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WO 20061100565 PCT/1B2006/000633 CRYSTALLINE FORMS OF A
KNOWN PYRROLIDINE FACTOR XA INHIBITOR FIELD OF THE
INVENTION The present invention relates to crystalline forms of

WO 088t Rdinedicarboxamide, Ni-(4 5 PCT/IB2006/600633
chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4-methoxy-,
(2R,4R)- (9CI) that display inhibitory effects on the serine protease factor

Xazksparticwarotie Riese e piRREIaias toncrystalingdoEns A, B
and C of 1,2-Pyrrolidinedicarboxamide, N1

-(4-chlorophenyl)-N2-[2-fluoro- ‘fﬁf}

0x0-i(2H)-pyridinyl)phageAmE RYERZRYR)- (9C1) and methods of
The presgejjiRyerRionTiaen i apfiahiee HEBNES W@rﬁﬂéﬁ'ﬁﬁ*{@%@é%@@@%ﬂﬁa@re rized by
chiorophaiyhdtdiadithroribsie; i@ ihamidralphé/BACKEBRO (ERBRD BT HEat display
inhibitoryl BB BAklspb erpisbenbiHliseaneatc.eg mbravast iandiseaseaue the
cwsmae.nge@m%%uﬁ@% of PE@UM%H&%&%%MRﬁ’gﬁkﬁﬂﬁ%&!@%’&ﬁmiuom-ﬁ,- :

P I&&p@% hromt gs qé QH) r@w{ltg% blood ve sels precipitate many

oo 1(2@6’&{3 AP e a8 e 1 B R B ean b e Considered the key or
agents o5 aalDa I EGERa SRF R ARR Brefne EBA Y RANGR'S A RAURB2H: serves a

pluralistic role as both a positive and negative feedback regulator in

normal hemostasigAdaeevenNIrOSOrRE patbringie conditions, the positive
ischemlé%@gpag&ég%uLgénggonmgrgmglﬁgegméﬁqgg?@;ag&eer;asl&/aft@aat@wm@as

| | u in¢lu

semomn TS e PR TR e BRGS0 IR B W SCha
acute caédol@f?éa'éarﬂbsﬁ&?ﬁ%rmal coagulation and inappropriate thrombus formation

Witbirbblcrycbe eopsiiepraasrie @ Prineing reguetoloevms i ise aemisirth as
cascaddNyeeardiahiniaetion anyasarshalischemigabledkedincassotiatiomavithl
hemostZAEl ahﬁ@é’kl@tiﬂ @oﬁt@ %&N@é&&ﬁhﬁ@ﬂ&b@ﬁo@w fedeUHOBGIKIRMB aliMied
through%et%?ﬁircaa tla%t:on 0 %o?a h?:@d Po? PP&]%B?! dt\(%%sgll\ses%%ﬁ cB?a%ES@%E:de

I’OSC erosis and rom embaiism, In_addition, thrombosis has been

fator Xﬁn%é%f%ﬂﬁ‘ﬁﬁ%&?&?&%‘%%ﬁﬁéi’“& felhPsliend e S9384IRARS CBPSRtes and 25
dopemaCarasiatignsBIt Bappiprise PR RTRAS PRI ST R SRR
many cadienis:udomieases manysohythesalagentsrogwirardio sehwohitgrakg iof the
associaBEHIGHH A9 relectagairstBlieedingmbBaecniy,) iRk heeamanire cateehthat
ischem a&t% ﬂo'n %@Bﬁé}mm\é&% %g@m%d mmgqm@g%maﬁ%%&km In

nima |es short term exposure to factor Xa inhibitors produ
addmm%lﬁ?giﬂ%s ﬁ?lﬁ?%’ﬂ%‘gf? ig}]nef SRR SRoARSE Pl anFrweﬁ %C%E%es and

sepsis. JeHEPRINIRP RSV ibRSe SlRneier dsat oAt H@Rﬁ@eﬁ?%aﬁﬁ%ﬁaﬂ%“
these agéficaeyuan ddsie adnigred dreaaics iserqiscirijainkidrestiny BrpenHyrihgebipen
appracitBichafagior X4amhunbitiaayis-ackievadnvithaithdapsureatiincreassni a
stud:es%%ﬁ%ﬁn%ﬁﬁ&&f?&'@'%t@ mﬁﬁﬂﬁ}gs ymks@e EYIRAHY- YRS SEUgS S eRsis
mdtcate%hat ?acto% m% n!]f, éz IOn C;l:'lr%%lal%s aaqur %ga§$ &é%ﬁévﬁ%g\ﬁé&le of

SSive am f'coa U|atIO ammation. The intimate

vl SHRER BRSBTS < R4 e GYBFEETGFT tRANCh octor
Xa inhigiiige desechiastbdfitoure apnseriesttnerensel idePaliniisr evaerpiieligemasding, uniike
currentid @VEBANS drugs.

Sepsis is a complex extension of acute inflammation and involves a cycle of progressive
amplification of coaguiation and inflammation. The intimate involvement of the coagulation system in
the progression of this disease has led to treatments that include antithrombotic agents. However,
currently availabie antithrombeotic agenis do no provide adequats treatment of the disease.

There is a well-known connection between malignancy and thrombosis. Recent evidence has
shown that Factor Xa plays a role in tumor metastasis independent from its role In thrombosis and
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currently available antithrombotic agents do no provide adequate
treatment of the disease. There is a well-known connection between
ogﬂ)% 6?/ and thrombosis. Recent evidence has shown %@9&;&5&%3
ys a role in tumor metastasis independent from its role in thrombosis
and WO 2006/100565 PCT/182906/000633 2 hemostasis. Type 2
diabetic patients without previous clinical coronary artery disease have the
hemostasiggme probability of dying from coronary disease as non-diabetic subjects
T8 tishagidrmtieaty rdibin sraviyscdingial dorfatiene!Y Hisdasy basdle same
probabiiityGREJAY asHLIa0RisY dRsHabalasnsiaenitiliseddatahive wiusterague of
myocardaa? Ardiguas %%5@&@@%@0@@&& gl &tﬂ&ab&%@ FeRRIARLSY R R 4R BiRering

of cardlovaé/dp E\r ns 4&@%@%&113}/ iﬂ%u%ey hsmneglgé})acpmla S%g:l?%ﬁg xl%n?ék factors
yperfibrinog enemidang increasad ievel asminogen

hvpergivce"eﬁvatat% ﬁnﬂttﬁewq*ﬁt&geteﬁt?&ﬁa% %W@rtﬁc‘?f"éﬂﬂﬁé’tﬂ fREEg8Mfg
fevels of piksmintasticenigitionsithdt ctheike etciatinhconbiagivodeiddietiveaipin with
thrombotiF-aeigtiokatahdbiiarsidneio baadatib ip e antknatviFaodhgaanhimnd.one
FEA5 mms&mga;m@ mhgég@%@%ﬁm&ﬁmmﬁmﬁ@a&ég% been
uro owev is readil aren e IS r
spproves o) AR LR Hol B A o B B ) LR R
sftective tﬁat&ft‘ﬂ tﬁ%tﬁ&?tﬂfa(a@@% §/6‘f%‘?’787 Al to Bigge et al. (the “787
Ua%@%ﬁtéﬁ&'l%@@h@e%%ﬁ%éﬁ@? MethBlgeTsr PreparRgappistiethino
describesacitirat gsrotithecd ésivasheeng ettt daidtandtecifxdenpitvasBal eviibes
factor Xa n%%@&@@@@ébﬁ&@@rﬁéﬁ@%&iﬁc@ﬁyl@&ﬁﬂ%&i@ nedicarnasaistend@mids,
N1-(4- cm&lbéﬁe Zsfg%@%h'\@&%fﬂé@%%é%@é réﬁ E'%&XGQ'”Y&PQ -metho
Rerorodfh e S8 BERTBRI S LD A e R AR RlS enyri” stipro
phenyl)-amife] FUgreiAo S-SRy P-pyAfn- ‘IDSRF“?SH&HW ide.) The chemical and
Tk ysireibg opatiesa reopaertan timatanineamdeveliommnemedioba
pharmac@RENaGELIIRI TREMIPbHkcE RRARY) MPBEIes: iINtise; Qybanengpidisiad
such as ﬁt%ia%ﬂﬁ%kﬁeg QRg Hpsﬁ,s&%w@%MM%&Q@&SM@QQMM

:ternperat{.u}ég\frgg’gro elaglsta/z’e r?d s&um% .’p % icg r?%{{lﬂgsé%éme ssolu xon e and Sﬁtblll’{y

re, vap O ressut u IC properties suc

(‘“C‘Ud'“%‘i‘%lﬁﬁéﬁ”t%‘f‘é‘*éﬁ ulﬁiPeﬁﬁBYGBI iﬂ@‘%‘t&?oﬂ't‘ix”&?%ﬁﬁ‘ﬂf@?ﬁ CBHHRRSHS
surface peeeeisiaHyctoraiftce@rapdvaiiridivs toriigeat nditioans) siayesiifaeenanical

propertiep Kapie i earaneh, amsivr faesgireampetiabilitysnoiesfaciakte hiian @ptltshape,
propeme@n@@?gﬁwﬁﬁﬁb[ﬁt{zoﬁﬁéﬂ@%r@b‘&h&@%&?ﬁﬁ&?% densiie, Heeneibssing and
storage (ﬁ @Z%gﬁﬁgtgénqﬁtsqtgnigz ggrrql%qgal?cgmgka@ flltl(ﬁt chﬁorc?i) %Rg ‘i@s{f‘ﬂﬂ)rg ),

ese é|t5:)§)'()nfpertles Can aftoet for ex ocessing
{g-oxo- ‘@H&P&f{%‘f&( %typ,o Sihg 1,2-Pyrrolidinedicarboxamide,

WWMé@ﬁquQeﬁ@gmmade Ni- (4 chlorophenyl;-N2-{2-fluoro-4-(2-oxo-
1{2H)-py(@iokoRd(@H-pyindisy KRiheRy ljed et osyide @Rtk (881 ). Brystatimef
these proBEASs Adiding RYtRONSH Redismrbesrainige, 2. -Pyrrolidinedicarboxamide, N1-(4-
chtorophué ﬁNEQ?ﬁQ&Q%’WQ;M%]@DﬂW %ﬁkﬁeﬁgﬁ Z‘F lg)et?c»g {2R,4R}- (9CI}) are desirable in

dort é%ﬁ R %g%c! methox% ) that provide an
oreerio} SHIER SHEGFRBTE BP0 Hest propertles relative to the

i eﬂy&aﬁ FIRSURAPNEIQPIMETS: I A TIBTRI RSNPARSMT PRI o discover the

most stable crystalline form of the drug. This most stable crystalline form s the form that is likely 1o
hava the best chemical stability, and thus the longest shelf life in a formulation. However, It is also
advantageous to have mutltipie forms of a drug, e.g. salls, hydrates, crystaliine and noncrystalline
forms. There Is no one ideal physical form of a drug because different physical forms provide different
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chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4-methoxy-,
(2R,4R)- (901) are desirable in order to improve upon these chemical and
hysical properties. In the course of drug development, it i I
W %‘éﬁﬁ’@aﬁ% be important to discover the most stable crys? %?1 or'r%% 33

the drug. This most stable crystalline form is the form that is likely to 35

have the best chemical stability, &nd thus the longest shelf life in a
aduamagégr%&%ageh HPweNRE: HiisiaiseramianiaaeQisnitohave srdsiladenss of a
outcome AT r%t%%a?ﬁlts hydrates, crystalline and noncrystalline forms. There is no

one'l ea\wglsmal form of a dru%]because %’éfer nt pd‘\’ﬁ al forms provide
W5 aYR RPN DB Ry S BE BE P HE HBR 06 afitages. The
Pyrfohdmg%mﬁwiﬁ%&?@?&ﬂ@ﬂrﬂ%ﬁd‘%ﬁsﬁ@w%@hﬁﬁb%@@ Bti& and
mathoxy-HER, eRtCO G pdssigmpied diotab e BAtE Rave now surprisingly and
unexpectedly found crystalline forms of 1,2- Pyrrolidinedicarboxamide,

