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ci nnanoyl - p-f | uor oPhe- p- guani di noPhe- Leu- Arg- Arg- NH2. Peptide thronbin
receptor antagonists are also disclosed in WO 94/ 03479, published February
17, 1994. Thronbin receptor antagonists have been suggested in the
literature as being potentially useful in treating a variety of diseases or
conditions including, for exanple, 5 thronbosis, vascul ar restenosis, deep
venous thronmbosis, lung enbolism cerebral infarction, heart disease,

di ssemi nated intravascul ar coagul ati on syndrome, hypertension,
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neur opat hy and/ or malignant tunors (Suzuki, Shuichi, PCT Int. Appls. WO
0288092

BACKGROUND OF THE INVENTION

The inveniion relates o a crysialline polymorph of a bisulfate salt of a thrombin
receptor antagonist, processes for synthesizing the bisulfate salt and methods of using
the bisulfate sali.

BACKGROUND

Thrombin is known to have a variety of activities in different cell types and
( thrombin receptors are known to be present in such cell types as human platelets,
| vascular smooth muscle cells, endothelial ceils and fibroblasts. It is therefore possible
that thrombin receptor anlagonists, also known as protease activated receptor (PAR)
antagonists will be useful in the treatment of thrombotic, inflammatory, atherosclerctic
and fibroproliferative disorders, as well as other disorders in which thrombin and its
receptor play a pathological role.

Thrombin recepior antagonist peplides have been identified based on structure-
activity studies involving substitutions of amino acids on thrombin receptors. In
Bernatowicz et al, J. Med. Chem., vol. 39, pp. 4879-4887 (1996), tetra- and
pentapeptides are disclosed as being potent thrombin receptor antagonists, for

example N-trans-cinnamoyl-p-fluocroPhe-p-guanidinoPhe-Leu-Arg-NH, and N-trans-
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receptors in cellular invasion,” FASEB Journal, 2002, 16(6), pp. 565-576), melanoma

-,

(Tellez, Carmen, “Role and regulaiion of the thrombin receptor (PAR-1) in human
melanoma,” Oncogene 22, 2003, pp. 3130-3137), renal cell carcinoma (Kaufman, R.,
“Meizothrombin, an intermediate of prothrombin cleavage potently activates renal

20 carcinoma cells by interaction with PAR-type thrombin receptors,” Oncology Reports,
2003, 10(2), pp. 493-496), renal disease, acute renal failure, chronic renal failure, renai
vascular homeostasis (Tognetio, Michele, “Proteinase-activated receptor-1 (PAR-1)
aclivation contracts the isolated human renal adery in vitro,” British Journal of
Pharmacology, 2003, 139(1), pp. 21-27}, glomerulonephritis {Ahn, Ho-Sam,

25  “Nonpeptide thrombin receplor antagonists,” Drugs of the Future, 2001, 26(11), pp.
1065-1085), inflammation, (Meli, Rosaria, “Thrambin and PAR-1 activating peptide
increase INOS expression in cylokine-stimulated C6 glioma cells,” Journal of
Neurochemistry, 2001, 79(3), pp. 556-563), chronic airways disease (Roche Nicolas,
“Effect of acute and chronic inflammatory stimuli on expression of protease-activated

30 receptors 1 and 2 alveolar macrophages,” Journal of Allergy and Clinical Immunology,
2003, 111(2), pp. 367-373), bladder inflammation {(D'Andrea, Michael R., “Expression of
protease-aclivated receptor-1,-2, -3 and ~4 in control and experimentally inflamed
mouse bladder,” American Journal of Pathology, 2003, 162(3), pp. 907-923),



dysfunction (Wang, Junru, "Deficiency of m crovascul ar thronmbonodulin and up
5 regul ati on of protease-activated receptor-1 in irradiated rat intestine:
possi bl e Iink betmee ndot hel i al dysfunction an hroni c radi ati on
fibrosis,"” can J nal of Pathology, June 2 , 160(6), pp. 2063-72),
perlodonﬁﬁ?zﬂvggﬁggs (Tanaka, Nobuhisa,, "Thrombin-i nducBHTEA2WSHHEIT i zat i on
in human gingival fibroblasts is nediated by protease-activated receptor-1
(PAR—l)," Li fe Sciences, 2003, 73, pp. 301-310) and 10 wounds (Strukova

S M,

"Thronbin, a regul ator of reparation processes in wound healing,"

= 5 et Bl o S b o ol bl
o ggpg SRR @g@sﬁfeﬁ BHESREP D DoasRar 1 dibrhes o difing PR
s
¢hint g@tgr?nﬁts %é)f(lgchlqpﬂ Wb 02'7?35{_?&?(2%?)% ki oh ffrt?frosﬁ-”@?\'aoﬂ?élaafo

"t owar ds

er apy as a survival' factor

cancerdyﬁhhst:ong amgbUonacgt Dea{tneony ioh migvlolvg Bautr e‘frbuﬁmnsdmm andcmpand

i nhi bition of

arubi ci n-i nduced cell death in vitro of

‘d PBni cEIgURLOMEEBINEISGAALIEHER Apetiiped  in zrm@cilatem(@)imeﬁﬁne @Q@at@i@awk

et oSBT SABE TR MU BT Pl B [ BBl A Icer bl dBRbE o

cell's, Pﬁﬂ&ﬂbg_KQﬁJdeSZO@ BREL D cebtas mdb@mo@imal disehb&s (Barand, Neipied -

Substituted t

ronbi n regceptor ant agoni sts are disclosed in US 6,063,847, US

S/n 32ﬁ géaomtunm@c@g@ﬁaw madrilizediop7n heasn gingivahbiprotdasisda m\@dlamr? by 2, 9:32
of' e B ASTa L6 TSHERgb i SR Dbl e g OPRer + dT-538) §79 “ag -

I o
P Al

VSVCB/O uldR (EffiRova RS 8., erﬁb%tﬁ? Red%uBer re;%rahon?ﬁbcé!@e%%%ﬁﬁ&m%?’

