 0.5618 0.4023 0.3689 H187 0.7487 0.1066 0.2786 C138 0.6152

0. 3567 0.5186 H188 1.1096 0.0983 0. 7400 C139 0.4264 0.3788 0.4754 H189
0.7448 0.0641 0.1858 C140 0.2540 0.3461 0.1186 H190 0.5192 0.0845 -0. 1565
Cl41 0.2900 0.3831 0.0758 H191 0.5930 0.0200 -0.1086 F142 0.0020 0.4176
-0. 0257 H192 1.0402 0.1792 0.4633 F143 -0. 1497

J=8.66, 1.79 Hz), 7.88 (1 H, d, /=8.52 Hz), 4.91 - 5.13 (1 H, m), 4.30 - 4.57 (1 H, m),
3.86 (1 H, dt, J=11.89, 3.71, 3.64 Hz), 3.43 - 3.57 (1 H, m), 3.35 - 3.45 (1 H, m), 3.04
(1 H, t, /=3.85 Hz), 2.23 - 2.40 (1 H, m), 2.05 - 2.22 (1 H, m), 1.90 - 1.98 (1 H, m),
1.86 - 1.93 (3 H, m), 1.50 - 1.78 (5 H, m), 0.98 - 1.15 (9 H, m). “C-NMR (126 MHz,
S DMSO-dg) & ppm 171.23, 169.35, 159.54, 156.87, 151.17, 128.97, 128.20, 125.76 (1
C, q, J=30.52 Hz), 121.55 (1 C, br. 5.), 124.04 (1 C, q, /=272.11 Hz), 114.31, 53.26,
52.39, 50.81, 47.56, 45.70, 42.77, 34.52, 32.17, 29.14 (3 C, 5), 26.49, 23.29, 20.30.
YFNMR (471 MHz, DMSO-ds) & ppm -60.34 (s). m/z: 507.0 [M+H]. Anal. Caled
for CosHasNgOoF3: C, 53927, H, 6.56; N, 16.59; F, 11.25 Found: C, 59.44; H, 6.64; N,
10 16.74; F, 10.99.

ALTERNATIVE PREPARATION OF EXAMPLE 1

[00239] Example 1, Alternative Preparation, Step 1: An oven-dried 3-neck

15  round-bottom flask was equipped with a dried stir bar, a dried reflux condenser, and
two septa. After cooling under Ny, the flask was charged sequentially with
(1R,28,5R)-2-((8)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yh)-5-(tert-
butoxycarbonylamino)cyclohexanecarboxylic acid (60 g, 126 mmol; see Example 1,
Step 4), acetonitrile (800 mlL), N-methylmorpholine (27.7 mL, 252 mmol), and

20 diphenylphosphoryl azide (29.9 mL, 139 mmol). The reaction was stirred at RT for 1
h 40 min, at which time 2-tnmethylsilylethanol (90 mL, 631 mmol) was added. The
reaction was set to heat, and reached reflux 30 min later. Tt was allowed to reflux for
1 h, at which time it was allowed to cool to 50 °C gradually and then cooled to 15°C
with external cooling. The reaction was quenched with the addition of acetic acid

25  (1.734 mL, 30.3 mmol). The reaction was concentrated in vacuo and then dissolved
in EtOAc (1.2 L). It was washed sequentially with water (1 x 0.3 L), sat. NaHCO; (2
x 0.3 L), INHCI (1 x 0.3 L), and brine (2 x 0.3 L). The organic phase was dried
(NazSOy), filtered, and concentrated in vacuo. A solid appeared very early on in the
concentration process. After the volatiles were removed, 300 mL 10%

30 EtOAc/Hexanes was added, and the mixture was stirred overnight. The solid was
collected and dried to yield tert-butyl (1R,3R,48)-4-((8)-3-benzyloxycarbonylamino-
2-oxopyrrolidin-1-y1)-3-{(2-
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.4372 -0.0806 H193 1.1791 0.0849 0.4744 F144 -0.1239 0.4079 0. 0550 H194
(])..;.1875 0. 1355 0.4619 0145 0.4346 0.1106 0.5123 H195 0.9975 0.1890 0. 6409
0146 0.1371 0.2037 0.3256 H196 0.9825 0.1382 0.6530 0147 0.6629 0. 2454
0.5702 H197 1.0259 0.1190 0.3726 0148 0.4523 0.2291 0.5970 H198 0. 6972
0. 1932 0.2915 0149 0.3986 0.3042 0.6776 H199

10

15

20

30

trimethylsilylethoxycarbonylamino)cyclohexylcarbamate (60.5 g, 102 mmol, 81 %
yield). HPLC showed that the material was 72% pure, with two 12% impurities.
This material was taken into the next step without purification. The filtrate was later
concentrated to yield another 4.38 g of product. Total yield =64.9 g (87%).

(00240]  Example 1, Alternative Preparation, Step 2: A dry 500 mL round-
bottom flask was equipped with a stir bar and charged sequentially with ters-butyl
(1R,3R,45)-4-((8)-3-benzyloxycarbonylamino-2-oxopyrrolidin- l-yD-3-((2-
trimethylsilyl)ethoxycarbonylamino)cyclohexylcarbamate (60.5 g), CH2Cl, (180 mL),
and a solution of para-toluenesulfonic acid monohydrate (19.48 g, 102 mmol) in
CHyCl, (120 mL) and methanol (30 mL). The mixture was placed on a rotary
evaporator and the bulk of the CH,Cl; was removed (bath temp ca. 20 °C). When the
mixture began to foam, the vacuum was released, and the bath temperature increased
to0 46 °C (the temperature varied between 44 and 51 °C; it was controlled with the
addition of external ice). The mixture was rotated at this temperature for exactly one
hour (gas evolution was visible throughout) and then diluted with EtQAc {1 L). The
organic phase was washed with 0.5 N NH,OH (2 x 250 mL). The aqueous washes
were combined and set aside. The organic phase was washed with sat. NH,Cl (Ix
250 mL) and sat. NaCl (1 x 250 mL); these aqueous washes were discarded. The
initial combined NH;OH washes were back-extracted with FtOAc (1 x 250 mL), and
that organic extract was washed with sat. NH,C1 (1 x 60 mkL) and sat. NaCl (1 x 60
mL). All of the organic extracts were combined, dried (Na;SQ,), filtered, and
concentrated. The residue was purified by elution through a Si0, plug (13 cm wide x
7.5 cm tall). The first eluant was pure EtOAc (ca. 4 L). The second eluant was 1:9
(10% NH4OH in MeOH)/CH,Cl, (ca. 5 L.). The fractions containing the desired
product were pooled together and evaporated to afford the desired 2-
(trimethylsilyhethyl (1R,2S,5R)-5 -amino-2-((S)-3-benzyloxycarbonylamino-2-
oxopyrrolidin-1-yleyclohexylcarbamate (31.6 g, 64.4 mmol, 63 % yield).

[00241]  Example 1, Alternative Preparation, Step 3: A stirring solution of 2-
(trimethylsilyl)ethyl (1R,28,5R)-5-amino-2-((S)-3-benzyloxycarbonylamino-2-
oxopyrrolidin-1-ylcyclohexylcarbamate (400 mg, 0.82 mmol) in acetonitrile (3 mL)
was charged sequentially with diisopropylethylamine (315.8 mg, 3 eq) and
bromoacetonitrile (109.5 mg, 1.1 eq). The mixture was stirred at 40 °C for 30 h. The

276 -



1.2687 0.1146 0.6366 0150 0. 3459 0.1840 0.4326 H200 1.1831 0.1795 0.6123
H201 1.1631 0.1593 0.7328 1-1251 1.1684 0.4299 0.5453 H202 0. 5306 0.2029
0.0082 H252 0.3950 0.3437 0.2241 H203 0.6519 0.1824 0.4545 H253 0. 5749
0. 3293 0. 3230 H204 0.6483 0.1323 0.4245 H254 0.1193 0.3022 -0.0335 H205
0.8029 0.1216 0.5375 H255 0.2147 0.2880 0. 2355

solvent was removed under reduce pressure. The residue was purified by silica gel
column chromatography, using 1.5% of methanol in dichloromethane as the eluant.
The desired 2-(trimethylsilyDethyl(1R,28,5R)-2-((8)-3-benzyloxycarbonylamino-2-
oxopyrrolidin-1-yl)-5-(cyanomethylaminojeyclohexylcarbamate was obtained as a

5 white solid (400 mg, 93%). LC/MS found [M + H}" = 530.
[00242}] Example i, Alternative Preparation, Step 4: A stirring solution of 2-
(trimethylsilyDethyl{(1R,28,5R)-2-((S)-3-benzyloxycarbonylamino-2-oxopyrrolidin- 1-
yl}-5-(cyanomethylamino)cyclohexylcarbamate (400 mg, 0.76 ramol) in
dichloromethane (5 mL), was cooled to § °C and charged with m-CPBA (372.6 mg,

10 2.2 eq) in portions. The mixture was stirred at room temperature for 1.5 h. Saturated
NazS;0; solution (3 mlL) and saturated NaHCO; solution (3 mL) were added and the
mixture was stirred at room temperature for 0.5h. The mixture was diluted with
dichloromethane (80 mL), washed with saturated NaHCO; (20 mL) and brine (20
mL). The solution was dried over anhydrous Na;SOy, filtered, and concentrated in

15  vacuo. The residue obtained was dissolved in methanol (5 mL} and the solution was
charged with NH2OH-HCI (262.7 mg, 5 eq). The mixture was stirred at 60 °C for 2.5
h. After cooling to room temperature, the mixture was diluted with dichloromethane
(80 mL) and filtered through a pad of celite. The filtrate was washed with saturated
NaHCOs (2 x 20 mL). The aqueouns washes were extracted with dichloromethane (30

20 mL). The dichloromethane layers were combined and washed with brine (30 mL).
The solution was dried over anhydrous NaSQy, filtered, and concentrated in vacuo to
give 2-(trimethylsilylethyl (1R,2S,5R)-2-((S)-3-benzyloxycarbonylamino-2-
oxopyrrolidin-1-yD)-5-(hydroxyamino)cyclohexylcarbamate (350 mg, 91%). LC/MS
found [M + H]" = 507.

25  [06243] Example 1, Alternative Preparation, Step 5: A solution of 2-
(trimethylsilyethyl (1R,25,5R)-2-{(8)-3-benzyloxycarbonylamino-2-oxopyrrolidin-
1-yD)-5-(hydroxyamino)cyclohexylcarbamate (350 mg, 0.69 mmol) in acetone (5 mL)
was stirred at room temperature for 16 h. The mixture was concentrated in vacuo. The
residue was dissolved in anhydrous THF (7 mL) and cooled to 0 °C. A solution of

30 MeMgBr (1.1 mL, 3M in diethyl ether, 5 eq) was added dropwise. The mixture was
stirred at room temperature for 1.5h. The reaction was quenched with water (5 mL) at

0 °C. The mixture was diluted with ethyl acetate (100 mL) and filtered through a
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H206 0. 7957 0.1702 0.5801 H256 0.0233 0. 3437 -0.0249 H207 1.3466 0.0340
0.8006 H257 0.3083 0.3215 0.3958 H208 1.3500 0.0795 0.7383 11258 0. 3160
0.2703 0.4028 F1209 1.2843 0.0747 0.8476 H259 0.5050 0.2366 0.1841 H210
1.2710 0.0024 0.6388 H260 0.4927 0.2878 0.1790 F1211 1.1517 0.0185 0.5635
H261 -0.3192 0.3277 -0.2606 H212 1.2687 0.0462

pad of celite. The filtrate was washed with brine (30 mL). The solution was dried over
anhydrous MgSO,, filtered, and concentrated in vacuo. The residue was dissolved in
2 ml of acetonitrile and 1 ml of CS, was added. The mixture was stirred at room
temperature for 1 hours. The solvent was removed and the crude product was

5 purified by silica gel column chromatography, using 1.5% of methanol in
dichloromethane as the eluant, to provide the desired 2-(trimethylsilylethyl
(1R,28,5R)-2-((S)-3 -benzyloxycarbonylamino-2-oxopyrrolidin-1-y1)-5 (tert-
butylamino)cyclohexylcarbamate (160 mg, 42%). LC/MS found [M + H] = 547.
(00244] Example 1, Alternative Preparation, Step 6: A stirring solution of 2-

10 (trimethylsilyDethy} (1R,28,5R)-2-((8)-3-benzyloxycarbonylamino-2-oxopyrrolidin-
1-y1)-5-(zert-butylamino)cyclohexylcarbamate (100 mg, 0.183 mmol) in
dichloromethane (3 mL) was charged with trifluoroacetic acid (2 mL), The reaction
was stirred for 2 h at room temperature and concentrated in vacuo. The residue was
dissolved in dichloromethane (50 mL) and washed with saturated NaHCO; (20 mL).

15 The aqueous layer was extracted with dichloromethane (3 x 30 mL). The
dichloromethane layers were combined and dried over anhydrous Na,50q, filtered,
and concentrated in vacuo to give benzyl (8)-1-(( 18,2R 4R)-2-amino-4-(tert-
butylamino)cyclohexyl)-2-oxopyrrolidin-3-ylcarbamate (66 mg, 90%). LC/MS found
M + H]" = 403,

20 {00245] Example 1, Alternative Preparatien, Step 7: A solution of benzyl (S)-
1-((1S,2R 4R )-2-amino-4-(tert-butylamino)cyclohexyl)-2-oxopyrrolidin-3-
ylcarbamate (22 mg, 0.055 mmol) in dichloromethane (2 ml) was charged
sequentially with triethylamine (11.1 mg, 2 eq) and acetic anhydride (6.1 mg, L.1 eq).
The reaction was stirred for 1.5 h at room temperature, diluted with dichloromethane

25 (50 mL) and washed with saturated NaHCO; (20 ml.). The organic phase was dried
over anhydrous Na; SOy, filtered, and concentrated in vacuo to give benzyl (8)-1-

(1 S,2R,4R)-2—acetamido-ti—(tert—butylamino)cyci0hexyl)-2—ox0pyrrolidin~3—
ylearbamate (22 mg, 90%). LC/MS found {M + H] = 445,
[00246] Example 1, Alternative Preparation, Step 8; To a solution of benzyl

30 (S)-1-((18,2R, 4R )-2-acetamido-4-( tert-butylamino)cyclohexyl)-2-oxopyrrolidin-3-
ylcarbamate (22 mg, 0.05 mmol) in methanol (2 mL) was added PA(OH); (20 mg of

50% wet catalyst). The flask was evacuated and back-filled with hydrogen from a
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0.5671 H262 0.1323 0.2153 -0.0854 11213 1.1703 -0. 0007 0.7926 H263 0. 3327
0.2320 0.2439 H214 1.1105 0.0421 0.8313 H264 0.4885 0.2372 0.3700 H215

1. 0556 0.0182 0. 7149 H265 0.5951 0.2670 0.3470 H216 0. 7976 0.0176 0.4203
H266 0.4874 0.2957 0.4712 H217 0.9226 0.0100 0.4973 H267 0.3419 0.2998

0. 0019 H218 0.8269 0.0390 0.5453 H268 0.4278

hydrogen ballpon. The mixture was stirred at room temperature for 1 h and the
catalyst was removed by filtration. The filirate was concentrated iz vacuo to provide
N-((1R,28,5R)-2-((5)-3-amino-2-oxopyrrolidin-1-yl)-5-(tert-
butylamino)cyclohexyl)acetamide (13 mg, 85%). LC/MS found [M +H]" =311.

5 [00247] Example 1, Alternative Preparation, Step 9: To a solution of N-
((1R,28,5R)-2-((8)-3-amino-2-oxopyrrolidin- 1-yl)-5-(ters-
butylamino)cyclohexylacetamide (70 mg, 0. 225 mmol) in isopropanol (3 mL) was
added 4-chloro-6-(trifluoromethyquinazoline (63 mg, 1.2 eq) and triethylamine
(56.9 mg, 2.5 eq). The mixture was stirred at room temperature for 1.5 h. The solvent

10 was removed under reduced pressure. The residue was purified with preparative
HPLC to provide the title compound as its bis-TFA salt (110 mg, 67%). LC/MS
found [M + H]" = 507.

2" ALTERNATIVE PREPARATION OF EXAMPLE 1

<.

NHyHOTs NH,HOTs
A WC OBt Pd/C [Ho] A nCO:EL
C T
o o — i-PrOAc o o
/. ./
15 TR 1

[#0248] Example 1, 2™ Alternative Preparation, Step 1a: To a hydrogenator
were charged ethy! (7R,85)-8-((S)-1-phenyl-ethylamino)-1,4-dioxa-spiro[4.5]decane-
7-carboxylate 4-toluenesulfonate salt 1A (1417 g, 2.8 moles, ¢.f.: WO2004098510,
prepared analogous to US Pat.6,835,841), ethanol (200 proof, 11.4 1), and 10% Pd/C

20 catalyst (50% wet, 284 g). The mixture was inerted with nitrogen, then pressurized
with hydrogen gas (45 psig) and agitated vigorously at approx. 40 °C until starting
material was consumed (HPLC). The suspension was cooled, purged with nitrogen
gas and the catalyst was removed by filtration while inerted. The spent catalyst was
washed with ethanol (4.3 L). The filtrate and washings were combined and

25  concentrated under vacuum to a volume of 2--3 L while maintaining the batch
between 40°--60 °C. Isopropy! acetate (5 L) was charged and the mixture was
concentrated to a volume of ~2 L until most ethanol was removed (<0.5%) and

residual moisture content was <1,000 ppm. Batch volume was adjusted to ~7.5 L by
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0. 2594 0.0040 1-1219 0.7349 0.3217 0.2190 H269 -0.1537 0.2100 -0.2663 11220
1. 0259 0.3684 0.4660 H270 -0.2738 0.3905 -0.1734 H221 1.2052 0.3497 0.5802
H271 0.3087 0.2249 -0.1215 11222 0. 7595 0.2370 0.1705 H272 0.2609 0.2719

-0.1576 1-1223 0.9510 0.2576 0.4964 H273 0.5805 0.4266 0.4203

Atom X Y

10

15

Atom X Y Z

the addition of isopropyl acetate. The mixture was heated to 80 °C until clear, then
cooled 65°=70 °C. Seed crystals of 1 (5 g) were added and the batch was cooled to
50 °C over 2 hours, then further cooled to 20 °C over 4 hours and held for ~10 hours.
The resulting shirry was filtered and the cake was washed with isopropyl acetate (2
L). The product was dried under vaccum at ~35 °C until volatiles were recduced
below ~1% (LOD). Ethyl (7R,88)-8-amino-1 ,A4-dioxa-spiro[4.5]decane-T-carboxylate
4-toluenesulfonate salt 1 was obtained as a white, crystalline solid (936 g, 83% yield;
HPLC purity: 99.8%). 'H-NMR: (300MHz, CDCl;) 8.14-7.89 (brs, 3H), 7.75(d, J
9.0Hz, 2H), 7.15 (d, J 8.0Hz, 2H), 4.22-4.04 (m, 2H), 4.01-3.77 (m, 4H), 3.55-3.43
(m, 1FL), 3.20-3.13 (m, 1H), 2.40-2.27 (m, 4H), 2.21-1.94 (m, 2H), 1.81-1,51 (m,
3H), 1.23 (t, ] 7.0Hz, 3H); HPLC: Waters Xterra MS C18 4.6 mm x 150 mm id,
3.5um particle size, 0.05% NH40H (5% ACN, 95% H,0, solvent A), 10 0.05%
NHOH (95% ACN, 5% H0, solvent B), 5% B to 20% B in 10 minutes, changed to
95% B 1n 25 minutes, and then changed to 5% B in 1 minute; 11.1 minutes

(aminoester 1).

— 0@
MeS Me,S
NHHOTs  L-Z-Met-OH Q
A~ WCOEt  EDAC Z >
N TEA H Mel N
W ChzHN \\\Cozﬁt ChzHN \\\CozEt
Tz
[ 2} MeCN Q
/
9" o o "o
1 ./ ./
2 3
[00249] Example 1, 2™ Alternative Preparation, Step 1b: Ethyl (7R,85)-8-

amino-1,4-dioxa-spirof4.5]decane-7-carboxylate 4-toluenesuifonate salt 1 (450.1g;
the product of reductive deprotection of a known compound — see R. §. Cherney, WO
2004/098516 and G. V. Delucca & S. 8. Ko, WO 2004/1 10993), was combined with
1-ethyl-3-(3-dimethyl-amino-propyl)carbo-diimide hydrochloride (236.3g), 1-
hydroxy benzotriazole hydrate (171.9g), N-carbobenzyloxy-L-methionine {333.4g)
and acetonitrile (3.1 L). To the stirred mixture was added triethylamine (249.5g)
below 30 °C. Upon reaction completion (HPLC), the mixture was diluted with ethyl

acetate (8.2 L) and washed with aqueous 25% potassium bicarbonate solution (2x4.5
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Z H224 0.9305
0.6365 H275 0.
0. 3804 0.5741
0. 8361 0. 3164
H279 0. 4455 0.

10

15

20

25

0.2994 0.6498 1-1274 0.6328 0.3938 0.3368 H225 0.9306 0. 3505
5006 0.4101 0.3051 H226 1.1023 0.3226 0.7234 H276 0.6311
11227 0.6892 0.3732 0.1634 11277 0.5931 0. 3310 0.5600 H228
0.4802 H278 0.6878 0.3500 0.4880 H229 0.4622 0.3687 -0.1842
4020 0.5307 H230 0.5955

L) followed by water (4.5 L). The organic phase was separated and concentrated
under reduced pressure to obtain a solution of ethy! (7R,85)-8-((5)-2-
benzyloxycarbonylamino-4-methylsulfanyl-butyrylamino)-1,4-dioxa-
spiro[4.5]decane-7-catboxylate 2 (1.4 L). Methyl iodide (2.39 kg) was added, the
vessel was shielded from light and the mixture was held under slow agitation for
approx. 24 h. To the thick yellow precipitate was added methyl fert-butyl ether (2.7
L) and the mixture was held for approx. I h. The product was isolated by filtration
and the cake was washed with methyl ters-butyl ether (2x1.4 L), then dried under
vacuum, yielding [(S5)-3-benzyloxy-carbonylamino-3-((7R,35)-7-ethoxycarbonyi-1,4-
dioxa-spiro[4.51dec-8-ylcarbamoyl)-propyl]-dimethylsulfonium todide 3 (671.4 g,
~94% yield) as an off-white solid (HPLC purity 99.9%).

o NHCbz NHChz
Me,5 £S &
3, o o
s NH Cs,CO, g(s) acetone N
ChzHN (% \CO,Et S WCO,Et ~I5 OBt
‘?:2) 2 DMSO \(\F\u 2 1N HCI @\};ﬂ 2
o "o Q" o
L. _ o
3 4 5
[00250] Examplel, 2" Alternative Preparation, Step 2: Sulfonium salt 3

(619.4 g), and cesium carbonate (416.8 g) and anhydrous dimethyl sulfoxide (6.2 L)
were combined in a reactor equipped with a scrubber to neutralize volatile sulfides.
Vigorous agitation was maintained until complete conversion was obtained (HPLC).
Ethyl acetate (12.4 1.} was added, followed by 20 % brine (3 L). The organic phase
was separated, washed twice with brine (2x3 L) and evaporated to obtain a sotution of
ethyl (7R,85)-8-((S)-3-benzyloxycarbonylamino-2-oxo-pyrrolidin-1-yl)-1,4-dioxa-
spiro[4.5]decane-7-carboxylate 4 in ethyl acetate (~0.8 L). Acetone (2.55 L) was
added, followed by agueous 0.5 M hydrochloric acid solution (2.3 L). With good
mixing, the solution was heated to 50 to 60 °C until conversion of 4 to ethyl (1R,25)-
2-((8)-3-benzyloxycarbonylamino-2-oxo-pyrrolidin-1-yl)-5-oxo-
cyclohexanecarboxylate 5 was complete (HPLC). The mixture was concentrated

under reduced pressure while below 40 °C, cooled to ~30 °C, and water (4.1 L) was
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. 2449 -0.1310 H280 0.3644 0.3877 0.4139 H231 0.4887 0.4301 -0.0865 H281
8421610? 0. 3535 0.5147 H232 0.9411 0.2373 0.1483 H282 0.2315 0. 3935 0.0139
H233 0. 9065 0. 2830 0.0906 H283 0. 3050 0.4046 0.1373 H234 1.1232 0.2576
0.4474 H284 0.3642 0.3778 0.0457 H235 1.1194 0.3088 0.4371 H297 0.5031
0. 1166 0.5720 H236 1.2129 0.2887 0.6081 H298

1o

added. The resulting shury was cooled to 5 to 10 °C and agitated for ~] hour. The
product was filtered and the cake was washed with water (2x2.5 L). Upon
deliquoring, the cake was dried to a constant weight below 40 °C in a vacuum oven.

Cyclohexanone § (272g, 70% yield) was obtained (HPLC purity 98.7%).

Oik &) A ?j\ O N ?
QJ“ OFLt th o H Q"‘\LO- H
g o0
0 . © n (.
5 6 7

{00251] Example 1, 2™ Alternative Preparation, Step 3: Cyciohexanone 5
(100g) was suspended in THF (500 mL) and cooled to 0 °C. N NaOH (271g) was
added at 0-5°C and the biphasic mixture was agitated at < 5 °C for at least one hour.
MTBE (500 ml.) was added and the layers were separated. The bottom aqueous layer
was washed again with MTBE (500 mL) and the layers were separated,
Dichloromethane (500 mL) was charged to the product-rich aqueous layer, and the
mixture was cooled to 0 °C. 3N HCI (156 ) was charged maintaining < 5 °C. After
stirring for at least 10 min, the mixture was warmed to 20-25 °C, and the layers were
separated. The aqueous layer was extracted with dichloromethane {100 ml.). The
organic layers were combined and solvent was exchanged into toluene via distillation.
The toluene solution volume was adjusted to approximately IL, and p-toluenesulfonic
acid monohydrate (0.24 g) was added. Ethylene glycol (16.22 g) was added, and the
mixture was distilled at atmospheric pressure until formation of compound 7 was
complete and the pot volume was approximately 500-700 mL. The solution was
cooled to approximately 70 °C, and ethy] acetate (500 mL) was added maintaining
approximately 70 °C. The mixture was cooled and filtered to give 73 g (70 % yield)
of compound 7, (7R,85)-8-((35)-3-(({benzyloxy)carbonyl)amino)-2-0x0-1 -
pyrrolidinyl)-1,4-dioxaspiro[4.5]decane-7-carboxvlic acid.

- 82 -



0.4013 0.1383 0.4827 H237 1.1010 0.2618 0.6307 H291 0. 1415 0. 2116 0. 2456
H238 0.9841 0.3173 0.2399 H292 0. 0561 0.1944 0.3301 H239 1.0614 0.2747
0.2630 11285 0. 7189 0.2533 0.6386 H240 0. 8608 0.4208 0. 2603 H286 0. 7007
0. 2488 0.5014 H241 0.9250 0.4304 0.3884 H287 0.4531 0.2087 0.6605 F1242
0.9943 0.4069 0.2987 H288 0.5334 0.2354 0. 5869

10

15

20
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[00252] Example 1, 2™ Alternative Preparation, Step 4: To a slurry of
compound 7 {147 g) in dry toluene (370 mL) was charged triethylamine (32.7 g) at
15-25 °C. After the slurry became a solution afier 10-15 min stirring at 25°C, the
flask was cooled to -10°C and isobutyl chloroformate (44.1g) was charged at -10°-
0°C. The mixture was agitated at -10°- 0°C for about 30 min. A solution of sodium
azide (42 g) and tetrabutylammonium bromide (5.2 g) in water {130 mL) was added
at -10°- 0°C. The biphasic slurry was vigorously agitated for at least one hour and
toluene {1750 ml) followed by water {300 mL) were added. The two phases were
stirred for at least 10 min and the top organic layer was separated and dried with 4 A
molecular sieves. Acetic anhydride (76 mL) and acetic acid (28 mL) were added and
the solution was heated to 80-90 °C for 1-4 hours, until <2 AP of intermediate 9 was
detected by HPLC. The solvent was partially distilied off to approximately two thirds
of the initial volume under atmospheric pressure, the solution was cooled to ambient
temperature and the resultant slurry was stirred for 16 hours. Heptane (350 mL) was
slowly added and the shury was stirred for 1h. The solids were filtered, washed with
toluene/heptane 4:1 (300 mL), and dried to give 109 g (78% yield) of compound 19,
benzyl ((35)-1-({7TR,8S)-7-acetamido-1,4-dioxaspiro{4.5]dec-8-yD-2-0x0-3-

pyrrolidinylcarbamate.

NHCbz NHCbz
N O N0

A NHAe . Q\.NﬂAc
iy 0

10 u

- 83 -



. 1 0.4363 0.7411 H289 0.4187 0.2763 0.6478 H244 1.0091 0. 4217
52224]7- aggo 0. 4459 0.3091 0.7532 H245 1.0017 0.3911 0.7227 H293 0. 3695
0.2054 0.4921 H246 1.2276 0.4062 0.8315 H294 0.2663 0.1913 0. 3921 H247
1.1658 0.3601 0.8194 H295 0.4701 0.1653 0.8329 H248 1.2882 0.3671 0.7752
11296 0.4645 0.1639 0.6962 H249 1. 2341 0. 4465

[00253] Example 1, 2™ Alternative Preparation, Step 5: To a solution of
compound 10 (109 g) in acetone (760 mL) was charged 1N HCI (760 mL). The
mixture was heated to 50 °C for 2.5 hours. The acetone was distilled off under
reduced pressure and the product was extracted with dichloromethane twice 1 x 1 L
5 and 1 x0.5 L. Dichloromethane layers were combined and dichloromethane was
exchanged into ethyl acetate by distillation until the b.p. on the kettle reached 78°C
and the final volume was approximately 10 mlL/g compound 10 input. The ethyl
acetate slutry was cooled to ambient temperature, agitated for 16 hrs and the solids
were filtered and washed with ethyl acetate (400 mL). The solid was dried to give 84
10 g(87% yield) of compound 11, benzyl ((38)-1-((18,2R)-2-acetamido-4-

oxocyclohexyl)-2-oxo-3-pyrrolidinyljcarbamate.

NHCbz NHCbz
[;j“NHAc [ijﬁNHAc
——

0 Xﬁm
11 "

[00254]  Example 1, 2" Alternative Preparation, Step 6: The TiCly(OPr'),

|5 reagent was pre-formed by adding Ti(O'Pr)s (11.5 mlL.} to 2 solution of 1M TiCl, in
dichloromethane (3% ml.) at 5-10°C and subsequent stirring at ambient temperature
for 15 min. Compound 11 (25 ) was dissolved in dichloromethane (500 mL)and t-
butylamine (34 mL) was added at room temperature. After 10 min the solution was
cooled to 25 10 -20 °C and the preformed titanium reagent solution was added at a

‘0 temperature below -20°C. The mixture was allowed to warm to ambient temperature
and it was agitated for 1h. A sample was taken to confirm the complete imine
formation by miniquench with sodium borohydride in methanol (absence of alcohols
indicated the complete consumption of the starting ketone 11). Borane dimethyl
sulfide (7.0 mL) was then added at 0-5°C and the reaction mixture was warmed to

5 ambient temperature and stirred for at least 5 hours. Dichloromethane was partially
(about half) evaporated under reduced pressure and wet ethyl acetate (300 mL,

preformed by agitating ethyl acetate with water) was added within 30-60 min. The

-84 -



0.6673 11299 0.2731 0.1523 0.8513 11250 1.2881 0.4078 0.6030 11300 0.4117
0.1542 0.8909 TABLE 5 Atom c Coordinates for Exanple 2e, Base FormE-1
F18 0. 2662 0.4002 0.0274 F23 0.0301 0.3722 0.0039 F19 0.0473 0.4191 0.0033
C18 0.1648 0.3165 0.0297 F20 0.1401 0.2386 0.0059 1131 0.2375 0.5477 0.2387
02 0.3035 0. 7582

resulting slurry was agitated for at least 4 h, the solids were filtered and washed
several times with dichloromethane until no more than 5 M % of the product was
retained in the cake. The filtrate and washes were combined, IN HC1 (200 mL) was
added and the biphasic mixture was agitated for at least 30 min (gas evolution ceased
5  after ~20 min). The product rich aqueous layer (upper phase) was separated and

dichloromethane (500 mL) was added. Concentrated armmonivm hydroxide was
added to the agitated biphasic mixture until pH was adjusted to 8-8.5 (~15 mL). The
organic phase was separated and washed 2 x 100 mL with 14 wt % ammonium
chloride, to remove the undesired trans isomer of compound 12, and finally with

10 water (25 mL). Dichloromethane was exchanged into ethyl acetate by distillation
under normal pressure until the b.p. on the kettle reached 78°C and the final volume
was approximately 5 mL/g compound 11 input (~140 mL). The solution was cooled
to ambient temperature, Heptane (250 mL} was added slowly at 40-50°C and
compodun 12 started to crystallize. The slurry was agitated at room temperature for 3

15  trs and the solids were filtered, washed with heptane (100 mL} and dried to give 20.1
g (70 % yield) of compound 12, benzyl ((35)-1-((1S5,2R,4R)-2-acetamido-4-(teri-
butylamino)cyclohexyl)-2-0x0-3-pyrrolidinyl)carbamate, as white, fluffy crystals.