N1-(4- chIorophe%éﬁmmg@ggﬁqgmg@mppyridinyl)phenyl]-4- 5

metho EHL [) desi nated Formsﬂ ép BRIEF
"§‘i9ﬂ$1 ﬁs ‘EFN ERPF RFSR%SC% "f g Dreéent invention
Pvrw*’*ﬂéﬁe@'ﬁ?ﬁi%%s'ﬁ%ﬁ&iﬁf@ﬁ%é“éﬁ%*ﬁ"ﬁ?‘rﬁ%ﬁdﬁ%@?g SRR

methoxy-N2R4RhEEbphenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4- 10
vmt&exuadi&ﬂﬁﬁ :ﬂ&@d}:aﬁ%ﬁrﬁ@ﬁm st oA RePyang)itinpdiconboxanxisie,

1(2H)- pyll\&%ﬁ%a 69 A-4RsM% Baiow,

1(2 pyrldlnyl)phen 1-4- methoxy (2R,4R)- (9Cl) is shown below. MOO,

FHONHNObS5-111 Gl 15 One embodiment of the present invention

is the crystalline FoM#GA of 1,2- Pyrrplidinegdicarboxamide,

N1-(4-chlorophenyl)- N2 2fluor- x0-2(2H)-pyridinyl)phenyl]-4-
methoxy-, (2R,4R)- (9CN or’l(ﬁ A). R is §haracterized by the x-ray
d/or nuclear magnetic

powder diffraction (PXR $aﬁ’ern (Table
resonance (NMR) speclfra (Table 4.) 20 Another embodiment of the
present invention is t ystalline Form B of 1,2-

Pyrrolidinedicarboxa
N1-(4-chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4-
methoxy-, (2R,4R)- (909% (Form B). Form B is characterized by the x-ray
powder diffraction (PXRD) pattern (Table 2) and/or nuclear magnetic
ERahaReenENMR)sspestnaitkabla 6 the crystailine Form A of 1,2-

Pyrrolidinedicarboxamide, N1-(4-chiorophenyl)-N2-{2-fluoro-4-(2-oxo-1{2H)-pyridiny)phenyl}-4-
methoxy-, (2R,4R)- (9CH) {(Form A). Farm A is characterized by the x-ray powder diffraction (PXRD)
pattern (Table 1) and/or nuclear magnetic resonance (NMR) specira (Table 4.)

Another embodiment of the present invention is the crystalline Form B of 1,2~
Pyrrolidinedicarboxamide, N1-(4-chlorophenyl)-N2-[2-fluoro-4-(2-ox0-1(2H)-pyridinylyphenyl]-4-
methoxy-, (2R,4R)- (9C1) (Form B). Form B is characterized by the x-ray powder diffraction (PXRD}
pattern {Tabie 2) and/or nuclear magneiic resonance (NMR) spectra (Table 4.)

Another embodiment of the present invention is the ¢rystaliine Form C of 1,2~
Pyrrofidinedicarboxamide, N1-(4-chicrophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenylj-4-
methoxy-, (2R,4R)- (9C1) (Form C). Form C is characterized by the x-ray powder diffraction (PXRD)
pattern (Teble 3) and/or nuclear magnetic resonance (NMR) spectra (Table 4.)

Other embodiments of the present invention inciude, but are not limited to: A crystaliine form
having a powder X-ray diffraction pattern with at least one peak at 6.0, 18,1, 1.7, 23.2 or 254
degrees 26,

A crystaliine form having a powder X-ray diffraction pattermn with peaks at 19.7 and 23.2 and
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Another embodiment of the present invention is the crystalline Form C of
1,2 25 Pyrrolidinedicarboxamide,

N1-(4- chlorophenyl) -N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)
Wariét 69&; (2R,4R)- (901) (Form C). Form C is characteriz B(? %ﬂﬁ%ﬂgﬁﬂmss

powder diffraction (PXRD) pattern (Table 3) and/or nuclear magnetic
resonance (NMR) spectra (Table44.) Other embodiments of the present

one or mbRYeiRRdNsdHkEx R 'E!ﬁ@ﬁ%ﬂ@ﬁ%’?éﬁ%%éo IA Crystalllne form hanl-ng a 07
t n th at le ton
S R SR SER ) M SRR S e
degrees @%&W%ﬁ?ﬁ@ﬁfﬁ?ﬂ@aﬁ@%@/ 9"%&?‘?&32 8t A (RO HDeF RIS 65
POTAIB2 606/ 080838 avir tavrlireirtditteralvib ak Sat 06 bepk 2116.1, 19.7

or 21.9 dEREEE LS 2D vy Stalbneydey saiRARRPWEIREXsHiK Bifffaction paltesm;
é/\é‘j&t&ﬁ%‘%rﬁ% Hedil %’b@@&% AeQRESi60 paﬂs'rm‘{m 1008 QL MAIE, 180,
25.9, 26

stat ’\\%J}’A emlcal shifts at 173.8'or 111.3 ppm; a crystalline form
avm BB REEIR F4y diffraction pattern W|th at least one peak at 16.1,
%w*a%rfqm Haying reRAvoe Arivy HENAAEPD ARIBIHE ORI @I AR AandVIF?
degrees ehemiioad shiftscatdtiificn8! psakd 4t 3gupim 2 capgtaddrse; form having a powder
%@ﬁﬂﬂﬁﬁ%ﬁ%&vﬁ@té%w&m A aﬁ%caaedaﬁalﬁ aru-.lﬁegks 22280 20dhedB- 7 OF

degrees §e aguq-ne ree;ear(mor 58%"32\? cl’}%\rg% | shi >§ Ygl ractlon

pattern With one ormore’
SURIRa I SEdRYe 3 800G S1ey ‘HE@FB%% Pzéermvﬂmg%aq R ek HANG a
21.8 degraswdie e rayittiffrectioreisais nigtéthba akerit2 Stftand Z2R0r dEleps 20

QA GroNR Al AN Icslate NMR shemice ahills: a6l 2001314 30
17.6 deghdR 52 crystalllne form having a powder X-ray diffraction pattern with at
Ieas aﬁl?\ﬁ eak t 18.9, or 21.8 degrees 20 and having one or more solid

REE %?18%%&%?1%%“"&{ 172 ERT00 PRSI SRASSANE AR 76
degrees R&\ AR CAGIBWWIEER JetiEs elipRalet §-DaltetnRR sedtaesBne peak at 13.5, or
4 Enbtaifne epress R0 » acorystaltyaifosmtiof faein g pesxder M$saydiffmction
degrees Q@Eﬁ‘é'ﬂéﬁéﬁ@ &%Qlﬁ?ﬁg;e%s%llé and Mn%h‘éﬁ&,fﬁ%ﬁxgsga@% erﬁ’)ﬁ)i Wf%ﬁ 3p 3
sa rees a crystalline far Vi
ssblial a2t dedices S slellns G g
178,783y ﬁ%l@l‘f‘?@@ﬁ%?@r?‘ﬁ%@“%lﬂﬂ’%fﬁfé%l\ﬂ?ﬁ%ﬁ%m’ﬁﬁmcét% 817654 or
105.4 or130:Bpppm; 20 a crystalline form having a powder X-ray diffraction pattern
witkhatdeastinpe: peak ialddtdn % SonmbbdkiochBshidg SnslagrersoPAcdifdve
descr;bela%fmga%@ ARGl Rle %M&s@%@%m&%mz% 105.4 or

Q.30 embo iment o fvention Is a com %
R S R R PSRN oo

descﬂbesﬁ%[i’fﬁ&@&afr@mR/paé%%ﬁ?é"m?ﬁwemmaﬁ% Fluerier G%GA?MH%? or more
of the Toliibe dierdsitron Herdivabaioniiemaompessisolvooiipbipitprerfecer Miere of
inhibitor¢h@ago wggregation inhibitors, vilamin K antagonists, GPlibllia antagonists, heparanoids,
thrombolyiic and fibrinolytic agents.

A more specific embodiment of the invention is the composition described above wherein the
non-steroidal anti-inflammatory agent is one of the following: aspirin, ibuprofen, naproxen sodium,
indomethacin, ceiocoxib, valdecoxib or piroxica, The thrombin inhibitor is one of the following:
agatroban effegatran, inogatran, hirudin, hirulog, ximelagatranor or melagatran. The platsiet
aggregé‘don inhibitor is one of the following: dipyrimidole, aggrenox, ciopidogrel, ticlopidine, or a
P2Y12 inhibitor. The vitamin K antagonist is one of the foliowing: coumadin, warfarin or a2 coumarin
derivative. The GPlibllla antagonist a is one of the following: abciximab, eptifibitide or tirofiban. The
heparanoid is heparin, fraxiparin, tinzaparin, idraparanux, dermatan sulfate, fondaparinux or
enoxaparin. The thromboiytic or finrinolytic agent is one of the following: fissue plasminogen
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described forms along with a pharmaceutically acceptable excipient,
diluent or carrier and one or more of the following agents: non-steroidal
anti- |anammatory agents, thrombin inhibitors, factor Vila i ﬁim‘?{éﬂ
6/000633
we 0({6/|’1e0 aggregatlon inhibitors, vitamin K antagonists, GPII
antagonlsts heparanoids, thrombolytic and fibrinolytic agents. 30 A more
specific embodiment of the invention is the composition described above

activator, WBRIFGHR, iR pRRmRie midakanthiaflesmatansrgentttconenadibe follewing:

f,bnmlys@mt% RuRkafen, naproxen sodium, indomethacin, celocoxib, vaidecoxib
LRISicR e hromein iahigieris.ans of e olloving:, adayehan. ,
Sgatran, moga{11 Iru (10 XImelagatianor of me agatran.
na theraﬁ?é&@?&’ e§§§}Pé“g%\H8‘ﬁ“iﬁﬂﬁ5ﬁ8?‘ﬁ §fc?r1; é"‘B‘P"tﬁé 'fB]gEiWir‘r“g‘“ﬁﬁ?ﬁ‘i*mm@a* as ”sed
herein InciygigeePit s rablsidled tel NEBRSpidine, or a 35 P2Y12 inhibitor. The vitamin K
Gandegronisirisnong e thefttoimhge ot madin jinwadasinaonaheo tinias featment
of acute, AXAHYE- chRAGRIIBB AIABRAS 2 AaPRRQLINE fRlgiRsaRRFmAD,

amount O%ngglgﬁge%équ o%bo-giﬁ Q%%%mggnls heparin, fraxiparin, tinzaparin,

ermatan sulfate, fondaparinux or enoxaparin. The,

ranux
N s e e e B e e e e
thrombogit iR MREEH WO Stvrpradioss 5teetive ipaubrd 6 6eslinedeny gt gemposition of
the inventisok haistnestiepite kiesisenipltibromtogmbaic Bvener indwatond with dgitarfionillation
with a théRirembinastvaiaBisodip snotysialinbibite bl abikittsor/varsskallinsnform or a
NM’é’éH&@ 19 Mé%r@%‘E%P&%%dGé’fﬁ%%&é‘%r'?é?&%%ﬁx’é&&ée&m&a[&%mmﬁém' n

euticall ective amount whe actor Xa inhibitor is
Rt et e S

thmmm%ﬁ?ﬁﬁf?%‘%h%ﬁe@ﬁfﬁ%@fﬁ@ﬂ% o?%rrﬁ?éﬁﬁ'&ﬁﬁﬁﬁ?ﬁd’é?ﬁiﬂ%ﬂ%“ﬁﬁﬂsmmted to:

associalgyl wigtbrydofaschilanrisgasroine shanaeissheatsuttaiheiedtvinombitic

crystalindisarde ishpasinaraimal imihientherapeutically effective amount of a
@Wé‘?@“%l%ﬁ% Sf RPN LR %V@ﬁﬁicﬁﬁnt@ﬁ Rethe gst%f taﬂ?east one of