11115/ 111111447 4 and phar naceut i cal acceptable salts and

sol vat esalirtg? &jqrgah@heEKBﬁmh‘hmbsl 1998t 4), g 288-2@2ur al features are as
defi ned the[r%l ene{ al rocess .is also . disclo

15

20

25

rombm ceptor antagonists have also been suggeqsted as potential
antiangiogenics (Chan, Barden, “"Antiangiogenic property of human thrombin,”
Microvascular Research, 2003, 68(1), pp. 1-14), resistance factors for tumor cells
towards chemotherapy (Schiller, H., “Thrombin as a survival factor for cancer cells:
thrombin activation in malignant effusions in vive and inhibition of idarubicin-induced
cell death in vitro,” Int. J. of Clinical Pharmacology and Therapeutics, 2002, 40(8), pp.
329-335.), platetet aggregation inhibitors and proliferation inhibitors of smooth muscle
cells, endothelial cells, fibroblasts, kidney cells, csteosarcoma cells, muscle celis,
cancer cells and/or glial cells (Suzuki, supra).

Substituted thrombin receptor antagonists are disclosed in US 6,063,847, US
6,326,380 and U.S. Serial No. 10/271,715.

U.S. Application No. 10/412,982, which is incorporated herein by reference in its

entirety, teaches a class of thrombin receptor antagonist compounds having the formula

(1) as follows:




therein for preparing such thronbin receptor antagonist conmpounds. U.S.
Application No. 10/412,982 further discloses a specific thronbin receptor 5
ant agoni st conpound i den ied as Exanple 11, in Tab 1, herein identified
as Conpqund 1. Canpound ¥ has the followi ng structur® 0 HH . K nNHCOoEl O
HHH NQH§§W§6UH)31 Conpound 1 exhi bits good thronbin rBcEBb¥YEHMAGonNi st
activity (potency) and 10 selectivity, and is useful for treating

t hrombosi s, ot her cardiovascul ar and non- cardi ovascul ar conditions. The
co-pending U. S. Patent Application No. 10/705,282, herein incorporated by
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t hese and oth8r ApphiedtiarsNowhDe 2982 fsthes bsclppes amspeadicttherabisceicepiasn
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Compound 1

Compound 1 exhibits gcod thrombin receplor antagonist activity (potency) and
10 selectivity, and is useful for treating thrombosis, other cardiovascular and non-
cardiovascular conditions. The co-pending U.S. Patent Application No. 10/705,282,
herein incorporated by reference, discioses a variety of indications and combination
formulations for thrombin receptor antagonists.
It would be beneficial to improve the thermodynamic propenrties of Compound 1.
15 1t would further be beneficial 1o produce a stable crystalline form of a compound related
to Compound 1, which has consistent physical properties. The invention seeks 1o
provide these and other benefits, which will become apparent as the description

progresses.

20 SUMMARY OF THE INVENTION

The invention provides a crystalline polymorph Form 1 of Compound 2 of the

formula:
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that exhibits a powder x-ray diffraction pattern having characteristic peak locations of

11.2,16.4,19.2 and 21.0 degrees 26. More preferably, the crystalline polymorph

exhibits & powder x-ray diffraction patiern having characteristic peak locations of 2.9,

11.2,16.4,19.2, 21.0, 22.1, 23.7 and 26.7 degrees 26. Even more preferably, the

crysialline polymorph exhibits a powder x-ray diffraction pattern having characteristic
peak locations 0f 9.9, 11.2, 12.6, 14.5, 16 4, 19.2, 21.0, 22.1, 23.7, 26.7, 28.2 and 30.8

degrees 26.

In afurther embodiment, the invention provides a crystalline polymorph Form 1

of Compound 2 that exhibits a powder x-ray diffraction pattern substantially the same

as the powder x-ray diffraction pattern shown in FIG 1.

in afuther embodiment, the invention provides a crystalline polymorph Form 1

of Compound 2 that exhibits a differential scanning calorimetry pattern substantially the

same as the differential scanning calorimetry pattern shown in FIG. 3.

In further embodiments, the invention provides a process for preparing

Compound 2 from Compound 1 according to the reaciion:
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5 Form 1 of Conpound 2 that is the product of the above process. Preferably,
the organic solvent is selected fromthe group consisting of alcohol,
nitrile, ester, ketone, er and m xtures thereof. !n nore preferably,

t he orgamgmt&qhy@gt is acetonitrile. Preferably, th uﬂ,(tﬂr[i% th|‘d _;I sina
m xture with acetonitrile. Preferabl Yig the tenperature 1's about "Wd'c. 10 In
further enbodi nents, the invention pI’OVI ‘des a pharmaceutical conposition
conpri si ng the crystalline polynorph Form1 of Conpound 2 and at |east one
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met hod of |n i bi e'aﬁﬁgt n%t:mé :@éggt %gg@gé%?gé&ﬁtghgggi gﬁé‘l’l ng to a
manmal in negd ohdsm@sw[ﬁ@tammom héSteef fegtiieve anount of the crystalline
pol ymorph Form 1 of Conpound 2. In still further enbodinents, the invention
provi des a nethod of treating thronbosis, atherosclerosis, restenosis,
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pers phepam ¥apCBioutidSEaRRSs tHhIRNIERbLIHE AbSR fRicessCer ebral 20 ischem a
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cardi Ovasleﬁrsnﬁjl er?ft}erlesmggtﬁ)lls{én?s trhe invention provides a method of treating
thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, myocardial infarction, glomerulonephritis, thrombotic stroke,
thromboembolic stroke, peripheral vascular diseases, inflammatory disorders, cerebral

20  ischemia or cancer, comprising administering to a mammal in need of such treatment
an effective amount of the crystalline polymorph Form 1 of Compound 2.