NHCbz NH,

A NHAe H, A~ NHAC
O™ e O

z MeOl -
7<NH 7(1*11{

12 13

20 [00255F Example 1, 2" Alternative Preparation, Step 7: Compound 12 (20 g)
was dissolved in methanol (400 mL) and 5 % Pd/C catalyst (1.8 g, 9 wt %) was
added. The mixture was hydrogenated at 25 °C and 25 psig for 3h. The catalyst was
removed by filtration, and the methanol was exchanged into ethyl acetate by
continuous distillation. The product crystallized from ethyl acetate (160 mL) upon

25  cooling. Heptane (160 mL) was added at 25 °C, the slurry was agitated for Ih and the
product was filtered, washed with heptane and dried to give 12.8 g (94 % yield) of
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0. 1985
0. 2161
0.1766
0. 1472
0.6813

H41 0.5018 0.4801 0.2585 028 0.4277 0.5819 0.1087 H42 0.4761 0. 3850
Ni 0.5559 0.6627 0.1978 H51 0.6480 0.5043 0.1733 N6 0.2412 0.4989
H52 0. 7376 0.5463 0.2204 N8 0.0422 0.3993 0.2139 Hel 0.2881 0.5282
NI O -0.1606 0.2714 0.1828 H91 -0.1519 0. 3157 0.2435 N27 0.6744

0.1115 HIIIl -0.2586

10

15

compound 13, N-((1R,2S,5R)-2-((35)-3-amino-2-oxo- I-pyrrolidinyl)-5-(tert-
butylamino)cyclohexyl)acetamide.

18):1 Cl
NJD,CF:; ; )D,CI%
Sy o

14 15

[00256] Example 1, 2™ Alternative Preparation, Step 8: 6-(trifluoromethyl)-4-
quinazolinol, 14 (5 g; see P. H. Carter, et al. PCT application WO 2005/021500) was
suspended in dichloromethane (100 mL). N,N-diisopropylethylamine (4.2 mL, 1.05
eq) and DMF (0.4 mL, 0.2 eq) were added. Oxalyl chioride (3.0 mL, 1.5 eq) was then
added to the agitated slurry at 20-25 °C under cooling (exothermic addition). The
orange shurry was agitated at 30-35 °C for 2h. Steady gas evolution was observed for
~1.5 hrs at which point the slurry became an orange solution. After cooling t0 20 °C,
the reaction solution was added dropwise to 20 wt % aq Ko HPO, (50 mL) under
vigorous agitation and gas evolution. The lower organic phase wag separated and
washed one more time with 20 wt % aq K,HPO, (50 mL). The organic solution was

used as is for the next step within 16h.

G

“NHZ p
{j}*O Cl {

HN \;N
: N
~NHAc 3 CF3
O + N [;LO

Ny =D

E N O,\NH.AC
NH
Pt

13 15 7(NH Example 1

[00257] Example 1, 2™ Alternative Preparation, Step 8: To a solution of 15 in

dichloromethane (22 mL, 5.5 mmol), solid 13 (1.55 g, 5 mmol) was added and the
mixture was agitated at room temperature until the solids dissolved. Triethylamine
(1.4 mL, 11 mmol) was added and the mixture was agitated for 24 hrs at ambient
temperature. Water (10 mL) was added, the two phases were agitated for 10 min and

the organic phase was separated. Dichloromethane was exchanged into ethyl acetate
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0.1707 0.1140 N29 0.9824 0.8036 0.1064 11121 -0.1207 0.1964 0.0469 C2
0.3877 0.6687 0.2028 HI 41 0.2343 0.4431 0.0976 Atom X Y Z Atom X Y Z C3
0.3235 0.5438 0.2136 H211 0.5921 0.8399 0.1984 C4 0.4822 0.4775 0.2252 H221
0.4827 0.7942 0.1303 C5 0.6231 0.5426 0.2028 11231 0.6846 0.8993 0.0877

by continuous distillation until the b.p. on the kettle reached 78°C and the final
volume was approximately 10 mL/g compound 13 input (~15 mL). The slurry was
cooled to ambient temperature, heptane (15 mL) was slowly added and the slurry was
agitated for 16 h. The solids were filtered, washed with heptane/ethyl acetate 1:1 (5

5  mL)and dried to give 1.83 g (72 % yield) of beige crystals {form N-2 by XRD) of N-
((1R,28,5R)-5-(tert-butylamino)-2-((S)-2-o0x0-3-(6-(trifluoromethylyquinazolin-4-
ylamino)pyrrolidin- 1-yl)cyclohexyl)acetamide, Example 1.

EXAMPLE 2
10 Crystal Forms of N-({1R,28,5R)-5-(tert-butylamino}-2-((S)-2-ox0-3-{6-
(trifluoromethyl)quinazelin-4-ylamino)pyrrolidin-1-yl)cyclehexyDacetamide
[00258]  Various crystal forms of N-((1R,2S,5R)-5-{zerz-butylamino)-2-((S)-2-oxo-
3-(6-(trifluoromethyliquinazolin-4-ylamino)pyrrolidin-1-yl)cyclohexyl)acetamide,
free base were prepared and characterized as described below.

15

PROCEDURES FOR CHARACTERIZING THE FORMS
Single Crystal Data
[00259] Data were collected on a Bruker-Nonius (BRUKER AXS, Inc., 5465 East
Cheryl Parkway Madison, WI 53711 USA) CAD4 serial diffractometer. Unit cell

20  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 6-28 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.

25  Alternately, single crystal data were collected on a Bruker-Nonius Kappa CCD 20060
system using Cu Ko radiation (A = 1.5418 A). Indexing and processing of the
measured intensity data were carried out with the HK1.2000 software package
(Otwinowski, Z. & Minor, W. (1997) in Macromolecular Crystallography, eds.
Carter, W.C. Jr & Sweet, R.M. (Academic, NY), Vol. 276, pp. 307-326) in the

30 Collect program suite. (Collect Data collection and processing user interface: Collect:
Data collection software, R. Hooft, Nonius B.V., 1998.) Aliernately, single crystal
data were collected on a Bruker-AXS APEX2 CCD system using Cu Ko radiation (A
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C7 0.1130 0.4242 0.1780 11232 0. 6444 0.9699 0.1348 C9 -0.0900 0.3261 0.2139
11241 0.9421 0.9813 0.1221 C11 -0.1488 0.2295 0.1107 11251 1.0517 0.8711
0.1826 C12 -0.0761 0.2450 0.0735 11252 0.8644 0.9484 0.1930 C13 0. 0600
0.3235 0.0687 11261 0.8551 0.7433 0.2231 C | 4 0.1243 0.3844 0.1017 11262
0.8872 0.6821 0.1741 C15 -0.0857 0.2914

10

15

20

30

=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 interface: APEX2 User Manual, v1.27; BRUKER AXS, Inc,, 5465
East Cheryl Parkway Madison, W1 53711 USA).

[80260]  When indicated, crystals were cooled in the cold siream of an Oxford cryo
system (Oxford Cryosystems Cryostream cooler: J. Cosier and A.M. Glazer, J. Appl.
Cryst., 1986, 19, 105) during data collection.

[00261}  The structures were solved by direct methods and refined on the basis of
observed reflections using either the SDP (SDP, Structure Determination Package,
Enraf-Nonius, Bohemia NY 11716. Scattering factors, including f" and #”, in the SDP
software were taken from the “International Tables for Crystallography”, Kynoch
Press, Birmingham, England, 1974; Vol. IV, Tables 2.2A and 2.3.1) software package
with minor local modifications or the erystallographic packages MAXUS (maXus
solution and refinement software suite: S. Mackay, C.J. Gilmore, C. Edwards, M.
Tremayne, N. Stewart, K. Shankland. maXus: a computer program for the solution
and refinement of crystal structures from diffraction data or SHELXTL". The derived

atomic parameters (coordinates and temperature factors) were refined through full

. . C . . - 2
matrix least-squares. The function minimized in the refinements was ZwliFol - Fel ™

R is defined as 2 ||Fo| - [Foll/% [Fof while Ry, = [Zyy( [Fo) - [y [Fol ]~ where w
is an appropriate weighting function based on errors in the observed intensities.
Difference maps were examined at all stages of refinement. Hydrogens were
introduced in idealized positions with isotropic temperature factors, but no hydrogen
parameters were varied.

X-ray Powder Diffraction Data (PXRD)

[80262} PXRD data were obtained using a Bruker C2 GADDS . The radiation was
CuKa (40 KV, 50mA). The sample-detector distance was 15 cm. Powder samples
were placed in sealed glass capillaries of Imm or less in diameter; the capillary was
rotated during data collection. Data were collected for 3<20<35° with a sample
exposure time of at least 2000 seconds. The resulting two-dimensional diffraction
arcs were integrated to create 2 traditional 1-dimensional PXRD pattern with a step

size of 0.02 degrees 20 in the range of 3 to 35 degrees 20.
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0. 1453 11271 0. 8051 0.6804 0.1028 Cl16 0.0498 0.3680 0.1409 11291 1.0794
0.7695 0.1261 C17 0.1207 0.3503 0.0270 11294 0.7893 0.5312 0.0656 C21
0.6470 0.7650 0.1817 11292 0.6583 0.4189 0.0854 C22 0.6168 0. 7817 0.1361
H293 0.5951 0.5011 0.0421 C23 0.7030 0.8953 0.1212 H311 0.9885 0.9169
0.0098 C24 0.8922 0.8952 0.1304 H312 0. 8322

Differential Scanning Calorimetry (DSC)
[00263] DSC experiments were performed in a TA Instruments™ model Q1000 or
2920. The sample (about 2-6 mg) was weighed in an aluminum pan and recorded

5  accurately recorded to a hundredth of a milligram, and transferred to the DSC. The
instrument was purged with nitrogen gas at 50mL/min. Data were collected between
room temperature and 300°C at 10°C/min heating rate. The plot was made with the

endothermic peaks pointing down.

10 Therma! Gravimetric Analysis (TGA)
[00264] TGA experiments were performed in a TA Instruments™ model Q500 or
2050. The sample (about 10-30 mg) was placed in a platinum pan previously tared.
The weight of the sample was measured accurately and recorded to a thousandth of a
milligram by the instrument. The farnace was purged with nitrogen gas at 100

15 mL/min. Data were collected between room temperature and 300°C at 10°C/min

heating rate.

PREPARATION AND ANALYSIS OF THE FORMS
[00265]  The unit cell data and other properties for these examples are presented in
20  Table 1, The unit cell parameters were obtained from single crystal X-ray
crystallographic analysis. A detailed account of unit cells can be found in Chapter 3
of Stout & Jensen, X-Ray Structure Determination: a Practical Guide, (MacMillian,
1968).
[00266] Fractional atomic coordinates for Examples 2a, b, ¢, d, e, f, and g, and the
25  conditions at which they were measured are presented in Tables 2-9.
[00267] Additionally, characteristic powder x-ray diffraction peak positions
(degrees 2040.1 )@ RT for Examples 2a, b, ¢, d, ¢, and f are presented in Table 9, all
of which are based on high quality patterns collected with a diffractometer (CuKa)
with a spinning capillary with 20 calibrated with a NIST other suitable standard.
30 [00268] Finally, Figures 1, 2,3, 4, 5 and 6 present XRPD patterns for Examples
2a,b,c, e dand f, Figures 8, 10,13, 15, 17 and 19 disclose the TGA of Examples
2a, b, ¢, d, e and f, respectively. Figures 7,9, 12, 14, 16 and 18 disclose the DSC of
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0.8277 0.0324 C25 0.9185 0.8727 0.1765 11313 0.8750 0.9701 0. 0523 C26
0.8353 0. 7590 0.1910 11321 1.2632 0.9515 0.0466 C28 0.5782 0.5936 0.0987
11322 1.1556 1.0063 0.0897 C29 0.6596 0.5024 0.0711 11323 1.2983 0.8878
0.0951 C30 1.0633 0.8393 0.0676 H331 1.1943 0.7459 0.0197 C31 0.9326 0.8931

0.0389 11332 1.2251 0.6857 0, 0690 C32

Examples 2a, b, ¢, d, ¢ and f, respectively. Figure 11 discloses the Vapor Sorption

Isotherm of Example 2b.

Form Preparation, DSC and TGA Characterization
5 {00269] Example 2a, Form H0.5-4: 150 mg of N-((IR,28,5R)-5-(tert-
butylamino)-2-((S)-2-0x0-3-(6-(trifluoromethyl)quinazolin-4-yl amino)pyrrolidin-1-
yheyclohexylyacetamide, free base was dissolved in warm n-butyl acetate saturated
with water. Heptane was added until a persistent cloud was observed. The shurry was
allowed to cool to RT. Form H0.5-4 is characterized by 0.5 mole water per mole N-

10 ((1R,ZS,SR)—S—(zer!—butylamino)-2—((S)—2—0x0*3-(6—(triﬂuoromethy1}quinazolin—4—
ylamino)pyrrolidin-1-yDcyclohexyl)acetamide, free base. Form H0.5-4 was
characterized by 2 DSC thermogram having a broad endotherm onset typically in the
range between ca. RT and ca. 67 °C in agreement with the TGA curve; at higher
temperatures other events may ensue. Form HO.5-4 was characterized by a TGA

15 thermal curve having a weight loss typically from 0.6% to about 1.4% up to ca. 100
°C. The theoretical weight loss for Form H0.5-4 is 1.7%, however, it is not unusual
for unstable hydrates to become partially dehydrated upon drying,

[00270] Example 2b, Form N-2: 1 g of N-((1R,28,5R)-5-(tert-butylamino)-2-
((S)—2~ox0—3—(6~(tn'ﬂuoromethyl)quinazolin~4—y!amino)pyrro]idin~ I-

20 yheyclohexyl)acetamide, free base was dissolved in 10 mL of water-free EtOAG at
77°C. The solution was cooled to 70°C. 10 mg of seeds of N-2 were added. To the
slurry, 18 mL of n-heptane was added over 1 hour with a syringe pump. The shury
was cooled from 70°C to 20°C over ! hour, and agitated at 20°C overnight. The solid
was isoiated by filtration, washed with 3 mL of n-heptane, dried at 50°C in a vacuum

25 oven overnight. Form N-2 is N-((1R,28,5R)-5-(tert-butylamino)-2-((S)-2-0x0-3-(6-
(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1 -yheyclohexyDacetamide, free
base, a neat form (without additional molecules of water or solvent). Form N-2 was
characterized by a DSC thermogram having an endothermic onset typically between
ca. 230 °C and ca. 232 °C as a single melt with no other transformations. Form N-2

30 was characterized by a TGA curve having negligible weight loss at up to ca. 200 °C

and in agreement with the single-crystal structure.
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1.2044 0.9276 0.0745 11333 1.0345 0.6616 0.0430 C33 1.1314 0.7245 0.0492
H971 -0.8355 0. 1305 0.1615 099 -0.4402 0.1232 0.1894 11972 -0.7164 0.0043
0.1747 C97 -0.7313 0.0985 0.1797 HO73 -0.7551 0.1157 0.2115 C98 -0.5812
0.1608 0.1676 1-1981 -0.5951 0.2544 0.1716 F21 0.3052 0.3620 0.0283 11982
-0.5565 0.1430 0.1349 F22 0.1907 0.2403 0.0143

[00271] Example 2¢, Form HL.75-5: A slorry of 50 mg of N-((1R,2S,5R)-5-(terz-
butylamino)-2-({S)-2-0x0-3-(6-(trifluoromethylkquinazolin-4-ylamino)pyrrolidin-1-
yleyclohexylacetamide, free base was vigorously agitated in 1 mL water for more
than 16 hours. Form H1.75-5 is characterized by 1.75 moles of water per one mole of
5  N-((1R,28,5R)-5-{tert-butylamino)-2-({8)-2-ox0-3-(6-(trifluoromethyl)quinazolin-4-

ylamino)pyrrolidin-1-y}cyclohexyl)acetamide, free base. Form HL.75-5 was
characterized by a DSC thermogram having an endotherm onset typically between ca.
RT and ca. 70 °C in agreement with the TGA curve; at higher temperatures other
events may ensue. Form FI1.75-5 was characterized by TGA curve having a weight

10 loss of ca. 4.3% to ca. 5.3% at temperatures up to ca 100 °C. Theoretical weight loss
is ca. 5.9%, however, it is not unusual for unstable hydrates to become partially
dehydrated upon drying.
[00272] Example 2d, HAC-1: 100 mg of N-((1R,2S,5R)-5-(tert-butylamino)-2-
((8)-2-0x0-3-(6-(trifluoromethyl}quinazolin-4-ylamino)pyrrolidin-1-

15 ylheyclohexyl)acetamide, free base was dissolved in 0.1 mL of HOAc at 80°C. To
this, 0.2 mL of t-BuQAc was added and the solution was cooled 10 20°C. The solution
was evaporated to dryness. The resulting solid was agitated in heptane at 50 °C for 15
hours, followed by cooling to 20°C. HAC-1 was filtered and dried at 25°C under
vacuum overnight. Form HAC-1 is characterized by 1 mole of acetic acid per one

20 mole of N-((1R,28,5R)-5-(tert-butylamine)-2-({8)-2-0x0-3-{6-
(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1-ylcyclohexyl)acetamide, free
base. Form HAC-1 was characterized by a DSC thermogram having an endothermic
onset typically at ca. 100 °C in agreement with the TGA curve; at higher temperatures
other events may ensue. Form HAC-1 was also characterized by a TGA curve having

25 c¢a, 15..3% weight loss up to ca. 200 °C. Theoretical weight loss is ca. 10.5%,
however it is not unusual for minor amount of high boiling point solvents to remain
associated with the solid. In cases like this, PXRD is diagnostic of form but not
sensitive to small amounts of adventitious solvent.
[06273] Example 2e, Form E-1: 50 mg of N-((1R,28,5R)-5-(tert-butylamino)-2-

30 ({S)-2-ox0-3-(6-(trifluoromethyquinazolin-4-ylamino)pyrrolidin-1 -
yheyclohexyl)acetamide, free base was dissolved in <ImL of boiling ethancl. The

solution was cooled to RT and allowed to slowly evaporate. Form E-1 is

.91 -



' ' | e 2d Base
11991 -0.3383 0.1855 0.1847 TABLE 6 Atom c Coordi nates for Exanp
Form HACG-1 Atom X Y Z Atom X Y Z C 1 0.0418 0.3612 0.1413 1132 -0. 1504
0.2133 0.0512 N2 -0.1614 0.2566 0.1827 H21 0.2024 0.4361 0.1001 N3 0.5574
0.6476 0.1969 1119 -0.2633 0.1786 0.1141 04 0.4002 0.5938 0.1104 1115

-0,1260 0.2877 0.2400 N5 0.0480 0.3793 0.2136

characterized by 1 mole of ethanol per one mole of N-((1R,28,5R)-5-(tert-
butylamino)-2—((S)-2—0xo-3—(6~(triﬂuoromethyi)quinazolin—4—y1amino)pyrrolidin-1-
ylcyclohexyl)acetamide, free base. Form B-1 was characterized by 2« DSC
thermogram having an endothermic onset typically at ca. 100 °C in agreement with
3 the TGA curves; at higher temperatures other events may ensue. Form E-1 was

characterized by a TGA thermal curve having a weight loss of ca. 7.1% to ca. 7.6%
up to ca. 150 °C. Theoretical weight loss is ca. 8.3%, however, it is not unusual for
unstable solvates to become partially desolvated upon drying,
[00274]  Example 2f, RPG-3: 30 (0 40 mg of N-((1R,28,5R)-5-(tert-butylamino)-

10 2—((S)-2—oxo—3—(6~(triﬂuorornethyl)quinazolin—4—ylamino)pyrrolidin-1—
yheyclobexyDacetamide, frec base was dissolved in 2 mL of racemic propylene
glycol. Water was added until a cloud was observed. The solvent was allowed 0
slowly evaporate to dryness. Form RPG-3 is characterized by I molecule of R-
propylene glycol per one molecule of N-((1R,28,5R)-5-(tert-butylamino)-2-((S)-2-

15 oxo-3 -(6-(trifluoromethyl)quinazolin-4-ylamino)pyrrolidin-1 -
yDeyclohexylacetamide, free base. Form RPG-3 was characterized by a DSC
thermogram having an endothermic onset at ca. 70 °C in agreement with the TGA
curve, at higher tempratures other events may ensue. Form RPG-3 was characterized
by a TGA curve having a weight loss of ca.16.4% up to ca. 110 °C. Theoretical

20 weight loss is ca. 13.1%, however it is not unusual for minor amount of high boiling-
point solvents to remain associated with the solid. In cases like this, PXRD is
diagnostic of form but not sensitive to small amounts of adventitious solvent.
[00275] Example 2g, Form IPA-1: 40 mg of N-((1R,28,5R)-5-(tert-butylamino)-
2-((5)-2-0x0-3-(6-(tri fluoromethyl)quinazolin-4-ylamino)pyrrolidin-1 -

25 yDcyclohexyl)acetamide, free base was shurried in <lmL of isopropy! alcohol. The
slurry was gently heated to dissolve the remaining solid. The solution was cooled to
RT and allowed to slowly evaporate until crystals were observed. Form IPA-1 is
characterized by 1 mole of isopropyl alcohol per one mole of N-((1R,2S,5R)-5-(tert-
butylamino)—2~((S)-2—oxo~3-(6-(triﬂuoromethyl)quinazolin~4—ylamino)pyrr0lidin~ }-

i0  yheyclohexylacetamide, free base.

TABLE 1

Unit Cell Parameters
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H6 0.2703 0.5248 0.1514 N6 0.2349 0.4911 0.1766 1114 0. 2507 0.5355 0.2354
N7 0.6581 0.6819 0.1120 H25A 0.5017 0.4595 0.2502 09 0.3141 0.7518 0.2032
H25B 0. 4643 0. 3765 0.2131 Cl10 0.6548 0.7519 0.1823 H22A 0. 6302 0. 4915
0.1724 C11 0.1091 0.4116 0.1779 H22B 0. 7255 0.5203 0.2124 Atom XY Z 1
At om

Compoun| porm |1 | o) | WA | b | @ | B | » | V)

Exp 2a IF10.5-4 =50 117.7845(N7.6215(3) [20.9510{HP0 109.062{ )90 12684.1(2)
Expob N2 IRT |18.7240(4)8.0171(2) [19.6568(5)00 114.935(2)90 h675.7(1)
Exp 2¢ H1.75-51-70 [12.7648(2)134,3194(7)12.9659(D00 99.053(1) |90 5609.4(2)
Exp2d  [HAC-1 RT {7.9766(7) [11.058(2) 133.348(4) |90 00 90 2041 .4(6)
Exp 2e E-1 -50 17.9866(3) [11.2594(6)}32.680(2) 190 90 90 2938.7(2)
Exp 2f RPG-3 (-50 §10.3004{3)]10.5475(4){15.4784(6)[90.045(3)]102.476(2)]109.083(2)}{1547.0(1)
Exp 2g IPA-1  [RT 18.4487(2) 111.6615(3)31.3800(D[90 90 90 3091.7(1)

TABLE 1 (continued)

Unit Cell Parameters

Compound | 2° | Vi 5g decaic
Exp 2a 2 671 | P2, 1.235
Exp 2b 2 669 | P2 1.258
Exp 2¢ 4 701 1 P2, 1.274
Exp2d 1 735 1 P2:242, | 1,279
Exp Ze ] 735 1 P2;2,2, | 1.249
Exp 2f 2 774 | P1 1.257
Exp 2g I 773 | P24 {1217

5 [00276] The variables used in Table ! are defined below:
T = temperature in Centigrade for the crystallographic data (RT is room
temperature which is about +22°C)
V =volume of unit cell
Z’ = number of drug molecules per asymmetric unit
10 Ym = V{unit cell) / (Z drug molecules per ceil)
8g = space group

dealc = calculated crystal density

TABLE 2
15 Atomic Coordinates for Example 2a, Form H0.5-4
Atom X Y Z Atom A Y Z

Fl 0.1718 05612 |0.2388 | FI38 109730 (09700 |0.6210
F2 0.1576 04167 |0.1518 |FI13% |1.0220 10.7300 |0.6430
E3 0.1277 [ 0.6827 |0.1463 | F140 109470 ;0.7710 |0.5532
N7 0.3729 10.0177 |-0.0187 JOI137 105289 1{1.1320 |0.2702
N9 0.3967 103613 100716 | HI0 0.3464 10.3422 | 0.0601
Nil 0.5034 10.5324 |0.1275 | H1é 0.1889 1-0.1347 |-0.0192
Ni2 0.1513 |-0.3723 |-0.0803 | H85 02780 10.4332 [0.1193
N15 0.2070 | -0.0340 {-0.0258 | H88 0.4895 103182 ]0.0357
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XY Z Cl2 0.6143 0.7805 0.1389 H1 0 0.6208 0.8184 0.1990 C13 -0.0977
0.2822 0.1453 | H12 0.4961 0.7944 0.1361 Cl14 0.3251 0.5321 0.2128 1-131A
0. 7369 0.5221 0.0663 C15 -0.0849 0.3037 0.2135 H31B 0.5607 0.5108 0.0459
Cl6 0.5496 0.5972 0.0993 H3 1 C 0.6086 0.4250 0.0815 C ? 0.8422 0.7397

0. 1888 H17A 0.8651 0.7215 0. 2164

Atom X Y Z Atom X Y Z
N18 0.4944 10.7660 02016 |H90 0.2688 | -0.4938 |-0.1162
023 0.3677 | 0.2704 | -0.0786 | HO} 0.2791 -0.3427 | -0.1635
025 0.2371 102420 |0.0154 |H93 02277 [ 0.1128 | -0.0967
C82 0.2630 | 0.6176 |0.1822 |H95 0.3290 1-0.0521 |-0.1140
C83 0.4281 104888 {0.1165 |H99 0.3760 1-0.3135 1-0.0574
84 03027 10.5269 [0.1466 |H100 |03100 |-0.3067 -0.0228
C86 0.3810 |0.5754 [0.1513 {H102 |05234 |0.0450 0.0773
C87 0.4447 | 0.2515 ] 0.0409 | HI03 |0.4804 |0.1033 0.1290
89 0.2647 [-0.3681 |-0.1237 | HIOS |0.1184 |-0.0766 |-0.1500
Co2 0.2304 | -0.0122 {-0.0852 |H106 !0.1831 -0.6821 |-0.1859
Co4 03163 [-0.0776 | -0.0729 |HI10 | 03980 | 0.9063 0.2542
96 0.4172 | 0.7161 0.1933 THII2 104292 |-0.1628 |0.0516
Co7 0.1821 | 0.5681 0.1800 1HI13 103692 |-0.0449 |0.0742
Co8 0322t | -0.2755 |-0.0632 |H115 | 02715 [08230 |02452
Cl0! |0.4735 10.0847 |0.0816 |HI117 |00540 |-03914 -0.0071
€104 10.1724 1-0.1130 |-0.1448 [H!18 [0.1047 |-0.5613 -0.0042
CI107 10.3915 | 0.1858 -0.0261 | HII9 |0.0122 |-0.5664 |-0.0392
Cl08 102116 |0.0919 |0.0195 |HI21 | 00157 -0.2070 | -0.1065
Cl109 103748 |0.8103 02276 {HI22 |-0.0438 |-0.3568 |-0.141%
Cllt 104081 |-0.0451 |0.0507 {H123 |0.0156 |-0.281% -0.1762
Cild 0299 |0.7605 0.2220 [HI26 10.1446 |-0.3645 |-0.1779
Cl16 10.0592 [-0.4960 |-0.0309 [H128 |0.5835 |0.7006 £.1755
Cl120 | 0.0087 |-03106 |-0.1338 |HI130 |0.2266 |0.0448 0.1189
C124 | 0.0696 |-0.4465 | -0.0977 [HI131 01603 |-0.0732 0.0701
C125 10.1783 | -0.3101 |-0.1359 {HI32 [0.1430 |0.12490 0.0800
CI27 105309 10.6696 [0.1690 |HI134 |0.0091 -0.6633 | -0.1497
Cl29 [0.1827 [0.0426 |0.0774 |H135 |0.1005 -0.6984 | -0.1175
C133 10.0611 |-0.6143 |-0.1412 |H136 [0.0686 [-05851 -0.1833
F4 0.9541 ] 0.9380 |0.5714 |H141 |0.1830 |-0.4440 -0.0580
F5 0.9826 | 0.6800 |0.5759 {HI4 0.6945 1.0312  10.5339
F6 1.0259 10.8300 | 0.6655 {H21 0.7741 1.5073 0.4379
N8 0.6040 § 1.3694 | 0.4758 |H28 0.7049 14602 | 0.3064
NI13 0.6631 | 1.0203 0.5573 | H29 0.6130 1.4814  1§.2002
N17 0.7581 | 1.7462 |0.3780 |H32 0.5464 1.0615 [ 0.5430
A NI19 0.6266 | 0.8793 0.6383 H34 0.6724 1.6789 | 0.4661
N20 0.7501 | 1.4082 04350 1H3S 0.5807 1.7062 | 0.4509
N22 0.7080 1 0.6517 |0.7080 |[H3% 0.8152 [0.9372 |0.5749
024 0.7581 |1.1336 {0.4774 |H41 0.5545 1.4575 | 0.3823
026 0.5442 11,1244 |[04164 |H44 0.5540 1.3350 {0.5873
C27 0.6643 | 1.5023 0.3242 1 H45 (0.6406 1.2709 | 0.6290
C30 0.6817 10.9034 | 0.6081 H4g 0.6272 18887 |[0.3818
C31 0.5921 11.1293 0.5402 | H49 0.5627 1.7587 103377
C33 0.6205 116624 |0.4324 |HS2 0.6566 1.2721 0.3752
C36 0.5758 [1.2019 | 0.4701 FH55 0.6234 1.5433 0.5534
C37 0.8201 | 0.8496 10.6069 |H56 0.6963 1.4170 {1 0.5619
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N18 0.9734 0.7976 0.1050 H17B 0.8826 0.6751 0.1722 C19 -0.1674 0.2302
0.1113 H23A 0.6885 0.9061 0.0978 C20 0.0380 0.3268 0.0698 H23B 0. 6640
0.9626 0.1405 C21 0.1085 0.3827 0.1029 F128A 0.8869 0.9177 0.1920 C22
0.6188 0.5229 0.1991 H28B L0495 0.8473 0.1796 C23 0.7063 0.8942 0.1260 1127
0.9448 0.9635 0.1263 C24 0.3943 0.6572