Form A, Eo at@or orm %ré/ n('%Iaene elgotf%r%@ lc%%llsen rt eﬁgn%a s?aﬁlﬁ)'lev 1%1‘
hrombosis in a mamma Wlt erapeutlca ective amount P

°°mP°5'E?9§{éﬁ?d%"?8PﬁT B B MpLEaYIT 8F 2EdRTERTIN FRaRsaERmE &

mammalyispYhiehe BenRTeia BearpmbiicoaResecan Berpbinnatbywih inkiriflisfiffagionta;
the use ot kresthigrajoen tic atiyngfftioti vetanmouniofratier ysialliae e nhaorecizamositon
treatmer@biBSUIRVRBEAR: ArhethedHiehbie: iRaimrnt:ef yanausthiambeasis oarterial
composﬁ p%\h&%ﬁtﬂm%é%ﬁmﬁﬂém a M&%&@&M@%Qﬂ o?S&ﬁBF{?‘heep vein

arction resten05|s heroscl e 0OSIS a{:aglna%)glmar

veln
trombo o7 B BRI R Vi AL S e %&p?%""él‘é%‘e
invention i §1BBBHASEIE HeedEwed W|fﬁ%§‘ﬁﬂi%ﬂ7§§@ﬁl9?%ﬁ§@&5%’%ﬁ%’?ﬁé?ﬁﬁiﬁ?'
with atriaithilsttbrer ipest calyceelity Bramom ot oj Stalimenfonrn te manufacture of
a medic@@EApPRsiHetafthan: sveniiennatbese mbod meniscetberdventinndnsaiide,

' myocarddi @Rt dunalted e sk %&&B@}L I%@k@&&%%ﬁﬂﬁfﬂ%&gcwm

thromboacs:;s sé@&c&gan e;?:ﬁt&mhrom 5‘},% ccacggz’e Qéﬁé;ﬁed'j a%%tgf gr?ny Stgcl)l |n%fp?rr¥ln or 20
com € Invention |h & hanutacture or a medicament for

assoc;a%g @agtemmgrgzqﬁaae or the use of a crystaline form of the invention in the
manufacture of a medicament for ireaiment of venous thrombosis, arterial thrombosis, pulmonary

embolism, myocardial infarction, cerebral infarction, resienosis, atherostlerosis, angina, primary and
secondary deep vein thrombosis, cancer, sepsis, diabeies, thromboembolist associated with
cardiovascular disease, inciuding, but not limited to, acute coronary syndrome, atrial fibriliation, cardiac
valve replacement and deep vein thrombosis,

The crystalline forms and compositions of the invention, or mixtures therecf, may be
adminisiered in a unit dosage form contained in a package or kit. The kit includes the unit dosage



.10

135

20

25

30

35

mammal, for which a beneficial therapeutic response can be obtained by
the inhibition of Factor Xa; the use of a crystalline form or composition of
the invention in the manufacture of a medicament for treatment of acute
WQAHLARESr chronic thrombotic disorders; the use of a crygt%ﬁ%s orﬁqog??’
composition of the invention in the manufacture of a medicament for
treatment of primary deep vein 2% thrombosis or secondary deep vein
form and HaneResi SR IySBOlaresatingiorToPsGRNRASHICN Vb the doygatiom in
accordtn&%e%%ﬁ@%%é%@ fﬂﬁ@'&?é&%ﬂé Ff?éﬁh%&@%ﬂ&& ngélmg ?H&mu%gevtﬁgﬁ
I‘EO

with atrial fibrillation; the us crystalline
f b t
formet{e@nﬁ?ﬁosr ”%b?‘t?te%rt/en igHan hheorrrntnéor?ﬁf]e e B S Yeticameant for the

treatmentréaaﬁr@ﬁms?rv@reumrﬂmE?@&kfgser?@mnﬂwmeﬂeg ﬁﬁrﬁ%ﬂ%twfeﬁtstmsm
cerebral pigoterdistdndsisctibarosciretiial aninastomane sterrosistanhises vy s bos's,
thrombodRiRa; K t0RBUIRE paTV30RBr cghssiseiargnolansdRaRddRirRcute coronary
syndmm&htttm kﬁ%!&zgﬂ%@%c%%'&ap@@é?ﬁé&%@é &Q@g monmnetregbraese@ id8thent
of cancet seé:g sa gndo cY ? Sé eusl dlse %e?r th %eu%%ngr c% %r ?%%" s‘% n} %f gs known in

nuon in the manu acture of a medicament Tor treatment Ol venous

thear, L R e e e

forms pregsingade! Beddskal infarction, restenosis, atherosclerosis, angina, primary
and secondary deep vein thrombosis, cancer, sepsis, diabetes,
thromboembolism-gssociateawii SoTeardixasukar disease, including,
Fi uretR“t not limited to, acute coronary syndrome atrial fibrillation, cardrac

I I tand d th b Th Il
SO AC BT DS [PV Sl AR T Ay B SRR ErEe

ox0-1 (2Hrrpa"tﬂ'ﬁ¥‘t%%‘9{@é‘m?wwn%fﬂfﬂ iffalpackage or kit. The kit includes the
unit dosage WO 2006/100565 PCT/IB2006/000633 6 form and a
Figure 1gontainer. Typically, the kit includes directions for administration of the unit

| mﬁracmgemﬁ:t,m %ﬁ%greaet&rc%rﬁa%mum AehssluiR.INNAIRAlQ0S, PRy

tlo advi use the kit for the treatment of acute,
1(@H)- py” ﬁ'}e %d C ré‘ﬁ&ﬂ%r% ze’Iéﬁdlsorder including but not limited to:

treatment of venous thrombosis, arterial thrombosis, pulmonary embolism,
Figure i@yocardial infarction, 5 cerebral infarction, restenosis, atherosclerosis,
Ditfracto@ @it Fpiitntare Spcoie caidatiyxeeels, Wakythipniasis)-NAembaembalism
1(2H)-pRREAGIRBIWIthsRIgIoMasaRla gisease, including, but not limited to, acute

coronary syndrome atrial fibrillation, cardiac valve replacement and deep

vein thrombosis or for the treatment of cancer, sepsis and diabetes. The
-'-gk'fe—%bntalner can be in any conventional shape or form as known in the art,
Solid-stgtsr ek avalohs MegEHereBeIaNaeFipRErwR pIastie Aottle, or a blister pack with

individual dosage 10 forms pressing out of the back. BRIEF DESCRIPION
Eigure Z8F THE DRAWINGS Figure 1A Diffractogram of Form A

ofic-5i2 ! | : enyl)-N2-[2-fluoro-4-(2- 15
Solid Sﬂioxr;atiét Z'EI% pyngg‘r%?g%%%\%kqg% %été%x%m%@%m (9CI). Figure 15

Figure 2C
Solid-state *C nuciear magnatic resonance spectrum of Form C.

Figure 3
Differential scanning calorimeiry {DSC) thermogram of Forms A, B and C.
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Diffractogram of Form B 1,2-Pyrrolidinedicarboxamide,
Ni-(4-chlorophenyl)-N2-[2-fiuoro-4-(2-oxo-
ridinyl)phenyg-4-methoxy-, (2R,4R)- (901). 20 Figure

W‘b&ﬁ‘?ﬁéﬁg Hram of Form C 1,2- Pyrrolldlnedlcarboxar%|de, IWeaz0000633

N1-(4-chlorophenyl)-N2-[2-fiuoro-4-(2-oxo-

1(2H)-pyridinyl)phenyl]-4-methoxXy-, (2R,4R)- (901). 25 Figure 2A

Solid-state 73GFucienrpEgieoresenasaREEentMm of Form A. Figure

DeﬁnmonZB Solid-state t3C nuclear magnetic resonance spectrum of Form B. 30

igure 2C Solid-state t3C nuclear ma son m of Form

1€ ﬁ@@%@qﬁ?ﬁ&%fﬁﬁaf%%ﬂrﬁﬁp&nﬂ §%’| Aetry I%g% ﬁgﬁ a3 ram of
pyridinylihenvis-Aet e (2 4D %@bwmweﬂ?@z‘%éﬂeﬁeﬁeﬁ’ﬁr AEED

dicarboxyRESE RIRTHON-DEnT-HI ke ) TIHON-ABfirgtidhpyridin-1-yl)-phenyll-amide
depending s RYHGHdiBRAkeARXa MY Me compound. The aforementioned chemical names

(2

are used ‘“‘gr?i’ %‘%@% r%%et[#gﬂgg 6%%6456%%?3&) is also known as (2R,4R)

4-Methoxy- pyrrollle@%Z 5 dlcgrb I|c agd 1-[(4-chloro-phenyl)-amide]

2-([2-fluoro-4-(2-ox0-2 py dlnii mide depending on the
nomenclature used to id fy f?]e clmpo e aforementioned
chemical names are g! te changeably represent the compound

shown below. MeO, F O ~ON!I HNO 1 P-1 CI 10 The terms

"Form A, Form B and | C", as used herein, refer to crystalline forms of
t,2 Pyrrolidinedicarboxamide,

N1-(4-Chlorophenyl)-N 1[2 -fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4-

methoxy-, (2R,4R)- (9CI). "Form A", "Form A polymorph", “crystalline form
A" and "Form A polymorph

The terms "Form A, Form B and Form C”, as used herein, refer to crystaliine forms of 1,2
Pyrrolidinadicarboxamide, N4 -(4-chioropheny!)-N2-{2-fluoro-4-(2-ox0-1(2H)- -pyridinyljphenyll-4-
mathoxy-, {2R,4R)- (8Cl). “Form A", “Form A polymorph”, “crystaliine form A” and “Form A polymorph
of 1,2-Pyrroiidinedicarboxamide, N1 -{4-chiorophenyl)-N2-[2-fluoro-4-{2-oxo-1{2H})-pyridiny)phenyi}-4-
methoxy-, (2R.4R)- (3CH" mean the same and are ussd interchangaably herein. “Form B", “Form B
polymorph”, “crystalline form B” and “Form & potymorph of 1,2-Pyrrolidinedicarboxamide, N1-{4-
chiorophenyl}-N2-[2-fluoro-4-(2-oxo-1 (2H)-pyridinyiphenyil-4-methoxy-, (2R,4R)- (8Cl)” mean the
sarme and are used interchangeably herein. *Form C”, “Form G polymorph, “crystalline form " and
“Corm G polymorph of 1,2-Pyrrolidinedicarboxamide, Nt ~{4-chlorophenyi}-N2-{2-fluoro-4-(2-oxc-1(2H)-
pyridiny)phenyl}-4-methoxy-, (2R,4R)- {8Cl)” mean the same and are used interchangeably herein.