In even further embodiments, the invention provides a method of trealing
thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, myocardial infarction, glomerulonephritis, thrombotic stroke,

25 thromboembolytic stroke, peripheral vascular diseases, inflammatory disorders,
cerebral ischemia or cancer, comprising administering 1o a mammal in need of such
treatment an effective amount of the crystalline polymorph Form 7 of Compound 2 in
combination with at least one additional cardiovascular agent. Preferably, the at least
one additional cardiovascular agent is selected from the group consisting of

30 thromboxane A2 biosynthesis inhibitors, GP Hib/llla antagonists, thromboxane
antagonists, adenosine diphosphate inhibitors, cyclooxygenase inhibitors, angiotensin
antagonists, endothelin antagonists, angiotensin converting enzyme inhibitors, neutral

endopeptidase inhibilors, anticoagulants, diuretics, and platelet aggregation inhibitors.



cl opi dogrel bisulfate. In even further enbodinents, the invention provides a
purified formof the crystalline polynorph Form1 of Conmpound 2. 5 A
further understandi ng the invention will be ha romthe foll ow ng

dr awi ngs,: fodz;?rﬁ%’}u@ﬁ onvand cl ai ns. BRI EF DESCRI PTI OF THE DRAWNGS FIG 1
is agr apﬂ of a powder x-ray diffraction (PXRD) pattern JiCTHOPYSGH7
Compound 2 crystallized fromacetonitrile, generated using a Ri gaku M ni Fl ex
diffractometer. The graph plots the intensity of the peaks as defined by

counts per second vers the diffraction angle O in degrees. FIG 2 is a
o aph 5TE R THER 166 3 Freky Pub chiisiyplescular aeShids BBt of conpound 2
synt heg|idodredBsulfpheir ry of the bisulfate salt in acetone at room

tenperature.” The graph was generated using a R gaku M ni Fl ex diffractoneter.
.The graph phaventfoetheneemsidirpents, the imeakion asoddbs mepluriified tunt of fher second

versus the diffractign_angle 2 0 in degrees. FIG 3 is a graph of a
modul atcéfﬁ?@i"'f‘?é}o@ﬁppg? ggﬁﬁﬂi M eBPSHN et ry (DSC) thermogram of Form 1 of

Conpound 2 | i f pLrd : I jzed
ooy 1 1ow i i iy ofRige AR B o e ApRRIrR 185 Foll g R TP aRRlds”
terrpergt?ure Ln dear es C. 10 DETAI LED DESCRI PTI ON As di scussed in U. S

Appl i cHEPEIPIEYD B M310/ 412,982, Conmpound 1 is a potent thronbin receptor
ant agoni st. WD 2005/ 070923 PCT/US2110 5 /110114 4 7 -8- OHHHN COOP M
H=HNF However, the freebase form of Conpound 1 was found to suffer from
inferior crystalline stability. A bisulfate salt of Conpound 1 was found to

exhi bit superior BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph of a powder x-ray diffraction (PXRD) pattern of Form 7 of
Compound 2 crystallized from acetonitrile, generated using a Rigaku MiniFlex
diffractometer. The graph plots the intensity of the peaks as defined by counts per
second versus the diffraction angle 2 6 in degrees.

FIG. 2 is a graph of a powder x-ray diffraction (PXRD) pattern of Form 2 of
Compound 2 synthesized from a slurry of the bisulfate salt in acetone at room
temperature. The graph was generated using a Rigaku MiniFlex diffraciometer. The
graph plots the intensity of the peaks as defined by counts per second versus the
diffraction angle 2 6 in degrees.

FIG. 3 is a graph of a modulated Differential Scanning Calorimetry (DSC)
thermogram of Form 1 of Compound 2 crystallized from acetonitrile. The graph plots
the normalized heat flow in units of Watis/gram ("W/g") versus the measured sample

temperature in degrees C.

10 DETAILED DESCRIPTION
As discussed in U.S. Application Serial No. 10/412,982, Compound 1 is a potent

thrombin receptor antagonist.



stability characteristics and substantially simlar activity. As used

herein, "bisulfate" 5 nmeans -HSO4. Conpound 2 has the follow ng structure:
OHHM'NCOCEt M H = N'H -HSO4 F Conpound 2 Ty@adi stinct crystalline
pol ynor p K und 2 re found to exist. These e herein
referredhfgqgggﬁggg1l and Form 2. Formg was found to bepéﬁHé?QHT%“4 and to
revert to the crystalline structure of Form 1 over tine. The two 10
crystalline forms of the bisulfate salt can be referred to as pol ynorphs.