Atom X Y Z Atom X Y Z

C39 0.7568 | 0.8126 |0.6288 | H58 0.8887 | 1.9136 | 0.4290
C40 0.6067 | 1.4694 {04172 | HS59 09202 | 1.8759 10.3743
C42 0.8902 10.7591 |0.6317 | HG6O 0.9085 11.7203 | 0.4146
C43 0.6042 | 1.2934 10.5840 { H62 0.6632 | L7578 | 0.2922
C46 0.7651 |0.6822 10.6794 | H64 0.8824 11.3038 | 0.5620
C47 0.6162 |1.7663 |0.3697 | H65 0.8870 14370 |0.5064
C50 0.8099 11.8166 |0.3410 |H66 0.5097 11.2396 |0.5019
C51 0.6689 113952 103877 |H69 0.7263 11.9822 |0.2803
C53 0.7805 11.2775 104740 | H70 0.8132 §2.0339 |0.2846
C54 0.6389 11.4243 10.5469 | H71 0.7823 12.0761 |0.3450
Cs57 0.8017 118331 10.3947 |H73 0.8374 | 1.5813 |0.3078
cel 0.6751 11.6998 103362 [H4 0.8486 | 1.7393 §0.2638
Cc63 0.8750 113182 |0.5148 |H75 0.7629 | 1.6701 | 0.2558
C67 0.9615 10.8066 |0.6143 | H77 0.8443 [ 0.5011 {0.7349
€68 0.7802 11.9934 103099 | H79 0.9456 [ 0.5638 {0.6960
C72 0.8152 |1.6904 |0.2872 | H3! 0.6060 | 0.7320 | 0.7067
C76 0.8381 [0.5893 10.7029 | HI142 |0.7500 | 1.8390 |0.4090
C78 0.8982 [0.6264 10.6799 |[HI143 105333 |1.1298 03123
C30 0.6445 [0.7516 10.6862 | H144 :05194 |1.0278 |0.2538

TABLE 3
Atomic Coordinates for Example 2b, Base Form N-2

Atom X Y Z Atom X Y Z
NI 0.7824 1.3195 0.3238 C71 09289 | 14591 0.5167
N2 0.1685 0.3056 -0.0178 | H72 0.9378 | 1.4237 | 0.5068
H3 0.1633 0.1989 0.0196 | H73 0.9764 |1.435% |0.5102
N4 €.6223 0.8215 0.1887 C74 0.8719 | 1.7574 | 0.6080
N5 (.2627 0.4846) -0.0849 | C75 0.6719 | 1,2862 | 0.4846
N6 0.6868 0.9765 0.2943 H76 0.6246 | 1.2933 .4390
H7 0.7630  10.9877 03420 {H77 0.6814 | 1.3914 0.5103
Ng 0.4185 0.9718 0.0742 {H78 0.6660 | 1.2009 0.5162
N9 0.0089 0.0258 -0.1003 1C79 0.9173 11.6199 0.6639
NiG 0.7913 1.3680 0.4754 H80 (0.8851 §1.5217 0.6541
Hll 0.7826 1.4618 04918 jHRI 0.9305 |1.6578 0.7142
Ni12 0.5331 0.6005 0.1813 H82 0.9647 11.5943 0.6584
N13 0.3353 0.7474 0.0475 C&3 09176 1 1.9198 0.6225
Hi4 0.3028 0.6896 0.0583 HB4 0.9680 | 1.8999 0.6220
Ni3 0.850 1.6946 0.5311 HES5 0.9252 | 1.963! 0.6707
N16 0.4567 1.1267 0.1887 HE6 0.8887 | 1.9992 0.5842
017 0.7470 1.1042 0.4435 CRg7 0.7960 | 1.790] 0.6131
018 0.2114 0.7470 -0.1165 | HR8 0.7660 | 1.8703 0.5758
019 (0.2229 0,5239 0.0583 HR&9 0.83064 | 1.8325 0.6620
020 (.8588 1.0890 03360 | H90 0.7667 | 1.6881] 0.6048
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7
0.2042 H18 1.0626 0.7570 0.1189 C25 0.4808 0.4583 0.2218 H39A 1. 2479 0. 950
0.0498 C27 0.8951 0.8864 0.1321 F139B 1.2853 0.8792 0.0894 C28 0. 9305
0.8535 0.1757 H39C 1.1647 0.9911 0.0903 F29 0. 2449 0.4047 0.0277 H38A
0.9706 0.9352 0.0175 C30 1.0501 0.8412 0.0669 H38B 0.8802 0.9740 0.0573 C31

0. 6205 0.5052 0.0708 H38C 0.8310

Atom X Y Z Atom X Y Z
F21 0.5881 0.9034 | 0.4961 Co1 0.2069 |0.3753 | 0.0494
F22 0.4828 | 0.7754 | 04659 }C02 0.1886 | 0.3981 -0.1294
F23 0.5874 10.6500 10.5199 |H93 0.1617 i 0.4641 ~0.1751
C24 0.1049 | -0.1653 |-0.0049 | C9%4 0.1345 [0.3960 | -0.0889
H25 0.1473 -0.2167 | -0.0125 | H93 0.1249% | 0.5115 | -0.0787
H26 0.0773 -0.2487 10,0097 9% 0.3636 | 0.8982 [0.1612
H27 0.1257 1-0.0826 | 0.0338 {Co7 0.0560 | 0.3169 |-0.1396
C28 0.0052 | -0.2107 |-0.1371 | H9g 0.0300 | 0.3865 |-0.1836
H29 -0.0334 [-0.1565 {-0.1806 | H99 0.0226 {03123 |-0.1131
H30 -0.0204 | -0.28890 | -0.1178 { C100 | 0.0655 |0.1409 |-0.1647
H31 0.0423 -0.2685 | -0.1506 | HIOL |0.0138 |0.0994 1-0.1999
C32 0.0102 | 0.0236 | -0.0618 | C102 10.2651 |0.6526 1-0.0801
H33 0.0176 | 0.1111 -0.0276 {1 C103 | 0.3727 | 0.8727 | 0.0930
H34 0.0371 | -0.0447 {-0.0399 | CI104 |03129 108065 |0.1831
H3s5 -0.0478 | 0.0713  1-0.1077 | HI05 | 02826 [0.7213 |0.1525
C36 0.6347 108573 102590 |Cio6 04090 |1.0275 |020%1
C37 0.7956 1.1614 103094 | C107 ]0.1998 102249 |-0.1544
C38 0.5429 106399 |02526 1HI08 [0.2268 |0.1548 |-0.1108
C39 0.5969 1 0.8058 | 0.3661 H109 10.2321 (02314 |-0.1820
H40 0.6303 0.8901 03543 | C110 [0.0479 |-0.0823 |-0.0781
C41 05928 |0.7673 0.29049 | C111 [0.3943 {0.5437 |-0.0102
C42 0.7174 1.0886  10.2543 [H112 |0.4319 |0.5306 |0.0416
H43 0.7243 1.0283 | 0.2140 | HII3 {04226 |0.5469 |-0.0417
Cd4 0.8437 1.4188 103806 [ Cli4 10.1202 [0.1477 | -0.2041
H45 0.8919 1.4020 10.3733 {1 HII5 (00955 (02128 |-0.2496
C46 0.8266 1.6034  {0.3730 | H1I6 | 0.1283 {0.0355 |-0.2179
H47 0.7791 1.6255 103797 1 CI117 |0.3076 | 0.8411 0.2485
H48 0.8177 1.6396 103230 | Cl18 [0.2292 [0.2619 [0.1158
C49 0.5524 | 0.7201 0.3942 | HII9 10.2846 |0.2720 |0.1469
C50 0.6668 12414  10.2237 THI20 102172 [0.1487 1 0.0989
H51 0.6690 1.2785 [0.1776  {HI21I | 02001 |02924 |0.144]
H52 0.6125 12082 10.2137 | C122 103349 104024 |-0.0337
C53 0.8609 1.3569  10.4595 | H123 [ 03502 (03144 | -0.0588
H54 0.8773 1.2398 [ 0.4636 | HI24 |0.3290 |0.3556 |0.0092
C55 0.499] 0.5496  [0.2836 1 C125 10.3458 [0.7000 |-0.0200
H56 0.4668 | 0.4624 10.2569 [HI26 03682 10.7937 | -0.0371
C57 0.7010 1.3718 | 0.2841 C127 10.4561 |1.0941 0.1233
H58 0.6975 14822  10.2628 | HI23 | 0.4859 [1.1659 | 0.1085
H59 0.6744 1.3722 1 0.3171 C129 104030 |1.0567 |0.2762
C60 0.9137 1.6472 1 0.5099 {HI30 | 04339 [1.1390 |0.3084
H61 0.9621 1.7039  10.5438 | C131 ]0.2548 |0.7395 |02713
C62 0.7404 1.244] 0.4666 | C132 103536 |0.9679 |0.2955
C63 0.5039 10.5898 10.3526 |HI33 [03500 [0.9907 |0.3403
Ho4 04747 105300 (03726 | F134 01847 [0.7359 |0.2156
Cos 0.5722 [ 0.6959 1 0.1556 | F135 |0.2364 {0.8060 |0.3220
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0. 8527 0.0360 C32 -0.1018 0.2511 0.0743 HA0A 1.1575 0.7492 0.0195 C33

0. 1058 0.3467 0.0300 H4OB 1.0092 0.6805 0.0403 F36 0.1168 0.2494 0.0085
H40C 1.1861 0.6845 0.0608 F37 0.0041 0.4132 0.0068 H7 0.7708 0.6743 0.1022
C38 0.9217 0.9066 0.0421 H35A -0.8134 0.1022 0.1656 C39 1.2014 0.9229
0.0747 H35B -0.7586 0.1045 0.2107 C40

Atom X Y Z Atom X Y Z
H66 05642 10.6734 01065 |F136 |0.2859 |0.5920 |0.2960
C67 0.8949 1.7014 [ 04308 | FI37 |0.1977 |0.8329 |0.2710
H68 0.9412 1.6866 | 0.4211 F138 102168 |0.6170 |0.2301
H69 0.8818 1.8193 04256 | FI139 10.2034 |0.6790 |0.3395
C70 0.5532 [0.7632 104678 |[HI140 | 0.8280 | 1.7679 | 0.5060
Hi4l |0.1330 | -0.0400 | -0.1062

TABLE 4
Atomic Coordinates for Example 2¢, Base Form H1.75-5
Atom X Y Z Atom X Y Z

Cl 03942 10.1176 102183 | CS1 0.6094 [0.0443 | -0.0547
C2 02287 10.1174 10.0897 | C52 0.6750 [ 0.0382 ] 0.0420
N3 0.1192 10.1293 10.0594 | C53 09963 [0.1572 10.4974
N4 0.1798 10.0501 [0.1322 {C354 0.7176 {-0.0005 | 0.0684
N5 0.3753  10.0509 0.2822 |} C55 1.1985 10.0503 {0.7049
N6 -0.0927 10.1070 | -0.1055 | C56 1.1539 1 0.1133  10.4965
N7 -0.3691 10.1154 | -0.3165 | C57 1.0229 10.1608 | 0.6162
N§ -0.2260 | 0.1440 | -0.1970 } CS58 1.0367 10.1185 | 0.4572
09 0.1323 10,1298 |-0.1137 JC59 0.7341 1 0.1669 | 0.3280
010 0.0301 10.0456 | 0.0130 | C60 1.1829 101168 | 0.6162
Cli 0.0785 10.1332 | -0.0415 | C6l 1.1435 10.1563 | 0.6496
Cl12 0.2431 | 0.06735 | 0.0697 |} C62 0.5636  [0.1744 | 0.0306
C13 -0.2272 10.0747 | -0.2281 ] C63 0.6973 | 0.1581 |0.4320
Cl4 0.0812 j0.0382 | 0.0995 |C64 0.7972 1 0.1517 | 0.5115
Cl15 0.4135 10.0738 |[0.2008 |C65 13015 10.0605 |0.7775
Clé 0.2774 10.1283 [0.2010 | C66 1.2257 [ 0.0279 | 0.6122
Cl7 0.3592  10.0623 }0.0929 | C67 1.1287 | 0.0258 | 0.7652
Ci8 -0.3242 10.079% 1-02978 | C68 0.9017 | 0.0664 | 0.4282
C19 -0.1859 1-0.0329 !-0.2601 | C69 0.8592 1 0.0308 | 0.4749
€20 -0.3192 10.1441  {-0.2671 | F70 0.7706 | -0.0040 | 0.1659
C21 -0.1804 10.1091 1-0.1748 | F71 0.7800 | -0.0119 {0.0101
C22 -0.1842 10.0372 |-0.2149 | F72 0.6477 1-0.0283 {0.0583
C23 0.0394 |{0.1336 | 0.1281 | N73 0.7366 1 0.2979 10.1640
C24 -0.3330 {0.0112 |-0.3340 I N74 0.9286 10.2769 | 0.3415
C25 -0.2347 10.0067 | -0.2683 ] N73 0.9490 [0.3548 | 0.4399
C26 0.0308 10.0146 10.1792 | N76 0.6679 10.2686 | 0.0076
Cc27 -0.3753 10.0465 | -0.3473 | N77 0.5468 10.3015 |-0.1239
C28 -0.0381 | 0.1410 1 -0.0545 | N78 1.1302 1 0.3587 | 0.6021
C29 0.4391 100161 103216 }O79 0.7689 |0.2552 |0.3756
C30 04331 |-0.0152 |0.2365 | O80 0.8000 | 0.356% | 0.3182
C31 -0.0565 10.1490 10,0571 |} C8l 0.6779  10.3005 | 0.0685
C32 0.5574 10.0267 | 03640 |C82 0.8021 102636 |0,1953
C33 0.3907 [ 0.0006 |0.4127 {C83 0.6253 | 0.3363 | 0.0330
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| - 0. 1963
1.1073 0.7290 0.0448 H35C -0.7035 -0.0029 0.1830 08 -0.4446 0.1296
H8 -0.3548 0.1817 0.1876 C26 -0.5724 0.1491 0.1735 .034 - 0. 5673 0.2213
0. 1458 C35 -0.7251 0.0824 0.1840 TABLE 7 Atom c Coordi nates for
Exanpl e 2g Base Form I PA-1 Atom X Y Z Atom X Y Z FI

Atom X Y Z Atom X Y Z
F34 -0.1107 1-0.0374 | -0.1835 | C84 0.8293 | 0.2641t 0.3145
F35 -0.1514 1-0.0419 1-0.3469 | C85 0.9704 | 0.2829 ] 0.4523
36 -0.2560 | -0.0605 |-0.2519 | Cs6 0.9612 103232 {0.6101
N37 0.9782 10.0854 104895 |Cg7 10815 103238 |0.6305
N3§ 0.8832 | 0.1624 [0.4564 | C88 0.6395 103717 | 0.0871
N39 0.6198 {01729 10.1273 C389 0.9221 03194 |0.4932
N40 0.7167  10.1350 | 0.2533 C90 0.5107 10.36% | -0.1081
N41 0.5429 10,1472 [ -0.0401 | Col 0.5605 103350 |-0.0649
N42 1.1331 0.0855 106708 | C92 0.6021 02713 | -0.0843
043 09146 | 0.1821 0.2960 | C93 0.5266 104037 | -0.0538
044 0.8654 100771 0.3382 | C94 0.9119 10.2659 |0.1620
C45 0.8542 101720 |0.3563 Co5 0.5911 0.4051 0.0443
C46 0.5876 | 0.1117 |-0.0112 ] C96 1.1535 10.3924 | 0.6738
C47 0.6629  10.1387 |0.1561 97 0.6068 |0.4429 | 0.0984
48 0.6954 10.0688 10.1114 | C98 0.8832 10.3710 [0.3595
C49 0.6512 10.1060 [0.0865 |€99 10912 1 0.283%9 ;i 0.4757
C50 0.5679 | 0.0801 -0.0813 | Cl00 11,1264 02872 10.5933
Cl01 [ 0.9810 | 0.2861 0.2520 10151 (04292 |0.1756 |0.7593
C102 109190 | 0409 |0.3235 [o0152 [03473 0.1636 | 0.8339
Cl103 11.0516 | 04113 |0.6921 Hi53 [04310 |0.1254 102979
Cl04 11.2130 03807 |90.7821 H154 [043492 |0.1341 0.1645
C105 12167 104208 |0.6206 |HIS5 (02779 [0.1337 0.0447
F106 | 0.6836 |0.4427 10.1806 {HI156 | 02164 |0.0417 0.2100
F167 |0.5186 |0.4543 0.1375 [ HI157 103714 ]0.0703 |0.3474
F108 | (.6281 0.4715 0.0364 | HI58 |-0.0576 |0.0785 |-0.0868
NIO9 10.3031 0.2523 0.0895 | H159 |[0.2173 0.0675 1-0.0123
NIIO [0.3202 0.3294 101970 |H160 04992 [ 0.0681 0.2061
NII1 |0.5022 ]0.3356 |0.3522 |HI6l | 02372 |0.1127 0.2569
NiIZ 100946 10.274) -0.0674 | HI62 [0.2676 |0.1594 |0.2134
N3 1-0.0336 [0.2377 |-0.1697 |HI163 |03639 | 0.0302 0.0854
Ni14 [-0.2016 | 02650 |-0.2433 |HI64 | 04006 | 0.075] 0.0350
Oll5 101682 |0.3314 100829 |HI65 | -03534 |0.1727 -(.2828
Q116 10.1499 102237 |0.1243 H166 [ -0.1099 | 0.0321 -0.1626
Cll7 02052 [0.2373 10.0644 [HI167 |0.0215 |0.1059 0.1611
Clig 102992 |0.2930 }0.2475 | Hi68 |0.0650 |O. 1539 | 0.1907
Ci19 [-0.0515 |0.3401 -0.0764 | H169 1-0.3750 |-0.0142 |-0.3730
Ci20 103416 ]0.2960 |0.3644 JHITQO |-0.0484 | 0.006] 0.1467
C121 [-0.1222 10.3701 -0.0923 [fHI71 |0.0783 -0.0115 |0.2000
Ci22 10,4698 | (.2615 0.2174 1 H172 10.0297 [0.0317 |0.2489
Cl123 | -0.1737 |0.2997 -0.1931 [HI173 [-04526 |0.0496 |-03983
Ci24 1-0.0044 |0.2713 -0.1206 | H174 |-0.0573 ]0.1673 -0.1021
C125 | -02438 103311 -0.2090 JHI175 104770 §-0.0409 | 0.2650
Cl26 {-0.0754 103040 |-0.1278 [HI76 | 0.34%4 -0.0242 | 0.2146
Cl27 01701 02420 [-0.0535 |HI177 0459 |-0.0045 |0.1679
Ci28 03488 [0.2578 102007 HI178 |-0.1282 0.1348 | 0.06707
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0. 1519 0.3786 0.0243 H4AB 0. 8724 0.7912 0.1232 F3 -0.0140 0. 2540 -0.0043 H3
0.6171 0.6809 0.1026 F2 0.0260 0.4241 0.0085 H 0.1162 0.5505 0.1460 N4
0.8062 0.8075 0.1016 H O 0.3362 0.7935 0.1099 N3 0.5159 0.6834 0.1054 H9
0.3991 0.8799 0.1736 N2 0.3481 0.7197 0.1890 HG6A 0.4782 0.9618 0. 1051 NI
0.0675 0.5440 0.1700

Atom X Y Z Atom X Y Z
Ci29 105097 102640 | 0.3350 fFHI79 | -0.0650 ] 0.1804 | 0.0686
C130 104624 {02986 | 0.3883 H180 | 0.5963 [ -0.0009 §0.3924
Cl131 | -0.0968 104077 1-0.0362 [HISI |05930 [0.0381 0.3032
Ci32 103460 |0.2683 0.0015 H182 | 0.5596 | 0.0461 0.4284
C133 |-0.1317 {02372 1-02271 FHI83 |0.4332 |-0.0251 |0.4433
Cl134 |0.5253 0.3677 0.4289 {HI34 |[03902 ]0.0220 104712
C135 |-02190 |03662 1-0.1602 FHI8S | 03084 |-0.0081 |0.3820
Cl136 10.2745 |0.2511 -0.0941 [ Hi86 | 09987 10.0754 10.5691
C137 10.5618 | 0.4023 0.3689 [HI187 | 07487 10.1066 |0.2786
C138 |[0.6152 10.3567 [0.5186 iHI88 |1.1096 | 0.0983 (.7400
Cl139 04264 03788 [04754 §HIEO | 07448 |0.0641 0.1858
C140 10.2540 | 0.3461 01186 JHI90 [05192 |0.0845 1-0.1565
Cl141 10.2900 |0.33831 0.0738 JHI91 [0.3930 |0.0200 |-0.1086
Fi42 10.0020 04176 [-0.0257 JH192 |1.0402 10.1792 10.4633
F143 | -0.1497 104372 |-0.0806 jHI193 |1.1791 0.0849 10.4744
Fl44 |-0.1239 104079 10.0550 |HI94 |1.1975 ]0.1355 |0.4619
0145 104346 1 0.1106 |90.5123 FI195 | 09975 | 0.1800 | 0.6409
0146 | 0.1371 0.2037 103256 | HI196 | 09825 |0.1382 |0.6530
O147 106620 [02454 [0.5702 | HI97 |1.0259 J0.1190 | 0.3726
0148 | 0.4523 0.2291 0.5970 | HI198 |0.6972 1{0.1932 |0.2915
0149 10.3986 [0.3042 10.6776 | HI99 |1.2687 1{0.1146 |[0.6366
O150 103459 [ 018340 (0.4326 | H200 | 1.1831 0.1795 | 0.6123
H200 | 1.1631 0.1593 0.7328 | H251 |1.1684 |0.429% |0.5453
H202 [0.5306 02029 [0.0082 | H252 |03950 |0.3437 |0.224]
H203 |[0.6519 0.1824 |0.4545 H253 | 0.5749 {0.3293 0.3230
H204 | 0.6483 0.1323 0.4245 H254 101193 10.3022 | -0.0335
H205 10.8029 [0.1216 | 0.5375 H255 | 02147 | 0.2880 | 0.2355
H206 | 0.7957 0.1702 | 0.580!} H256 | 00233 |10.3437 | -0.0249
H207 | 1.3466 | 0.0340 0.8006 | H257 |0.3083 |0.3215 |0.3958
H208 | 1.3500 [ 0.0795 0.7383 258 [ 03160 [0.2703 | 0.4028
H209 | 1.2843 0.0747 108476 | H259 |0.5050 {02366 |0.i841
H210 | 1.2710 0.0024 10.6388 1H260 |[04927 |0.2878 [0.1790
H211 | 1.1517 10.0185 0.5635 H261 {-03192 |0.3277 | -0.2006
H212 | 1.2687 00462 |0.5671 262 1 0.1323 | 0.2153 -0.0854
H213 | 1.1703 -0.0007 10.7926 | H263 103327 [0.2320 {0.2439
H214 | 1.1105 | 0.0421 0.8313 H264 (04885 |[0.2372 ]0.3700
H215 10556 00182 10.7149 |H265 !0.5951 0.2670 | 0.3470 .
H216 |0.7976 |0.0176 |0.4203 H266 04374 |0.2957 104712
H217 10.9226 | 0.0100 §0.4973 H267 103419 02998 | 0.0019
H218 ]0.8269 0.0390 |0.5453 H268 104278 10.2594 | 0.0040
H219 10.7349 0.3217 [0.2190 |JH269 |-0.1537 |0.2100 | -0.2663
H220 | 1.025% 10.3684 104660 |H270 |[-0.2738 | 0.3905 -0.1734
H221 1 1.2052 103497 ]10.5802 |H271 |[03087 |0.2249 [-0.1215
H222 10.7595 0.2370 | 0.1705 H272 | 0.2609 (02719 | -0.1576
H223 109510 (102576 |0.4964 |H273 05805 |0.4266 04203
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473 0. 0929
H6B 0. 5369 0.8805 0.0686 N5 -0.1311 0.4643 0.2095 H22 0. 0665 0.4

N6 -0.2941 0.3121 0.1828 1-15 0.7491 0.9735 0.1042 Atom XY Z Atom X Y Z
01 0.1140 0.8031 0.1697 H21 -0.3360 0.1865 0.1167 02 0.2925 0.5779 0.1031
H12A 0.5507 0.4357 0.0989 C10 0.4463 0.7911 0.1197 H12B 0. 6252

Atom X Y Z Atom X Y zZ
H224 1 0.9305 0.2994 1 0.6498 [H274 [0.6328 103938 J0.3388
H225 109306 103505 106365 |H275 05006 |04101 0.3051
H226 | 1.1023 0.3226 10.7234 | H276 |0.6311 0.3804 | 0.5741
H227 10.6892 103732 ]0.1634 |H277 | 05931 0.3310 | 0.5600
H228 10.8361 03164 104802 1H278 |0.6878 | 03500 |0.48%0
H229 104622 103687 | -0.1842 | H279 |0.4455 | 0.4020 0.5307
H230 ]0.5955 02449 1 -0.1310 [H280 03644 |03877 |0.4139
H231 104887 | 0.4301 -0.0865 | H281 | 0.4001 0.3535 10.5147
H232 | 09411 0.23732 0.1483 | H282 |0.2315 |03935 |0.0139
H233 109065 10.2830 |0.0906 {H283 |0.3050 0.4046 |0.1373
H234 111232 102576 104474 [H284 [03642 | 03778 0.0457
H235 111194 1030838 | 04371 H297 1{0.5031 0.1166 [ 0.5720
H236 {12129 10.2887 |0.6081 H268 04013 [0.1383 |0.4827
H237 | 11010 [02618 |0.6307 |H291 [0.1415 |02116 0.2456
H238 | 0.9841 03173 1 0.2399 §H292 | 0.0561 0.1944 | 0.3301
H239 | 10614 [0.2747 [0.2630 [H285 [0.7189 |0.2533 0.6386
H240 | 0.8608 | 0.4208 10.2603 [H286 |0.7007 | 0.248%3 0.5014
H241 10.9250 | 0.4304 103384 [H287 |04531 0.2087 | 0.6605
H242 §0.9943 0.4069 02987 |H288 |0.5334 |02354 |0.5860
H243 | 1.0681 0.4363 | 0.7411 H289 104187 | 02763 |0.6478
H244 | 1.0091 04217 10.6147 | H290 |0.4459 |0.3091 0.7532
H245 1 1.0017 | 03911 0.7227 | H293 10.3695 |0.2054 |0.4921
H246 | 12276 | 0.4062 [ 0.8315 |H294 | 02663 |0.1913 0.3921
H247 1 1.1638 | 0.3601 0.8194 [ H295 | 04701 0.1653 ] 0.8329
H248 }1.2882 |0.3671 07752 {H296 | 04645 ]0.1639 |0.6962
H249 | 1.2341 0.4465 | 0.6673 [H299 |0.2731 0.1523 10,8513
H250 | 1.2881 0.4078 10.6030 | H300 {04117 |0.1542 |0.8009

TABLE 5
Atomic Coerdinates for Example 2e, Base Form E-1
Atom X Y Z Atom X Y Z

Fi8 0.2662 | 0.4002 | 0.0274 | F23 0.0301  10.3722 ] 0.0039
F19 0.0473 | 04191 ]0.0033 {CI8 0.1648 103165 |0.0297
F20 0.1401 1 0.2386 ] 0.005% [ H3l 0.2375 10.5477 | 0.2387
02 0.3035 107582 10.1985 | H4l 0.5018 |0.4801 |0.2585
028 0.4277 ] 0.5819 |0.1087 | H42 04761 |0.3850 10.2161
N1 0.5559 10.6627 |0.1978 | H51 0.6480  10.5043 | 0.1733
N6 02412 104985 |0.1766 | H52 07376 1 0.5463 |0.2204
Ng 0.0422 103993 10.2139 | H6l 0.2881 10.5282 10.1472
N1Q 0.1606 {0.2714 10.1828 | H9! <0.1519 | 0.3157 | 0.2435
N27 0.6744 | 0.6813 | 0.1115 |HII1 |-0.2586 |0.1707 | 0.1140
N29 0.9824 | 0.8036_| 0.1064 | HI21 |[-0.1207 |0.1964 | 0.0469
C2 0.3877 | 0.6687 |0.2028 | HI4l [0.2343 |0.4431 ] 0.0976
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0. 5211 0.0660 C9 0.4471 0.8051 0.1677 H 12C 0.4678 0.4565 0.0549 C4 0.9030
0.8194 0.0629 HBA 0.6698 0.7392 0.1786 C24 -0.0632 0.3232 0.0669 H3B 0. 6137
0.8216 0.2153 C19 -0.0909 0.3946 0.1378 H16 0.0302 0.6334 0.2243 C6 0.5348
0.8912 0.0992 H13A 0.4882 0.6277 0.2283 C20 -0.2139 0.3158 0.1454 H13B
0.4421 0.5607 0.1863 C |

Atom X Y Z Atom X Y Z
C3 03235 |0.5438 |02136 | H2I1 |0.5921 0.8399 |0.1984
C4 0.4822 | 04775 |02252 |H221 {04827 ]0.7942 | 0.1303
C5 0.6231 0.5426 102028 [H231 |0.6846 | 0.8993 | 0.0877
C7 0.1130 {04242 [ 0.1780 | H232 |[0.6444 |0.9699 |[0.1348
C9 -0.0900 103261 | 02139 [H241 | 09421 0.9813 [0.1221
Cll -0.1488 102295 |0.1107 [H251 |1.0517 |0.8711 |0.1826
Cl12 -0.0761 | 0.2450 | 0.0735 [H252 |0.8644 |0.9484 |0.1930
Cl3 0.0600 | 0.3235 |0.0687 |H261 |0.8551 0.7433 (0.2231
Cl4 0.1243 0.3844 | 0.1017 pH262 |0R8872 |0.6821 |0.174]1
Cl5 -0.0857 | 0.2914 |0.1453 | H271 |0.805] 0.6804 | 0.1028
Cloé 0.0498 | 036380 01409 [JH201 |1.0794 |0.7695 [0.126]
C17 0.1207 | €.3503 {00270 1 H294 |0.7893 [0.5312 | 0.0656
C21 0.6470 | 0.7650 | 01817 §{H292 | 0.6583 | 04189 | 0.0854
Cc22 0.6168 | 0.7817 |0.1361 §H293 |0.5951 0.5011 | 0.0421
C23 0.7030 | 0.8653 |0.1212 jJH311 |0.98385 |0.9169 | 0.0098
C24 0.8922 | 0.8952 | 0.1304 {H312 0.8322 [0.8277 |0.0324
C25 0.9185 [ 0.8727 | 01765 JH313 [0.8750 [0.9701 | (0.0523
C26 0.8353 | 07590 [ 0.1910 {H321 | 1.2632 09515 |0.0466
C28 0.5782 | 0.5936 [0.0987 {H322 |1.1556 1.0063 | 0.0897
C29 0.6596 | 0.5024 10,0711 {H323 |1.2683 |0.8878 | 0.0951
C30 1.0633  {0.8393 [0.0676 | H331 [1.1943 10.7459 | 0.0197
C31 0.9326 |0.3931 00389 |H332 |1.2251 0.6857 | 0.0690
C32 1.2044 1 0.9276 | 0.0745 | H333 |1.0345 ]0.6616 | 0.0430
C33 1.1314 [ 0.7245 | 0.0492 | HO971 | -0.8355 |0.1305 | 0.1615
099 -0.4402 101232 (0.1894 | H972 | -0.7164 | 0.0043 [0.1747
Co7 -0.7313 10.0985 |0.1797 | H973 | -0.7551 |©6.1157 [0.2115
Co8 -0.5812 10.1608 0.1676 [ H981 [-0.5951 [0.2544 |0.1716
F21 0.3052 103620 100283 |HO982 |-0.5565 10.1430 |[0.1345
F22 0.1907 102403 {00143 |H991 | -0.3383 (0.1855 | 0.1847