The term “polymorph” and “crystaliine polymorph” and “crystaliine form” are used
interchangeably hersin.

The term “polymorphic form” and “polymorph” are usad interchangeably herein. .

The term “amorphous” as applied to 1,2-Pyrrolidinedicarboxamide, N1-(4-chiorophenyl}-N2-{2-
fluoro-4-(2-oxo-1(2H)-pyridinyliphenyll-4-methoxy-, (2R,4R)- (9CH) refers 1o a solid state whetein the
1,2-Pyrrofidinedicarboxamide, N1-(4-chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1 (2H}-pyridinyl)phenyi}-4-
methoxy-, (2R,4R)- (9CI) molecules are present in a disordered arrangement and do notform a
distinguishabie crystal latiice or unit cell.

The term “crystalline form,” “ polymorphic form” or “polymorph” as applied to (1,2-
Pyrrofidinedicarboxamide, N1-(4-chiorophenyl)-N2-{2 ~fiuoro-4-{2-0x0-1{2H)-pyridinylphenyl}-4-
methbxy-, {2R,4R)- (9C1) , refers to 2 solid state form whersin the molecules of 1,2-
Pyrrolidinedicarboxamide, Ni ~(4-chiorophenyl}-N2-{2-fluoro-4-(2-oxo~1(2H)-pyridinyl)phenylj-4-
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of 1,2-Pyrrolidinedicarboxamide,

N1-(4-chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl}-4-
methoxy- (ZR, 4R) (9C1)" mean the same and are used in

WOrREPaTH 5ﬁ)rm B", "Form B 15 polymorph", "crystalline form %e{ gg%%ég?b#
B polymorph of 1 2-Pyrrolidinedicarboxamide, N1-(4-

chlorophenyl)-N2-[2-fluoro-4-(2-&x0-1(2H)-pyridinyl)phenyl]-4-methoxy-,

methoxy-, &.?FBAﬂB géﬁFCé}e Q?%Qeﬂl% f&ﬁrﬁ%@mgmuée@ﬁﬂmﬁhamgaabIghhmnmmnc

orm _y % ~crystalline form C" and "Form C
diftraction Be%swmn s rgro idinedicarbo a,mlg

ThRIEM rB'ﬁﬁ%“h SRRBUPL SHTINER A DB ry1(2H -
Trp;ﬁmﬂnr‘iy@ph@ﬁ;ﬁfhnsﬁﬁiéﬁeﬂ)iﬂm@ﬁ MLS(@@W‘ 9P Rame and are
THasehinienehaagralpdepeibie 20T tiaie oo KA BITAMERA - "crystalline
Tr%QB(m@ﬁi@ﬁD@HQar@rymH}n@r&gamraammused interchangeably herein. The

T tg rtgr]m p(%{‘?y]rg] 9&@4}!& af%ghd%gpeﬂggﬁ% RbjcS e NechanadaRiy that

erein

compoung\{g & 4. @ﬁiﬁgga%qfﬁryor o%és soqsb‘?i?p“ gd Lo b RerQlidipriicarbpxamide
of a slumyfluoro.4-(2-oxo-1(2H)-pyridinyl)phenyl)-4-methoxy-, (2R,4R)- (9Cl) refers

Wiea welidhstatiensivereih BXERD2 6 torpipetwairrediCHFFeIRarTRies used herein,

have the S4d= AnsdHRgophenyl)-N2-[2-fluoro-4-(2-0xo-1(2H)- pyridinyl)pheny|} -4
A%Meln(%% 4R)= (R0 MRISFYIeR R AFRSENAR iRedian IfBNetipaliative,

arran ment and do not form a distinguishable crystal lattice or unit cell.
curative arr}ﬂ R? Hkia e traat

ystaWne form," " polymorphic form" or "polymorph" as applied
to (1,2- Pyrrolldlnedlcarboxamide,

N1-(4-chlorophe MAWRER XfidrBLIZE=RAS KON (FEFByridinyl)phenyl}-4- 30
cmﬁﬁlacmené&ﬁ@@)ﬂuﬁa@m}mm@tmmamwmm fifferenvbyeifaifaens. They
HLecQ’r Rht B Y alidieseai@mid eitferent orystaliine forms often have

oo S S i o
orystalling fPETHE T0F6HHE GIETRY N ERBBIC R Etar TSt céhyleq RO Chardcte

dlng characteristic
of a crystiiratliDRspelarediMRNPSUBRE XrEd HHTROHRY (FRHRR) GRabee fRY PEES
invoives BaGstRcndiffereniialrseantirgroal e irmety cTisakerhe Prgmmi2RRsngles @
powderela %ﬁﬁiﬂé Bﬂh@&%s@!ﬂﬁéﬁrf&@nﬁﬁﬁ@ﬁb&@ irheiraRIer Bk harierpeiphartomceutically
d;ffractometer pL\a Fa %ﬂ?s%%@gea{%e%ﬁﬁﬁé %ﬁﬁ%@ sAN@ASH iRV he plane
B ron raly CtIO{% ,;l' eﬁ;‘seurrpsi Slrycrre\éség %@%Q@S&g&ﬁe@n the
of the hc%‘i‘fépeé'ﬁ%ﬁ Bre 8“@18%” BORG iR A solveht wherein that comp

incident ety Bet @@r@l@ﬁt@é’t‘i\%‘?lﬁ*ﬁh iteesBRIsii" .W%ﬁ?‘%%?ﬁ?é ﬁ?’aigﬂi?r? re'fe s ?%
data cartibe enakiaed ofeshivaliok0 ad/lBRRSEAHMconjunction with PXRD the term

IRl s ANGHSiHRslagmm asitisach herginovaventheesasetingapivRyieXs!
faciors méﬁ&g@e(gslgll'rcmq EiRSe H@%rﬁa&@@@n&fn@%é@@t@B?fﬂbtr@ﬁdnﬂé@rdlk@e .g. flat
sampie ?rrﬁ‘ﬂ‘# ?ﬁl&%ﬁ%_ﬁéﬁn B@gﬁ% tE’JQxPé?X (%% u(f:{l 8 ﬂ\tggg&li'ogs%np %WQE&R
determining the peak locations), {e) the nature of the material (e.g. preferred orientation and
ransparency errors), {f) compound lot to lot difierences and (g) machine type. Calibration errors,
sample height errors, lot-to-lot variations, and machine type differences often result in a shift of all the
peaks in the same direction. These shifts can be identified from the X-ray diffractogram and can be
eliminated by compensating for the shift (applying a systematic correction factor to all peak position
values) or recalibrating the instrument. This correction factor is, in general, in the range of 010 0.2
degrees 26.

Eorm A, Form B and Form C 1,2-Pyrrolidinedicarboxamide, N1-{4-chlorophenyi}-N2-{2-fluoro-
4-{2-0x%0-1(2H)-pyridinyl)phenyli-4-methoxy-, {2R,4R)- (9CI) are characterized by their PXRD patiemn.



10

15

Compounds having identical chemical structures may exist in different
physical forms. They may be amorphous or may exist as distinct
%stalllne forms. Different crystalline forms often have dlfferer&tho% (;(C;(%Iss
| e. bioavailability, solubility, melting points, etc). PTHE:
dlfferent crystalline forms are sometimes referred to as polymorphs. One
method of determining the structéire 20 of a crystalline form is referred to

Samples %r@ﬁ)@ﬁ@é&%@ﬁ% W@&l@%ﬂ@@%@%@ﬂﬁt%%ﬁﬁ‘ﬁ&ﬁdﬁdﬂ?ﬂé@s
d;frract\ort@@S atd n%r )4135@4&9 ﬁtq éf%mi ?ﬁlﬁ:@\*@cﬁi fERS RIS &R?m?ace

a pow ere sample of rysta ine materlall

Japan) “Q%ﬂﬁ@r"ﬂﬁﬁﬁ%“lﬁ*@h‘“ﬁ‘%&'&ﬁFﬁ‘?ﬁaﬁ"auﬁpﬁ‘é%%?ﬁéfi@r RARS e ﬁ’l
scintiflatiof dstaetar sevwnted difTprion riidipmit Sasnies ey ReFEIsdi Vera BrepRaneSof the
degrees holdlert antbihye onovedthmughress antdiaai conttaumisslyristepe dsesuthiea

standard AR DRMEE BrilR ﬁé,mmsm brameandihpplanenidhadividennt he
mperadJLCT5U GLIDGIEIIRCIRR BRI DERCAIIS TGS dafp can be

resse m asaP pa ttern. Measurement dlfferences
%@&1&?@3@9}%&&% %er%ﬁ?o%ﬁﬂf‘ Sﬁ%{ﬁfﬁﬁg PRUTEPORRELSG A &R 8T 2"

reiative ifobdies miiadirkjivéditensiy ofiy Bauh{Tlebisrbp arertion ¢ehpradienpie hydhght AB)
pattern cHpREYEAHHAREOSSHRBe HOl BRI EIRESHidEY IR IKRHOB B Ser(Sh) of =

195 (Ta&QELaF%Frﬁ Y %%%%e na%h{%é%ﬁfﬁé’E%t%@ﬁ%%[ﬁ!e@é@grh3&:9593%@5@5‘99%%3

locations ure of the material (e.g. preferred orientation
and re‘a%{ﬁd“?f‘éﬂ%ﬁ)ﬂ?@ﬁéﬁ’@%@?“ﬁ}’ SompBintRs :?b lot differences and (g)

machine type. Calibration errors, sample height errors, lot-to-lot
variations, and machibie typeriiffsancesoffenrasult in a shift of all the
peaks in the same directiprr Fhese stiffgrarbe identified from the X-ray
diffractogram and can|be eliminatg %@Xs OQﬂP ensating for the shift
(applying a systematig_correction f o eak position 35 values) or
recalibrating the instrument>¥his correéfidn factor is, in general, in the
range of 0 to 0.2 degrees 20: Form A, Baorm B and Form C
1,2-Pyrrolidinedicarbogarmigg, Ni={a-chiggoptienyl)-N2-[2-fluoro-
4-(2-oxo-1(2H)-pyridm,tl}phem'” 4 mafhmm ?R,4R)- (9Ci) are
characterized by their PXRE Dattern. V\? 200( /100565
PCT/IB2006/000633 9 SarHples were pfepared for analysis by placing
them in an aluminum holdere.d he gowdaraX-ray diffraction (PXRD)
patterns depicted in Fi ; o ore collected on a Rigaku
(Tokyo, Japan) Ultima ith CuKa. radiation operating
at 40 kV and 40 mA. A Nal ‘&intillation“d&tector detected diffraction
radiation. Samples wefe schithed fom Fdegrees to 50 5 degrees 2-theta
at a step size of 0.04 qr 0.0 degreles 24ileeta at 2.4 seconds per step. An
alumina standard was-anatygzed-tojchegkthe-instrument alignment.
Samples were collected—at—t:@gm.-tempexaxu;ew Data were processed using
Materials Data Inc. Jade (V% rion 3 A). Horm Alis characterized by the
PXRD pattern expressed in2férms of defrée 2Q values and relative
intensities with a relative intarssity af > 20.0 (Table 1). Form B is

characterized by the PXRBEH0-pattermgrpressed in terms of degree 20
values and relative intgnsities-with-a relative.intensity of >