Pol ynor phi smgap bg chagacterized as the ability of a conpound to
crystallize 0 e@eg@ grystal forms, while maintaining the same

chem cal forogula. A yst PFne polynDrph of a given drug substance is
chemcally ide e o any other crystalline polynorph of that drug

subst ance i e ning the sane atons bonded to one another 15 in the sane
way, but differs inits crystal forns, which can affect one or nore physical "’
properties, such gtability, solubility, nelting point, bulk density, flow
properties, bioavajdability, etc. Conmpound 2 has at | east one bond with
restricted rotation. Al tautonmers and rotational isonmers are contenpl ated
as being part of i nvention. WD 2005/170923 PCT/US2110 5 /1100 4-47 -9
Conmpound 2 can ex in unsol vated as well as solvated forns, including
hydrated forns. In gerferal, the solvated forns, with

pharmaceutical | y- a&ceptable sol vents, such as water, ethanol, and the Ilike,
are eaul val alucBr LR HISPLALRA diipb Oy 1RVEORAER) ﬁfsdﬁqrsfrdrﬁwﬁf@hbpn 5 As
used throug out the specification e followng terns, unless otherw se

i ndi catgdialigteastabbiey. umlmss!ﬁaledsaﬁioofrfamepbbed flovaoveurg meam:bgsupéﬁatl ent"

i ncl udes both human . and ot her ani ma} Manmmal " | ncl udes hunans and, ot her
mammal Plakilby phaiegteristics and substantially similar activity. As used herein, “bisulfate”

L]

5 means -HS0,. Compound 2 has the following structure:
Oy M H

N.
8]
Me? H I H
S
™ i nso,
P
F
Compound 2

Two distinct crystalline polymorphs of Compound 2 were found 1o exist. These
two forms are herein referred to as Form 7 and Form 2. Form 2 was found to be
unstable, and to revert to the crystalline structure of Form 7 over time. The two

10 crystalline forms of the bisulfate salt can be referred to as polymorphs.

Polymorphism can be characterized as the ability of a compound to crystallize
into different crystal forms, while maintaining the same chemical formula. A crystalline
polymorph of a given drug substance is chemically identical to any other crystalline
polymorph of that drug substance in containing the same atoms bonded o one another

15 in the same way, but differs in its crystal forms, which can affect one or more physical
properties, such as stability, solubility, melting point, bulk density, flow properties,
bioavailability, etc.

Compound 2 has at least one bond with restricted rotation. All tautomers and

rotational isomers are contemplated as being part of the invention.



"Pol ynor ph" neans a crystalline formof a substance that is distinct from
anot her 10 crystalline formbut that shares the sanme chem cal formula.
"Al'cohol " neans an orgui c conmpound containing a roxyl group (-OH).

n

"Nitrilel n or i ¢ conpound containing a -C=N grnRypys20&50els7 nmeans
an organi ﬁ’g’nfgg{i}gﬁ of formula RC(O O}. wherein the two R groups are

i ndependently al kyl or aryl and the parentheses indicate that the encl osed 0O
15 i s doubl ebonded to the C. "Ketone" neans an organi ¢ conpound containing a

car bonyl r einbt o i B60EH IR B LK. PEOURR A FHGHRL SLiLgFRANS an

essentiallyne st ance us S 5o dr uen orm or

consi sheacyed doang. omrgéaenad)rthe 20V d &mns\/evnrophaftrh@ctanmulywcbwaeﬂé ective”
is meant to describe a conpound or a conposition of the present invention
_ef f ect BOWeNiS, SHCAGENVSIATofNERPbsidnhedikepatt equivalent hasheLpgabRiy ohes for

desire rap. |C: orative, inhibitory or preventatlve effect.
Pty ok et - |

"Effec irapeutically effective anount” is neant to

,desgribe anpgnpip threfiglk@RBE RpeOicatisONReIbldWmgathbeuRkesetbeiiyent i on
effective in ant a?onl sm of 25 thrombin receptors and thus producing the

desi r ethditriedpshall be uaerstopdde viaye ﬂmmfcbiommg m@ﬂrnlp@event ative effect.
Sanpl e Prepatrat.i o was an | yzed as a dry powder for
powder x-ray @‘%f“m'?‘ﬁ?g‘]%? P8{p ?urggﬂlﬁwd éﬁ@rﬁﬁ Klf'St ed Di fferential Scanning
Cal ori met ry «(fabRGal m@lﬂ@éé’ﬁ@ﬁwar@rérﬂi ofrer AANYHIRN ghifgd oni zer was used to

grind and classify the materi al Filtered nitrogen was introduced through
j ets spaced"Rolymegphamedanset vadsialkm)tmdw @hesupenanphehet isfdistectdrdarn dinogher

chapber S vVort ex |s generated, X O 2005/070923
-1 OCW@?(J %U@fgégMShaFﬁf ar‘fﬁ?@ PRICAS M HBect ed into the vortex near
the peripheralcqdt meank 0 |nQ,Cé:c5!¥1 o@h8¢LRMiSIn eé‘ﬁ}/dtlﬁﬁyl ﬁFOﬁJpC([a@Fﬁ the
suspended particles to co e and duce one anot he npac Heavi er

over si zed pémttniel’eseaafseaﬂnekgianmcbhqeogmdrtd]rm@mmgpa @¥l\b@’m.npl fugal force. The
rate of feed and the grinding gas pressure are th n factors that control

5 the out put EPEF t MERBS AN @ ganiteCYPPAERH §! aawaﬁ% Q) @%u‘dheé?d” i MR Fat the
top ce Oére »Hgﬁgéﬂ&fﬁﬁf RPN d R PLRREZSInRE AN thatthbrdioddl & the

coIIec bag
15 is doublebonded io the C.
“Ketone” means an organic compound containing a carbonyl group (C=0)
attached to two alkyl groups.
“Excipient” means an essentially inert substance used as a diluent or to give
form or consistency to a formulation.
20 "Effective” or "therapeutically effective” is meant to describe a compound or a
composition of the present invention effective in antagonism of thrombin receptors and
{ thus producing the desired therapeutic, ameliorative, inhibitory or preventative effect.
"Effective amount” or "therapeutically effective amount” is meant to describe an amount
of compound or a composition of the present invention effective in antagonism of
25 thrombin receptors and thus producing the desired therapeutic, ameliorative, inhibitory

or preventative effect.