TABLE 6
Atomic Coordinates for Example 2d, Base Form HAC-1
Atom X Y YA Atom X Y Z

Cl 0.0418 | 03612 | 01413 | H32 -0.1504 10.2133 1 0.0512
N2 -0.1614 10.2566 | 0.1827 | H21 0.2024 10.4361 | 0.1001
N3 0.5574 1 0.6476 | 0.1969 | HI9 -0.2633 10.1786 | 0.1141
04 0.4002 | 0.5938 |0.1104 | HIS -0.1260 | 0.2877 | 0.2400
N5 0.0480 [0.3793 [0.2136 [ H6 02703 10.5248 10.1514
N6 0.2349 104911 |0.1766 {HI14 0.2507 10.5355 10.2354
N7 0.6581 [ 0.6819 |0.1120 41 H25A [0.5017 104595 10.2502
0% 0.3141 107518 |0.2032 | H25B | 0.4643 |0.3765 10.2131
Cl10 0.6548 [0.7519 |0.1823 | H22A |0.6302 ]0.4915 10.1724
Cl1 0.1091 104116 [0.1779 jH22B 107255 [0.5203 10.2124
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- . 3962 0.0980 H3C
0.4342 0.5879 0.0964 H3B 0.9771 0.9859 0.0712 C22 -0.0159 0.3

1. 0944 0.9144 0.0431 C5 0.7048 0.9021 0.1156 H3D 1.0915 0.8973 0.0926 C17
-0. 0508 0.4684 0.1726 H23 -0.2112 0.1922 0.0537 C21 -0.2559 0.2399 0.1123
F118 -0.3052 0.3848 0.2368 Cl14 0.1869 0.7250 0.1863 H2A 0. 7158 0. 7853

0.0234 C12 0.5279 0.4917 0.0774

Atom X Y Z Atom X Y Z
Cl12 0.6143 ;1 0.7805 10.1389 | H10 0.6208 | 0.8184 | 0.1990
C13 -0.0977 10.2822 | 0.1453 | HI2 0.4961 ] 0.7944  10.1361
Ci4 0.3251 10.5321 | 0.2128 JH31A [0.7369 |0.5221 |0.0663
C15 -0.0849 103037 |0.2135 FH3IB |0.5607 |0.5108 | 0.0450
Cl6 0.5496 ] 0.5972 10.0993 1H3I1C |0.6086 | 0.4250 | 0.0815
C17 0.8422 1 0.7397 |0.1888 | HI7A |0.8651 |0.7215 |0.2164
Nig 0.9734 10.7976 | 0.1050 |H17B | 0.8826 |0.6751 |0.1722
Cl19 -0.1674 1 0.2302 | 0.1113 H23A [0.6885 |0.9061 |0.0978
C20 0.0380 | 0.3268 | 0.0698 [ H23B [0.6640 | 0.9626 |0.1405
C21 0.1085 10.3827 |0.1029 {H28A [0.8869 |09177 |0.1920
c22 0.6188 10.5229 |0.1991 [H28B |1.0495 |0.8473 |0.1796
C23 0.7063 [0.8942 |0.1260 | H27 0.9448 | 0.9635 10.1263
C24 03943 10.6572 | 0.2042 | HI18 1.0626 | 0.7570 | 0.1189
C25 0.4808 104583 ;0.2218 1 H39A [1.2479 {0.9507 | 0.0498
C27 0.8951 [0.8864 [0.1321 |H39B |1.2853 |0.8792 | 0.0804
C28 0.9305 108535 |0.1757 |H39C 11.1647 |09911 |0.0903
F29 0.2449 104047 |0.0277 [H38A |0.9706 |0.9352 | 0.0175
C30 1.0501 §0.8412 }0.0669 {H38B |0.8802 |0.9740 | 0.0573
C31 0.6205 105052 | 0.0708 | H38C [0.8310 | 0.8527 |0.0360
C32 -0.1018 102511 |0.0743 | H40A [1.1575 |0.7492 | 0.0195
C33 0.1058 10.3467 |0.0300 | H40B [1.0092 [0.6805 | 0.0403
E36 0.1168 102494 |0.0085 |H40C [1.1861 |0.6845 | 0.0608
E37 00041 104132 [0.0068 | H7 0.7708 1 0.6743 | 0.1022
C38 0.9217 109066 |0.0421 | H35A |-0.8134 }0.1022 |0.1656
C39 12014 109229 10.0747 | H35B |-0.7586 [0.1045 |0.2107
C40 1.1073 1 0.7290 | 0.0448 [H35C |-0.7035 | -0.0029 | 0.1830
08 04446 | 0.1296 | 0.1963 § 18 -0.3548 | 0.1817 | 0.1876
C26 -0.5724 10.1491 1 0.1735
034 -0.5673 1 0.2213 10.1458
C3s -0.7251 | 0.0824 | 0.1840

TABLE 7
Atomie Coordinates for Example 2g, Base Form IPA-1
Atom X Y z Atom X Y Z
1 0.1519 0.3786 §0.0243 H4B (.8724 06.7912 | 0.1232
F3 -0.0140 | 0.2540 | -0.0043 | H3 0.6171 0.6809 [ 0.1026

F2 0.0260 | 0.4241 10.0085 |HI 0.1162 | 0.5505 | 0.1460
N4 0.8062 | 0.8075 |0.1016 |Hi0 0.3362 10.7935 | 0.1099
N3 0.5159 10.6834 10.1054 [HO 0.3991 [ 0.8799 10.1736
N2 0.3481 0.7197 {0.1890 | H6A 0.4782 109618 {0.1051
Ni 00675 ]0.5440 | 0.1700 | H6B 0.5369 | 0.8805 | 0.0686
N5 -0.1311 | 0.4643 | 0.2095 | H22 00665 10.4473 | 0.0929
N6 -0.2941 103121 |0.1828 | HS 0.7491 10.9735 |0.1042
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1-12B 0.8604 0.8380 -0.0010 C8 0.6155 0.8107 0.1847 H2C 0. 7518 0. 9169
0.0270 Cl16 0.1187 0.6161 0.2052 H/A 0.6551 0.9825 0.1718 C13 0.4041 0.6134
0.2080 H/B 0.8129 0.9118 0.1736 C3 1.0281 0.9129 0.0679 HI A 1.0319 0.6803

0.0846 C23 -0.1824 0.2437 0.0749 H1B 1.0662 0.7077 0.0366 C 1 8 -0.2485
0.3861 0.2114 H C 0.9087 0.6458

Atom X Y Z Atom X Y Z
01 0.1140 [0.8031 10.1697 | H21 -0.3360 10.1865 | 0.1167
02 0.2925 0.5779 | 0.1031 Hi2A {0.5507 10.4357 |0.0989
Cl10 (.4463 0.7911 {01197 JHI2B 106252 |0.5211 | 0.0660
C9 0.4471 0.8051 | 0.1677 Hi2C 104678 |0.4565 |0.054%
C4 09030 08194 | 00629 | HBA 0.6698 |0.7392 10.1786
C24 00632 103232 |0.0669 | HEB 0.6137 0.8216 10.2153
C19 00009 |0.3946 | 0.1378 |HI6 0.0302 10.6334 10.2243
Co6 0.5348 0.8912 | 0.0992 HI13A | 04882 |0.6277 | 0.2283
C20 -0.2139 103158 [0.1454 |HI3B | 0.442] 0.5607 | 0.1863
Cil 0.4342 0.5879 | 0.0964 H3B 0.9771 0.9859 [0.0712
C22 -0.0159 {03962 |0.0980 |H3C 1.0944 10.9144 | 0.0431
C5 0.7048 0.9021 {0.1156 | H3D 1.0915 | 0.8973 | 0.0926
C17 -0.0508 {04684 |[0.1726 |H23 -0.2112 10.1922 | 0.0537
C21 -0.2559 {0.2399 |0.1123 H18 -0.3052 | 0.3848 | 0.2368
Ci4 0.1869 0.7250 | 0.1863 HZA 0.7158 0.7853 |0.0234
Cl2 0.5279 0.4917 t0.0774 {H2B 0.8604 |0.8380 | -0.0010
C8 0.6155 0.8107 1 0.1847 H2C 0.7518 }90.9169 | 0.0270
Cl6 0.1187 0.6161 | 0.2052 H7A 0.6551 0.9825 10.1718
Cl13 0.4041 0.6134 102080 |H7B 0.8129 109118 | 0.1736
C3 1.0281 09129 10,0679 [HIA 1.0319 §0.6803 | 0.0846
C23 -0.1824 | 0.2437 0.074% | HIB 1.0662 0.7077 | 0.0366
Clig8 -0.2485 103861 [0.2114 HiC 0.9087 0.6458 | 0.0495
C2 0.7981 0.8420 | 0.0246 | HISA 10.2542 0.5916 | 0.2593
C7 0.7045 0.9108 | 0.1635 HI5B {0.2564 10.4841 |0.2288
Cl (.9852 0.7023 | 0.0579 | H3A -0.4990 | 0.1985 | 0.1863
Cl5 0.2577 0.5672 | 0.2298 1 H27 -0.6926 | 0.2734 | 0.1759
C25 0.0153 0.3263 | 0.0246 JH26A |-0.7745 ]0.0861 |0.1320
F4 0.1640 02080 {00315 JH26B | -0.6492 [0.1771 [ 0.1173
F3 -0.0739 | 03770 |-0.0036 | H26C |-0.8259 |0.2136 ;0.1243
F6 0.0440 {02214 ] 0.0112 H28A | -0.8028 |0.1216 1{0.2237
03 -0.5666 |0.1486 10.1890 |H28B |-0.9203 |0.1527 10.1868
C27 -0.7093 10,1903 [ 0.1763 H28C | -0.8515 [0.2497 0.2160
C26 07420 | 01648 | 0.1343

C28 -0.8290 | 0.1780 | 0.2024

C29 -0.8460 | 0.1070 [0.1744

C30 -0.6990 | 0.2550 10.1410

TABLE 8
Atomic Coordinates for Example 2f, Base Form RPG-3
Atom X Y Z Atom X Y Z

Fl 1.4700 | 0.5720 0.6614 N2 0.6350 | 0.3813 §0.3765
F7 1.4119 [ 0.5575 0.7000 (N6 0.2687 0.8628 10.3952
F2 1.4315 | 0.5398 0.7741 N4 0.3398 | 0.7349 |0.3149
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7 0.7045 0.9108
0.0495 C2 0.7981 0.8420 0.0246 H15A 0.2542 0.5916 0.2593 C

0.1635 1-115B 0. 2564 0.4841 0.2288 C | 0.9852 0.7023 0.0579 H3A -0.49900153
0.1985 0.1863 C15 0.2577 0.5672 0.2298 H27 -0.6926 0.2734 0.1759 C25 O.

0. 3263 0.0246 H26A -0.7745 0.0861 0.1320 F4 0.1640 0.2980 0.0315 H26B

-0.6492 0.1771 0.1173 175 -0.0739

Atom X Y A Atom X Y Z
F8 1.5600 10.5336 08131 |t 0.8898 ] 0.3354 | 0.4598
F3 1.6320 10.5630 1 0.7860 | N5 0.0527 | 0.9107 10.3489

F9 Lo111 {05864 [ 0.6960 |Ci12 0.4202  10.2073 | 0.3911
N9 0.7997 {-0.0295 108348 |01 0.6129 10.7507 |0.2839
N8 0.7989 10.1232 [0.9974 {Clo 0.7273 1 0.4981 10.3447
NIl 11628 {-0.0946 | 0.6829 | Cé 0.8597 104735 ]0.3332
N10 1.0937 10.0679 10.7424 | C9 0.7661 10.6239 |0.4071
N7 0.5331 ] 0.0253 1.0441 [ C20 0.1173 [ 0.7695 | 0.2548
NI12 13802 | -0.0414 [0.6342 ]cCi19 0.0264 | 0.8385 |0.2716
03 0.8196 100931 ]0.7142 | C5 0.9561 |0.4627 {0.4193
04 10177 102159 109737 |cC17 0.2435 ;0.7914 10.3234
C34 07187 |0.1296 109094 |C8 0.8573 | 0.6109 | 0.4957
C45 1.3119 ]0.1383 1 0.6926 | O2 0.4273 1 0.3887 | 0.2980
C37 0.6769 10.0002 | 0.8509 | C24 -0.0460 | 0.6680 |0.1174
C390 04799 10.0412 109508 |Ci6 0.4606 | 0.7449 | (.3864
C42 1.1869 | 0.0349 [0.7058 |C22 0.0802 | 0.6875 |0.1776
C31 0.5850 10.1596 109161 |cC14 0.5786 | 0.7190 | 0.3544
C49 14737 103643 1 0.7029 |C7 0.9892 |0.5850 |0.4828
C33 0.5750 }-0.1179 | 0.8869 |23 -0.135% 10.7367 |0.1342
c47 1.3487 102751 10.7153 [ C18 0.1707  ; 0.9200 | 0.4061
C40 0.8584 |0.0198 |0.7679 | C25 -0.0848 | 0.5788 [0.0372
C32 0.4447 | -0.0846 | 0.8933 [Ci13 0.5736 1 0.6259 | 0.4906
C41 0.9773 1-0.0327 10,7663 | C21 -0.1010 [ 0.8179 | 0.2096
C39 10115 | -0.0750 ] 0.8618 | C4 0.9438 | 0.1985 }0.3554
C35 0.9405 10.1730 1.0250 | C3 0.9469 | 0.2256 | 0.4509
C38 0.8681 |-0.1166 | 0.8863 |cCi5 04317 | 0.6466 | 0.4565
C28 0.4760_10.0765 11130 jC2 1.0956 | 0.2572 1 0.5066
C43 1.2625 | -0.1234 10.6483 [ Cll 0.4953  10.3347 10.3508
C44 1.4064 | 0.0935 [0.6556 |CI 0.8466 | 0.1026 | 0.4843

C46 1.5338 10.1870 | 0.6430 |F4 -0.1040 | 0.4554 | 0.0598
C48 1.5649 10.3202 | 0.6666 |F5 0.0211 106100 |-0.0030
C36 1.0000 | 9.1703 L1211 | F6 -0.1869 | 0.5900 | -0.0238

C29 0.5552 | 0.0482 1.2020 | F10 -0.2221 ;0.5070 ] 0.0190
C27 0.3192 |0.0052 1.1006 [ F11 -0.0370 1 0.4791 | 0.0400
C26 0.5156 10.2276 | 1.1108 }Fi2 -0.0360 | 0.6334 | -0.0302
C50 15103 | 0.5068 | 0.7292 | O7 0.3015 10.5242 | 0.1820
N3 0.6420 | 0.6560 0.4169 |08 0.5067 | 0.7155 §0.1016
Cs5 0.4573 | 0.5719 ] 0.0792 | HI2C [03410 | 0.1518 [0.3473
C56 03131 [0.5089 |0.0936 |HI0A [0.6770 | 0.5138 | 0.23567
C54 0.4592 ]0.5517 | -0.0152 | H6A 0.8326 103912 |0.2958
05 1.1135 103136 10.8309 | H6B 0.9113 105467 |0.3027
06 0.9224 |10.3638 [ 0.6775 {HO 0.8236 1 0.6994 1 0.3801
C52 0.9658 10.4383 | 0.7607 | H9s 1.0446 1 0.4603 | 0.4067
CSs3 1.0998 | 0.4403 | 0.8150 ] HRB 0.8035 |0.5371 |0.5249
Csl 0.9706_| 0.5801 | 0.7445 |HRC 0.8845 |0.6928 | 0.5336
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0.3770 -0.0036 H26C -0.8259 0.2136 0.1243 F6 0.0440 0.2214 0.0112 H28A
-0.8028 0.1216 0.2237 03 -0.5666 0.1486 0.1890 H28B -0.9203 0. 1527 0. 1868
C27 -0.7093 0.1903 0.1763 H28C -0. 8515 0. 2497 0.2160 C26 -0.7420 0.1648
0. 1343 C28 -0.8290 0.1780 0.2024 C29 -0.8460 0.1070 0.1744

Atom X Y Z Atom X Y Z
HE | 0.7521 |0.0843 1.0354 | HI6 0.4967 0.8363 | 0.4153
HI10 1.1043 | 0.1515 0.7516 | H22 0.1413 [ 0.6448 [ 0.1660
H34 0.7767 | 0.2034 0.8813 H7A 1.0470 1 0.6636 | 0.4601
H37 0.6246 | 0.0147 0.7931 H77B | 1.0425 1 0.5720 | 0.5399
H30 0.3926 | 0.0620 0.9462 | H23 -0.2199 :0.7261 | 0.0931
H31A 10.5395 10.1776 0.8580 | HIE 0.1897 10.9731 10.4584
H31B [ 0.6110 | 0.2396 0.9557 | HI3A |0.6288 10.6865 |0.5425
H33A 05480 |-0.1985 |0.8476 |HI3B |0.5004 | 0.5340 i 0.5057
H33B [0.6213 :-0.134% |0.9450 |H21 -0.1626 | 0.8605 | 0.2204
H47 1.2884 10.3066 0.7391 HA4A 0.8479 10.1679 | 0.3217
H32A [0.3953 §-0.0742 |0.8343 | H4B 0.9856 |0.1305 103502
H32B 03818 ;-0.1587 09172 |H4C 0.9960 | 0.2797 §0.3330
H41 0.9434 1-0.1120 {0.7240 | HI15A |0.3587 |0.5626 |0.4312
H39A 1 1.0471 ]-0.1496 | 0.8633 HISB | 04034 | 0.6838 {0.5038
H308B | 1.0801 §-0.0006 |0.9013 HZA 1.1552 | 0.3410 {0.4913
H38A 1028152 {-02110 [0.8689 |H2B 1.1310 | 0.1867 | 0.4955
H38B ! 0.8786 |-0.0998 |0.9495 I H2C 1.0948 | 0.2640 1{0.5683
H43 1.2434 | -0.2140 [0.6327 {HIA 0.8496 | 0.1213 {0.5456
H46 1.5955 10.1582 0.6190 §{HIB 0.8758 | 0.0261 |0.4785
H48 1.6483 | 0.3822 0.6582 §HIC 0.7522 | 0.0839 |0.4497
H36A | 1.0650 | 0.1213 1.1285 1 H99 0.9009 | 0.3500 | 0.5070
H36B | 0.9249 | 0.1270 1.1498 | H7 0.3628 |0.5029 | 0.2157
H36C | 1.0434 | 0.2607 1.1471 HEA 0.5335 | 0.7307 | 0.1555
H29A | 0.5101 | -0.0427 | 1.2144 | HSS 0.5214 10.5322 | 01164
H20B 10.5546 | 0.1090 1.2479 | H56A 10.2502 | 0.5475 |0.0555
H29C ]0.6509 | 0.0606 1.1995 | H56B 10.2814 |0.4136 |0.0755
H27A 10.2727 |0.0063 1.0300 | H34A {04034 | 0.5980 | -0.0510
H27B | 0.2829 |0.0501 1.1386 | H34B | 04208 104574 |-0.0335
H27C |0.3022 | -0.0863 | 1.1155 | HS54C |[0.5546 | 0.5867 | -0.0221
H26A ]0.6150 |0.2666 1.1142 | HS 1.0835 1 0.2863 | 0.8748
H26B 04925 |0.2636 1.1602 | H6 0.9213 0.2865 | 0.6847
H26C | 0.4641 | 0.2486 1.0564 | HS2 0.8933 | 0.3997 10.7941
HIOD 05160 |-0.0550 11.0510 |JHS3A | 1.1740 | 04907 |0.7866
H2 0.6741 | 0.3386  §0.4153 H53B | 1.1148 | 04884 | 08717
H4 0.3295 0.6914 ,2656 | H51IA | 1.0458 |0.6226 | D.7158
HIi2A | 0.3879 | 0.2319 0.4404 | HSIB | 09866 |0.6294 |0.8002
Hi12B {04843 10.1597 | 0.4113 H531C [0.8826 |0.5788 | 0.7073

TABLE 9
[00277] Characteristic powder x-ray diffraction peak positions (degrees 2610.1 )@
RT for Examples 2a, b, d, ¢, d, e, f, and g based on a high quality pattern collected
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' [ Exanpl e 2f,
C30 -0.6990 0.2550 0.1410 TABLE 8 Atom ¢ Coordi nates for
Base FOorm RPG-3 Atom X Y Z Atom X Y Z FI 1.4700 0.5720 0.6614 N2 0.6350
0.3813 0.3765 F7 1.4119 0.5575 0.7000 N6 0.2687 0.8628 0.3992 F2 1.4315
0.5398 0.7741 N4 0.3398 0.7349 0.3149 AtomX Y Z

with a diffractometer (Cuka) with a spinning capillary with 26 calibrated with a
NIST other suitable standard

Exp2a |Exp2b |Exp2c | Exp2d Exp2e |Exp2f |Exp2g

5.2 5.5 3.1 5.3 5.4 6.3 6.9
7.9 9.1 6.9 9.6 9.4 9.0 8.7
17.1 i2.1 7.4 13.7 112 11.7 9.8

17.6 14.0 10.2 14.7 13.7 15.0 10.3
19.6 19.2 18.0 19.5 19.1 17.6 11.8

COMPARATIVE PHARMACOLOGICAL CHARACTERISTICS
5 [60278] Assays and data comparing the pharmacological characteristics of
Example 1 and compounds found in WO2005021500 (corresponding to US Pat
No.7,163,937, assigned to present Applicant) are presented below.
Human peripheral blood mononuclear cell binding (" CCR?2 Binding")
{00279]  See e.g. Yoshimura et al,, J. Immunol. 1990, 745, 292, The human CCR2
10 binding assay was established with human peripheral blood mononuclear cells
(hPBMCs) using 125} human MCP-1 as the tracer ligand. hPBMCs were isolated
from human leukopak (Biological Specialty Inc.} using a standard protocol with
Ficoll-Hypaque (Mediatech Cellgro). Isolated hPBMCs were washed and diluted to
1x10"/ml in binding buffer (RPMI-1640, 0.1%BSA, 20 mM Hepes, pH 7.4). L.
15 MCP-1 (NEN/Perk Elmer) was diluted to 0.45 nM in binding buffer. The compound
was diluted in binding buffer at 3-fold the final concentrations used in the binding
assay. The binding assay was performed using a 96-wel filter plate (Millipore).

Total **L.MCP-1 binding was assessed as follows: to each reaction of a total volume

of 150 ul were added 5x10° cells, 0.15 oM t25I—MCP‘-I, and compound such that the
20 final concentration ranged from 0 to 100 nM. The plate was incubated at room
temperature for 30 minutes followed by three washes with RPMI-1640, 0.1% BSA,
0.4 M NaCl, 20 mM Hepes, pH 7.4 using a vacuum manifold filtration (Millipore).
After washing, the plate was air-dried for 60 minutes at room temperature. This was
followed by adding 25 ul of Microscint 20 into each well. The plate was sealed and
' counted on the Trilux for I minute. Non-specific binding was determined in the
presence of 300 nM cold MCP-1 (PeproTech Inc.). Specific 5LMCP-1 was

calculated as the difference between total and non-specific binding. All conditions
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Atom X Y Z F8 1.5600 0.5336 0.8131 N 0.8898 0.3354 0.4598 F3 1.6320 0.5630
0. 7860 N5 0.0527 0.9107 0.3489 F9 1.6111 0.5864 0.6960 C12 0.4202 0. 2078
0.3911 N9 0.7997 -0.0295 0.8348 01 0.6129 0. 7507 0.2839 N8 0.7989 0.1232
0.9974 CI 0 0.7273 0.4981 0.3447 Nl 1.1628 -0.0946 0.6829 C6 0.8597 0.4735

10

15

20

25

30

were tested in duplicate. The IC50 is defined as the concentration of competing
compound required to reduce specific binding by 50%.

hERG Flux
[00280] HEK293 cells stably-expressing hERG channels were grown (37 °C, 5%
C0,) in Dulbecco’s Modified Eagle’s Media supplemented with 10% Sigma fetal
bovine serum, non-essential amino acids, 2mM L-glutamine and 500 pg/ml G418, at
incubator. Cell dissociation buffer was used to extract the cells from flasks, which
were then plated into 384-well Corning poly-D-lysine coated black/clear plates at a
density of 2 x 10 cells per well (20 ul) in 10% serum media, and incubated for 15-24
hours at 37 °C in & 5% CO» incubator until a confluent monolayer of cells was
obtained.
[00281] A 2 mM stock of BTC-AM dye (Molecular Probes, Eugene, OR) was
prepared in 100% DMSO and then added 1:1 to 10% (w/v) pluronic acid in DMSO on
the day of assay. The dye was then diluted in hERG external EP buffer (140 mM
NaCl, 4.0 mM KCI, 1.8 mM CaCl,, 1.0 mM MgCly, 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.
[00282] Test compounds were diluted to 10 mM DMSO in 60 ul. These
compounds were 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 serially diluted plate, which was prepared on the Velocity 11 BioCel.
Aqueous plates were created by adding 48 i of EP buffer and then were diluted 30 -
45 minutes before the assay was read on the FLIPR. After dye loading, aqueous-
diluted compounds were added to the cells of the three replicate plates (10 ul)
yielding a ten 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.
[00283] Cells loaded with dye were read on the FLIPR384 (Molecular Devices,
Sunnyvale, CA), which excites the dye using the 488 nm line of an argon laser.
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 K504
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. 0253
0.3332 NITO 1. 0937 0.0679 0.7424 C9 0.7661 0.6239 0.4071 N7 0.5331 O

1. 0441 C20 0.1173 0.7695 0.2548 N12 1.3802 -0.0414 0.6342 C19 0. 0264 0.8385
0.2716 03 0.8190 0.0931 0.7142 C5 0.9561 0.4627 0.4193 04 1.0177 0.2159
0.9737 C17 0.2435 0.7914 0.3234 C34 0.7187 0.1296 0.9094 C8 0.8573 0.6109

0.4957 C45 1. 3119

and 1.3 mM TS8O (Sigma/Aldrich). For each plate, data were collected every
second for a period of 12 seconds, at which time the Tl"-containing stimuius buffer
was added. Data collection proceeded every second for 48 seconds, and then
continued every three seconds for an additional 2 minutes.

5 [00284] The dynamic range of the assay was determined from blanks and totals
wells. The rotals wells (columns 21 and 22) define maximal hERG activation for the
plate (no test compound present), and the blanks wellg {columns 23 and 24) define
100% hERG inhibition. The blanks wells contain 400 nM of either of the standard
hERG inhibitors dofetilide (Ficker ez al., 1998) or E-4031. Raw data points in each

10 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
single-site logistic equation, Y= A + ((B-A)/1 + ((C/X) ~ D))) where A= maximal

15 inhibition. Data were analyzed by fitting maximum amplitudes of change in
fluorescence for T1" flux for a given condition of test compound. Potencies (ICsq
values) of compounds were calculated from the average of triplicate wells.

Sodium channel, site 2 binding assay
[00285]  See also: W. A. Catterall, et al. J. Biol. Chem, 1981, 256, 8922. The

20 standard binding buffer contained 50 mM HEPES, 50 mM Tris-HCI, pH 7.4, 130 mM
Choline Chloride, 5.4 mM KCJ, 0.8 mM MgCly, 5.5 mM glucose, 40 pg/ml 1LqT.
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

'3 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

0 filters was counted using liquid scintillation spectrometers.

Parallel Artificial Membrane Permeability Assay (PAMPA)
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0. 1383 0.6926 02 0.4273 0.3887 0.2980 C37 0.6769 0.0002 0.8509 C24 -0.0460
0.6680 0.1174 C30 0.4799 0.0412 0.9508 C16 0.4606 0.7449 0.3864 C42 1.1869
0.0349 0.7058 C22 0.0802 0.6875 0.1776 C31 0.5850 0.1596 0.9161 C14 0.5786
0. 7190 0.3544 C49 1.4737 0.3643 0.7029 C7 0.9892 0.5850 0.4828 C33 0.5750
-0.1179 0.8869 C23

10

15

20
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30

[00286] The Parallel Artificial Membrane Permeability Assay (PAMPA) consists
of a specially formulated lecithin-based lipid combination referred to as the
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 in vivo membrane composition and performance as measured by
standard compounds that are known to be passively absorbed in humans. PAMPA is
widety used as an in vitro model for permeability screening of discovery compounds.
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.
[00287] 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
conducted in triplicate determinations.
[00288] Compounds (10 mM stocks in 100% DMSO) were diluted 1:100 in pH 7.4
donor well butfer (pION CAT # 110151), providing a 100 uM assay solution in 1%
PMSOQ. Compound dituted in donor well buffer was transferred to a Whatman
Unifilter plate and filtered prior to dispensing 200 pl into the donor well of the 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 ul of acceptor well buffer at pH 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 ul/well). The donor, acceptor, reference, and blank plates were read in the
SpectraMax UV plate reader. Data was captured by the pION software, which
analyzes the spectra and generates Pc¢ values.

CCR2 Chemotaxis
[00289] The human CCR2 chemotaxis assay was conducted with the human
monocytic cell ling, THP-1. THP-1 cells were first labeled with the fluorescent dye
Calcein-AM in phenol red-free, BSA-free RPMI-1640 (pH 7.4) at 37 °C for 30

minutes with gentle mixing every 15 minutes. The labeled cells were then washed and
re-suspended at 1x10*/ml in chemotaxis buffer {phenol red-free RPMI-1640, 0.1%
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. 9200 0.4061 C40
-0.1359 0.7367 0.1342 C4A7 1.3487 0.2751 0.7153 C18 0.1707 O

0.8584 0.0198 0.7679 C25 -0.0848 0.5788 0.0372 C32 0.4447 -0.0846 O. 8933
Cl13 0.5736 0.6259 0.4906 C41 0.9773 -0.0327 0.7663 C21 -0.1010 O.817 1730
0.2096 C39 1.0115 -0.0750 0.8618 C4 0.9438 0.1985 0.3554 C35 0.9405 0.

1. 0250 C3 0. 9469 0.2256 0.4509

10

i5

BSA, pH 7.4). The test compound was diluted in chemotaxis buffer such that the
final assay concentration ranged from 0.01 nM to puM. The ligand MCP-1
(PeproTech Inc.) was diluted to 20 nM in chemotaxis buffer. To perform the assay,
an equal volume of test compound dilutions was mixed with an equal volume of
labeled THP-1 cells (Mixture 1), and an equal volume of test compound dilutions was
mixed with an equal volume of diluted MCP-1 ligand (Mixture 2). Both mixtures
were incubated independently at 37 °C for 10 minutes followed by gentle mixing.
MCP-1-induced chemotaxis was then measured in a chemotaxis plate (Becton
Dickinson) by placmg 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 plate was read on a Cytofluor. All conditions were
tested in duplicate. For signal to noise determination, 50 wul of labeled THP-1 cells
alone (5x104fwell) were placed into the top chamber and 225 pl of ligand MCP-1
alone was placed in the bottom chamber (final concentration of 10 nM). The
inhibition achieved by graded concentrations of test compound was calculated ag a
percentage of the compound-free MCP-1 control. The TC50 is defined as the
concentration of test compound required to reach 50% inhibition of cellular
chemotaxis.
hERG Patch Clamp

{00290} Whole-cell patéh-c]amp was used to directly measure hERG currents in
HEK-293 cells stably expressing the cloned hERG potassium channel & 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 elicited following the test puises by
stepping the voltage to -65 mV. The effects from the compound were calculated by
measuring inhibition of peak tai} current

Sodium channel Patch Clamp
[00291)  Whole-cell patch-clamp was used to directly measure inward sodium
currents 1n HEK-293 cells expressing the human cardiac sodjum channel, SCN5A.
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
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C38 0.8681 -0.1166 0.8863 C15 0.4317 0.6466 0.4565 C28 0.4760 0.0765 1.1130
C2 1.0956 0.2572 0.5066 C43 1.2625 -0.1234 0.6483 Cl1 0.4953 0. 3347 0.3508
C44 1.4064 0.0935 0.6556 C 0.8466 0.1026 0.4843 C46 1.5338 0.1870 0.6430
F4 -0.1040 0.4554 0.0598 48 1.5649 0.3202 0.6666 F5 0.0211 0.6100 -0.0030
C36 1.0000 0.1703

10
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voltage protocol: cells were held at a potential of -90 mV and stepped to -20 mV for
60 ms. Effects were calculated by measuring inhibition of peak current during the
test pulse to -20 mV. Rate-dependence of inhibition was assessed by stimulation at
frequencies of 1 Hz and 4 Hz.
Single-dose Pharmacokinetics in Rats

[00292] Male Sprague-Dawley rats (250-300 g) were used for the pharmacokinetic
studies. Rats were fasted overnight prior to PO dosing and fed 4 h post dose. Blood
samples (~0.3 mL) were collected from the jugular vein into KoEDTA-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
compound either as an intravenous (IV) infusion (over 10 min) via the jugular vein or
by oral gavage. Serial blood samples were obtained at 9.17 (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
[00293] 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 2t 0.17 (IV only), 0.25, 0.5, 0.75, 1, 2, 4, 6, 8, and 24 h post
dose, and centrifuged at 4°C (1500-2000xg) to obtain plasma. Sampies were stored at
-20°C until analysis by LC/MS/MS.