U
ol
%% =l

21.9 311
2.8 41.1
3.2 287

254 213




19.5 (Table 2). Form C is characterized bythe PXRD pattern expressed in
terms of degree 20 values and relative intensities with a relative intensity

of > 10.0 (Table 3). Table 1. PXRD Peak List for Form A D?E}?e 20
WS tRtensity (%) 5.8 43.2 6.0 25.7 8.1 90 14.6 43.57¢E

Pral e

39.3 17.2100.0 17.360.3 18.0 73.1 18.241.6 19.7 33.4 20.2 24.3
20.6 71.7 20.857 21.726.9 210931.1 22.941.1 23.229.7 25.421.3
15 WO 2006/100565,PC THRROPE4R0R638Fd:@ Eable 2. PXRD Peak List

for Form B Degree 20-Refati

egme}fg inti{é?i@(}c(% 5.736.5 8.161.5 9.036.0
14.520.5 16.6 35.0
Intensity (%)

579 36.5
8.1 6L.5
9.0 36.0
14.5 20.5
16.6 35.0
17.2 160.0
18.1 975
189 165
202 445
203 285
20.7 41.5
21.8 36.0
23.6 37.0
25.0 235
259 25.0
26.0 300
28.7 24.0
348 | 20.0

“Table 3. PXRD Peak List for Form C

Degree 26

Relative
Intensity (%}

82

19.0

13.5

207

14.2

113

17.6

14.2

18.3

41.0

22.0

26.9

22.5

160.0

22.8

10.4

235

13.2

T 23.8

i4.4
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17.2100.0 18.197.5 18.919.5 20.244.5 20.329.5 20.741.5 21.8
36.0 23.6 37.0 25.0 23.5 25.9 25.0 26.0 30.0 28.7 24.0 34.8 20.0

Wégg})dg %} ij%(RD Peak List for Form C Degree 20 Relative Iniepsiyuédibosss

219.0 13.520.7 14.211.3 17.6 14.2 18.341.0 22.026.9 22.5100.0

22.810.4 23.513.2 23.8 14.4 WO 2006/100565 PCT/IB2006/000633 11
25.6 25.8 26.3 10.8 27.7 25.5 30.2 13.0 SOLID STATE NUCLEAR
MAGNETIC RESONANCE{KMR) Andthér method of determining the
structure of a crystallinefopgsof a compgimd is through 5 the use of
solid-state NMR. Rep‘cscritﬁ‘i‘v'c selid sState NMR spectra of Forms A, B
and C are shown . i :

30.2 13.0

SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR)

Ancther method of determining the structure of a crystaliine form of a compound is through
the use of solid-state NMR. Representative solid-state NMR spectra of Forms A, B and C are shown
below in Figures 2A, 28 and 2C. Stendard acquisition and processing parameters were used. For
solid-state NMR, the '°C CP/MAS daia was acquired at a frequency of 125.85 MHz on a 500 MHz
Varian INOVA specirometer, and externally referenced to the methyl resonance of
haxamethylbenzene (17.3 ppmy. The spectrometer was equi;ﬁped with a 2.5 mm Chemagnetics
Pencil probe. 3712 data points were acquired over a 48 kHz sweep width. 2048-4096 total transients
were acguired. Data was acquired using variable amplitude cross-polarization with a 'H decoupling
field of 140 kHz. Samples were spun at 14 kHz. Tentative chemical shift assignments are listed in
Table 4. These assignments were made based on data acquired using an interrupted dscoupling
solid-state NMR pulse sequence and information from solution NMR chemical shifts. One skilied'in
fhe art would recognize that the chemical shift positions could vary from lot to lot of compound. Also

‘the chemical shift position can vary depending on the instrument used for the measurement. Tabie 4
gives characteristic shifts for Form A, Form B and Form C.

Table 4

Chem. Shift (Form A) Chem. Shift (Form B) Chem. Shift Form &) |
173.8 172.9 174.3
162.6 163.4 162.4
1535 153.7 155.8
144.1 143.6 1832
139.7 139.3 138.8
1350 137.1 130.3
127.8 135.5 1247
125.7 127.4 113.7
116.¢ 121.7 1054
111.3 1154 79.6
79.4 110.0 62.2
58.2 78.5 56.4
53.8 : 61.7 50.4
37.1 58.1 38.0

532

37.2
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below in Figures 2A, 2B and 2C. Standard acquisition and processing

parameters were used. For solid-state NMR, the 13C CP/MAS data was

W(?(Z;O %zga%%t a frequency of 125.65 MHz on a 500 MHz Varm@%é/
spectrometer, and externally referenced to the methyl resonance o

/000633

hexamethylbenzene (17.3 pprn). The spectrometer was equipped with a
2.5 mm Chemagnetics 10 Penc#?probe. 3712 data points were acquired

over a 46 Kifg-paeeRmuditAMScAGRf ML TRVSESTs were acquired.
=RAAUAS ARSI AIAOG AR A QoR RONEAOROW iasact

ecoup

f 140 . I i .
om, e eGP TEART A R B
for the reffigereiedesleD GHStRRaT e FARURCIRS NG SATRERA I BHR AR AR, "L SRIE S hte

gre

using indiddMRspitdsEsEtRESICE, @ntidivorvaito 28rohd/sb (BERer RINNERSRI iR Aifts.
pinhole wiEsSKHIRGIMABSthR AN wo wd) reco paize thai the chetdivilushifposituss

was paﬁo?rgkglqlé{ﬁg{ Sf;\rf?m;'tlﬂ]i 49305 QfFAMPANLL oAS Qoilng LR e MRS Br O SHBE

] d d the, inst At np
o oSS AR SIS DTSR Lieh e pesoueryth oo

S S orm

) , néi Formré:. Table 4.Chr§arp.
by DSC. SgireERIHSA) PR TP a AR BP B e SRR FRTRTE L7 S 8L 7.

condition HheSredi§Ra62a83 At $821d MEBIG Eors S mayapbe abperved3TgmmpiasIrassy 7

metting oAS91& ES*S A8 LI LilS0BTabRASAB5.5 124.7 125.7 127.4 113.7
119.9121.7 105.4 111.3115.479.6 79.4110.0 62.2 58.2 79.5 56.4
53.8 61.7 50.4 37.158.138.0.-532.37.2 20 WO 2006/100565

PCT/1B2006/000633 FERENTIAL SCANNING CALORIMETRY
(DSC) Experiments e@’ﬁbrfo?ﬁﬁlé‘ﬁg%’iﬁbog DSC 2920 instrument (TA
Instruments, New castle, & 2117
B 212.7
C S melt: 1715
2 mett: 207.6

The forms of 1,2-Pyrrolidinedicarboxamide, N1 -(4-chlorophenyi}-N2-[2-filuoro-4-{2-0xo-
1(2H)-pyridinyhphenyll-4-methoxy-, {2R.4R)- (9C) described in the present invention, regardiess
of the extent of water andfor soivent having equivalent PXRD difiractograms are within the scops
of the present invention. The present invention provides one or more processes for the
preparation of Forms A, Band C 1,2-Pyrrolidinedicarboxamide, N1-(4-chiorophenyl)-N2-[2-fluoro-
4-(2-ox0-1(2H}-pyridinyl) phenyll-4-methoxy-, (2R,4R}- (9CI) which comprises forming a soiution
or slurry in solvents under conditions which yield Forms A, Bor C 1,2~Pyrro|idinedicarbaxamide,
N1-{4-chiorophenyl)-N2-[2-fiuoro-4-(2-ox0-1 (2H)-pyridinyphenyl}-4-methoxy-, (2R,4R}- (9CH).
The precise conditions under which Forms A, B and C are formed may be empirically
determined, and it is only possible to give a number of methods which have been found to be
suitable in pragtice.

PHARMACOLOGY, DOSE AND FORMULATION
The crystaliine forms of the present invention can be adminisiered to & patient at dosage
levels in the range of 0.1 to 2,000 mg per day. In another embodiment the crystaliine forms of
the present invention are adminisiered o a patient In the range of 0.01 to 700 mg per day. in

~ another embodiment the crystalline forms of the present invention are administered o a patient

at dosage levels in the range of 0.1 to 300 mg per day. in another ernbodiment the erystalline
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DE). Nitrogen was used as the purge gas at a flow rate of 50 mL/min for
the DSC cell and 110 mLJImin for the refrigerated cooling system. The
was calibrated for temperature and cell consta
E‘élum rr6$5erlt|ng point 156.61 C, enthalpy of fusion 28.71 JP§ /&35%96009633
aluminum pans with a pinhole were used and samples (usually 3-5 mg)
were heated at a rate of 10C/miKute. Data analysis was performed using
forms of tie/drERSHUMGNL ddnivetisatsiantysisaRE06: sofhyalevéss ivhadaws dfersion

10 150 mg?ﬁc,?r%a ;gg@?@te&é% sé%%%%'@sé@gﬁf SANCthalksapptReuissiyscan alter
obtain
depend OQ&E%'E tfe’\iagi H‘So ?og R q&n?egrg%% Qf%% pF {%leqhé %w}’?{? J‘hﬁeDSC

Btdine r ending o menta
condition %?Rj‘i"t?éﬁgWP&W@@W%‘BB‘W&W%%’H%W@W% orm %g ho %
being usedhShe\iethTinaiiperbeatewB HIsRINHGT GRS dRIABHATS AV 5?&3"@%@ given
those skilléd Trabéead. below. Table 5 Form Melting Onset, C A 211.7 B 212.7 C 1s’
THaE! 'sia?tﬂ»eﬁz%%smﬁ%e%QrZr@mi@;|T§baé‘@nm@B&u&éiéyémH@inedmamamamide,
suitabie p e 4ceca:u Joro r¥t|)dl\| %HL%II %8' é‘bl@%‘f@&%'th re ard to the intended route of