Sample Preparation

Form 1 of Compound 2 was analyzed as a dry powder for powder x-ray
30 diffraction ("PXRD"} and modulated Difterential Scanning Calorimetry ("DSC")
analyses. Prior to analysis, a micronizer was used to grind and classity the material.
Filtered nitrogen was introduced through jets spaced at reguiar intervals around the

periphery of the grinding chamber. During operation, a high-speed voriex is generated,



was mcronized at a feed rate of 150 grans per mnute ("g/mn") and a ml|
pressure of 50 psig on a 4 inch mcronizer. The ground materi al was
collected in druns i nedv\’ h doubl e- pol yet hyl ene b and stored in a
refriger a{,\e(gz[@]g/ %mfol | o g mcronization, sanples e anal yzed with

m nimal preparation to prevent any form changes. The sakpllesS2Wer@' 7 ght |y
rubbed to insure that particles were not clunped together. No solvents,
drying or other preparation steps were used for these analyses. The PXRD

d d [ h i V. i i f h i I f -
and DS SAL3 e spcham el dertty Lhe pingle Lorum pavder Jomay
di ff ragqﬁ%%hfs’ ?eémﬁﬂét%ga;fsgqhb%&%%%bed?%ﬁtﬁi@é% ?Sﬁ?ﬁé a'#ﬁﬁ%d%c YrlePBh Gher

di vergence slit with scan' axi s guration and a radiation source

of coppgrin{pte). HEReigpalvemirghpaaiakearevasidsopid igeidding deadsy cérimged
subsequent |l y_placed onto a face of a Si-coated |ow background scatter
al uni nUAGS- atlee (AR Y Teethand e paNdttedaswiassaramrt Henmain fasews, thapcontrol

el o GaE Al eERde AL MRRSERs BRLSLRRQBR SRS ot MR HERF b1 e

r evol utgramsbdreindiiirawisethe(micpomiy et @ro@detaitph alterthe dofeteon Bhpomheabatthe
crystals. The data were evaluated using JADE ' pattern processing software

ver si ofwa&s Digiopieiaie iegdgatiaph 1 bAGrasNBirmMinuEhE g/rsior  and & @ilt piessitabl v

o eacP bR ornd Spn Byebhler TS Erd R S e Bor R ey S o™
Col ay Aol ethyiés balsbnatdered ﬁweaiéfrigéra@éég%é.m ly a raw pattern

Wi t hout a background cofrection or a K-a2 peek renoval. Using the nethods
and equi pnentolgedieg Nbenidsdvs, sEGINEI Wele @papyaadavith masima yippaiadient!s PXRD

anal ysis. A PX ttern was.generated and.i.s displayed in F . .The

i nt ensifGVEe! ?W?’Bog'%a%n@ﬁ-saiﬁ PP Sc%’%hpt @*ﬁ@rmggéaﬁa)‘”?l&@p‘@ P@é'c\’/eeﬁ' sus
the 28 waroh& dllz(mﬁédf’ec\)/gﬁhbﬂ Nl%%(ﬁ@éntg%ryid%"oﬁéﬂiefr' Qégaarfalﬂéncbﬂé@s werre uebat t ed
wi th detector counts O 20W 070923 PCT/'1i'S 2011] PO 01-1 7 normalized for

t he colfpetidserandlygesper hetRpRUearrsd®IGidappcamgheh uRenlely obzntifvitye ¢ipgle he 20
X-axis), consistent with these profiles are displayed in Table 1. The

| ocat i JREmOf t hese PXRD peaks are characteristic of crystalline polynorph
Form 1 mf&omamndpa o ¥WpR005/ 070923 0 PCT/ US2005/ 000447

The PXRD analysis was performed using the Rigaku MiniFtex® diffractometer
(manutactured in 1999). The instrument uses a variable divergence slit with a 6/2 6
scan axis configuration and a radiation source of copper (Ka). The polymorph sample
was supplied in powder form and subsequently placed onto a face of a Si-coated low
background scatter aluminum plate using a hand held dowel with a minimum of force.
A crystalline silicon standard was used to check peak position accuracy. The sample
was exposed to ambient conditions while being rotated at 54 revolutions per minute
("rpm™) to reduce preferred orientations of the crystals. The data were evaluated using
JADE® patiern processing software version 5.0 from Materials Data inc. ("MDI"). The
software automatically does a final filtering, fits a background, and measures the area
and height of each peak. The x-ray pattern was filtered with a nine-point Savitzky-
Golay parabolic filter, but otherwise i is essentially a raw pattern without a background
correction or a K-a2 pe.ak removal.

Using the methods and equipment described above, Form 1 of Compound 2 was
subjected to PXRD analysis. A PXRD pattern was generated and is displayed in FIG.
1. The intensity of the peaks (y-axis is in counts per second) is plotted versus the 26

angle (x-axis is in degrees 28). In addition, the datla were plotted with detector counts



TABLE
11. 77
22.38
34. 06

1 PXRD Peak Positions for Form1l of Compound 2 20(-) 9.90 11.24
12.64 13.96 14.48 15.68 16.44 17.97 19.22 19.52 21.04 21.58
23.06 23.70 936 25.06 25.89 26.68 . 20 29.74 30.78 32.16

> 30

34.66 36. )
WO 2005070923 11- PCT/USZOO5/000447

normalized for the collection time per step versus the 26 angle. Peak locations (on the
26 X-axis) consistent with these profiles are displayed in Table 1. The locations of

these PXRD peaks are characieristic of crystalline polymorph Form 1 of Compound 2.