Data analysis for pharmacokinetic assays
[00294] 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 {Cmax) and time
for Cmax were recorded directly from experimental observations. The area under the
curve from time zero to the last sampling time (AUC(0-TY)) 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 IV administration.
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1.1211 F6 -0.1869 0.5900 -0.0238 C29 0.5552 0.0482 1.2020 F 1 0 -0.2221
0. 5070 0.0190 C27 0.3192 0.0052 1.1006 FI! -0.0370 0.4791 0.0400 C26 0.5156
0.2276 1.1108 F12 -0.0360 0.6334 -0.0302 C50 1.5103 0.5068 0.7292 07 0.3015
0.5242 0.1820 N3 0.6420 0.6560 0.4169 08 0.5067 0.7155 0.1016 C55 0.4573

0.5719 0.0792 H12C 0. 3410

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.

{00295]  Find below data for each compound as measured in the assays described
5  above.
Table 16. Comparative In Vitro Data
N hERG Na" channet PAMPA
Compound C(iléZ l(i;x;/c;)mg FLUX binding (% permeability
50 ICsy (M) inhibition) (am/sec)
Pample 12as, . 0.27(1) 2,800 Notavailable | Not available
5;{8?532 é; ?{500 0.43£0.06(2) 7790 Not available Not available
@‘S?gé‘;gé‘l 500 0.88+0.60 (23) | 51,000 97%, 10,000 nM | 520 + 157 (9)
3}‘8‘;’5&2&3}’;’00 L1S£007(2) |>80,000 | $4%,10,000nM | 392
Example 8a 3%, 10,000 oM
WO2005021500 1.83:0.80(J2) | >80,000 33%.30.000 M | %4% 58(/0)
g;‘g‘;gé‘;g;i 500 2204£0.03(2) | 80,000 | 6%,10,0000M | 222 (2)
Example 9¢, 48%, 10,000 nM
WO2005021500 0962026(19) | >B0.000 | 45025 000am | 1454 71(8)
Example 1 13%, 10,000 nM
Present Invention 2.74£134Q15) | >80,000 32%, 30,000 oM 5602 86 (5)

Table 11a. Additional Comparative In Vitre Data

) (% Inhib.)

Worlppison | 024+01607 |65t 10000ay | S 1000

ﬁ?‘é?é’é‘%gza 1500 | Z63%1.24(9) 4%, 10,000 nM iﬁfﬁ,’ igiggg o

wosbosopisoo | ©2! ¥ 000N | 4000

??;Erll)t]?nl\:ention 0.75 % 0.42 (16) igzﬁ: ;g:ggg Ex 29%, 30.000 nM

0 Table 11b. Comparative In Vivo Pharmacokinetic Data in the Rat
Compound | 1y by (mz:?li;) (mumin/gv,) F% 1 avc (m\(a)-']::;)E
%S?gé(;gg 1500 23725 40 68 8294
500 6/72 42 14 690
Example 9¢c, 4/43 54 14 1835
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0. 1518 0.3473 C56 0.3131 0.5089 0.0936 1-110A 0.6770 0.5138 0.2867 C54
0.4592 0.5517 -0.0152 H6A 0.8326 0.3912 0.2958 05 1.1135 0.3136 0.8309 H6B
0.9113 0. 5467 0.3027 06 0.9224 0.3638 0.6775 H9 0.8236 0.6994 0.3801 C52
0. 9658 0.4383 0.7607 HO5 1.0446 0.4603 0.4067 C53 1.0998 0.4403 0.8150 H3B
0.8035 0.5371 0.5249 Co1

W02005021500

Example I, 2710 25 79 10169
Present Invention

Table 11c. Comparative In Vivo Pharmacokinetic Data in the Monkey

Compound Deose Cl % Oral
IV/PO (mp/kg) (mL/min/kg) AUC (nM*h)

Example 2k 1/1.4 25 46 862
W02005021500
Example 8a 1711 14 94 1896
W02005021500
Example 9¢, 1/10 12 26 6763
W02005021500
Bxample 1, 11 2 95 2352

Present Invention

UTILITY
5 [00296] Representative compounds of the examples are shown to be
modulators of chemoking 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 herein in the section titled “Comparative Pharmacological
Characteristics”, supra. By displaying activity in these assays of MCP-1 antagonism,
10 compounds of the examples are expected to be useful in the treatment of human

diseases associated with chemokines and their cognate receptors. The definmition of

activity in these assays is a compound demonstrating an ICsp of 30 uM or lower in

concentration when measured in a particular assay.

15  Antagonism of MCP-1 Binding to Human PBMC
(Yoshimura et al,, J. Immunol 1990, 145, 292)

[00297] At least one compounds described in the examples have activity in the
antagonism of MCP-1 binding to human PBMC (human peripheral blood
mononuclear cells) described here.

20 [00298] Millipore filter plates (AMABVN1250) are treated with 100 pi of binding
buffer (6.5% bovine serum albumin, 20 mM HEPES buffer and 5 mM magnesium
chloride 1n RPMI 1640 media) for thirty minutes at room temperature. To measure
binding, 50 pl of binding buffer, with or without a known concentration compound, is

combined with 50 pl of 125 labeled human MCP-1 (to give a final concentration of
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XY ZI AtomX Y Z
0.9706 0.5801 0.7445 H 8C 0.8845 0.6928 0. 5336 At om

1-18 0.7521 0.0843 1.0354 H16 0.4967 0.8363 0.4153 H10 1.1043 O. 15:]3.2 822(]).?
F122 0.1413 0. 6448 0.1660 H34 0. 7767 0.2034 0.8813 H/A 1.0479 0. 66 .

H37 0.6246 0.0147 0.7931 H77B 1.0425 0.5720 0.5399 H30 0. 3926

150 pM radioligand) and 50 ul of binding buffer containing 5x105 cells. Cells used
for such binding assays can include human peripheral blood mononuclear cells
isolated by Ficoll-Hypaque gradient cenirifugation, human monocytes (Weiner et al.,
J. Immunol. Methods. 1980, 36, 89), or the THP-1 cell line which expresses the
5  endogenous receptor. The mixture of compound, cells and radioligand are incubated

at room temperature for thirty minutes. Plates are placed onto a vacuum manifold,
vacuum applied, and the plates washed three times with binding buffer containing
0.5M NaCl. The plastic skirt is removed from the plate, the plate allowed to air dry,
the wells punched out and counted. The percent inhibition of binding is calculated

10 using the total counts obtained in the absence of any competing compound and the
background binding determined by addition of 100 1M MCP-1 in place of the test

compound.

Antagonism of MCP-1-induced Calcium Influx
15 (Sullivan, et al. Methods Mol. Biol, 114, 125-133 (1999)

[00299] At Jeast one compounds described in the examples have activity in the

antagonism of MCP-1-induced calcium influx assay described here.
[00300] Calcium mobilization is measured using the fluorescent Ca?” indicator
dye, Fluo-3. Cells are incubated at 8 x 105 cells/ml in phosphate-buffered saline

20 containing 0.1% bovine serum alburnin, 20 mM HEPES buffer, § mM glucose, 1%
fetal bovine serum, 4 pM 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 ines which
expresses the endogenous CCR2 receptor such as THP-1 and MonoMac-6. The cells

'5  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 108 cells/ml.
Cells are plated into 96-well, black-wall microplates (100 ul/well) and the plates

0 centrifuged at 200 x g for 5 minutes. Various concentrations of compound are added
to the wells (50 pl/well) and afier 5 minutes, 50 pl/well of MCP-1 is added to give a

final concentration of 10 nM. Calcium mobilization is detected by using a
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0.0620 0.9462 H23 -0.2199 0.7261 0.0931 H31A 0.5395 0.1776 0.8580 H18
0.1897 0.9731 0.4584 H318 0.6110 0.2396 0.9557 H13A 0.6288 0.6865 0.5425
F133A 0. 5480 -0.1985 0.8476 H138 0.5604 0.5340 0.5057 1-13313 0.6213
-0.1349 0.9450 H21 -0.1626 0.8605 0.2204 F147 1.2884 0.3066 0.7391 H4A
0.8479 0.1679 0.3217 H32A 0.3953 -0.0742 0. 8343 H4B

fluorescent-imaging plate reader. The cell monolayer is excited with an argon laser
(488 nM) and cell-associated fluorescence measured for 3 minutes, (every second for
the first 90 seconds and every 10 seconds for the next 90 seconds). Data are
generated as arbitrary fluorescence units and the change in fluorescence for each well
5  determined as the maximum-minimum differential. Compound-dependent inhibition

is calculated relative to the response of MCP-1 alone.

Antagonism of MCP-1-induced Human PBMC Chemotaxis
(Bacon et al., Brit. J. Pharmacol. 1988, 95, 966)

10 [00301} At least one compounds described in the examples have activity in the
antagonisim of MCP-1-induced human PBMC chemotaxis assay described here.
[00302) Neuroprobe MBA96-96-well chemotaxis chamber, Polyfiltronics MPC 96
well plate, and Neuroprobe polyvinylpyrrolidone-fiece polycarbonate PFD5 §-micron
filters are warmed in a 37 OC incubator. Human Peripheral Blood Mononuclear Cells

15 (PBMCs) (Boyum et al., Scand. .J. Clin. Lab Invest. Suppl. 1968, 97, 31), freshly
isolated via the standard ficoll density separation method, are suspended in DMEM at
1 x 10 7 ¢/ml and warmed at 379C. A 60nM solution of human MCP-1 is also
warmed at 370C. Dilutions of test compounds are made up at 2x the concentration
needed in DMEM. The PBMC suspension and the 60nm MCP-1 solution are mixed

20 1:1 in polypropylene tubes with prewarmed DMEM with or without a dilution of the
test compounds. These mixtures are warmed in a 370C tube warmer. To start the
assay, add the MCP-1/compound mixture into the wells of the Polyfiltronics MPC 96
well plate that has been placed into the bottom part of the Neuroprobe chemotaxis
chamber. The approximate volume is 400u! to each well and there should be a

25  positive meniscus after dispensing. The & micron filter is placed gently on top of the
96 well plate, a rubber gasket is attached to the bottom of the upper chamber, and the
chamber is assembled. A 200ul volume of the cell suspension/compound mixture is
added to the appropriate wells of the upper chamber. The upper chamber 1s covered
with a plate sealer, and the assembled unit is placed in a 37%C incubator for 45

30 minutes. After incubation, the plate sealer is removed and all the remaining celi
suspension is aspirated off. The chamber is disassembled and the filter gently

removed. While holding the filter at 2 90 degree angle, unmigrated cells are washed
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. 0. 3502 H32B 0. 3818 -0.1587 0.9172 HAC 0. 9960 0. 2797 0. 3330
&2886923}13?8 1120 0. 7240 H15A 0.3587 0.5626 0.4312 H39A 1.0471 -0. 1436
0. 8633 H1513 0A034 0.6838 0.5038 H39B 1.0801 -0.0006 0.9013 H2A 1. 1528
0.3410 0.4913 H38A 0.8152 -0.2110 0.8689 H2B 1.1310 0.1867 0.4955 H3
0.8786 -0.0998 0.9495 H2C 1.0948 0. 2640 0.5683

10

15

15

away using a gentle stream of phosphate buffered saline and the top of the filter
wiped with the tip of a rubber squeegee. Repeat this wash twice more. The filter is
air dried and then immersed completely in Wright Geimsa stain for 45 seconds. The
fikter is then washed by soaking in distilled water for 7 minutes, and then a 15 second
additional wash in fresh distilled water. The filter is again air dried. Migrated cells
on the filter are quantified by visual MICroscopy.

{00303 Mammalian chemokine receptors provide a target for interfering with or
promoting immune cell function in 2 mammal, such as a human, Compounds that
inhibit or promote chemokine receptor function are particularly useful for modulating
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
rtheumatoid arthritis and atherosclerosis.

[00364]  For example, an instant compound which inhibits one or mote functions of
a mammalian chemokine receptor {e.g., 2 human chemokine receptor) may be
administered to inhibit (i.e., reduce or prevent) inflammation or infectious disease.
As aresult, one or more inflammatory process, such as leukocyte emigration,
adhesion, chemotaxis, exocytosis (e.g., of enzymes, histamine) or inflammatory
mediator release, is inhibited.

[08305]  Similarly, an instant compound which promotes one or more functions of
the mammalian chemokine receptor (e.g., 2 human chemokine) as administered to
stimulate (induce or enhance) an immune or inflammmatory 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
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HA3 1.2434 -0.2140 0.6327 HI1A 0.8496 0.1213 0. 5456 H46 1.5955 0.1582
0.6190 H B 0.8758 0.0261 0.4785 H48 1.6483 0.3822 0.6582 H1C 0. 7522 0. 0839
0. 4497 H36A 1.0650 0.1213 1.1285 H99 0. 9009 0. 3500 0.5070 H36B 0.9249

0. 1270 1.1498 H7 0.3628 0.5029 0.2157 H36C 1.0484 0.2607 1.1471 H8A 0. 5335
0. 7307 0. 1555 H29A 0. 5101 -0. 0427

delivery of comapound in a manner that results in the misdirection of the migration of

cells.

[00306] 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,

5 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 mamimal, male or female, in whom

modulation of chemokine receptor activity is desired. “Modulation” as used herein is
10 intended to encompass antagonism, agonism, partial antagonism and/or partial

agomsm. .

CCRS Binding and Functional Assays

[00307} Cell derivation and cell culture: A pool of HT 1080 cells stably expressing

endogenous CC chemokine receptor 5 (CCRS) were developed using the methods

15 outlined by Harrington, Sherf, and Rundlett (see United States patents US 6,361,972
and US 6,410,266). The highest-expressing clones were isolated using repetitive flow
cytometry, followed by sub-cloning. These cells were then cultured in 6-well dishes
at 3 x 105 cells/well and transfected with 2 DNA vector containing the chimeric HA-
tapged G protein Gqi5 (Molecular Devices; 5 micrograms of linearized vector DNA

20 in 15 microL of Ex-Gen from Fermentes was used for the transfection). Two days
after transfection, the wells were combined and plated into P100 plates. Seven days
after plating, colonies were picked, expanded, and analyzed for Gqi5 content by
Western blot. A clone (designated as 3559.1.6) having high expression of Ggi5 (from
transfection) and of CCRS5 (endogenous) was selected and used for the experiments

25  described below. The HT 1080 cells (clone 3559.1.6) were cultured with alpha-MEM
supplemented with 10% dialyzed fetal bovine serum, 2%
penicillin/streptomycin/glutamine, and 500 microgram/mL hygromycin B (final
concentration) at 37° C with 5% CO; in a humidified atmosphere,

(00308] Membrane Preparation: A cell pellet containing 1 x 108 HT1080 cells

30 (clone 3559.1.6) was resuspended in 5 mL of ice-cold Membrane Prep Buffer (50
mM HEPES, 5§ mM MgCly, | mM CaCly) and homogenized at high-speed on a

Polytron homogenizer for 20 sec on ice. The homogenate was diluted with another
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1.2144 H55 0.5214 0.5322 0.1164 H29B 0. 5546 0.1090 1.2479 H56A 0. 2502

0. 5475 0. 0555 H29C 0. 6509 0.0606 1.1995 H56B 0.2814 0.4136 0.0755 H27A
0.2727 0.0063 1.0399 H54A 0.4034 0.5980 -0.0510 H27B 0.2829 0.0501 1.1386
H54B 0. 4208 0.4574 -0.0335 H27C 0.3022 -0.0863 1.1155 H54C 0. 5546 0. 5867
-0. 0221 H26A 0. 6150 0.2666 1.1142 H5 1.0835

25 mL of Membrane Prep Buffer and centrifuged for 12 min (48,000 x g at 4°C). The
cell pellet was resuspended in 5 mL of Membrane Prep Buffer before being
rehomogenized as described previously. The homogenate was diluted with 5 mL of
Membrane Prep Buffer and assayed for CCRS protein concentration.

5 [60309]) Binding assay: The freshly-prepared homogenate from the Membrane
Preparation described above was diluted in Binding buffer (50 mM HEPES, 5 mM
MgCly, 1 mM CaCly, 0.1% BSA; one complete protease inhibitor tablet was added
before assay) to achieve a final protein concentration of 10 micrograms/well (solid
white 96-well plates from Corning, Inc.). This membrane preparation was mixed

16 with WGA-SPA beads (Amerhsam; pre-soaked in Binding buffer) to give a
concentration of 200 micrograms/well. The membrane/SPA bead mix (100
microliters/well) was then added to a plate that had been pre-dotted with 2 microliters
DMSO containing various concentrations of test articles (pure DMSO for negative
control; various concentrations of examples of this invention for test articles; 500 nM

15 MIP-1 beta as a positive control). The binding assay was initiated through the

addition of 50 microliters of ['*°

I}-MIP-1 beta (Perkin Elmer; material was diluted in
Binding buffer such that the addition of 50 microliters/wel} gives a final concentration
of 0.1 nM ['I}-MIP-1 beta). The plate was sealed and allowed to stand at room
temperature for 4 — 6 h before being counted on a Packard TopCount. The percentage

20 bound for the test article was calculated, using negative and positive controls to
define the window for each experiment.

[00310}  Fluorometric Imaging Plate Reader (FLIPR)-based Functional assay;
HT1080 cells (clone 3559.1.6) were plated at 10,000 cells/well (30 microliters) in

384-well plates (black/clear bottorn Biocoat PDL, Beckton Dickinson) and charged

25 with 30 microliters/well of Fluro-4 AM fluorescent dye (prepared by dissolving 1 mg
Fluro-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 CaClp, 5 mM MgCly, 2.5 mM

0 Probenecid, 0.5% BSA, 1x Hanks). The test article was serially dituted 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
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10

15

20

25

30

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.

[06311] At least one compound of the disclosure is an inhibitor of both CCR2
and CCRS5 and may be used to treat diseases associated with either chemokine. The
compounds of the present invention are considered dual antagonists.

[00312] Diseases or conditions of human or other species which can be treated
with inhibitors of chemokine receptor function, include, but are not limited to:
inflammatory or allergic diseases and conditions, including respiratory allergic
diseases such as asthma, allergic rhinitis, hypersensitivity lung diseases,
hypersensitivity pneumonitis, eosinophilic cellulitis (e.g., Well’s syndrome),
eosinophilic pneumonias (e.g., Loeffler’s syndrome, chronic eosinophilic
pneumonia), eosinophilic fasciitis (e.g., Shulman’s syndrome), delayed-type
hypersensitivity, interstitial lung diseases (ILD) (e.g., idiopathic pulmonary fibrosis,
or ILD associated with rheumatoid arthritis, systemic lupus erythematosus,
ankylosing spondylitis, systemic sclerosis, Sjogren’s syndrome, polymyositis or
dermatomyositis); systemic anaphylaxis or hypersensitivity responses, drug allergies
{e.g., to penicillin, cephalosporins), eosinophilia-myalgia syndrome due to the
ingestion of contaminated tryptophan, insect sting allergies; autoimmune diseases,
such as rtheumatoid arthritis, psoriatic arthritis, multiple sclerosis, systemic lupus
erythematosus, myasthenia gravis, juvenile onset diabetes; glomerulonephritis,
autoimmune thyroiditis, Behcet’s disease; graft rejection (e.g., in transplantation),
inchuding allograft rejection or graft-versus-host disease; inflammatory bowel
diseases, such as Crohn’s disease and ulcerative colitis; spondyloarthropathies;
scleroderma; psoriasis (including T-cell mediated psoriasis) and inflammatory
dermatoses such as an dermatitis, eczema, atopic dermatitis, allergic contact
dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity
vasculitis); eosinophilic myositis, ecsinophilic fasciitis; cancers with leukocyte

infiltration of the skin or organs. Other diseases or conditions in which undesirable
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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,
atherosclerosis, certain hematologic malignancies, cytokine-induced toxicity (e.g.,

5 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.

[00313}  Diseases or conditions of humans or other species which can be treated
with promoters of chemokine receptor function, include, but are not limited to:

10 immunosuppression, such as that in individuals with immunodeficiency syndromes
such as AIDS or other viral infections, individuals undergoing radiation therapy,
chemotherapy, therapy for autoimmune disease or drug therapy (e.g., corticosteroid
therapy), which causes mmunosuppression; immunosuppression due 1o congenital
deficiency in receptor function or other canses; and infections diseases, such as

5 parasitic diseases, including, but not limited to helminth infections, such as
nematodes (round worms); (Trichuriasis, Enterobiasis, Ascariasis, Hookworm,
Strongyloidiasis, Trichinosis, filariasis); trematodes (flukes) {Schistosomiasis,
Clonorchiasis), cestodes (tape worms) (Echinococcosis, Taeniasis saginata,
Cysticercosis); visceral worms, visceral larva migraines (e.g., Toxocara), eosinophilic

0 gastroenteritis (e.g., Anisaki sp., Phocanema sp.), cutaneous larva migraines
(Ancylostona braziliense, Ancylostoma caninum). The compounds of the present
invention are accordingly useful in the prevention and treatment of a wide variety of
inflaminatory, infectious and immunoregulatory disorders and diseases.

[00314]  In addition, treatment of the aforementioned inflammatory, allergic and

5 autoimmune diseases can also be contemplated for promoters of chemokine receptor
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.

0  [00315] In another aspect, the instant invention may be used to evaluate the
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

- 120 -



14.7 13.7 15.0 10.3 19.6 19.2 18.0 19.5 19.1 17.6 11.8 COVWARATI VE
PHARMACOLOG CAL CHARACTERI STI CS 5[ 002781Assays and data conparing the
phar macol ogi cal characteristics of Exanple 1 and conpounds found in
W)2005021500 (corresponding to US Pat No. 7,163,937, assigned to present
Applicant) are presented bel ow Human peri pheral bl ood nononucl ear
cell binding ("CCR2 Binding") (002791 See e.g. Yoshimura et al., J.

| munol . 1990, 145, 292. The human CCR2 10bi ndi ng assay was establi shed
wi th human peri pheral bl ood nononucl ear cells (hPBMCs) using 125l -hunman
MCP-1 as the tr r.1igand P | S0l : pak
(Bi ol ogi cal Sp%f%?rgifnfliﬁ a?s% S.Sor él}g}% @%@@%@%&Jﬁ%ﬂ?@é‘%@%@@ IE%C?:%{)&F Hypaque
( Medi at ech Cel Futhemorel the carhandsPBMBsnwetia anasshtingstablidhthgiored to [ x 107/ nil

VEP. 1 (NEN) per ¢y IR i p R o iods MRS, oo G o e

conpound was compe@re inkitiondi mop toiefeherin a asgayfto bempeteatstkingwa activitictent r at i ons

used in thecbingdi jadi : ing a 96-wel |
il ter ol ace (EPPRSSPEiRtyablf G {RapRsat demnsl SRl (e
follows: to eatsirprends tdcordingfio the pigteal invaptiomesuldfbe nSdte fest thedr e added 5x105
cells, 0.15 n Vor P Lo raid GOIR aSHENLd Bakadahes Wildhdal goncent rati on
ranged from Ol\ét%egt?gr(l) ril\/ﬁp%%lﬁ%ng’lsate gmgg‘q]l %cqlf)atge._}d ‘at 't oom tenperature for 30
m nut es fol | owstesyPlehpewe WEERERCHItER rRPILITEA0NE e A0 BSIONG. 4 M NaCl, 20
MM Hepes, pH 7giholisi T Bmp @MU B Indedibh 56 akd Rk Mr HoleP@Rbn oA LET
washing, the plate was air-dried for 60 mnutes at roomtenperature. This
was fol | owdd bRutasiesnsgifiomoglaters ofthe shsmeking reoptarntlp addiion. ErFPuld The plate was
seal ed and | 5coiint &bhpBids BEhikhidvetiont@ExahindiRUb&ifichp B 6 BREf ddapled Ndi Ng was
determned in the presence of 300 nMcold MCP-1 (PeproTech Inc.). Specific
1251- MCP- 1 was'eeeRiogs iha pedonBotgiibo ¢ fieioking Ecotiriaidifr botes&iid non- specific
bi nding. Al caaghlkd SsmpRISwiiESdAdt bifd 6P kinkale vakhe ot &aoidisdef i ned as

t he concentratign of conpeti ng conpound. requi r.?d Az ogxrsieduce speci fic binding
by 50% hERG Ficti¥e 0boaisrentiEkVbigmaphqliydedipg spegilioiss 8S8PIREMMERG channel s
were gown (87 0031890 T ddpgddnds DistMEcbBREEN 28 ublelitd iredl ofprglesy dsofdedi a

suppl enented w ¥ h %p%gll ma ]‘det EI..bovi ne serum no -ei]sser]ti al am no acids,
2mM L- gl ut am n¥' 85489 eﬁa‘?% A, LU TERYS S OO 8B ati on buffer
was used to exinedadin, fhe, eedibwsdifapaffdls gakrodyniric Bhoak rsepsishemirgheap@d 1 Nt o
384-wel |l Cornin ol y-D>rl.ysi ne coat.e | ack/cl e | ates at .a density of 2
x 104 cells pelf‘g\%@lclrg‘iegﬁs‘é U, @%’gé?g‘t‘]r%dﬁéﬁﬁ’d{%agﬁ‘ﬁ??%g%%%{"éﬁsﬁsbr 15-24 10
hours at 37 C infcohackdmIGaRctioncrudanigitis, pentiasls, @ngstivd lvanfilmerighaicer of cell s
was obtai ned. [.00281] .A .2 tack of .BTC- e (Ml - s, Eugene,
OR) was pr g@ar&el%fa?e?f (616?6}5 ’Iﬁ%@%ﬁﬁmt%&ﬁmrg‘&feg e%?ésl S]{H(I})/Rf%gi# %t\?v/l[yv%?sre%gsgr onic acid
i n DMBO on t hemdidyie oficrass ayiatifihdantye hywasoxicwbroldi hinte 1Y .AINERG®Rt er nal EP
buffer (140 5 4 . 2 el MG 10 MM
HEPES, pH 7. :T\/,lg% nw&we%qegtcdggg&qgwEgﬁ%’%ftg%{%’gg%ﬁéghﬁéﬂgsa%t al n_étéf’f rom Si gma
Cheni cal ). Thi &ioBatc gylmondrx fibmogs, b8Ioug bymnkessida ide tthicpardagic sd¢ckignsand pr oduced

a final loadin ] ' 2 s - o hated at 21 C for 45
i nut os. | 00283 ERagf b Roftineti BMplh, Aol REHRBRAL 50701~ These
20 conpounds wessieophilisrselwitis.gPsigepHilic praughopies, gosnophiligiejcgtis, RosBIVBONE n col urms
1-10 and 11- 20,0 oethed B aMiB idauBi3bSnopMfis WYk EBANIs RindltSHrl& o BGET at ed by
stanping 2.5 p. I fromthe DVSO serially diluted plate, which was prepared
on the Vel oci tiymphorg; Baigkin’ydissasseolpicopeionedslte b sadwmespreadeiing 48 p. | of
EP buffer and {hgR Melendli dhnetiodGhritid 2nd & Qb Suphed Phéndihigs, assay was read
on the FLIPR After dye |oadi ng, aqueous- 25diluted conpounds were added to
the cells of t#ePhepfebiurayr celhfarcinsmgt wyropathic peinyend pefidi-ng a ten poi nt
concentrat k@n jafge af aRRhdP adbdi AhFoohpBurddVhre Midhdho RBP ppaBQeENtration in the
assay is 1% Assay-ready aqueous plates were prepared and diluted on a

Cybi o |iquid hafemesorydgopes pelesid)feom raaﬂ@@lwrf)wrwge%lﬂ@wr ead on the

ELI PR384 (Mol egil:ak1ef61Y 126 8FismIBveP bR adoBlar s, OMMneHiR¥Gi t es the dye using
the 488 cmline of an argon laser. Em ssion was filtered using a 540 30 nm
bandpass filter, hERG channels are stinggated to open by the addition of 20
p.1/well EP buffer containing 66 mM K2SGh - 107- and 1.3 i nM T12SOM4
(Sigma/ Aldrich). For each plate, data were collected every second for a
period of 12 seconds, at which tinme the Tr-containing stinulus buffer was
added. Data collection proceeded every second for 48 seconds, and then
continued every three seconds for an additional 2 mnutes. 5[ 002841 The
dynam ¢ range of the assay was determ ned from blanks and totals wells. The
totals wells (colums 21 and 22) define maxi mal hERG activation for the
plate (no test conpound present), and the blanks wells (colums 23 and 24)




fluorescence for Tl+ flux for a given condition of test conmpound. Potencies
(1 C50 val ues) of conpounds were cal cul ated fromthe average of triplicate
wel I s. Sodi um channel, site 2 binding assay [00285i See al so: W A
Catterall, et al. J. Biol. Chem 1981, 256, 8922. The ZO standard bi nding
buffer contained 50 nM HEPES, 50 nmM Tris-HC1, pH 7.4, 130 nM Choline
Chloride, 5.4 MM KCl, 0.8 mM MyC12, 5.5 nM glucose, 40 pg/rnL LgT. Binding
reactions were initiated by addi ng synaptosones (prepared from Wstar rat
brain) to the reaction m xture containing 5 nM[31-1]-Batrachotoxin in a
standard bi ndi;ggmHaf ] . st ed at, the desirable
concentration. Samloé?foﬁ%eé%%?g%ﬁﬁ%@,g@ estgg%lpe?rﬁ%:aﬁlalgt%udg%? SFE for 60

m nutes. The PESEITHRLISHESskigiflspantonydisdds.ng i ce- col d washi ng buffer

contai ni ng 50 e ITEPEINBQ affet! ihd Edniiobiad are Bida (s Goat oM CaC 2, 0. 8MM MCL1
and 1 ng/ L bovine serum al bum n. The synaptosones were i medi at el y

col | ected ont FfrEenrdisseierspelpaied fionphepngoidsthrits, piterehiist h washi ng” buf f er s.
The radi oagt | wihiischbosls3:bhr Balhachabithly bEIRURLAG A0 RGIARLLLET S Was
counted using liquid scintillation spectfonmeters. Para II reiticial

Menbr ane Per medB{Ali ¢\ aptss gsoepyempgles diglsadercminnypanseful @i forshe i i ci al