-pyr| |ny 4 me escribed in
adm‘”‘s“ﬁf@%%’?ﬁﬁmg?{ﬂé?ﬂa’ %Feaégragt[z e%?( er?f')n fwa %?98’98? 3 gglve&%g?'uaving
a unit dosageifoterit PRRDTTiaBRTaiRg BRRAMRT Al YebiRees PHRE PREsent
appropridid\eatitias Fhie priisecimpoeetiofierovidestontoor ¢ADRS PREEEIISES for the
preparatiet) REGRAkAHLAL iR AScAantiies bi2nPyreptidinacioattas xarhke)

tablets, czéég CQHQEB&Q&Q}HNHg c{azamﬁgﬂ%s Also, the unit dosage form can be a

o-1(2 ridiny))phen ethox 2 )
capsule, ip?@ggt’ffﬁrr])%#] %'tg’ix)l?uf’ oqncxo’lr S ur? a?ﬁrsorli\?éen?ls%g:%aﬁ%&ﬁﬁﬁ%%?smwhlch
packagegigld-Forms A, B or C 1,2-Pyrrolidinedicarboxamide,

Ao efdrmiotmiety At f IDpdMEIIuD Ren DORIBIARIRT B ePHATEI Aetho
sublingud-inBER:R ot (965, cEbeupLesisie-gotulitizs spelsdmeyickes: olirrs. AQBi@RET
suspenanQrﬁrJQﬁ%Q@cﬁf@(nbﬁ\ﬁme'Ml%@a@@‘i&r%m%eﬂﬁ%ﬂ dsiaply, pesgible to

sustameg g gc seg ?5ﬁ&%gg%%%%\%m%ﬁcngvﬁg%%QHQ%%S% t@ﬁmﬁﬁ%ay also

5 camiiae o 1 FERERE BT BE°BER TRLST AL & BT g

dxsparsz@mt@seﬂ@tmw'%g§@Wqﬂf6@@(9‘osrﬁfg}']§éiﬂ%}’*”ﬁw*%’(ﬁﬁt?fé?%‘ﬁ\'ﬁ'&ﬁmt
be in cod 6rystallimeidonms désithe present invention are administered to a patient

%h&h%df RNGRRERR. 16 ER0ME RekEAYajtoaraibarmmkedimentitiecnysialine
celiioss, ééo%'é',“%ésfm %@M@%@%@(@@ IADASATMIRSIRIRY dachpatieatrat

e leve

e 5 W SRR O B 1

croscarmellose sodium and certain complex silicates, and granulation binders such as
polyvinylpyrrofidone, hydroxypropyimethyliceliulose (HPMC), hydroxypropyiceliulose (HPC), sucrose,
gelatin and acacia. Additionally, iubricating agents such as magnesium stearaie, stearic acid, glyceryl
hehenate and taic may be included.

The percentage of the compositions and preparations may, of course, be varied and may
conveniently be between 2 to 60% of the weight of & given unit dosage form. The amount of active
compound in such therapautically useful compositions is such that an effective dosage level will be
obtained.

The crystaliine forms of the present invention are usetul for the treatment of acuie, subacute,
or chronic thrombotic disorders. More specifically the crystaliine forms of the present invention are
useful for the treatment of venous thrombosis, arterial thrombosis, puimonary embolism, myocardial
infarction, cercbral infarction, restenosis, atherosclerosis, anging, primary and secondary deep vein
thrombosis, thromboemboiism associaied with cardiovascular disease, including, but not limited to,
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forms of the present invention are administered to a patient at dosage
levels in the range of 0.1 to 150 mg per day. However, the specific
d%%%agﬂu()sed can vary. For example, the dosage can dep REY8os/e00633
ErS'6f factors including the requirements of the patient, the severity
of the condition being treated, and the pharmacological activity of
the'crystalline form of the compdﬁnd 5 being used. The determination of
acute corMRHNWMBrGIRS agRSIEANAPAtt kA pias enidcweti kbueart veitt tosebisie d e
crystaiisne Q)?n?sr[ﬁ TH@%&%UH&%@%FB Sued tRerR BliGRYHaen ALY PRpsis and
dministered in a mixture with a suitable pharmaceutical ex0|p|ent dlluent
dizbetes. ) or carrier selected with regard to the intended route of administration an
TeARERUNG R AU St R AR R S SRR 'mrse é?'ét.orr?arﬁ’a
for the trebamigntld suahnisoldsag Efo pstaling o ﬂfw’fh%riéeﬁ?éba‘f%iﬂ@ﬁ ?&%%%ﬂmﬂe red
alone or iNEOtEHEEIRSAB eeNaiNinRgthaRpeoiidentu dnttie pofthdoastivenioaiprinent.
ant.coaguTAP\%‘s %&Q%@G@ fQr DR i RAGKRGIER ArapRIiatiemdbe peskageluding

put not i %?t |n|n rg?exqu i §§ Q_adm% mm&gaﬂ éﬁ&@ﬁﬁ@%’é@i@%a
l’{l CP ers In vials or %mrpo#% + S.Ob th‘k?qu‘] Sage
o wwm&reﬁs B PR e SR e Sl

tcan be't
hirulog, xipairowriatansuRRIsETEN A BN ih eBgpNiats *b%i%%é*a*ﬂﬁ%m‘ﬁ-e&r*%fafﬁiﬂ%‘“
wartarin, tie etystedlimerfotanisabich damervitionhidinrd olaldiefingsresetpo iaNpidseBeRpC
but not uﬂﬁeétttb&aﬁma&w nseRderraiafidabielscionmas es i oyaetiotigtesisy R blia

antagomﬁc r?di@&%’%ﬁf I%QMEQB'EE&%&H eﬂﬂﬁsﬂ@d@%ﬂw BWH&&Y&E&B&%IUG:{QQ but
avoring or co orln%nzgents Cf?or immedi te del AUE

at fo mﬁﬂx enoxa arin;
not limiteg) jo AEpATR: frﬁﬂ?ﬁé& ST e g)éiserg ?csétlor?s T e cr sta e’

and thfo'ﬁ&ﬁ%cdfﬂ?éweﬁ%‘ﬁsrﬁ% Civpai] B@W&f@%ﬂ"é’s PR Bersing or
streptokifasb dissTiviggncobeaie foibierdrititiesentiypaigsiupapia HrgeisIgrPEe
inhibitor@SiGoale BiRasH clesib iitahleidarminiations tofdhie coestaliiae o pursimstehe
srmuﬁan'eb\ﬁ%@t'%ﬂ?e\’(y Q%é?ihﬁ%‘i@d ‘ﬂfeqﬂm&qmﬁmmﬁgse&éﬁﬁﬁg IS4G sedtRods that

osmons or example, tablets gantain excipients such as
fo} & ?
may be ?ﬁ?gr gf‘gﬁﬁﬁ ©& :osee [actose, sodium citrate, calcium carbonate,

dlbaSIC caIC|um phosphate glycine and starch 25 (preferably corn, potato
or tapioca starch), disintegrants such as sodium starch glycollate,
“croscarmellose sodium and cERANT &gﬁmlex silicates, and granulation
binders such as polyvmylpyrrolldone hydroxypropyimethylceliulose

(HPMCQC), hydroxypropylcellulmﬁ%} sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate, stearic acid,

(2R, ARG ERIbpeeNae-aostiekgimaiieiinetuidods ffidrperiehmyafide
composmons an ﬁ%?freparatlons }%Y of cqurse, be varled an

Step 1. cBRAEFARNA GB-HREREN DB B Eh%c{/v%ra?ﬁ’ Ve iR Sntifpgosa

A nitrogfarmirBEdeSaPTou FtnerieetRAsK cHNTD 8GR GIRRSGENTHH @r@ﬁ@lﬂ"&&hfﬂﬂ%?ﬂig
thermoGUREaRit oS geisublsabaian SHEdfee200sags) leviiewind 256Imbingte The
mixtureQus@linesforms ohihemEs s ddnventien aspissehd for dhiedieatraeaboto

settie. AEXAS \Srvgsp G o grcngQf&Fh%%Q%gﬁ%q%@rd@@&ﬁ’tf?’ﬁ@ﬁ@géuﬂuhe
Ccrys alline forms of the resent invention are o
and CHal (6 51 mL, 105 mmol) and the resulting mixture was cooled 1o 0°C in an ice bath. (R,R)-4-

Hydroxy-pyrrofidine-1,2-dicarboxylic acid 1-ieri-butyl ester (22 g, 95 mmol) was then added in
portions while maintaining a reaction temperature of 5°C or less. The reaction was allowed to warm
to KT overnight. To the reaction mixiure was added HyO (100 mL), 1N HCI (100 mi) and NaCl

(42 ). The reaction was stirred for 10 min. The layers were separated, and the organic layer was
dried over MgS0,, filtered and concentrated to a thick oll. When the solids were just starting o
precipitate, hexane (50 mL) was added and a precipitate formed immediately. The mixiure was
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 Step 2 19@[Rgliplgggporo-p sl
example, o

useful for the treatment of venous thrombosis, arterial thrombosis,
pulmonary embolism, myocardial infarction, cerebral infarction,

W ez%tﬁe ’ gg%gs atheroscler03|s., angina, primary 'and segondaryﬁ,g%ggz\ég%mms 7
rombosis, thromboembolism associated with cardiovascular disease,

including, but not limited to, WO 2006/100565 PCT/IB2006/000633 14

acute coronary syndrome, atrial fbrillation, cardiac valve replacement and
filtered todéve thedtie tormobgsis 2 Tine crysitallineitosois @b teegpresentitnyentiotaare
the filirateB@ HREIULIQREEHEAHRRMI IHARERBNFRRGIS @A o idhelas cbhSwere

combing llina; IL Spui mulation f VERIERL o ot
e L AL B Sy
crystalline forms of the present invention can be administered alone or in
with one or more therapeutic agents. These include, for
er -ant gol?a{fgﬁiuf é%'tosrfe\ivhich include, but are not limited to
2-Fluoro-fripdoeniiend - At ArRineue Fpageri e cvaigespam B e R arolispiin,
(0.804g, d4iprofdnamsRdpesad lbsmamgomethasinsgotatoxiks amleerauiddindrans-
1,2-diamiiuisaxEREOMPImINBIRiRrB INGIIneRULAOt RIS i AR ASER0RR e

cooling aRHRBIARH BRI &R, !ﬂlfﬂ&@w&@fﬁ?&%@ﬁtﬁ#ﬂ%‘ %%S%Pﬁic%;‘ﬁu%%\gﬁ?gﬁ%,

min onjsts i cIuding, but not limj 0, coumadin arin,

Vit K anta | )
and e e o iy AV o L B A Bt o
chromatqgagiité SR RS ALP BERRIEYFiTSe BSGismiiauresigden R HIédpidodie!,

M+ ticlopidine, or other P2Y12 antagonists; GPIlbllla antagonists including
but not limited to abciximab, eptifibitide, and tirofiban; heparanoids