Starting with the PXRD peak | ocations of the Form| crystalline structure of
Compound 2 as displayed in Table 1, the nost characteristic peak |ocations
can be selected and grou’d by relative intensity t(!onveni ently

di stinguighy 4pis6/ystal I The structure fromothers. ch a selection of

uni que peaks 1s displayed in Table 2. Thus, the crystal PFHESEOFUUYET e of
Form 1 of Conpound 2 nay be identified by the Peak Location Goup No. 1,
consisting of 4 characteristic PXRD peak | ocations. More preferably, the
crystalline structure of Form 1 of Cfﬁﬁ(ﬁﬁn 2 may be identified by the Peak
Location G oup No. 2, consisting of haracteristic PXRD peak | ocations
of Goup No. 1 and an additional 4 peak |locations. Still nore preferably,
the Form 1 crystalli AR} PeekRasiginsdemfeumd’ 2f Ggynpmairidd@nt i fied by the
Peak Location G oup No. WO 2005/070923 PCT/U S2005/ 90044 7 -13 3,
consisting of the 8 characteristic PxRpypeak |ocations of Goup No. 2 and an-
addi tional 4 peak |ocations. 7stic PXRD Peak Locations for
Form 1 of Conpound 2 Peak Peak Locati ocation Goup No. (degrees 20) 1

90
11.2 16.4 19.2 21.0 2 9.9 11.2 16.11%$9.2 21.0 22.1 23.7 26.7

12.64
13.96
14.48
15.68
16.44
17.97
19.22
19.52
21.04
21.58
22.38
23.06
23.70
24.36
25.06
25.89
26.68
T 28.20
29.74
30.78
32.16
34.06
34.66
36.12
37.30

Starting with the PXRD peak locations of the Form 1 crystaliine structure of
Compound 2 as displayed in Table 1, the most characteristic peak locations can be
selected and grouped by relative intensity 1o conveniently distinguish this crystalline
structure from others. Such a selection of unigue peaks is displayed in Table 2. Thus,
the crystalline structure of Form 1 of Compound 2 may be identified by the Peak
Location Group No. 1, consisting of 4 characteristic PXRD peak locations. More
preferably, the crystalline structure of Form 1 of Compound 2 may be identified by the
Peak Location Group No. 2, consisting of the 4 characteristic PXRD peak locations of
Group No. 1 and an additional 4 peak locations. Still more preferably, the Form 1

crystalline structure of Compound 2 may be identified by the Peak Location Group No.



39.9 11.2 12.6 14.5 16.4 19.2 21.0 22.1 23.7 26.7 28.2 30.8
Form 2 of Conpound 2 was al so subject to PXRD analysis. The Form 2 crystals
wer e synt hesi zed from lurry of the bisulfate s in acetone at room
tenperatuﬁg)ﬂmvwmqgg 2%05/ 1170923 PCT/ 11 S2005/ 00W™-17' -14- The Form 2
crystals were no croni zed. The cryshgj sanpl e prepar ath¢(dnUS2AKEIY 4 ca
equi pnent and anal ytical techniques used to analyze the crystalline
structure of Form2 were otherwise simlar to those applied to Form 1, as

descri hed aboye. e PXRD profil the Form 2 material s displayed in
o 25 rrasie Btk & Cruerlns bR HakIRREnS gh AP Mo Pkedl o of
Conpoungh RicHa 4B Rr&flohs Table 3. A conparison of the PXRD peak

| ocati ons di splayed in Tables 1 and 3 supports the conclusion that Forns 1

and 2 are distinct crystalline pol ynargisE @ the bisulf ate salt of Conpound

2. TABLE 3 PXRD Peak Positions for Form 2 of Conmpound 20 Angl e 5.36
10.22 10.72 1 _I'g@'acter%nc F(;)XFED Peak Locations for Frg?m 7 of %ompoungz O

Peak Peak
Location Location
Group No.  (degrees 26)

1 11.2

16.4

19.2

1.0

{ > 99
11.2
16.4
19.2
21.0
22.1
23.7
26.7
3 9.9
11.2
12.6
14.5
16.4
19.2
21.0
22.1
23.7
26.7
28.2
30.8

Form 2 of Compound 2 was also subject to PXRD analysis. The fForm 2 crystals

were synthesized from a slurry of the bisulfate salt in acetone at room temperature.



13.38 15.02 16.67 19.16 19.72 21.14 21.79 23.06 24.89 26.60 27.02
28.24 29.67 30.70 33.92 34.71 Those skilled in the art wll recognize
that the nmeasurenents of e PXRD peak | ocations for gi ven crystalline
formof th ape conmpoun i1l vary within a margin 04 S.