Menbrane Per meaduinkiit bya AsER ¥t RAMPALWEAD ShShBliRied . $R8GIak]y formul at ed
| eci t hin-based |ipid. conb&?mati n re#eré:ed tolase ?%e ggg)?ﬁri)gi ntestinal tract

(GT) lipid. The GForPpirghuias faend tedladdsy fnrcdudingmsecianted and metsgiptibni ch pl at e
assenbl y si m bRddet @ntdiRbreass e6lon fndfigicCaIc R @&%@M@dnel%@erﬁuxfgl ipid 5 closely

resenbl es 1iOn }ék(ﬁo.rrenbﬁane corrg‘ﬁ%llti on and performance as neasured by
standard conpSiigiigsHal anfnenwhelwef@esencp£ed fupe pirnomsBrmaboTam, hunmans. PAVPA
i's widely usegroststeasste, Eeniohtierymade lyniphiticRehdRe akium, layynk Gla868sNg of di scovery
conpounds. Thg nate e%cﬁggssa e, of conpounds through the PAMPA nmenbrane is
used to determne & permeabr Ty EBeT) Erreasussmech gpll plpldsneerhs rel ated to
the in vivo paysid endbBingecindiadighinioss ofil cakmoa@gpound. (00287) The

perneabi lity coeffij.ci.ent . of...a part.icular conpqund is examned in a

pH dependent settihﬁgh\;;# %eﬁgg%l}o(r:sﬁflyénr{ﬁoﬂégeé‘fg%‘f]g}“g{?g16 e AGpte, Al |

exper i ment!s albewbehduetienis wutedymphbidatie ledietrés, BideAhinghsma, IARAS881 Conpounds

(10 mM st ocksi 0 Jorl. L .1:100 in pH 7.4 15donor wel |
buffer (plON ‘&{%}?ﬂﬁf‘%‘%@?‘yﬁé@%’%ﬁ!°h§°§ %ﬁ’%"ﬁ*?]i{ﬂ”éasé%&“’ %‘lyﬁlﬂ(’jod‘??’i n 1% DVSO.
Conpound di | ubigpeytis hyerbema.ped Butkerfsfignohoms transferred to a Wat man
Unifilter plate amenfibdoteBt 86hoRrd dl ' into the donor well
of the assay 191' ate (pIdC]\l C;ATOﬁld{%g%i?.hgélaggﬁéi‘kﬁacﬁ%%g?gﬁ&e"%vas formed by
pipetting 4 plYYPEcRtyslenkesiss. mulefsnsiiq yrdmnCATeilokenk, wito the filter
plate (VB CAdro#lad&Oid) leuld@ial he menbrane was then covered with 200 pi of
acceptor well buffer at }PH 7.4 (pl ON CAT #110139). The PAMPA assay plate
(donor side and adt¥ptYriesrury aniRernbgrbicrens whem dlcludinedstoeytPmcubat e at r oom
t enper at ur e fwaroblaltons, glionf) endpbidtandms; t hen di sassenbl ed and
spect r ophot onet er 1]ol at gs éVV\R T. #655801) were filled (150 pl/well). The
donor, acceptor, FEIETRREETIHE Pigirreing Beosiierran, frabdpryascalsem®5 Spect r aMax
WV pl at e r eaded ostBatreomwasndcapt ured by the pl ON software, which anal yzes the
spectra and gener %grstunﬁ’gr }g%l{lges. CCR2 Checgot axis 1002891 The human CCR2
chenot axi § assay was Condusrels RFrPeHEMSHRPHBRGEEYRi ¢ cel | 1ine, THP-|
THP- 1 cel | s wesragoattantisdmal sloddoed, thirbid fhiheld: banoereme enftodditmon@ Cal cei n-AM i n
phenol red-fr SA-f.r RPM, - 164 7.4) at 37C for 30 mnutes with
gentl e mixi ngﬁgj\/zgfyﬁi%w%%hetﬂb@g@e% Isﬁgogﬁl_éeffeée Telflodier Baipeitished and

re- suspended erdixth@Shert isi spleabibinot tixdsscabest, fiesr chpbe poktate eghcéil @8 RPM - 1640,
0.1%- 109 - : he test .conpound s diluted in chenotaxis
buffer such trngig%ﬁeﬂﬂnzdgﬁﬂyag%f?u%dgﬁlé%:%ste?g?rf%Hlaﬁeh‘&g%'& PSHB™EE nMto 1 pM
The |i gand MEPowarigPeees Ped multiple.myelwas. di |l uted to 20 nMin chenot axi s
buffer. To p ! vol ' of test conpound dilutions
was mi xed W te[ Rﬁsg?}f“e;rﬁi? r@%gﬁﬁvﬁgﬁ%ﬁgﬁgggfe@%ﬁﬁlg?eltreét&eiﬂso NP e 1), and an
equal vol une "§f-crsgpusaoribonivd ddedsest i ons was mi xed with an equal vol ume of
diluted MCP-1 ligand (M xture 2). Both m xtures were incubated

i ndependently at 37C for 10 m nutes foll owed by gentle m xing.

MCP- 1-i nduced chenotaxis was then neasured in a chenotaxis plate (Becton
Di cki nson) by placing 50 pl of Mxture 1 in the top chanber and 225 pl of
M xture 2 10 in the bottom chanber. The plate was covered with a lid and

i ncubated at 37C for 30 mnutes. 30 mnutes later, the plate was read on a
Cytofluor. Al conditions were tested in duplicate. For signal to noise
determ nation, 50 pl of labeled THP-1 cells al one (5x104/well) were pl aced
into the top chanber and 225 pl of ligand MCP-1 al one was placed in the
bott om chanber (final concentration of 10 nM. The 15inhi bition achi eved by



15Si ngl e- dose Phar macoki netics in Monkeys [00293] The pharmacol ci netics of
various test conpounds were evaluated in nmale Cynonol g, us nonkeys in a
crossover-desi gn. 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 conpound by
IV infusion (over 10 mn) via a fenoral vein and by oral gavage, with a
201- week washout between treatnents. Serial blood sanples (-0.3 nL) were
collected froma fenoral artery at 0.17 (IV only), 0.25, 0.5, 0.75, 1, 2,
4, 6, 8, and 24 h post dose, and centrifuged at 4C (1500-2000xg) to obtain

pl asna. Sanpl eﬁm:m[ € Rn@iRd tRfapy BPSeviiiahd u&mhyxﬁm&oﬁym#egéd}@éd\{s Dat a
anal ysis for ar macoki neti c assays 25[ 00294 ar macoki netic

paramet ers wer W?’@@H‘é‘é{y [9ipongern 2 aeh ﬁifh{dﬁ'lg agthras g;ghagergxp dispagesns

concentration yg astaht'ﬂﬁmﬁ‘ﬁteaatﬁdl@1é¥lgﬂ_dh%7%hl§ﬁ%f)lh‘éﬁﬁrﬁls a4t QBlefhsié and NNaPhase
Cor por ation, Phil adel phi a, PA% peak concentration (Crax) and time for

Crax were recobersdplpaesnopdp QYFn‘%Q%P‘F%@h@%?o%%?w%ﬂ?%%mo@ﬁ%ofar ea under

the curve fg§ompkiiiRnRRA stferlcB8pduBdiwiSRER 1id@n tdrIBent Ml OFdrekaifis
cal cul ated u5|lg%1a 30conbi nation of linear and | og trapezoi dal sunmations.

The total pl ashéedicaiientfs greyamfiqnyt milamprgon, é‘tﬁd%ff'éef%‘l’”ﬂﬁ?é“%fm“dl gt¥fbut i on

(Vss), appar eny cljhddtifiaitiosh afﬂﬁjnfﬂahlhﬁa%r}(&%ﬁ:ﬁées@@ﬁenﬂﬁﬂ]ﬂasfa@i?ﬂ%@g@lﬁt| me (VRT)
were estimated after TV mnistration timations u%[ é was nade using
a mi ni num of ?%ﬁ%@%@é? ﬂ%%Wﬁ[ﬁW?aﬁ?a it A BIEPok BHRIOS PR absol ut e

oral bioavai |l adiahiidtaite(fi)-1 Wahsoites b infiwk eebr@n Adie xmﬂﬁtb@a@mmaenag@mal ized AUC
i Fi.nd below data for each

| f ol | IV.d s 0029
Xgnggandoai@weﬁgﬁlglré‘%r P?P‘Y‘ﬁ@xlg%grﬁznh&é@’é?fi[ﬂbeesan SRS Bitiore et nog- Conpar ati ve
I R Vi tlrobpaéI a sﬁ)&ﬁﬂlﬂﬁtdmm?t&ym@édg% &@mmawasmﬁmmw cyt%?e-(E)r(lM :\IC o
anne I Ndl N ITI1 O ec a e as,
02005021500 OB P BB RERON FR 4o BERET i & s e & o0

WD2005021500 OacdiBmindpiR6, afPjin, Z3@irkobntapdiibuphife, Notmaheain] lebirdaxanpl e 2k

T2bd V0200502 508" 1> T orsb s SR8t o trige g O T ©

15 sunlindac, interferon alpha and the like. Similarly, the instant compounds may be
administered with a pain reliever; a potentiator such as caffeine, an H2-antagonist,
simethicone, aluminum or magnesium hydroxide; a decongestant such as
phenylephrine, phenylpropanolamine, pseudophedrine, oxymetazoline, ephinephrine,
naphazoline, xylometazoline, propylhexedrine, or levodesoxy-ephedrine; and

20 antitussive such as codeine, hydrocodone, caramiphen, carbetapentane, or
dextramethorphan; a diuretic; and a sedating or non-sedating antihistarine.
Likewise, compounds disclosed herein may be used in combination with other drugs
that are used in the treatment/prevention/suppression or amelioration of the diseases
or conditions for which compound of the present invention are useful. Such other

25 drugs may be admimstered, by a route and in an amount commonly used therefore,
contemporaneously or sequentially with a compound of the present invention. When
a compound is used contemporaneously with one or more other drugs, a
pharmaceutical composition containing such other drugs in addition to the compound
of the present invention may be used. Accordingly, the pharmaceutical compositions

30 include those that also contain one or more other active ingredients, in addition to a

compound of the present disclosure.
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8a W2005021500 1.83 0.80 (12) >80,000 3% 10,000 nM 33% 30,000
E)I\(/Iagzli 58 (10) Exanpl e 8e, W2005021500 2.20 + 0.03 (2) >80,0000 6% 10, 000
nM2 + 2 (2) Exanple 9c, W2005021500 0.96 0.26 (19) >80,000 48% 10, 000
nivl 75% 30,000 nM A 1,15 + 71 (8) Exanple 1 Present Invention 2.74 Jr
1.34 (15) >80,000 13% 10,000 nM 32% 30,000 nM 560 86 (5) Table Ha.

Addi tional Conparative In Vitro Data Conpound CCR2 Chenot axis Ig350 (nM "
hERG patch clanmp (% Inhib.) clanp NC channel patch (% Inhib )52% 10, OOOOn
22% 10,000 nM 49% 30,000 nM Exanpl e 2k W2005021500 0.24 O. 16( 12) 90%

30, 000 nM 83%j00385]006xaniWled ¥¢ otdd? s QO ind g%zelﬁﬁ(ﬁ%a? b8 BoniflaAURR41°00 2.63  1.24

21500 0,21 4% 10,00
(4) Exanpl e comﬁour\llg) 0 ct)}?eSp(gesent mvention, e;ther administered separately or in the same

pharmaceutical compositions, include, but are not limited to- (a) integrin antagonists
such as those for selectins, ICAMSs and VLA-4; (b) steroids such as beclomethasone,
5 methylprednisolone, betamethasone, prednisone, dexamethasone, and hydrocortisone;
(¢) immunosuppressants such as cyclosporin, tacrolimus, rapamycin and other FK-
506 type immunosuppressants; (d) antihistamines (H1-histamine antagonists) such as
bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine, clemastine,
diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdilazine,

10 promethazine, trimeprazine, azatadine, cyproheptadine, antazoline, pheniramine
pyrilamine, astemizole, terfenadine, loratadine, cetirizine, fexofenadine,
descarboethoxyloratadine, and the like; (e) non-steroidal anti-asthmatics such as b2-
agonists (terbutaline, metaproterenol, fenoterol, isoetharine, albuteral, bitolterol, and
pirbuterol), theophylline, cromolyn sodium, atropine, ipratropium bromide,

15 leukotriene antagonists (zafirlukast, montelukast, pranlukast, iralukast, pobilukast,
SKB-102,203), lenkotriene biosynthesis inhibitors (zileuton, BAY-1005); (f) non-
steroidal antiinflammatory agents {NSAIDs) such as propionic acid derivatives
(alminoprofen, benxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen,
fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen, miroprofen, naproxen,

20 oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and tioxaprofen), acetic
acid derivatives (indomethacin, acemetacin, alclofenac, clidanac, diclofenac,
fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, oxpinac,
sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenamic acid derivatives
(Hufenamic acid, meclofenamic acid, mefenamic acid, niflumic acid and tolfenamic

!5 acid), biphenylcarboxylic acid derivatives (diflunisal and flufenisal), oxicams
(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; (h)
inhibitors of phosphodicsterase type IV (PDE-1V); (i) other antagonists of the

0 chemokine receptors; (§) cholesterol lowering agents such as HMG-COA reductase
nhibitors (lovastatin, simvastatin 2nd pravastatin, fluvastatin, atorvsatatin, and other

statins), sequestrants (cholestyramine and colestipol), nicotonic acid, fenofibric acid
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19% 10,000 nM 39% 30,000 nM Exanple!, Present Invention 0.75 0.42 (16)
12% 10,000 nM 19% 30,000 nM 29% 30,000 nM OTable 1l b. Conparative In
Vi vo Phar maeoki netie Data in the Rat Conpound Dose |V/ PO (nmg/kg) C

(mk/ mn/kg) F% Oral AUC (nlwh) Exanple 2k W2005021500 2.5 /25 40 68 9294
Exanpl e 8a W2005021500 6 / 72 42 1.4 690 Exanple 9c, 4 / 43 54 14 1855
Tabl e 11c. Conparative In Vivo Pharnmarokinetie Data in the Monkey Conpound
Dose IVIPO (nmg/kg) A (nmL/mn/kg) F% Oral AUC (nMrh) Exanpl e 2k
W2005021500 1 / 1.4 25 46 862 Exanpl e 8a

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 and pioglitazone); (1)
preparations of interferons {(interferon alpha-2a, interferon-2B, interferon alpha-IN3,
5  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 and
prodrugs thereof, antimetabolites such ag azathioprine and 6-mercaptopurine, and
cytotoxic cancer chemotherapeutic agents. The weight ratio of the compound of the

10 present invention to the second active ingredient may be varied and will depend upon
the effective doses of each ingredient.
[00324]  Generally, an effective dose of each will be used. Thus, for example,
when a compound is combined with an NSAID the weight ratio of the compound of
the present invention to the NSAID will generally range from about 1000:1 to about

15 1:1000, or alternatively from about 200:1 to about 1:200. Combinations of a
compound of the present invention and other active ingredients will generally also be
within the aforementioned range, but in each case, an effective dose of each active
ingredient should be used.
[00325] In treating cancer, a combination of chemotherapeutic agents and/or other

20 treatments (e.g., radiation therapy) is often advantageous. The second {or third) agent
may have the same or different mechanism of action than the primary therapeutic
agent. It may be especially useful to employ cytotoxic drug combinations wherein
the two or more drugs being administered act in different manners or in different
phased of the cell cycle, and/or where the two or more drugs have overlapping

25  toxicities or side effects, and/or where the drugs being combined each has a
demonstrated efficacy in treating the particular disease state manifested by the
patient.
[00326] Accordingly, compounds disclosed herein (or other formulae disclosed
herein) may be administered in combination with other anti-cancer and cytotoxic

30  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

formulae disclosed herein), in preparing medicaments for the treatment of cancer,
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W2005021500 | / ii 14 9.4 1896 Exanple 9c, W2005021500 | / 10 12 26 6763
Exanple |, Present Invention 1/ 1 12 95 2352 UTILITY 5
1002961Represent ati ve conpounds of the exanples are shown to be nodul ators
of chenoki ne 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 herein in the section titled
"Conparative Pharmacol ogi cal Characteristics”, supra. By displaying
activity in these assays of MCP-1 antagonism 10 conpounds of the exanples

are expected tand/beit coaplisth teadih@ngd SrRRIRPIuadS o j es associ at ed
w t h chenoki nes d their cognat eérecefpt géug. thg@'igg?%gf%?rsﬁ%n of activity in

a

t hese assays ilgsnﬁcq?g %Hﬁ&oﬁg%%kter“é@(di‘%@’H&#ﬂatiwtmih@@ltm@roni ower in
concent r at i on cyleric FEASWHE Geatrfiend AR thbtled oS SAYThe LDss At 390ON] SM Of MCP- 1
Binding to Hu r&eﬁ%wc. Yoshi nur a ﬁﬁ al . ,e Jﬂ. Immngljp. Slég'g%%%& 292)
[00207] At | east  one RO EUNYRLESOE e prgpoppisphenderaprmmasaddiipaal act i vity in
the ant agori sreofs iMIPhim,kigdiieg e aRWpaRARRMmE PBRJRELLARET @l bl ood
nmononucl ear cggéﬁ%s% %%rid Oed,E here 20 00g298i M ?%ore % I?gr pl at es
(#MABVN1250) are treat &Y GEEHer fo b ity or kergthenprmppckaged e fgmBebovi ne serum
al bum n, 20 mAgBERES buffer and 5 nM magnesi um chloride in RPM 1640 nedi a)
for thirty m r enperature. To nmeasure binding, 50 ul of

bi ndi ng buffewguﬁtﬁf%ers%% f%u"re AU e BAY Peseleeer EompReer i s conbi ned
with 50 pi of mpe3fteddibivad: human MCP-1 (to give a final concentration of -

113 - 15Q¢pM r adigli.g pi,_of bindin uf fer caontaining 5x105
cells. Cells used _%gra g%%mgpﬁcglﬁ 2"5 ngléog%{vg“&aé‘h’ ?QIFYEF‘{P&%&‘WU%WOWé%i pher al
bl ood mononucF@ypnigap Heivish apéudiatpyesFiaobhigiddypaquenghagbent centrifugation,

human nmonocyt gsiadMédifske Sk s ok l. ~Methods. 1980, 36, 89), or the
THP-1 cell line, \A%]el% ch esi_prlgg‘gs _’san'tnﬁgagoglﬁeé85@%6’??3”?'53815%8"8?’?“%e m xture of
conpound, cel ["&3er folisarid lentagonitsamueing melobas.edd ptrintidiomrbppRey at ur e f or
thirty mnutessibflialo®nidbedR&Hy B m man,fol &, yacuum appl i ed,
and the pllgt es washed t hr egth i rre_sg% tﬁ‘“@?‘\r‘l@fbﬁ%ﬁ“ogﬁ]’é#‘ aé‘gl?ﬁd?f”ni ng 0.5M Nad .
The plasti® sBtErFlneyargmue mhdiipshe plate, the plate allowed to air dry,
the wells punched cauéycRichp6Rs Rb&Hers; LS mRe Gl A0 Bltkon, of binding is

cal cul at ed 10inH§j gxq t he total couenriq'sh%bt ai ne%{?idﬁ&%\hgh%%?é%ce of any
conpeting conpo 8 and t he background bi ndi ng determ ned by addition of 100
NM MCP- 1 i n pl ace hafnohd1@nd &%korRORD 4R and GG, - 1-i nduced Cal ci um
I nflux  15(Sul i vap.; et al Sybt.hods Mol . B o%q, °11‘4?£Yf¥§“1%‘§f° 1999) [ 002991
At | east one tonpounds GEEEPTBEGSTET Hes- XA -eadrhespadictihpbeny, i n t he

ant agoni sAf of pridERing. rivduerec re@bof agonikt hdikteasSBhodRs e ribed, her e. 1003001

Cal ci um nobi | 4 ﬁ@hl]' j asur ed .usi 1 he fluorescent Qaz_%r i ndi cat or dye,
Fl uo-3. Cell s[lLar e ?%g{ﬁﬁg ea&?aé?mgs)%"%‘gg‘%ﬁrf}wrﬁC‘qfHGEHE}%WA&@- buf f er ed

saline ?,0 comewhfchgreCeplov(ISFR) sstemandditdtsiubhiing RERMMERES buffer, 5 ni VI

gl ucose, | % figkal, Loy M. 4 Fl ua-3 AM and 2.5 nM probenecid for 60
mnutes at 37C. grCIJTeI_ 'sh g‘é‘ﬁ‘%"%ﬁ“&ﬁ% “Mé’éﬁ”éﬁﬁ%“@é%a@%*k@% nhifielide hunan
monocyt es i sdirdpeiahibitorye SerfitpedotSyc/AMicnein defenddnt kinale [dDRWWIMitorsVEL hOdS, 36,

89-97 (1980) harH&8hd-1lahdBS VLGN presses the endogenous CCR2 receptor
such as THP- fﬁ and. thngwag%%kllﬁ%leé’e ﬁ@’ﬁ%g%és’ﬂ‘f Hm ’gh\éggfhr ee times in
phosphat e- buf¥#iodigs SAFRrighikiorm mitedengotdaedpromin (NP hibrogNEwi n, 20 MM
HEPES, 5 mM ghniGRacsad 12nd iﬁfﬂ%ifbﬁ-s?%@g%@hg{ e gt%f!-:rl s arejﬁjresuspended in

. 5% S

phosphat e- buf fered saline contai ni ng OvVi n o et Bt n,
inhibiters or serine /threonine kinase inhibitors;

microtubule-disruptor agents, such as ecteinascidins or their analogs and
0 derivatives; microtubule-stabilizing agents such as taxanes, and the naturatly-
occurring epothilones and their synthetic and semi-synthetic analogs;

microtubule-binding, destabilizing agents (including vinca alkaloids); and

-126 -



20 mM HEPES and 2.5 mM probenecid at a final concentration of 2-4 x 106
cells/m. Cells are plated into 96-well, black-wall mcroplates (100
M/well) and the plates Ocentrifuged at 200 x g for 5 m nutes. Various
concentrations of conmpound are added to the wells (50 pl/well) and after 5
m nutes, 50 M/well of MCP-1 is added to give a final concentration of 10
nM Cal cium nobilization is detected by using a fluorescent-inmaging plate
reader. The cell nonolayer is excited with an argon | aser (488 nM and

cel |l -associ ated fluorescence neasured for 3 mnutes, (every second for the
first 90 seconds ary 9?0%\6 edhseltniBRGO féﬁyﬁp%telh E}gns Eas& ARiSeGHRsls) Data are
generated as arbitra uorescenc units an e change |n | uor escence
for each well soqu@n%xonpmexas sighd tiesdnatioprinrbiprLe diberagerdyispds,anti-
Compound- depen onse of
MCP-1 al one. Ag?igégh??#g#k%ﬁgcﬁgé ﬁgﬂggwqﬁn'g&g%ba{ﬁagﬁ%ﬁﬁgép( Bacon et
al., Brit. J. Pwbimmeorodd8es 95, 966) 10(003011 At |east one conpounds
described i the exanples have activity in the antagoni smof MCP-1-induced
human PBMC chenot axi s assay described here. [00302] Neuroprobe

MBA96- 96- wel | HEHBt arildtienaBysecompymnds ¢fthenagse s1vppien 98 kedprouptedoe, and
Neur opr obe pol yyi a&mha@%fca wlah%raﬁnér Fﬁ%@tl@&k%@@iﬁt%fe@tefﬁ)%eﬁgmﬁﬂﬁn filters
are warned in a I ncubat or. Peri pheral Bl ood nonucl ear Cells
15( PBMCs) (Boyﬁi?ﬁﬁélﬂesﬁalﬂ addresmp gide effects egspeiated Wit pforsmentspehionditionsg, 97, 31),
freshly isol at egr &th@pit, Q@m?&ﬁ&ﬂﬁ&ftﬂ: ifdeRdnl mADR $brh¥iaf8 R@th akdnBo pIRAOd, are
suspended |n DVEM at /mL and warned at 370C. A 60nM sol uti on of
hunan MCP- 2 |sn§13%hW§¥SFF§HW&¥ argEgRC PR WAL SontieRdes. eipgifde are nmade up

at 2x the concepim@dniige needed in DVMEM The PBMC suspenS| on and the 60nm
MCP-1 solution are mixed 201: on yl ene tybes th prewarmed DVEM
with or without a dile@PeERIsE ‘%?rﬁ%e“ d”ﬁ'ﬁ’bﬁﬂﬂgyeg W%‘F}ﬁé are war med
in a 370C tube c¥agdurds.of @ pidsaikt tnvedmen as:smhseca&ﬁl eidft@)lel\/ﬁl?hdsé axﬁdmaund m xture
into the wells.of the fJJtr ate that. has been placed
into the bottomdsaet’ IBF) ’% é‘c’ﬁ% eéené?\%%&v)\g&‘i‘ss"%te jermipg, YaPPr oxi mat e
vol une is éhGOp]af&rﬂmﬁ@@hll\hedhéamnd there shoul d be a 25 positive meni scus

o e sl B P b bk CREE TR ome. e,
and the c hanbereffemvmmnbllagd theAp200dly kffvoilve meowf” it heeae bk amount of a

iﬁ;ﬁggfl O'?/r]goggglg no%n n%eurr%egt déqgvgurerﬁg t gtow{]%x adl%glFsEei? ra'lo%%:?r 1%1):&1&&&%0ﬁt he upper
assenbl ed unit vits aphdiﬂ@dallther@e@m&ut RoUtvartinoal, 1# clfeck® @Pmvamtities. After

| moubat L ok el eus BRLET B EIRNER Ao gl o cel L
gently renmoved. While holding the filter at a 90 degree angle, unm grated
cells are washed - 115 - away,JSicdida D%iiﬂ{[ﬁ siie’m of phosphate buf fered
saline and the top of the fil ter v(\?%eg }1' tlﬁp of a rubber squeegee.
Repeat this wad¥338li cE€hamempouriihel thip fisdesufegamby adayiniseiedmguahivan dpsigfer sed
e L R N e A
5addi t i onal2Swadtimplitignsk siis.diowders, [seauipia elisirs, tNBlErep.SpIpeRsIong, Sayes Mdai r dri ed.
Mgrated cells .QpsbhRe T hef aidye agmmelréduﬁﬂmménwsszms RiisRagopy. [00303]
Manmal i an chenoki ne receptors provide a artg for interfering with or
pronot i ng i nmurrdrapssitgnesly ybgutamaous T itidaksElpe g aH usiee despagdRIS “Enpounds t hat

inhi bit or prompie & RREDK REndEI@PHMe hitifabdh A4S TREY dah Gohdfihisterdgef ul for
nmodul ating 10i nmune cell function for therapeutic purposes. Accordingly,

the present i n#ptPyreepesally;yiloe %‘H”‘f“éte‘%ﬁﬁbﬁﬁlél’émmwé?ﬁl AT fesEh P R ¢ he

prevention @ndhgs deiRahiBAfouliof ddnih Bt R bl Rl Fnaﬂh&cammtp@arcme i nfectious,
and i nmunor egul atory di sorders_and di seases, including asthm Oogd allergic

di seases, infedfBdH byherepresdreime i the comweEhAd thhpressyt IEI‘é”P'i‘Qﬁ‘Y’i i ncl udes
viruses), as WehilsedSarAldpQhdiiELUIPEn RRAWACARE, 8fch SUED pRSmiddEynhRIcheunat oi d
arthritis and atherosclerosis. 100301 For exanpl e, an instant conpound

whi ch inhibits one or nore functions of nannallan chenoki ne receptor
(e.g., a human chenoki ne receptor) my Be ‘administered to inhibit (i.e
reduce or prevent) inflammtion or infectious disease. As a result, one or
nore inflammatory process, such as | eukocyte em gration, 20adhesi on,
chenot axi s, exocytosis (e.g., of enzynes, histam ne) or inflammatory

nmedi ator release, is inhibited. [003051 Simlarly, an instant conpound

whi ch pronotes one or nore functions of the manmalian chenoki ne receptor
(e.g., a human chenokine) as adm nistered to stimulate (induce or enhance)
an imune or inflammtory response, such as ?5|l eukocyte em gration,



suppl emented wth 10% di al yzed fetal bovine serum 2%
penicillin/streptomnycin/glutamne, and 500 m crogram nm. hygronycin B (final
concentration) at 37 Cwith 5% CQ2in a hum dified at nosphere. [00308]
Menbrane Preparation: A cell pellet containing 1 x108 HT1080 cells 30
(clone 3559.1.6) was resuspended in 5 nL of ice-cold Menbrane Prep Buffer
(50 MM HEPES, 5 MM Mg, 1 mM CaCl2) and honobgeni zed at hi gh-speed on a
Pol yt ron honogeni zer for 20 sec on ice. The honbgenate was diluted with
another - 117 - 25 nlL of Menmbrane Prep Buffer and centrifuged for 12 mm
(48,000 X g alchdloristkb 8t BEbdidR L n 5 m of Membrane
Prep Buffer before being ri()ah:)m) eg’%%nza\g@ﬁsrg %égtg%ugmgadﬁ?"élwaf}%olﬁf The
honogenat e wasPHie 68%6"”‘\/@6?1‘1‘1 Bleﬁlﬁaléwdwmn@wegﬁroémeBmfpiear tamaiu@ssayed for
CCR5 protei n aanexent sfatd s9mptonl; 330 or Bl g el eghl y- prepared
honogenate fromthe Menbr alrole Pr epar aotl c?n dégg%%ﬁ%%m%m%uen%g diluted in

Bi ndi ng buf f e/ SeHepEe! adﬁ“W‘W@UhE rend! anilh@a® Brction A0bEBAentone conpl et e
prot ease i Bhi bid s effcaltleGted VAShAGGEG b&ér%l‘?a %§1§ f' nal
protein concen{q ?tl on of 10 %cr ogrgms [ wel ! @&?Q"HI“Q ch&ésgréb pl at es
from Comi ng, FREWYS amﬁ‘i?té)f%r‘?ﬁﬁgé?ﬂélr?ﬂ"épﬁi’% |°Wt%@$ amnswéfdprﬂz@fesmf meV\GA SPA
beads (Amerhsaiwrdpre-soaked in Binding buffer) to give a concentration of
200 m crogramﬁ{0 ]I .. The nbr ?ne/SPA bead m x (100 mcroliters/well) was
then added to'a piat®y VR SHisk Budacethe deilyrord dosaea of ebpitiveol i t ers DVSO
cont ai ni ng vakizediencwineeidatthongcddd e&‘fecﬁi wﬂ[khé%'b%éveé@%%ﬁ oPR for negative
control; ri C ations nples of this invention for test
articles; w?oo%n@% ?’Q(ld’y ggp %be'é”ﬂﬁ%gioﬁw‘Eé?ﬁffl%fk%‘)fb‘l’%ewm}ﬁdtrng assay was
initiated thréager attbreatiaelg teiven eouS0) 10126 FRh/isy. qntejver[o%aﬁltﬁe MdE-1 beta
(Perlcin El neg; l.uted in Bin er such that the
addition of 50 rﬂ?g%%{o*nfé é(r)s %PM%\V%%’“’I“F% rmgéﬁ‘t‘,”éﬁ?tr’%’lﬁ §isioss 0.1 nM
['2511-M P-1 SW@PndSFIﬁéHSpn\@nfeanm bs edvhigictet th FidgRN ERe, S ABEhtAt room
tenperature fggy4 4 et u n a Packard TopCount. The

per cent age 20b(§)ﬁn%lsage or }?ﬁg%lglsstg%gr dm dn%%é Og'é{‘iocﬁfe&toé “rﬂ%‘?srij@“hegatl ve and
posi tive dontorgeiediment Wedﬁlh@rwdmdmfﬂmracmmkgrai@ﬁﬁﬁ bée®Edn 3 2h§0310]