Step 3: (mkﬂﬂiﬂ@zt?iﬁorﬂ%&m%lgﬁﬂiﬂ%Rﬁ}%eﬁ%ﬁﬁéﬁ%ﬁ%@%ﬁ?ﬂ?@i%@ﬂ“X’

carbomiﬁgg@%@%sg]g&te% fondaparinux, enoxaparin; and thrombolytic or

I’Inooéétlc %ents such as tissue plasminglgen activator, urokinase or
0 ¥

Into & SO R REPOHE IS B SRR iR S Finf PRBH Wtk erive i
compoung ¢l FidTaso e el RSP Qi ASRor § 2R ravhisis byl arhine thuat 3mL.,
1.53mmaig Shtssisutiomuiaistieretiitietink he 1ag estsranayibeta 8minisiagRe £t0Ac. The
solution magétﬁ}ym&@mﬁﬁtﬁi% @ﬁ.%ﬂé‘@é?&‘i,aJWNgbﬁzfﬁgme BYa; lyg?gxi@gryir)g
o o AP IE S 0 5T PR st
orvomatcgesy 2N 2 STARRATS IR S (BB {22 AP): 4361
M)+, (ARiddhL {Mh-phenyl)-amide 25 Step 1. Preparation of
(2R,4R)-4-methoxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester A
Step 4: @RIAGSA-MIGRAPPRIINL-2 IaRRSMREHE T AMIICH Wias SRS NBER:-

amige. Mechanical stirrer and thermocouple, was charged with 60% (w/w) NaH

Into a So&%‘% 0; %n&mocl)zﬁa q Qexg\rbeS%SOD ég) Th! _mixture was stirred for 1 min,
after which the agitation was stopped an HL30BYIR R s 2 LR 3ered

TEA SmbhrfBe BRIIR Y SERARBTE PUAL) AL RO e Braktedvaasitiaspure to

afford theHileraerapaitd (PHEESE2 8B HIIEs aied @H31 (6.51 mL, 105 mmol) and the
resulting mixture was cooled to OC in an ice bath. (R,R)-4-

Example 2

Synfhesis of Form A from Amorphous 1,2-Pyrrofidinedicarboxamide, N1-(4-chlorophenyl}-Ne-{2-
fluoro-4-(2-oxo-1(2M})-pyridiny)phenyl}-4-methoxy-, (2R,4R)- (BCH).

1.8g of Amerphous 1,2-Pyrrolidinedicarboxamide, N1-(4-chiorophenyl}-N2-[2-fluoro-4-(2-oxo-1 (2H)-
pyridinyhphenyl]-4-methoxy-, (2R,4R)- (8Cl) (prepared as described in Example 150 in US
2003/016272787 1o Bigge et al.} was slurried in 100 mj of water for 3 days at room temperature. The
solids were fittered, washed with 50 ml water and dried in a vacuum oven overnight o give 1.44g of
1,2-Pyrrolidinedicarboxamide, N1-(4-chiorophenyl)-N2-J2-fluoro-4-(2-0x0-1 {2F)-pyridinyliphenyli-4-
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Hydroxy-pyrrolidine-1,2-dicarboxylic acid 1 -tert-butyl ester (22 g, 95
mmol) was then added in portions while maintaining a reaction
wishoR e of 5C or less. The reaction was allowed to wargat0:Bls 600633
overnlg To the reaction mixture was added H20 (100 mL), 1 N HCI
(100 mL) and NaCl 35 (42 g). The reaction was stirred for 10 min. The
layers were separated, and the o}ﬁanlc layer was dried over MgSO4,
methoxyf]lEERec A EE 30 PEEM EateUSD @rifitokddiie \Wséalitedopolid Safere fust starting
to precipitate, hexane (50 mL) was added and a precipitate formed
Exarn ie mediately. The mixture was WO 2006/100565 PCT/IB2006/000633 15
ered to give the title compound as a white to yellow-white solid (20.16
Sy“thes'éffﬁ?f@%& AR PP & day, the filtrate was filtered to give a second crop of

0.629 ofm.ﬁré%mwwmw FheinieARspe wetd-2BbiRI b°5ive ThE title
solution easTooEn th @ twhitertbpaiiGiGvhite Bulisbias WeByTiIBBT Ly i@ve aoHiitalspifity
The whitéigofihiad EMBCio HORMBkaFcRtePbY PXRD and DSC.
1-(4-Amino-3-fluoro-phenyl)-pyridin-2-one. 2-Fluoro-4-iodoaniiine (10.0g,
42.2mmol) was combined with 8-valerolactam (6.27g, 63.3mmol), Cul
Examol .8049, 4.22mmol), and K3P04 (PZ 4g, 105mmol). 1,4-Dipxane (60m %
Synthesif, RECRRALAIINEAE BPerRRSS 1 ZTaipliinediaBmaie 1Y Hehigropheny
N2-[2-fi@m 4oty 1 EHR-prikdoirbeay! H‘éﬁ@@ﬁ’% @RBeiotP88h before cooling and
30.19g lihstingnait EtBAsidHeaionbdxmeiveas filtecsidrtinhenghna-{Htigoni-silkeaxo-1(2H)-
pyridinySEHERE-WHRESQAGRURANCCING HliAie LoREeRIER R EXHIRS Teslnass]
2003/01%%932&‘{ % g éjééf'éiaa'i' Ty %&W%M%&W ﬁé@t—icq%%%%@e‘?%&ﬂeated

oun %) as a bro

to 80°Cfﬁgsj_ov(imq_de§fga1§MeOH -Pygoindmed?car oxam;c}N rmo(‘{ chMophenyﬁ:thIE *):
fluoro-4({rRxpR 2P U YRS BEDROE - R R 4 e FRAAHSarhER ARkt RTetAd 87 by
cooled 1o eliginertpdraivarGrplioacithtertibeydre sterethteeshesdivitic® of thét

MeOH:F 98 RAY BELOTSifR LM Bv3H @ ighReghe Ran 6 Cl 3-Clanitihsursraddette,
N1 (4-cﬂ‘ero ﬁ%\ RH—@fBE%%F%(%AQ (FH¢ s&r%%ﬂ@ﬂ?tﬁ)x; FRIOB928)- 9c). Solids

mmol), and tr ine 1.53mmol). The solution was
were d%ﬂ%ﬁ%tto Ie?g% etére coollng to RT and adding EtOAc. The

solution was washed sequentially with 10% agq. citric acid, 1 N NaOH,
Examptwéter, and brine, before drying 20 over MgSO4 and concentrating under
Synthe§Rd; E6EHEGSEUFER] BEe crude material was purified by flash

Synthegigrcf?w&rﬁa&mf5%@‘:?Wﬁiﬁ%@ﬁ@?ﬂ@%%@ém&&%r@ﬁ»ﬁﬂ@m@&m
&0){0%{%{) pmguﬂﬁg‘:heg | § é’mchy @&AAE\,) ?@T)A' 2& SPM&E% "2~

IC acCl

Pyrmi*%@ﬁ?dﬁ%rbfwiﬁﬁ 1y f Gi@r&ﬁﬁ‘ﬁ%“ﬁ’ﬁé CRS TS %Ptf‘u@@o?%?%%ﬂ@%rfygtep 3
methoxB, ZZRER0 (Y61 waawipss BehiRIvtSTHD ey @iRipwASth AFarps PRded and left
stirring(@Rilyedids atsotutipmpeas stiree atifd Tvéor idbdsefbre-wanicSotidstivrgeunder
dea{em.ﬁggg&g%g Blessidate vRBRED the tike compound (0.255g, 100%) as a tan

oil. 30 Example 2
Exampie 8
Synthesis of Form C from a mixture of Form B and Form C
52g of Form B was slurried in 400 mi of E10Ac with 0.5g of Form C overnight. The slurry was filterad
io give 33.28g of sofids. The solid was confirmed by melting point and PXRD to be Form C.

Example 7
Synthesis of 1,2-Pyrrolidinedicarboxamide, N1-{4-chlorophenyl)-N2-[2-fluore-4-(2-oxo-1(2H)-
pyridinyl)phenyll-4-methoxy-, (2R,4R)- (8Cl} and subsequent isolation as Form C.
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Synthesis of Form A from Amorphous 1,2-Pyrrolidinedicarboxamide,
N1-(4-chlorophenyl)-N2-[2-
ng%&ﬂoggsoxo 1(2H)-pyridinyl)phenyl]-4-methoxy-, (2R, 4Ry hodoabkss
Amorphous 1,2-Pyrrolidinedicarboxamide,
Ni-(4-chlorophenyl)-N2-[2-fluoro-4- (2 oxo-i (2H)-
pyridinyl)phenyl]-4-methoxy-, (2R1 4R)- (9Cl) (prepared as described in
2g of (2FEXAMNEtES0-T RIS 2GA310/i6 2510 IB3Tuer Bidgex ety Rhemdorpide
hydrochidrdle (3 SEpeade infaxandiays Wiy etdradtiizmp enatUEe Abhvdhsoizisweretfijterde
for 90 ms\‘}@%“?ﬁ\é{‘@é&ﬁ& A WRIGE ARG A EEIR Y AR PR OWRRHOVEY BIghfiresgive: 14

mi of Et(%é\ 2 C(h he ré %W I éneadslf%g Qé) 6;??% 994 N\? ’é‘} enyi tsocyanate dlssolvad ln 8 mi

NS G 1 L RN e SRR s

two hourasfHke@SDa00 tifér poids rseckpahadlificeovit Bhisd B@ﬂ?ﬁ A( hepspiids M%T%’dﬂed inan

oven to W NesiIs obForvlidnédeateaamids, 5 0-82g\obBomy) BIZExdvnte-Bravad (2H)-

pyridinyIRHERA-OnR S0t Qbmain aee) anek oidnhvelWaigiiea & beTHaem Tty aingas

it cooled to room temperature at 5C/hour. The solids were filtered to give a

white solid. The white solid was shown to be crystal form A by PXRD and
DSC. Example 4 10 Synthesis of Crystal Form B from Amorphous

Exampig 8-Pyrrolidinedicarboxamide, Ni-(4-chlorophenyl)-

SynthesN 2¢ [2fiuB ricod -4 2n e D Hekrpy eaiiaipHenyl]-4-methoxy-, (2R,4R)- (9Cl).

A 1:1 misRird 8 rebAyBaiRhoUsH LofyeralElmwdit adapxariden greater than 256 mg/mi at a

tem ere!\l}eg“e%gg%g e RIS NA R TR Qndel- X0 give a solid. The soiid was
%/g lﬁ%@eé%% %‘f 4R)- (9C1) (prepared as described in
determ’ 4 . 87 to Bigge et al.) was heated to reflux
in 275 ml of McOH 175 ml of water was heated 15 to 80C and slowly

Exampladded to the MeOH/1,2-Pyrrolidinedicarboxamide,

synthedli(Aoeh D raETEIN SN 2-[2-

1.38¢g oﬂﬁmﬂv&gs ﬂéé’cequ(lgW?ﬂ\ﬁiﬂ&ﬁ@ﬁ@&*'%%ﬁiﬂﬂﬁﬁm‘&&éﬁ)ﬂd@@g}v&g cooled

solution was r ur.

o mmltﬁrgps%qas V\;qh(:!?r&eS fterg C\3\r}as Egjoi[%v é‘ﬁﬂé%ﬂﬂgﬂ 011% %I\I%)g)o%%as?aér%and dried
in a vacuum oven overnight to give 26. 499 of
1,2-Pyrrolidinedicarboxamide,
Ni-(4-chlorophenyl)-N2-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]-4-metho
Xy-, (2R,4R)- (9Cl). Solids 20 were determined to be Form B by PXRD
and DSC, Example 5 Synthesis of Form C from Form B Synthesis of
Form C from Form B 1,2-Pyrrolidinedicarboxamide,
N1-(4-chlorophenyl)-N2-[2-fluoro-4- 25
(2-0x0-1(2H)-pyridinyl)phenyl]-4-methoxy-, (2R,4R)- (901). Approximately
10mg of 1,2- Pyrrolidinedicarboxamide, N1
-(4-chiorophenyl)-N2-[2-fluoro-4-(2-oxo-1 (2H)-pyr!dinyl)phenylj-4-
methoxy-, (2R,4R)- (9Cl) was placed in a vial with 2mL of ethyl acetate. A
stir bar was added and left stirring for 3 weeks at room temperature. The

solids were filtered and air-dried. Solids were determined to be crystal
form C by PXRD and DSC.