Appl i cat }%ﬁziﬁﬁm‘%?Mg, 650, the maxi mupg.sanpl e-t o-sanpl eﬁ'{ -llggl‘a‘r'fgnu#gl ue
anong all peak | ocations using consistent sanple preparation techni ques and
a |imted nunber of analytic instrunents was found to be 0.4. The

ver e witls ol P eaRRapL B bkt TEER R R saChnibe, RABFHL”
state efquigr@eAl &nd GnuEMichhecharugstiRal samieapthenayetlive streabn ales ey
vary and ot her analytic instrunents nmay be used to neasure peak o 'A O

2005/ 0 P0YRDPEMiBS20DEA000haTE apphed tofarmohss Gesnibgimbsiveer Foe FofREbout
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the PXRD peak locations displayed in Tables 1 and 3 supporis the conclusion that
Forms 1 and 2 are distinct crystalline polymorphs of the bisulfate salt of Compound 2.
TABLE 3

PXRD Peak Positions for Form 2 of Compound 2

26 Angle (°)

5.36
10.22
10.72
12.92
13.38
15.02
16.67
19.16
19.72
21.14
21.79
23.06
24.89
26.60
27.02
28.24
29.67
30.70
33.92
34.71

Those skifled in the art will recognize that the measurements of the PXRD peak
locations for a given crystalline form of the same compound will vary within a margin of
error. In U.S. Application No. 10/449,650, the maximum sample-to-sample 2-sigma
value among all peak locations using consistent sample preparation techniques and a
limited number of analytic instruments was found to be 0.4. The calibration techniques
applied 1o the instruments to collect these data were within industry standards, but not
necessarily as rigorous as the state of the art. Given the facts that sample preparation

techniques may vary and other analytic instruments may be used to measure peak



Differential Scanning Calorinetry The DSC i nstrunent used to test the
pol ynor ph sanple was a TAl nstrunents(r) nodel 2920 (manufactured in 2001),
whi'ch cane equi pped a refrigerated cooling tem The DSC cell /
sanpl e chaphpeonasspurged with 40 m/mn of ultra-high pigdhiyeedideipgen gas.
The instrunent was calibrated with highs-purity indium The accuracy of the
nmeasured sanple tenperature with this nmethod is within about +/- 1 C, and
the heat of fusion can be neasured within a relative error of about +/- 5%
The sa S - i n ! i j
cont ai @%goﬁba S?A n'@ﬁgﬁfe%rl?%rgo%%@v g?gg’ %]? ss?glrﬂg ngeﬁépwﬁo%hﬁ# gn%taOfA
sanpl espoedetizoasaphpie edeparaton hechibtonhefudehel theatmraadrahgiktihyirtmeped down
to make contact with the pan. The weight of the sanple was neasured
. accur a@Bf gy preeise gadbtadion didhalrisgtr HmMsNt an incregsmihenepcataliityiiemboutsed
an errpty refer ence%oan. The instrunment was programmed to equilibrate the
sanpl e+ép‘3a‘3%%rtee(§ Pbﬁ‘esﬁbout 1 mnute before starling a 2 & mn dynam c
_heating ranp to about 250 C, with a nodulation rate of +/- 1 C every 40
seconds. The heat flow, which was normalized by a sanple weight, was plotted
ver susDifleenti@laScarmung &gbemedypper ature. The data were reported in units of
wat t s/ gram W[g%&: The plot was nmade with the endot herm c_peaks pointing
down. The enf8tiraknnsiryment uprdlke iR the RPlvme@hfsmBlet wapal bt BgtieRsttsand

d t , t f .f.usi i . hi
onal y o) bapf TRty RERI)| SIRH SHE S RIS L REh o ferlEl e Ehglibe s
Fi gur esgstefNOTRe DBC cele saRfé chhrfRirtwRcouidedalitia ROUhLI/AHE of u@r@ﬁ?h’fﬂi@rity
mel ting endothermis about 206.4 C. The Heat of Fusion is about 52.3

j oul eshigitogen(gay. g¥ e irtereenbiaacedwated withl Righ enpyr mditre. ale eeeurrerof of
Fusion can be used to, djstinguish this formfrom_ others. nt.hesi,s, of
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ot hyt Fog O TSR be i e S TR S (B B s 3 B Bos e ile as.
ScheneplaceGémer aktBydart esirsinafn D@hpandvith 8 lid ddrkhiBirtd tdipin holes to allow

for pressure release. About 2 mg of sample powder was placed into the bottom of the

pan and lightly tapped down to make contact with the pan. The weight of the sample
was measured accurately and recorded to a hundredth of a milligram. The instrument
used an empty reference pan. The instrument was programmed to equilibrate the
sample at about 0 °C for about 1 minute before starting a 2 °C/min dynamic heating
ramp to about 250 °C, with a modulation rate of +/- 1 °C every 40 seconds.

The heat flow, which was normalized by a sample weight, was plotted versus the
measured sample temperature. The data were reported in units of watts/gram ("W/g”).
The plot was made with the endothermic peaks poiniling down. The endothermic meit
peak was evaluated for exirapolated onset and end (outset) temperatures, peak
temperature, and heat of fusion in this analysis.

A DSC profile for Form 1 of Compound 2 is displayed in Figure 3. Figure 3
shows that the onset of melt occurs at about 200.6 °C and the melting endotherm is
about 206.4 °C. The Heat of Fusion is about 52.3 joules/gram ("J/g”). The combination
of melt temperature and the Heat of Fusion can be used to distinguish this form from
others.

Svynthesis of Bisulfate Salt

The preparation of the bisulfate salt, Compounad 2 below, is depicted in Scheme

[, which employs the following abbreviations: Me is methyl; Et is ethyl; F is fluoro.