Fl uoronetric oo diderBlieiinRtRARIE gofiFdsh ed punct i anal gssay: HT1080
cells (clone 3559.1. r) were pl at &4 }F%T {)@”8%8? SRR efei%t‘(”% Hcroliters) in
384-wel | pl at/é’ée“(aBY%@}e@%@ﬁ“%ﬁmmﬂe@émmsteﬁ@m dBecktl @00 Migcki nson) and
char ged ?. 5wi ddmind@ersd 16hc@lahityedr 30 Welob n@faF] cent dye (prepared
by di ssol vi ng %elngg%(}huro yeAdl\r/l in 4(r)n(gm crp(})g e?%%?%%c@{em& ‘éf’hf th ng with 100

mcroliters of n&“%'?ﬂﬂdpﬁ?ﬁt%@fad@ée ilP-amigriyict adayhe 7S wighheek0 L of

Hanks buf per )day ThReraaivels, twcsvemng;w;)@t s &etad%m%ré@';ﬁ foses't E&r 30 mn

bef ore bei ng %ﬁ%ﬂﬁnd g aéf nes and suspended in Assay (20 M HEPES,
1.2 mM CaCl2, R&S e amgnigterpd pribes opecyp dwise @!PY 0. 5% BSA Ix Hanks). The
test article [ﬂ@éﬂseﬂmbérmds(bfh}ﬁi @Btentith RVBOL ARG BSR isthahith a0 Wi th Assay

Buf f er befor S (10 mcroliters/well). Using FLIPR,
the plates V\g?lg&:l ‘énsggﬁs(u%%qe ar’é’%ag)’e%fcéﬁs 9 H’é}ﬁ‘é’ﬁdﬁﬁ‘abpumsf’ pUBE (i .e. agoni st
activity). THangelrabskwgraehtshvheh udribietred Bk Wi 4 hn AR §éhv§9l ution (30

m croliters/ r 30 mcroliters of 100 m croMdl ar
M T-1 bet a5s| \r%% 1%(1%&?5 %mm&mgﬁ?*”ii &%PWF%%?"BF%&? rahenthapers a final

concentrati onﬂf@?mlﬁnﬁhﬁﬂmmtb@dcaageﬂ’egtdm assay) and the plates were read

usi ng FLI PR f ner ni,st .ac of the test article was
deterni ned r eiag,? ‘lqve {;Eo%gl%%d%?\@%pﬁ%? ag?m’llféeéﬁ;t EYICYIBISUI9P0311] At | east
one conpound PBFMetseticd] Elubiss exadpidnss, arvairinbi(biltaivelpferdet b HeRZsand CCR5 and
may be used t@.dk mnth i ther chenokine. The
conpounds oftp ﬁ%‘%@gﬁgﬁﬁﬁﬁﬁ§§ﬁ ?%%%gge 6] %FHQ%E mﬁﬁﬁgﬁHﬂPégonlsts
101003121 9Di dmigisgation, thas isclirel tenets, ofpstiesnelixirasyopshed e pieg@s Whi ch can be
treated w t hchRRich 0, Q@ﬁggi tor function, include, but are
not limted to: |nf%§§§g?g$§ ra R%P&Sﬁgﬁfgéases and condltlons i ncl udi ng
respiratory allergic diseases such as asthma, allergic rhinitis,
hypersensitivity lung di seases, hypersensitivity pneunonitis, eosinophilic
cellulitis (e.g., Well's syndrone), A5gosinophilic pneunonias (e.g.,
Loeffler's syndronme, chronic eosinophilic pneunonia), eosinophilic
fasciitis (e.g., Shulnman's syndrone), del ayed-type hypersensitivity,
interstitial lung diseases (ILD) (e.g., idiopathic pulnonary fibrosis, or

| LD associated with rheumatoid arthritis, system c |upus erythenmatosus,
ankyl osi ng spondylitis, system c sclerosis, Sjogren's syndrone,

pol ynmyositis or 20dermatonyositis); system c anaphyl axis or
hypersensitivity responses, drug allergies (e.g., to penicillin,

cephal osporins), eosinophilia-nyal gia syndrome due to the ingestion of



0;)gastroenteritis (e.g., Anisaki sp., Phocanenma sp.), cutaneous |arva

m grai nes (Ancyl ostona braziliense, Ancylostona cani nun). The conpounds of
the present invention are accordingly useful in the prevention and
treatment of a wide variety of inflammatory, infectious and

i mmunor egul atory di sorders and di seases. [003141 In addition, treatnent of
the aforenentioned inflammtory, allergic and '5autoi nmune di seases can

al so be contenplated for pronoters of chenokinc receptor function if one
contenpl ates the deliveiy of sufficient conmpound to cause the | oss of
receptor exprepitRp Qi Gehic, HhsAULRikRSIdNNAHE ke e taheRichRans ecept or
internalization or delivery of conpound in a manner_ that results in the

i sdirection ofCVhEUSFURPIRIHEARGE corpbined withap ok SPH-OXignferEccuisiict . t he

i nstant i nvent , Q0 RYinBe ct88dudnQs BRI Rheh, kiGose UWlhbiey ReBR@Bkidse, agoni sts or
antagonists of a G protein coupled receptor. The present invention is

directed to th@ag}@%“rﬁﬁte%fﬁééj@abb‘mﬁﬁ@eﬂCﬁlc’(uﬁ’e““]&t%ﬁgf’%ﬁql Sprosgiand%ecuti on  of

screeni ng agsaj; f‘o@Bra%mﬂQMﬁd& tmighid m?ﬁludh@x)ﬁz dhiEcoafpbhenision ®f chenoki ne
receptors. Furthermore, the conpounds of this invention are useful in

est abl i shi ng ofompied i AmrRyaly Iwé-tfﬁl%alﬂ%aa%wféllmccat%rlnféb%ﬁtﬁa% % o
chenoki ne recephRbs gtyford, watktyand GIRE] $oMBvdr Muebﬁésir@dhrqece@@wasmceﬁler ence in
an assay to conpare its known activity to a npound mhth an unknown

activity. When®8&ieMBpiaRly AeNrganggeen ra‘ﬂrCBIPB’&%?ggms‘éaﬂr?ﬁ fids according to
tShe p:; ese:’llt [ niﬁ@d}%drﬂéﬁ ﬁ@uﬁdgnii&lrd,l%daﬂl@mﬁ@aistlgdlmlsfarcﬁfg‘eﬁﬁh Inﬁﬁfh@ﬁ%als

peciTi Cca Suc 0 S.a rovi de | N,a ,con | a t
el e 1 4 LB AR T PO BeEP R TR G BFbifent | oned
di seases. The mﬂnwgudsmmfor tdaind ﬂghmbarbmﬁmwmum&@pallysmyluﬁ@fyudn for the

SPTRPIRGIRORE -+ b I A Rl R S R R N G

specificity ofmﬂmpnmhemmHMQMﬁMﬂdwmaeep@mm&mmhatsahmnﬂ&hﬁthmught to be
chenoki ne receptor.s t her ervin s which do
not bind or asang&@Pugg ﬁ%a§¥%% %wgf&m%%‘MIogH] E?OHS£ ége receptors
which may hel pc_:ediekbsmgﬂspacorﬁuepcasmawnoﬁndtmh%feact| on. 151003161 Conpounds
di scl osed herelygs e H3ebibo i 3tes et na%k%gacgﬁmte%eln%g ed from
rheumatoid art s, eroscl erosis,
aneurism feve&pneémmﬁnmabbuﬁmm%@mﬁemﬁ%¢smmbmﬁdyﬁhn7®w§h¢%&3 sepsi s

syndr one, pos%:hl%ﬁ@!%ﬂ&m’le@%%ﬁ in‘dﬁf] IIMUeHéI Lﬁ?}'s(%e!s%an bgfgmd ?roﬂ' sease,

i nflammat ory bowe I seases cobacteri a nenlng@tls

psori asi s, cong%élswlﬁeilolalé@ilpld% alﬂchm gholesteist, stearlapie dir shesshasidylehaliprsxi a, graft
rej ect | on, Ut Moo 36RE §Pmo Bkl Al SR Mo b aS R oIl L1 Pl €
sclerosis, radiation hyperoxi c alveolar injury, H'V, HYV denenti a,
non-insulin demﬁsmgﬁ r &g REiary. tSueh pokenast@an ingliler gic rhinitis, atopic
dermatitis, idj ylfﬂyﬁoli?délnénﬂ»?ﬁﬁ }foJolyjﬁ{epﬁbl%deﬁ%]@WmBanﬁE -Shendlel M nthic

parasitic |nfect|ons coli't eczema, conjunctivitls,
transpl ant at OW‘Y}W@M‘W%{F“@%WW%WP%%POIE@%W%WOI]H‘@"@@EISH‘M@?| s,

eosi nophi | i ¢ pRENIIRRESresBRS] PORRIhE tlfe%%&]bé&xﬂ§oftl%(}§ésé}9Iim'lerltloﬁ may
gastroenteritis, drug induced eosinophilia, c stlc i.brosis, Churg-Strauss

syndrone, £y rrp'l’f‘o‘i?ﬁp aglesse @‘%1?%@&%‘% PolyBEH Ate E’a?FE‘F‘HW““‘#@F {8828 syndr one,

sarcoi dosi s, uy@i drﬁgsforéialzﬁbw ﬁ@flacti@a&@%l&h@ﬂﬁi@%ﬂtdo§olyrﬂéiﬂot§>)6§maem c lupus
erythenatosus eso eaI ﬁgpano us cell carcinonm, neuro&g@hlc pai n, and

obesi ty. 30[00@@?? ‘%ﬁ@? Tygesilan ¢aprolagiong BRBENFHHY PAYVES #bf ul to treat or

prevent infl an‘p‘fﬂﬁdﬂﬂh&esdtsswﬂeétﬂs @eiyemyce@byiern@mbryh@umm@ﬂeg alRd dréRslindke ,
osteoarthritis, at er osi s, rism fever, cardiovascul ar effects,
Crohn' s di seas®,mP @? mb‘mk?ﬁPwﬁﬁﬁﬁ %@V@ﬂﬁmel di seases, psoriasis,

congest i vesheappsIsai | pysege fﬂﬂdist(lblﬁhﬁtc&&baﬂk&ﬁpcﬁxtromﬁlﬂiaﬁlﬁmednﬁin&ea&es skin

i nfl ammatory di seases n anot her €. Cco unds are used
Lo t rear or pr BRIt Gy e btk o QBB TR b R
arthritis, ost&ﬁ@kmhﬁlmnﬁmeﬁamhﬁﬁm&mkeﬁgﬁn&nsﬁbaﬂme&gﬁuﬁﬁaﬁm, i nfl ammat ory
bowel diseases, and nultiple sclerosis. [00319] In another aspect, exanples
di scl osed herein may be useful in for the treatment of a variety of
cancers, including, but not limted to, the follow ng: carcinoma including
that of the bladder (including accelerated and netastatic bl adder cancer),
breast, colon (including colorectal cancer), kidney, liver, |lung

10(i ncluding small and non-small cell lung cancer and | ung adenocarci noma),
ovary, prostate, testes, genitourinary tract, |ynphatic system rectum

| arynx, pancreas (including exocrine pancreatic carcinona), esophagus,
stomach, gall bl adder, cervix, thyroid, and skin (including squanous cel
carcinoma); hematopoietic tunors of |ynphoid |ineage including | eukem a,




15sunlindac, interferon alpha and the like. Simlarly, the instant
conpounds nmay be admnistered with a pain reliever; a potentiator such as
caf fei ne, an H2-ant agoni st, sinethicone, alum num or nmagnesi um hydroxi de; a
decongest ant such as phenyl ephri ne, phenyl propanol am ne, pseudophedri ne,
oxymet azol i ne, ephi nephrine, naphazoline, xylonetazoline, propyl hexedrine,
or | evodesoxy-ephedrine; and 20antitussive such as codei ne, hydrocodone,
caram phen, carbetapentane, or dextranethorphan; a diuretic; and a sedating
or non-sedating antihi stam ne. Likew se, conpounds discl osed herein may be
used in conmbi Bkl b¥briesinOh BRI UGAbINEE 08,8y 4R RA ﬂagsﬁ}togghe total
treat ment/ preventi qn/ suppressi on or amel i or at I on o% the di seases or

condi tions foP@ﬁﬂﬁgﬁméﬁﬂﬁ@ﬂﬁﬁ of the present invention are useful. Such
other 25 drugmos®y bewiaswhmied 85e@nteRYndchRULS cﬁéﬁﬂadd?;o@&réh@%}s comonl y
used therefore,.  contenporanegusly Qr_sequent[aTIy w th a conpouhd of the
present i nventibi ket rhcsiipewdarivagvesainessm s stemisasilyandibeh one or
mor e ot her sdr ligs Sinalap akRB 6w usalto ﬁ%@@éﬁf&&%atﬁ&at&tmaﬂ&sﬁwh other drugs
in addition to the compound of the present invention may be used.
Accordingly, PRESEEIRERAEHRFRST ssBHBRd ePBnRodBisie Putide Phepsmohat al so
contai n one ofclealEmedituEibn &t & pioll BIHARI €BhSressbdtaREGLdnie RudhPecdiegOMpound of
the present dj anpl es of other active

| osure. - .123 - 00323]
i ngredients t %rzfﬁmﬁ%%edg‘émé%‘r?ﬁ?’ H’B’éﬁaﬁ[“f‘ﬂst%a“é@?&?hﬁﬂm@ﬁ froether esent i nventi on,
ei ther adm ni stespbete,vepadratcoityd or selettive B intg B oPRAWSTRQ RHidsGR £ MPOSI ti ons,

i ncl ude, t ot..limted.to: .(a),inteqgri.n antagqni sts such as those for
sel ecti ns?bll C&k}gogné‘ }%Jéoi?ge(%?s E%@gab?dl(‘}gmg{ﬁf?f‘ HE CuT eting aebne,
5net hyl pr edni 8oborge ingetwpatdnasopencer edni sone, dexanet hasone, and

hydr ocorti song; ) 1l ressants such as cycl osparin, tacrolinus,
rapamyci n and@g%ﬁgrIﬂ%gggeﬁégga%ﬁ%ﬁﬁB@ﬁgﬁPéﬁ%%ﬂ?é?”@ﬁ?ggﬁ?$ﬁwgtanines

( H1- hi st ami nerchst sgpaniobitisns asdiglicodsssuldr o pojphlen dhaai agolyetiakphesi r an ne,
dexchl or pheni Laqk08, cdLd-26,0)0.d ine, . di phenhydr.anm ne,
diphenylpiralfne, t??befeﬁggﬁgﬁgsmﬁgl?ggé%Wﬁ@fmﬁggﬁ%F&ég?wg?mm

10pr onet haZi n@2Y Qripiapels bokble it af thelioties meydierheipbidiabdizingagagpl i ne,

pheni ram ne pygid0LNRE, hakt GFLZREE Atiehkisnag t.adi.ne . cetirizine,

f exof enadi ne, déscarbgéthoxyléfaﬁi fwg%&gﬁﬂg%ﬁgsv%%%;dwgfmwgwgsteroida
anti - ast hmat | R4U8EEH ey 2prprbiegsishridesalqne er prmbiieil.mes suiwicppbizegenol |
fenoterol, isgeihatidi@ed & BiHcRb@hnd i bR @5k BOFA PiafBaEGI O ) | .

t heophyl | i ne, gron?%%g_sodlunl_atroplne, I pratropi um brom de, 15| eukotriene
ant agoni sts (ZHf¢ SPS CARHMLR MRATELUVep Saih af Repgtikonjymyghigdst | pobi | ukast
8K13- 102, 203)methydudt @iopilaarbel, asyionBsdsori nhi bi tors (zileuton, BAY-1005);
(f) non-steraj antiinflammatory agents (NSAIDs) such as propionic acid
derivatives 3?&%#ho§P%P@ﬁ{wB@ﬁ%Hﬁ¥8P@ﬂ%ﬂ%ﬂ%%8&#@ ®ingiongar pr of en, f enbuf en
f enopr of en, fRuprawteing StlntelivpclPeiishihddTipah € h stah AORELRE&Nex ket opr of en,

m r opr of en, napLgxen, Woxapr ozi n, pirprofen, pranoprofen, suprofen,

tiaprofenic aci d*%and ti oxaprofen), acetic acid derivatives (indonethacin,
acemet aci n, dPEHd e Rappsecthirdandd phamedcofi@nassgefians rehenacuafgre! ozi c acid,

fentiazac,: furo i buf enac., 1.s0X c, Joxpinac, sulindac, tiopinac,

tol metin, -zi iéerreé’ﬁ@@?’ﬁ? ‘!’fgﬁé'“}’%ﬂ% %?@i&ﬁ?‘?‘faé?‘?&ﬁ{%&o‘éﬁi d derivatives (flufenanic
acid, neclofenamc acid, nefenamc acid, niflumc acid and tol fenam c

15aci d), bi pl@;i;y‘hgsar boxylic acid derivatives (diflunisal and flufenisal),
oxi cans (i soxlcam piroxi cam sudoxi cam and tenoxican), salicylates (acetyl

sal i cylic acil®f344ul Pdyat mmibeedf vai chpbihie cpybazalaed 08 filiap azapg, whezpi peryl on,

f eprazone, , one., . phepyl but azone); (.
cycIooxygengg%£§%%%%&?%fmgﬁﬁﬁ%gFgﬁi?%(ﬁﬁgﬁﬁﬁPE%W%P?gg?W%h§§é%%dicsterase
type |V ( PDE-1p¥pilligrprys oftldsense, ah maljomnsofseldflost,ed O otisgmaknngesiesept ors; ()
chol esterol Il;ueki Ng agents such as HMG COA reductase inhibitors
(lovastatin, simvastatin and pravastatin, fluvastatin, atorvsatatin, and
ot her statins), sequestrants (chol estyram ne and col estipol), nicotonic
acid, fenofibric acid derivatives (genfibrozil, clofibrat, fenofibrate and
benzafi brate), and probucol; (k) antitmi.abetic agents such as insulin,

sul fonyl ureas, biguanides (netform n), aglucosidase inhibitors (acarbose)
and glitazones (troglitazone and pioglitazone); (1) preparations of
interferons (interferon al pha-2a, interferon-2B, interferon al pha-N3,
S5interferon beta-la, interferon beta-lb, interferon gamma-1b); (m
antiviral conpounds such as efavirenz, nevirapine, indinavir, ganciclovir,
| am vudi ne, fanticlovir, and zal citabine; (o) other compound such as

5-ami nosalicylic acid and prodrugs thereof, antinetabolites such as
azat hi opri ne and 6-nercaptopurine, and cytotoxic cancer chenotherapeutic



et hyl eni m ne derivatives, and triazenes); anti-angiogenics (including
matrix mnetalloproteinase inhibitors); antinmetabolites (including adenosine
deam nase inhibitors, folic acid antagonists, purine anal ogues, and
pyri m di ne anal ogues); antibiotics or antibodies (including nonoclonal

anti bodi es, CTLA-4 anti bodi es, 15anthracyclines); aromatase inhibitors;
cell-cycle response nodifiers; enzynes; famesyl-protein transferase

i nhi bitors; hor monal and anti hornonal agents and steroids (including
synt heti c anal ogs, glucocorticoids, estrogens/anti-estrogens [e.g., SERMs],
andr ogens/ ant i So G A sule 0 progestins progest erone receptor agoni st s,
and | uteinizing hornone-rel easing [LH gonl ts d ant agonj sts);
insulin-1ike JPBHth fapixgye ‘(ffﬁ-flﬁﬁe/”?%ﬁ%jtﬂ"} iy ?gﬁ%ﬁ@"r "fsz§8¥b8 ‘?‘ ceptor (I GFR)
syst em nodul atdfisnsédddabHstiva@il |n§5?8&pﬂeﬁﬂﬂédbinﬂ Qi‘e&)ed by B}Teﬁg of Dpdgitgaal i ng

i nhibitors; kipase inhibitors (includin [ti-k i.nhj gltors and/ or

i nhi bitors of “PECERNLREPIpLo &Pl V%‘Blf"mc‘?glg? ﬁtmcfé‘ﬂf@ ‘é a"li?%ﬁ@ e [ CDK]

i nhi bi t ors,s 15paRkHets.of e hotive apebdlder -1he adpbilBGHNIEShe WASKI ahdiniidai t or s,

i ncludi ng anti-VEGF anti bodi es, EGFR i nhibitors, nitogen-activated protein
[ MAP] inhibitors, MEK inhibitors, Aurora kinase inhibitors, PDGF

i nhi bitors, anchhdsher tyrosine | ci nase inhibitors or serine /threonine

ki nase i nhi bi t cr ot buIe lsru ts uch a

ect o1 nasci di naOGok ndhiets ey bR B rUbr PRS SRR e BrUuRES: abi 1§ 2i ng
agents such a&mttasxmnaﬁl,hgamelofdmavmgrmlahI(),/}mﬂidgi:anﬁsrdfn:gloaxamﬂﬁuoh diogige,and t heir
synt hetic hetlc an S r ot ubpl e- bi n estabilizing
agents (i n@c{] dSS Iﬂ@n%ﬁr%c SFRETS;° s')ag 27Rguﬁlgmms OHPISYO(%T}’ntgﬁﬁ%erq%e]shgloﬁ hﬁ bi tors;
prenyl - prote|nanﬁmshéﬁagbmmnﬁmbnMQmmwophabnmuwmmmmmﬂhumawsonyb@nplexes
signal transduy t ents used as anticancer and

cyt ot oxi c ageﬁ%@hsucﬁmﬁ%g &%]gh?%p%ﬂaiﬂg)ﬁgg nodi fiers, gromh factors, and
i mmune nodul ators. 5 [00328] Addltlonally, t he conpounds of the present

i nvention can g% fP{nuIated or co-adm nistered with other therapeutic
agents that are selected for their particul ar useful ness in addressing side
ef fect s asEocil883d&d witt trrenteeal adropositiemsvitaie thr edsiistrationby infRetfonanesivpl e,
conmpounds of t nt
Tonausea,  hypdl ZasbE AP TRty WMLt OER Sk BRET. | o, and
HL and Hy ant |grlﬁcgmﬁ1wmetsTheW@tlméwéd bit thide 'aowe}cam@@wl@nalgerm@nd when

enpl oyed in caoppi;pation with the conpounds of the present invention, can be
used, for exanple, 1n those anounts indicated in the Physicians' Desk

Ref erence (PDR) or as otherw se determ ned by one 150of ordinary skill in
the art. [£0328kyehen cOnpounds are adnlnlstered to a mmal in a

t her apeuti cal | effectlve anount. By "therapeutically effective anmount"” it
i s nmeant an adﬁ%’ﬁﬁl oA IBIRSHDBIRFAS O C2p Repippisidat orgladminisieetioa se hak | when

admi ni st ered ah@Nemptortdin COTRE BAtdeR UiWMet Actd® irdekdichi, mamg shesaneuti c agent
to a mmual, is effective to grevent or 20anellgé%% P dlsggge condi tion
or the progres@Pgrmsthvl sriivigies e 38T sqonENisaZoARD! & (o4} eNUpBAR30] The
conmpounds of thil8.085 SClooed#iiBn.can be admi ni stered in such oral dosage forns
as tablets, capsules (each of which includes sustained release or tined

rel ease 25?ornulations), pills, powders, granules, elixirs, tinctures,
suspensi ons, tS)[mimms mebft&awnqiomoftﬁhawemy a&lcﬁﬁblhﬁi\ﬁlﬂfﬁﬂiﬂrSter ed in

i nt ravenous ol.us i nfus i nt r|tone su

i nt ranuscul ar P ?aé’it ?geﬂté’l ’)3‘83 aﬁgg‘?‘?ﬁge\ﬂ%ﬁy 1?1"8&52? fw g%"a@? ordi nary
skill in the Fﬂf&femﬁ@wﬁl& SﬂﬁortaﬁIESand'lélbaylmaﬂSbﬁhgdm ofitst eccmd al one, but
generally wll adm ni stered with rrmaceutical carrier selected on
Phe 30basi o ofPiraBtiboE T PEaRe! b eu bR ST Al P AR TR
pharnaceutﬂhakmp®aﬂm$@mmsh@ﬂﬂﬁﬂkmﬁhﬂyd@ﬁ&g@m&ﬁ@mMammmmnﬁBMEt@mnﬂounds of

t he present invention rse LYy dependin factors
such as the pﬁgﬁﬁﬁggﬁ W%h%%"mtf?g%e“%ﬂgvg e St ?%gj%? BHQ % cul ar agent
and its node andilliggantsepeodosag@dnmini strati on; the species, age, sex heal t h,
medi cal condition, and weight of the recipient; the nature and extent of
the synptons; the kind of concurrent trneatnent; the frequency of treatnent;
the route of admnistration, the renal and hepatic finiction of the
patient, 5and the effect desired. A physician or veterinarian can determ ne
and prescribe the effective anount of the drug required to prevent,
counter, or arrest the progress of the disorder. 100332] By way of general
gui dance, the daily oral dosage of each active ingredient, when used for
the indicated effects, will range between about 0.001 to 10 1000 ng/ kg of
body wei ght, or between about 0.01 to 100 ngy/ kg of body wei ght per day, or
alternatively, between about 1.0 to 20 ng/kg/day. Intravenously, the doses



5like; for oral admnistration in liquid form the oral drug conponents can
be conbined with any oral, non-toxic, pharmaceutically acceptable inert
carrier such as ethanol, glycerol, water, and the |ike. Mreover, when
desired or necessary, suitable binders, lubricants, disintegrating agents,
and coloring agents can also be incorporated into the mxture. Suitable

bi nders include starch, gelatin, natural sugars 10such as gl ucose or

bet a-| act ose, corn sweeteners, natural and synthetic gunms such as acaci a,
tragacant h, or sodi um al gi nate, carboxynethyl cellul ose, polyethylene

gl ycol , waxes (st { Weerbblcor ok riiRant it el eliieagaglRsage forms incl ude

sodi um ol eat e, ., sodi u nesi um st ear at e I um benzoate, sodium

acetate, sodi E’ﬁﬁ”ﬁ‘ﬁtfclgaqwéfg eaﬂapéuﬂ%o hagxamipipss gyneially Be epennt ofshalde, Wi t hout

limtation, stansmhent meitiytal aﬁﬁabéagd 3 QipicBlREage REALRN bk %du&é@%zﬂx@@ gum  and
the |ike. 100§q§ ounds o present invention can also be

adni ni stered I'n e[‘f)?ganﬁ?ﬁaﬁ‘?n%fthelaigii’é%?f’é‘d@&ﬁt‘i?@ri\}m@ygt”éwﬂhs edditivadr smal |
uni l amel | a5 veskglsessifccarge thefdpbaiRbdnBwhte&inGhiGisred ﬁa&@mﬂ&l&tio‘n' anel | ar

vesicles. Lip S rmed.froma variety of phospholipids, such as
chol esterol , E},i"gﬂ‘rfyllgt1 gqygﬁ PG ﬂﬁﬁ%ﬂﬂ?&@ﬁ@étﬁem@ﬂﬂéms%rrpounds of

the present i melemidabinteriefjondes@etie @aibileabtik Inbregiohty i@ HROLMBEr S as

PRI R e RN SR BN AR
pol yhydr oxyet hyihgisdardeanit tepive fininplaed sypbihyelhylgs nRaxivd erpalas ¥ai ne

bsti t ut Furth ds of th
orasent i nvent rogeat SBNAAEELL AR ppis P ers BB B ol ymor s

C

useful in ac hisevmmged:@rﬁtt moﬂeﬁle@kl)r Efb!‘@awl@bneeacde%recﬁ@lt mexiegatesic pol yl actic
o1 5 BT OB SR ML S0
pol yacet al s, P& ?/%Rﬂ@ﬁ‘yhﬁmn thp%fl}@}ﬂ&ﬁ@&cyigaﬁ&sts, bamlsocn Bs:eésihlmked or
ot e sttt S S MR o 1o
about 1 nif1igranhes C%Eﬂﬁ‘?m&’@@mﬁ?lﬁs?dgﬁ Hystophchdwt father i r@a@dmenhe per dosage

uni't. In thesgphal M0 Qehb 6o GORBIORL hbANS MG, aGkinMGd Al Seibent will - 1129
- ordinaril resent in an anount ‘of about y weil ght based on
the total %ﬁfsﬁ ustaipad-pliRroRIoYg g the epgpaMT inatpapidlseapuesites may cont ai n

the active i ngmmdt@’mysx@mdmmm&ie@ﬂthsadnliﬂn%&%mw%H%def%%ts' AGhESRre, Starch,
cel | ul ose derthvatl ve nesi um stearate, stearic acid, a the 511 ke

Simlar diluent &85 %5”%88%“?3“%&?@3&%ﬁﬁwe§§@&ﬂﬁaﬁﬁﬁﬁﬁmt@%ﬂ% tabl ets and
capsul es ¢&n rbleasmafrib achpined oasrssBtiRiheebsiR) a8 CndMePHcdash $QuIPr Ovi de for
conti nuous r ver eriod of hours. Conpressed tablets
can be sugarqh§§%§§ q%%P %%HQPBﬁmfﬁpﬁﬁE R iRk AnPre4empAneRtaS t e and pr ot ect
the tabl et froonted high a&uﬂtwpdmud/@remncemaearpomyn&eah@dnef)mérc%ﬁxb@ﬁhﬂﬁ/e

di si ntegrati tlnal ct 3401 Liquid dosage forns
for oral adn?%?§§¥%$ﬁgﬁic ﬁ%%gﬁ éVﬁO%SF%Fﬁ m&ﬁgk$¥ﬁvB?P g to increase

pati ent accep?%h@@“mﬁﬁ©@W$F)Mngenwﬂmhmemmmemswan®m1mabhﬁ1@bhkrsallne
aqueous dextr e ugar sol utions ycol s such as
propylene‘aj?gjl;gEq)fﬁ.thgl?gebl'ﬁgéﬁpe’amﬁrgg(g{i 8%%ﬁ§§ ggn%ﬁf?ﬁ% %W%5$$V%%§ f or

par ent er al sd@@?@@H@“ﬁSﬁﬂnﬁﬁgﬂm\W@ﬁmpdweﬂmamamtadnln|strat|on 15may cont ai n
a water sol unbmsaal al o N RBlkiRyd BELETIANLcop B ARL ey DT 1121 ng agents,
and if necessary, buffer sub stanceg tIOXI 1 ZI'Ng ageﬁ?s such as sodi um

bi sul fite, sCaPRERYPFdombinaton proseesy Kithe regstrd jnventiohevhetkomiminosntereabnbi ned, are
sui table st abihh il OsRBaHhTor ibhRReHA hefl fe Bl adh] dnBlde bl .5l ts and
sodi um EDTA. In addltlon parenteral solutions can co p¥ §ervat|ves,
such as b&hzatRORRY WH Rrpadidy appmawitnippse sighedin oyt @a¢abemwnmmd

chl or obut anolpresd@@gdadhireSui t abl e pharnmaceutical carriers are described in
Rem ngton' s Pharmaceutical Sciences, Mack Publishing Conpany, a standard
reference text in this field. [003431 Representative useful pharnmaceuti cal
dosage-forns for adm nistration of the conpounds of this invention can be
illustrated as follows: Capsul es 1003#%4] A | arge nunber of unit capsul es
can be prepared by filling standard two- pi ece hard gel atin capsul es
each with 100 mlligranms of powdered active ingredient, .0150 mlligranms of
| actose, 50 mlligrans of cellulose, and 6 mlligrans nmagnesi um st ear at e.
Soft Gelatin Capsules [003451 A mixture of active ingredient in a

di gestabl e oil such as soybean oil, cottonseed oil or olive oil nay be
prepared and injected by neans of a positive displacenent punp into gelatin
to formsoft gelatin capsules containing 100 5m|ligrans of the active

i ngredi ent. The capsul es shoul d be washed and dried. Tablets [00346]