30 Example 6 Synthesis of Form C from a mixture of Form B and Form C
52g of Form B was slurried in 400 ml of EtOAc with 0.5g of Form C
overnight. The slurry was filtered to give 33.28g of solids. The solid was
confirmed by melting point and PXRD to be Form C. 35 Example 7
Synthesis of 1,2-Pyrrotidinedicarboxamide,
Ni-(4-chlorophenyl)-N2-[2-fluoro-4-(2-ox0-1(2H)-
pyridinyl)phenyl]-4-methoxy-, (2R,4R} (9Cl) and subsequent isolation as
Form C. WO 2006/100565 PCT/I 9]8\%000633 17 2g of (2R,
4R)-4-Methoxy-pyrrolidine-2-carboXxylic acid
[2-fluoro-4-(2-oxo-pyridin-1-)I)-phenyl]-amide hydrochloride (as prepared

Whigt Exmpteisl) was stirred in 17 ml of EtOAc with 0.92 ml of triethylamine

1.

for Y aminaes rohh e eactieromstita s fike ned theauahmraaliie-paglioro-4-(2-
which wasithen dinsedvith,34.mlof BIOAs. Lgthe reaction filtrate was
added 0. 65 %@Z-Hg]%or'eogrﬁeny? isogygd&i(ssof\'/ed in 8 ml 5 of EtOAC
followed by 10mg of Form C suspended in 0.25 ml of CH3CN. The

- reachiSIYSARIESIRTE GO RStRP MERTrS ANt EFERPENTOPATE B SHBE AN Arasiiond in

twicEiguit 8\ 5t nbEtOWEn ez solid ssivg reudtiesbistian oven to give 2.17g of
1,2-Pyrrolidinedicarboxamide,

- S;?é”:'nﬂ%?ﬁﬁfﬁﬁ'%’%%f%Q'Jfﬂﬁéﬁvigéfﬁ%mﬁagavtseefr”e“" npsste st j07

to bé& ESrRdeHyRalteg 2ot Stgerample ¥ eones ROdi EatRra s ditfd
mixtOiecetes 2ERrANG EGrin@réed 2P drgrae BMFerme8 umt Oy érela
slurrigglzpztOAC at a concentration greater than 25 mg/ml at a
temperature greater than 54 C overnight. The mixture was filtered to give

a solid. The solid was 15 determined to be crystal form B by DSC and
PXRD Y ERAMRES “f}ﬁ‘fﬂésr}é"&gr—a&?‘ﬁ"‘ﬁrf)r‘é'}%"ﬁgfﬁ?tﬁ“l‘?%‘éecg/”d”f"ﬁ&‘ﬁ?aét one
was el srerd FoTiivithdir eIPeREaNP Reid FotetCenifltes? THRe sedtpes 20
was gasled nﬂmd@grmmot@mpaﬁeésmaadeaagolietma&emnme@hy ds_neldshmore
point adASCARMA SRR OURBr ABreShAMMS MYERkiRCLRIMeRHS JorA
CNr])_/_Stai"gar%égéﬁs: g%ia/%)f%g_ rrﬂPgéé;ggﬁ%r_P \%grw elx gt‘naiiy referenced io the methyl
oxo-EERARRY ANRAPHBHSINZEMRRHRPT2R  4R)- (9CI).

A crystalline form of claim 1 having a powder X-ray diffraction pattern with at least one
peak at about 18.9 + 0.2 degrees 28, about 25.9 £ 0.2 degrees 26, about 26.0 + 0.2
degrees 28, about 28.7 £ 0.2 degrees 26 or about 34.8 £ 0.2 degrees 20 when measured
using CukKa radiation.

A crystalline form of claim 5 having a solid-state *°C NMR comprising one or more
chemical shifts expressed in parts per million {ppm) selected from 172.9 or 110.0 when
externally referenced to the methyl resonance of hexamethylbenzene (17.3 ppm).

A crystalline form of 1,2-Pyrrolidinedicarboxamide, N1-{4-chiorophenyl)-N2-[2-fluorg-4-(2-
oxo-1(2H)-pyridinyl)phenyi]-4-methoxy-, (2R 4R)- (9Cl) having a powder X-ray diffraction
pattern comprising one or more peaks selected from 13.5 + 0.2 degrees 28, 27.7 £ 0.2
degrees 26, or 30.2 + 0.2 degrees 26 when measured using CuKa radiation,



2. A crystalline form having a powder X-ray diffraction pattern substantially
as shown in Figure 1A, 1 B or IC when measured using CuKa radiation.
3. A crystalline form of claim 1 having a powder X-ray diffraction pattern
with peaks at 19.7 0.2 degrees 26 and 23.2 0.2 degrees 28 and one or
more additional peaks at 16.1 0.2 degrees 26 or 21.9 0.2 degrees 28
degrees 20 when measured using CuKa radiation. 4. A crystalline form of
claim 1 having a powder X-ray diffrggtjon pattern with at least one peak
selected from 16.1 0.2 degrees 28, 19.7 0.2 degrees 28, 21.9 0.2
degrees 20 or 23.2 0.2 degrees 20 when measured using CuKa radiation
8 andhaViR)BRE Gt thbreP LBt R BE RAAR Lo riYRmRG BN N igibirero-4-(-
chemiedl2hifty idrpiessad-partspd?Rriifio (P Qi) istattede frommyldfg Rtion
or 13disrvdeanexigomlly referenseddedbe methyls tespaaneesab, 27.7 £ 0.2
hex%@&%@é’ﬂé‘?ﬂ?@d’f1(%.72-?39[%%925,-a%&&)@@'l‘%%f%ﬁii&i&@mésg@&E&r@m

powder X-ray diffraction_pattern with at_least gne k at ahout 18.9 0.2
Coride g A7 (7 DAgPRERcoB oL B0 bt dae smossrs
aboyt P8y saditfiees 28 or about 34.8 0.2 degrees 20 when measured
using CuKa radiation. 6. A crystalline form of claim 5 having a solid-state

o. 13C NMR:aemapsisiogcrie ORaneie poheBritabhbifie @R icssarkinpadig Pesks
mh'”'% SE%*H)z%%&%%%cﬁér%?ﬁ@zgdr?élré&% hen extesmalivLetaygpged to

the methyl resonance of hexamethylbenzene (17.3 ppm)gg% A crystalline
fornGFL e PYPSIGHRE R 0xamide, N |
-(4-chlorophenyl)-N2-[2-fluoro-4-(2-

10.0X0-A (d=ioyeithimy Dipheinyd Jadvimeshosy-st4 2R 4 RMRAGHhsivingha powder
X-rayhehiffeacdinn HBHERCAMPHSIBGANS Pompiadeaksaelested 5 ish
0.2 qgg.g‘?%§1%9.’727h7n Q)‘(%r% ) Fe ers nzc% ?cg t%g'r%e %rgse&raen%g 2f6 when
measured using EUKa radiation. 18a % A crystaﬁlne orm of
1,2-BSFBIRITHBEREERBOKARTEE): N 1-(4-chlorophenyl)-N2-[2-fluoro-4-(2
0x0-1(2H)-pyridinyl)phenyl]-4-methoxy-, (2R,4R)- (9CI) having a powder

11 X-rax chfftactionrpatiasmmcoRaprigingoane arayaigrpgakpaeleciedsiony 43<ast
0.2 dgg 5@_@@ s%ﬁ?c?e%- ioﬂ-@.ﬁ@%‘%}iﬁ&rgéﬁfj’%% @éo@s@@%%%,fj;gap@!p%@gs
more additio eaks selected fro .2 0,2 degrees 28, 17.6 0.
oot A A Et S aa e I T R b R (AR Ko
radi&®Rticn anddigdraIRre At | BIAHRSIRRIRG L po N dRtrKehaiamFaBson
pattespressapigiagspeakdliat (315 S:2attegrens 283 2558 0.8 detfeesc2824.7
and ¢ReR cRetriROISERZBINHER MRBFSHEBAHEE KelkretRtbiatiane 10z Appm).
crystalline form of claim 9 having a solid-state 13C NMR comprising one
or more chemical shifts expressed in parts per million (ppm) selected
from 174.3, 155.8, 153.2,



12.

14,

130.3, or 124.7 when externally referenced to the methyl resonance of
hexamethylbenzene (17.3 ppm). 11. A crystalline form of claim | having a
powder X-ray diffraction pattern comprising at least one peak selected
from 9.2 0.2 degrees 28, 13.5 0.2 degrees 28, 17.6 0.2 degrees 28,
18.3 0.2 degrees 28, or 22.5 0.2 degrees 20 when measured using CuKa
radiation and having a solid-state 13C NMR comprising one or more
chemical shifts expressed in parts per million (ppm) selected from 174.3,
155.8, 153.2, 130.3, or 124.7 when gxternally referenced to the methyl
resonance of hexamethylbenzene (17.3 ppm). 19 12. A composition
comprising the crystalline form of claim 2 or claim 11 or a mixture thereof
andAagpheassirewivalin adeeprabline oipiefiiadildentleircarhes. migtusk thereof
compasitiparaacerting teiaunid & fpithe Lnamisigeane or more of the
following agents: a) non- -steroidal anti- inflammatory agents; b) thrombin
|nh|t}\ ors; cg factor V a |nh IIOI'% 9) latelet a gatlon inhi |tors eg
3 itamin RPAAESgSRTS s”"ﬁ BPBlNE an §f8%T A NS T
throA#8B%tic or fibrinolytic agents. 14. Use of the crystalllne form of claim 1
or chim 1horsemistlzettideeuidorthgentmnufacture of a medicament for
the yeatmenbebrenmigdirombosis, arterial thrombosis, pulmonary

bcqllsm W&ngﬂl g}@gctlon cerebral infarction, restenosis,
atherosclerosis, angina, primary deep vein thrombosis, secondary deep
veinthromBAEIE! %ga%?%ﬁﬂ%’e%f’é “Biabetes or thromboembolism
assétiated AR CARNBIRREEIar disease.

f) GPlHbllla antagonists;

o) heparanoids; and

h} thrombolytic or fibrinolytic agents.

Use of the crystalline form of claim 1 or claim 11 or a mixture thereof for the manufacture
of a medicament for the treatment of venous thrombosis, arterial thrombosis, pulmonary
embolism, myocardial infarciion, cerebral infarction, restenosis, atheroscierosis, angina,
primary deep vein thrombosis, secondary deep vein thrombosis, cancer, sepsis, diabetes

or thromboembolism associated with cardiovascular disease.