[ 00350] Where two or nore of the foregoing second therapeutic agents are
adm ni stered with the conpound of the exanples, generally the anmount of
each conponent in a typical daily dosage and typical dosage form may be
reduced relative to the usual dosage of the agent when adm ni stered al one,
in view of the additive or 5synergistic effect of the therapeutic agents
when adm ni stered in conbination. [00351J Particularly when provided as a
singl e dosage unit, the potential exists for a chem cal interaction between
t he conbi ned active ingredients. For this reason, when the conpound of the

exanpl es and 6[09‘8%@]0n@dhﬁ@ﬁa@l?%ﬁhﬁc&ﬂﬁﬂﬁds%fs@loé‘e@'H’él{eiﬂ%ylb@us‘éﬁﬁ kgl e dosage
unit they are fornmul ated such that_ although the active ingredients are

10conbi ned i n "etpligt f ossergwows+ Thergiere, R ons ERPApEH: QBPOBWE ALY t he acti ve

i ngredi ents i ssdfiitithdraessdbbBfian fure ERHERLIhick Bhy SXANR R in@ARAAL | Ve
ingredient may be enteric coated. By enteric coating one of the active

i ngredi ents, Wt |a§h*l5’6‘§%ei”£ﬂaé°°ﬁ’é’93“é‘?ﬁ ?/“ "y bﬁ“?ﬁﬁfha%@etﬁwg%vﬂﬂihdﬁge“%ie%en t he

conmbi ned act i ied AABERMNBIH F thelPdddndl T hat édmpbsndP DS &icRIngodiMeant rol  the
rel ease of one of these co onents in the gastﬁr}}lgl ntestinal tract such that

150ne of t hes&OPBBEAEAPE Ul pigt meteolity Ox Beipguse REO8 ireptiae HSBERS Bat her i s
rel eased in th@s&mmteiunes. One of the active |ngr edients may al so be

coated with a rial, which effect sustain rel ease throughout the
gastroint esti r{g& ? J'?“béﬁ’&lt‘aﬂV B‘(‘)"esﬁr‘lﬁ?eéﬁ‘efeli’ ‘Fﬂ“ltﬁnﬁ‘?dz‘% 53 ‘éoé‘lpo}}'gint act between
t he conbi ned aﬁhhg/epmmggxedb:emn&boﬁun {vightparcent, lhd]ﬁhrsgtmbﬁim,@d,mbgased
conponent can he additional | teric coated such that the rel ease of this
conponent ccﬁsgsogg)?s’igﬁ’ @h%‘ydilﬁﬁg?ﬁ“ﬁe. Still another approach woul d

i nvol ve the fqgoemshat M@mn@éxaﬁpl@,m’ﬁbhip&lﬂd@fsclpﬁeﬁdmﬁ] rhay bh!\lblib@thnﬂaﬂﬁplﬁéle conponent

is coated with sust ai or enteric relea and .t he ot her
component 1's. d CEGAEN LR et Rkl Sy G850, P PRt gr ade o
hydr oxypr opyl tlmtab@dtcebércdnosfena(tdrﬁl\@)nposes othbrenetdppe opihe edregponmt, er i al s as
known in the arta. aorder t. 0 A Hrt te th ctive c onents. The
pol yner coati rPg segror}the ¢ mp? gang{ﬁr sad ?"%ﬁogpmgﬁ?'? rep ﬁues "Nt egrigfg?l on with

t he ot her lﬁorrptsrpmparanoll003521 These as wel | as ot her ways of m ni m zi ng
contact betwe i sent
nvent i on.  whal SR agavRra ab bl AATAR, Wi RLAHLGE ek dFeRBZE0 o 0
separ at e f or nerdpessile intligbt falwsboverreachiyest Iﬂes msraf@ee tremaierstopd thet be readi |y
apparent to t SecPidims, ALG et Ny e bl idAE oEARENT

di scl osure. ?ggggg%(&k%ﬁ}ttl oﬁg e, certai neconpoa’ndg (cjtlgscloos herel n nay
be useful as rfb@ttammlﬁ@ﬂ}’éffscrdleﬁém@orrpounds Therefore, in one enbodi nent,
conmpounds gy be useful either as a substantially pure conpound, which may
al so then be incorporated into a pharnmaceutical conposition, or nay be

useful as metabolite which i1 YEeASIAYS SHPHEFIGARYNi stration of the
prodrug of thqmngﬂnp@u@qzzgng@ Q@gpgghﬁgpjusﬁzggﬁpgynd may be useful as a
netabollte by being useful for treatin I sorders as described herein.
[00354] " Subst(Eifprameyy pamnesoligst ﬂ@é‘ﬂo)ﬁléff‘éﬁdﬁ -g)ayripksregettnidt isPude a
conpound havi ngreRedit bd tikadp1e at)8Fas bR ROME oRAOwB iOo Rakeant , i ncl udi ng
about 90, 91, 92, 93, 1094, 9 96, 97, 98, 99, and 100 percent. [003551 As
one exanpl ®, AtEhsiRsY- di scl osed herein may be substantially pure in
having a purity greater than about 90 percent (by weight), where the
remai ni ng | ess_than about 10 percent of material, conprises other netabolite
of the conpountfcties p@HﬁWQEldﬂNFH%mEBﬂﬂﬁﬁﬁH*“5ﬂﬁ?@?“?é%ﬁ?FUH and/ or
processing i NabldwihERmtralériiangDh Marp- ﬂaiaulsﬂgar;emhalblgeamoﬁl&@356l Gobvi ously,
nunmer ous nodi fications and vari ati entloq are possible
in light of tHa*’%ﬁlov@%%ﬂwg@*wP?MCE N ‘%’I“d]ﬂeé“ﬁ%BatEPé} GRGRISEER t hat

Wi thi n thesscapes tsihetuk]ecnapﬁ&rrdledmsdieawa@smmmhwdavﬂv@a&d @&smymhmmactu ced

ot herw se t hat g ﬁ ficall HJbEd her ei n. ‘ E%)ASSAYS AND

EFFI CACY [ 00357 Ctﬂgg ATSRZOR} ‘%“(’t“ Jiratigy,p P%ﬁ’?i“ﬁ‘be)a"%‘”wé’j‘e RS- ( 6-
(trifluoronethyEQU|nazolln-4-y|an1no)pyrrolld|n 1 -yl)cycl ohexypacet am de
(also referred to as Exanple 1") was evaluated in the followng in vivo
assays as 25described bel ow. Section 1.,;fFxanple 1 blocked nononucl ear cel
recruitnment to the skin following intradermal (1D) MCP-1 challenge in
cynonol gus nonkey. [003581 Intradermal injection of MCP-1 results in the
infiltration of nononuclear 30cells to the injection site. This nodel was
initially developed to assess the inhibitoiy effect of CCR2 antagoni sts on
the infiltration of nononuclear cells to the skin tissue - 133 - injected
with human MCP-1. The cellular infiltrate can be nmeasured

sem -quantitatively by histological scoring. Methods 5[ 00359] Each nonkey
was dosed with Exanple | or its vehicle control (0.05 N HCl) once daily for



1003611The recruitnment of nononuclear cells to the skin of vehicle-treated
control animals in response to MCP-I chall enge was significant (nean

hi stol ogi c score of 2.0 with a range of 1-3, Table 10). Exanple |I at 5, 10,
and 20 ng/ kg inhibited this 15dermal nononucl ear cell infiltration by 75%
95% and 95% respectively (Table 10 and Figure 20). The conpound al so

bl ocked the infiltration of other cell types such as eosinophils and
neutrophils (Table 12). The plasma concentrati ons of Exanple lat 18 hours
and their relationship to levels of inhibition and Cyno chenotaxis | C90

val ues are sutmafddzéd hivfaslabbe. Th ccBASARkIRRe tRGe 1RRAMAHE of 7.1 2.7 nYi
for ?0Exanple 0 Xi s assay, the 5, 10 and 20 ng/ kg doses
resul ted in fF%@“ﬂPV%§k¥ &ﬁ@%ﬁf?%?%@ns of 0.8-, 2.1-, and 4.3-fold the
chenotaxis 1C90 at 18 hours post dosing (Table 12). TABLE 12 Summary of
effects of Ex le! on infiltration of nononuclear cells and other cel

types in responsé’fo MCP4 chal | enge i n cynonol gus nonkeys a'b Doses ng/ kg
Free plasma c@Nﬁﬁntrﬁmhamm@phhsﬁ@hﬁmﬁhﬁﬁmp@xbsnggﬁghmgﬂgp glsear cell score

E ; gzggg (()' nhi pfg&)c?gge@gﬂﬁ 0§thace ays :{a_%B éygagoégy e?d%%ltetge%%rc]igq% Gg(gtﬁgg cel l( 0§/¢Cor ©
599 0.8 0.5 00,2r20 @eg/Re ® groups of 4 cynomolgus monkeys (2 Per sex per group).
Immediately after dosing on Day 3, all animals received 2 intradermal injections of
10 pg (50 uL/injection ) of human MCP-1 (R & D Systems) and 2 intradermal
10 injections of its DPBS control (50 pl/injection) at separate sites on the dorsal thorax.
Dermal biopsies of all sites were obtained at approximately 18 hours following MCP-
1 (or DPBS) challenge. Biopsies were processed for semi-quantitative histological
evaluation. Representative sections of skin samples were examined by Light
microscopy; microscopic lesions and cellular infiltration were noted and their
15 incidences were tabulated.
[06360}  1In addition to biopsy analysis, blood was collected and evaluated for
complete blood counts and cell differentials. Also evaluated were plasma samples for
compound (and metabolite) concentrations, and serum samples for systemic MCP-1

levels.

Results
{00361]  The recruitment of mononuclear cells to the skin of vehicle-treated control
animals in response to MCP-1 challenge was significant (mean histologic score of 2.0
with a range of 1-3, Table 10). Example 1 at 5, 10, and 20 mg/kg inhibited thig

!5 dermal mononuclear cell infiltration by 75%, 95% and 95%, respectively (Table 10
and Figure 20). The compound also blocked the infiltration of other cell types such
as eosinophils and neutrophils (Table 12). The plasma concentrations of Example lat
18 hours and their relationship to levels of inhibition and Cyno chemotaxis IC90
values are summarized in Table 12. Based on the IC50 value of 7.1 + 2.7 nM for

0 Example 1 in cyno chemotaxis assay, the 5, 10 and 20 mg/kg doses resulted in free
plasma concentrations of 0.8-, 2.1-, and 4.3-fold the chemotaxis 1C90 at 18 hours post
dosing (Table 12).
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(0-1) (0- 0.5 (I -2) (1- 3) (75% 10 248 2.1 0.1 0.1 0.8 1.0
(0 - 0.5) (0- 0.5) (0.5 - 1) (0.5 -2) (95% 20 512 4.3 0.1 0 0.8 0.9
(0 - 0.5 (0-0)(0.5-1)(0.5- 1)

TABLE 12

Summary of effects of Example 1 on infiltration of mononuclear cells and other

cell types in response to MCP-1 challenge in cynomolgus monkeys b
Doses Free plasma Fold Mononuclear cell | ppy© Eosd Total ceil
mg'kg concentralion Chemolaxis score score score seore
{nM) 1C90 (range) (cange) | (range) (range)
(inhibition%)
0 0 0 290 0.3 1.5 4.0
{-3) 0-1) (0.5-3) @ -68)
(0%)
5 99 0.8 0.5 0.1 1.4 2.0
0-D (0-05) [(1-2) (-3
(75%)
10 248 2.1 0.1 0.1 0.8 1.0
(0 -0.5) 0-05) 1 (05-1) | (05-2)
(95%)
20 512 43 0.1 0 0.8 0.9
0-0.5) 0-0) 05-1 [ {(05-1)
(95%)

5 * Anarbitrary scaling system from 0 to 4 was utilized with each number representing
a particular designation of inflammatory infiltrate as follows: 0, unremarkable number
of inflammatory cells; 0.5, trace; 1, minimal; 2, mild: 3, moderate; 4, marked

mfiltration.

® Mean values are an average of 8 MCP-1 site biopsies, representing 2 separate

10 biopsies from 4 monkeys per group. Ranges represent the spread of average

histological scores for 2 biopsies per animal.
° PMN stands for polymorphonuclear cell (neutrophil).
4 ¥os is an abbreviation for eosinophils,

® Total score is 2 mathematical sum of mean values for cach cell type to demonstrate

15  the dose response.
[00362] Evaluation of changes in serum inflammatory mediators showed an

increase (approximately 3-4 fold) in MCP-1 level in Example 1-treated groups

relative {0 vehicle control. In addition, complete blood count (CBC) analysis showed
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(95% 53 An arbitrary scaling systemfromO to 4 was utilized with each
nunber representing a particular designation of inflamatory infiltrate as
follows: 0, unremarkable nunber of inflamatory cells; 0.5, trace; 1,
mnimal; 2, mld; 3, noderate; 4, marked infiltration. Mean val ues are
an average of 8 MCP-1 site biopsies, representing 2 separate 10 bi opsies
from 4 nonkeys per group. Ranges represent the spread of average

hi st ol ogi cal scores for 2 biopsies per animl. PW stands for

pol ynor phonucl ear cell (neutrophil). Eos is an abbreviation for

eosi nophi | s. an increasd pRabldpia @k@roplsilsan Bﬁhﬁﬁﬂaﬁda&algroﬁ;&émeﬁiwem@%hd@l ues for
each cell typgongr0 Q‘i nstra1]f> 4#5@‘7 e response. f00362] Eval uati on of
Rt orYy IRIPEC SHE

changes in serum rnf SB% i ncrease (approxi mat el y
3-4 fold) in MOR3]I T(e'eﬁlethdﬁoEX(ﬁdiﬂ&bxﬁrahod)Ee@ﬁdn%bf%ﬂhtﬂ@lfn%.'rﬁ&rbve to vehicle

trol. |1 te b | h d
Icg(r; r (ragse (? 2a eg(? g)quarmﬁcbqn&stgﬁﬁiv? ‘ésg‘?ﬁ(:%‘é“f q@g&a %glg’g’cﬁ%pgmr el :'? ive to

vehi cl e coft r Bkamplt ] h&obyoeimscraphadadytiidation id ok Rk (B®)-idayed of dosi ng.

[ 00363] To refjine.the . dos concentrati esponse of Exanple 1 in a nore
readi |y quant {J%}toglbfsénog%s%@nf%ng\%mmgtgdgaﬁ?%h 1% ce to eval uate the effect
of 5Exanple 1 nonocyte/rnacrophage infil tratl on in thiogl ycol I ate

(TG -i nduced W C nmet, t sed I ogy.
Section 2. Exgt%r% &Qnﬁa lfg@?ﬁgumn%ﬂc te y"Pﬁ%ﬁé’é‘é“‘?ﬁ?‘Hﬂ |n 48- hour
TG peritoni tlserﬁwd@q mpthvl mmsxgovj@[ 00364] TG i nduced peri ton| tis nodel
has been ygedgssa Wﬁh c@ ' acrophages to

i nfl ammati on [SI teii u I{ 5%@3‘%“?1%9 bl ton mgg%%/ (JdS t@“"*& nstrat ed
that nonocyt e?‘lﬁ@éﬁ%ﬁﬁ&g@h?%étﬁomﬂamvon weth@tbmdmd@land subﬁﬁﬂaﬂstudieqoendent See
Boring L. et e dordARAofks FBRGY An%cr%lgé@lreérgi%&[zg diefgsd dype 1 (Thi)

cyt oki ne responses in C C chenokine rec noc mce.

| nvest., 15 10@?&@)"‘“2%’?0&8 L(cAgg mef‘a%ﬂomf wigratipp pad wtucad ype Sever e

reduction in melﬁpiﬁmee,e%%§m%‘lc%}%om%%pv&% /c%%aﬁ ¥ BS § Ung%vé mce

defi ci ent % g% % gsrfmkl ne recchtor . Proc Acad Sci

94( 22) : 12053- BUIP5& -S1NERB 4 Iﬁ‘éﬂ?‘@)@ﬁ%]’tW"%fﬁ@dwohmhukq@eper|ton|t|s

st udy, Exanp|cﬁihaszdﬁﬁﬁd ﬁ@ﬁd@ﬁeb&ﬂa@ﬁaﬁon@@%m\é@@ﬁze&hﬁ Ct'crhéﬁokgzg$&e}gbrvﬁn one hour
prior to TOI%‘}L tla(g S qig %)er itoneal cell counts were obtained on

i sol ated cell “fe)@a @ARF LDt 1 15350 19HE al so col lected in heparin from
the retro-orbital sinus at the end of each study for flow cytonetry and in
EDTA for det 0 tion of drug concentration. [00366] For flow cytonetric

anal ysi s, peri foneal exudate cells (1x106) were washed once wi th FACS
buf fer (PBE/ G08MSBSApr thadB-hes US pediceids sty FAGHpR utWae tosealides: daer € 1 ncubat ed

with an Fc- Dbl i i y D Phar en). on. | for mn foll owed by
addi ti on of t\ﬁe ?gﬁrﬁ%&é %gr?fl odted to(%g'ﬁﬁé?’hiq‘ﬁﬁg‘?ﬁmnﬁécélo fiftityat ed

anti - F4/ 80, Fyroottomjdwgaokttd aslks by by8Goumerd BAlogd »as ﬁﬂﬂcoﬂ@l&jdhhﬂﬁdpadu anti- 10
O, e i B Rt BB Sl % e B Lg%, R, 15 M 11 O

ice, washed twce wth ACS buffer.
Cel | ul ar everf?‘sde(emnﬂwpf@vegwﬂmmqned for each sarrpl e and data were

anal yzed l;ljSI J Tr.eeSt ar A FSC/ e was set to
i ncl ude all ‘Fﬁ%@t ggr ‘Tﬂ%%%@ggw(aﬁa]ﬁ%s periisegl Spe & Igi:Eﬁq i gr anul ocyt es
from t he analwshed.on&hiith mseﬂffaqpnﬂs/atst/msmﬁd ﬁeh@,senadaah S’K@S‘b]ﬂfﬂfr Ly6C (FITC),

F4180 (PE) e ri. a nocyt es/ nunbers were
det er ni ned b)@hgﬁ'?l D y'?aﬁ% % F %lggplf%aﬁ‘é%qdyé@ Pﬁaﬁ'g'é’é%ﬁf’%wﬁﬁ’(’ atned by the
cell counter mndblltovwed lpeaddmm efgb: foﬂowrmmwml(}ﬂmaﬁerrmp@age& identified by

F4/ 80+ cel | s [ { J cance of .differences
bet ween neans 0\13/3%9“*5'%%%%%%@ n%”utg ofs mlslfyg(g dflg\g‘lieg ‘{ecaanaafeéisdP“W th
si gni fi cafte Waﬁﬁg%wlm%whebltwwe@a ﬁi}&d byl BDReysufil e 1F @B6wike, Exanpl e 1 was

eval uated in} eritoni determne its EC50
in inhibiting %ﬁt}c % /tﬁr%a%(?%%sf% e %?L\S}'I’eflg‘%t %)(ﬁ) ”q%ggé bﬂﬁ?egﬁt@‘ﬁ ni st ered

t hi ogl ycol | ategem%(ﬂ@()(w&)wemd agquakd fpr ech fanfpleanplias derdtnalyze PBing®1o)d 00 ny/ kg BI D.
Forty eight hours post TO treatnent, peritoneal |avage was obtained for
cellular 15infiltrate analysis by fleWoécytonetry. [00368] To distinguish
bet ween the recruited nonocyte/ macrophages versus resident macrophages and
granul ocytes, staining of both F4/80 and Ly6C nonocyt e/ macr ophage surface
mar kers was used to define the recruited nonocyte/ macrophages. A
dose-dependent inhibition in nonocyte/ macrophage 20infiltrati on was
observed (Figure 21). Doses of 1, 25, and 100 ng/ kg gave an inhibition of
24% 74% and 78% respectively. In three separate studies with nmultiple
doses, the average EC50 for inhibition of nonocyte/ macrophage infiltration
by this analysis was estimated to be 3.9 nM [00369] To assess the in vivo



10[RII + (IC [/ [I]) (I +[L] / Kci) Finally, the anbunt of CCR2 free is
determned from [CCR2]totai = [CCR2]rree [nouse MCP-1/CCR2] + [ Exanple

| / CCR2] 15[ 00371) As shown in Table 13, the percent inhibition of

nmonocyt e/ macrophage infiltration into the peritoneumat 48 hour reflects

t he percentage of Exanple I/ CCR2 receptor conplex. TABLE 13 Determ nation
of in vivo receptor occupancy of Exanple 1 in blood of hCCR2 KI mce in the
48- hour TG peritonitis nodel Dose (ng/kg) Concentration of Mouse MCP-1 in
pl asma (nM Concentration of free Exanple | in plasma (nM (fold 1C90 CCR2

bi ndi ng) % nou 5 n % - %free CCR2Z %
I nhi bition of %@&%é‘?}ﬂg&;@c&& agt(aj gftghaﬁe?%%lcgun% a?%@ﬁ%.y%ﬁggggé’l. 8) 0.04
97.6 2.4 78 25highg® FRCA%hi{e@x@pdis grenudbyRs Bordthg 4nalysB. DS gdtedipopCladd) 0. 26 51. 4

48.3 24 0 (vehigl &y fuf)odd 130 (Prrcealab B prQBb2 Mool | caCY St udi es
monocytes/macrophage numbers were determined by multiplying total peritoneal cell
5 counts obtained by the cell counter and the percentage of monocytes/macrophages
identified by F4/80" cells from flow cytometry. Statistical significance of differences
between means was analyzed using the paired two-tailed t test with significance set at

p values below 0.05.

10 Results
[00367] Example 1 was evaluated in the hCCR2 KI mouse TG peritonitis model to
determine its EC50 in inhibiting monocyte/macrophage infiltration. Mice were
administered thioglycollate, and dosed orally with Example 1 at 1, 25, or 100 mg/kg
BID. Forty eight hours post TG treatment, peritoneal lavage was obtained for cellular

15  infiltrate analysis by flow cytometry.
[06368] To distinguish between the recruited monocyte/macrophages versus
resident macrophages and granulocytes, staining of both F4/80 and Ly6C
monocyte/macrophage surface markers was used to define the recruited
monocyte/macrophages. A dose-dependent inhibition in monocyte/macrophage

20  infiltration was observed (Figure 21). Doses of 1, 25, and 100 mg/kg gave an
inhibition of 24%, 74% and 78%, respectively. In three separate studies with multiple
doses, the average EC50 for inhibition of monocyte/macrophage infiltration by this
analysis was estimated to be 3.9 nM.
[00369] To assess the in vive level of receptor occupancy by Example 1 in the 48-

25 hour thioglycolate peritonitis model in the hCCR2 X1 mouse, plasma levels of both
Example 1 and mouse MCP-1 were measured. The caveat for this estimation is that
only CCR2 and its major ligand MCP-1, were taken into consideration. The receptor
occupancy of a ligand in the presence of a competitive inhibitor is defined by the
Gaddum equation:

[RL] - 1
30 R] 1+ (Ke/[LD (1 +[/K)
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Experi ment al aut oi mmune encephal onyelitis (EAE) Methods 1003721 To assess
the effect of Exanple 1 on chronic nodels of disease, we used 5 the EAE
nodel of nultiple sclerosis in hCCR2 KI mce. To study the effect of
Exanple 1 on EAE nodel, 10 m ce per group were used. On day 0, hCCR2 KJ

m ce were i muni zed subcutaneously with a total of 200 pl of 300 pg nyelin
ol i godendrocyte gl ycoprotein (MOG 35-55 (CGenened Synthesis) mxed 1:1 with
300 pg Mycobacterium tubercul osis (H37Ra) (Becton-Di ckinson) in inconplete
Freund's 10 adjuvant (IFA) (Sigma-Aldrich). On day 0 (two hours

post - i muni zayéosm asldce@am&eﬂ‘@acc%mm&ﬁe inﬂilbﬁ&to?gtdpnmﬁd? H:%?\ga' ly with 100
pl of 400 ng @%rtusm sﬁ%@m n. Clinical scoring began on cont i nued

three tines pdit 2REWE kP BmHEIECE W@Cgfzu‘prmfa’ﬁml@aa@dﬂ?a@@ded)fiﬁlﬁﬁscal e of 0-5:

0, no signs oOfecelit@eagflex &nbe d@@ﬁtﬂe@hszﬂgﬁhé se}’%ﬁ?r?‘lgﬂzﬁﬁﬁ'l’)otljrmo§h ?
waddling gait with tail tonicity; 1.5, waddl gait wth partial ta|I

weakness: 2, ¥sipileinnaboyad Examp{eﬁ if plegsat Fhe Kc(faltlamsaMCPz Bndpattaxi a with
parti al Ilgb REERS ¥ D% ii/-B: Q full paralysis
of one linb with partial r?gl;"a % @gf}% ¥V§§ g%%“é“r?ﬁ&" cﬁjg co’ﬁpglf‘ o1 1'e3pdr al ysi s~ of
two |inbs; 4. Bndinpedpbrimalis WSing viman QICEH 1. A0S aegaeo i foxaraplpd: 1 at 25 ng/ kg

and 55 ng/ kg SULALR on day |I. 20Results [00373] Exanple 1 at
bot h doses re%ﬁ%e% \?{ﬁg arlselg‘%dﬁ? %ﬁ?‘if‘é’f(nﬂ])s\?&}c%f/c?ﬁ%f@l?ﬁ‘?f cal score by 49%
(p < 0.05) (Froupieed@)ieteriimed hdGthé foml 7 (hdMgh@fon Bxanmbli@bekei ™ 1251- nouse MCP- 1

bi nding to h L |1 COR2 Ed sett
Baced on {hi s TCBOC S ig ol DL g N glets bt SCAEGAd i fr oo

25pl asma trough concentrati @]of |- and 3-fold the binding I C90.

H st ol 0gi G | eval uation of tR spii 22 did not denonstrate a
signifi can? difference in tcgtgl [ n?lad}a(mpr{g?gr?lcwul ar infiltrate between
mce treated with Exanple 1 versus vehicle. A mar ked neutrophil infiltrate
vas observed il &€ahsRASREM ol s OG0y 0 - 139- Vhat s claimed is:
1. A conpound selected from

(7R, 88) - 8- (( 3S) - 3 ELhenz R cainpusaMTBNIGIRR] 2 {oxends pycryl i di nyl ) - 1, 4-
di oxaspiro[ 4. 5] decane-7-carboxylic acid, or a salt thereof; benzyl
((39)-14(7R, 8S) - 7- (azi docarbonyl) -1, 4- di oxaspiro[ 4. 5] dec-8-y1) - 2- oxo- 3-
pyrrolidi Ilﬁll ) B8¥Bhmetsehovorin ’a’"alslal?(,thelpexmmfnh:bmon of mordeAZhcrophage
((39-1-((7R , oxa 4.5].dec 2- 0X0- 3-
pyrrolidinyl )@@mtgﬁlﬁlﬁg%ﬁgﬂ)&u’% at 48 hourt reﬁe? stﬁe[perce ta% é’ﬁ%ﬁ{mg

((39) - 14( 7R, 8BFCHZ mesptoanereidext , 4- di oxaspl ro[ 4. 5] dec- 8-y1) - 2- oxo- 3-
pyrrolidinyl)carbanmate, or a salt thereof; benzyl
((39)-1-((1S, 2R) - 2- acet am do- 4- oxocycl ohexyl ) - 2- 0X0- 3-

pyrrolidi nyhcar bamat e,

or asa

or a salt thEARBBE 13 and benzyl
((39) - 1- (¢dS, 2R Rinod GBI Y0sefirol bELBaRY LV ATAC) S NPIY bR 2 OXO- 3-

pyrrolidi nyhcar bamat e,

KX mice in the 48 hour TG peritonitis model

Dose Concentration | Concentration | % mouse | % of % tree % inhibition of
(mg/kg) | of Mous.e of free MCP-1 Example CLCR2 monocyte/
MCP-1 in Example | in bouad 1-bound macrophage
plasma (niM) plasma {niv) CCRr2 CCR2 ; ion
(fold IC90 infiltration
CCR2 binding)
100 0.015 53 0.04 97.6 2.4 78
(1.8
25 0.017 14 0.16 91.2 856 74
(0.5)
1 0.005 1.4 026 514 483 24
(0.05)
0 . 0 0 0 ] 100 0
{vehicle)
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Section 3. Chronic Efficacy Studies

Experimental auteimmune encephalomyelitis (EAE)

Methods

[00372] To assess the effect of Example 1 on chronic models of disease, we used
the EAE model of multiple sclerosis in hCCR2 K1 mice. To study the effect of
Example 1 on EAE model, 10 mice per group were used. On day 0, hCCR2 KI mice
were immunized subcutanecusly with a total of 200 pl of 300 ug myelin
oligodendrocyte glycoprotein (MOG) 35-55 (Genemed Synthesis) mixed 1;1 with 300
ug Mycobacterium tuberculosis (H37Ra) (Becton-Dickinson) in incomplete Freund’s
adjuvant (IFA) (Sigma-Aldrich). On day @ (two hours post-immunization) and day 2,
mice were injected intraperitoneally with 100 pl of 400 ng pertussis toxin. Clinical
scoring began on day 10, continued three times per week throughout the study, and
was based on a scale of 0-3: 0, no signs of disease; 0.5, partial tail weakness; 1, limp
tail or waddling gait with tail tonicity; 1.5, waddling gait with partial tail weakness; 2,
wadding gait with limp tail (ataxia); 2.5 (ataxia with partial imb paralysis; 3, full
paralysis of one limb; 3.5, full paralysis of one limb with partial paralysis of a second
limb; 4, full paralysis of two limbs; 4.5, moribund; 5, death. Oral dosing of Example 1
at 25 mg/kg and 55 mg/ke (BID) was initiated on day 1.

Results
[00373] Example | at both doses reduced the area under curve (AUC) of the
clinical score by 49% (p < 0.05) (Figure 22). The IC50 is 3.7 nM for Example 1 in

251 mouse MCP-1 binding to hCCR2-expressing cells, lPBMCs (mimicking hCCR2
K1 setting). Based on this IC50 value, the 25 and 55 mg/kg doses resulted in a free

‘plasma trough concentration of 1- and 3-fold the binding 1C90. Histological

evaluation of the spinal cord on Day 22 did not demonstrate a significant difference in
total inflammatory celiular infiltrate between mice treated with Example 1 versus

vehicle. A marked neutrophil infiltrate was observed in mice treated with compound.
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What 1s claimed is:

1. A compound selected from;

(7R,85)-8-((35)-3-({{benzyloxy)carbonyl)amino)-2-oxo-1-pyrrolidinyt}-1,4-
dioxaspiro[4.5)decane-7-carboxylic acid, or a salt thereof;

benzyl ({38)-1-({7R,88)-7-(azidocarbonyl}-1,4-dioxaspiro[4.5]dec-8-yl}-2-0x0-3-
pyrrolidinyl)carbamate, or a salt thereof;

benzyt ((3S)-1-{{7R,8S8)-7-isocyanato-1,4-dioxaspiro[4.5]dec-8-yl)-2-0x0-3-
pyrrofidinyljcarbamate, or a salit thereof;

benzyl ((35)-1-((7R,8S)-7-acetamido-1,4-dioxaspiro[4.5]dec-8-yi)-2-0x0-3-
pyrrolidinyl)carbamate, or a salt therecf;

benzyl ((35)-1-((15,2R)-2-acetamido-4-oxocyclohexyl)-2-oxo-3-
pyrrolidinyl)carbamate, or a salt thereof; and

benzyl ((38)-1-{(15,2R 4R)-2-acetamido-4-(tert-butylamino)cycichexyl)-2-ox0-3-
pyrrolidinyt)carbamate, or a salt thereof.
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