COOEt COOP O O H2S0O4 M HH Me HHNH-HSOQ F F 2 The preparation of
Compound 2 is preferably acconplished in an organic solvent selected from
t he group consi sting of ohol (e.g., nethanol, eth |, 1sopropyl
al cohol ) . Hi,k [ e.g., acetonitrile), ester (e.g., g ket one
(e.qg., aé% Sh%y?ﬁggether (e.g, tetrahyggofuran) and nixpﬁigggfﬁg%ﬁgp.
Cenerally, Conpound 1 is put in a solvent or solvents mxture and heat (If
necessary) is applied thereto until Conpound 1 dissolves into solution. The
heat applied can vary $&ethe: Btz SUfthdsal #0bmboudda Se t he sol vent
tenparature to about 40-80 C) depending on the concentration of Conpound 1
in the solvent. After the solution 10 forns, the application of heat is
continued to mai nthin the tenperature. A sol uti § HofFlsulﬁpric acid in the
: N N .
sanme solvent is ad Wy chug crystal s coul g gone t  OofOOBW0l uti on
during the additi ] sol ution of, g furicyagid- At ernatively,
Compound 1 can ,h€ ¢pitacted with sorvents Tnwva suspensi on or other mixture,
wi t hout di ssol ution. uses of isopropyl alcohol, etone, acetonitrile,
et hyl acetate, isopropy 15 acetate and tetrahydrof %nHQ§Kiolvents in the
above described procesjp re each found to producetthg Form'l crystalline
pol ynorph. It is also pe€ferred to seed a saturated splution of Conpound 2
in reaction solvent tolcontrol the crystallization m nim ze and/ or
prevent encrustation o roduct on the walls. Encr tion of product wll
result in yield loss a plvent 20 entrapnent in the isolated crystallized
product substance. The jrapped solvent often cannot e |lowered to a
preferred | evel even after prolonged drying. It is preferred that the

Conpound 2 solution is seeded with a small apount of crystalline Conpound 2
(e.g., about!'lte RrERAFHPA 8?§981H0Wd2§/dw’§ﬁferta VaRGFUANPIRDESHI et PEIEWE  product

encr ustQiéNi-selected from the group consisting of aicohol (e.g., methanol, ethanol, isopropyl

(0)3 @

aicohol), nitrile (e.g., acetonitrile), ester (e.g., elhyl acetate), ketone {e.g., acetone),

5 ether {e.g, tetrahydrofuran) and mixtures thereof.

Generally, Compound 1 is put in a solvent or solvents mixture and heat (If
necessary) is applied thereto until Compound 1 dissolves into solution. The heat
applied can vary {e.g., heat sufficient to raise the solvent temparature to about 40-80
°C) depending on the concentration of Compound 1 in the sotvent. After the solution

10 forms, the application of heat is continued to maintain the temperature. A solution of
sulfuric acid in the same solvent is added slowly. The crystals could come out of
solution during the addition of the solution of sulfuric acid. Alternatively, Compound 1

can be contacted with solvents in a suspension or other mixture, without dissolution.

The uses of isopropyl alcohol, acetone, acetonitrile, ethyl acetate, isopropyl
15 acetate and letrahydrofuran as solvents in the above described process were each

found to produce the Form 7 crystalline polymorph.

Itis also preferred to seed a saturated solution of Compound 2 in reaction
solvent 10 control the crystallization and minimize and/or prevent encrustation of
product on the walls. Encrustation of product will result in yield loss and solvent

20  entrapment in the isolated crystallized product substance. The {rapped solvent often
cannot be lowered to a preferred level even afier prolonged drying. It is preferred that
the Compound 2 solution is seeded with a small amount of crystalline Compound 2
(e.g., about 0.1 % w/w to about 0.2% w/w) to avoid the potential of product

encrustation.



0 'NO 2005/070923 PCT/US2 0 O 5 /111111-11 7 -17- A typical synthesis
procedure is as follows. About 5 g of Conpond 1 was dissolved in about 25
m of acetonitrile. solution was agitated for%out 10 minutes and then
heat ed t o @RRAH7PISE. out 6 mM of 2Msulfuric acid in agatEhLhENaS
added to the heated reaction m xture. .Gonpound 2 precipitated out during the
addition 5 of sulfuric acid in acetonitrile. After addition of sulfuric acid
solution, the reaction mxture was agitated for 1 hour before cooling to
room t enper at ca i th about
30 m of acgttggl%ta @.Wh@%?r%éé‘s‘%dﬂsd&aﬂgggd?@&; du @%?@vacuﬁﬁ? q,?%%\nm
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phar maceuti cal conpositions thereof, a nethod for making Conpound 2, and
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restenosis, épertenm on, angina pectoris, arrhythma, 20 heart failure,
cer ebr plovids: aBAE gsxryfailaéforﬁe@:f@a@g@m@ﬂa& i Ve giddasassabodt 83fhe dhhe pristusirbi n
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treatment of rheumatoid arthritis, system ¢ | upus erythematosus, multiple
sclerosi s, diabetes, osteoporosis, renal 25 ischem a, cerebral stroke,

cerebral |schema _nehrltls mflam*ratory d| sorders of the |lungs and
H Phagpngce e Campesitiens deihges ©f d i as reversible
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15  pharmaceutical compositions thereof, a method for making Compound 2, and methods

for using Compound 2 or a pharmaceutical composition thereof to treat a variety of
disorders, symptoms and diseases. Compound 2 shows activity as a thrombin receptor
antagonist, which can be useful in the treatment of diseases associated with
thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,

20 heartfailure, cerebral ischemia, stroke, neurodegenerative diseases and cancer.
Thrombin receptor antagenists are also known as protease activated receptor (PAR)

{  antagonists. The class of compounds of which Compound 2 is a member also typically
bind to cannabinoid (CB;) receplors and mry be usefut in the treatment of rheumatoid
arthritis, systemic lupus erythematosus, muttiple sclerosis, diabetes, osteoporosis, renal

25 ischemia, cerebral stroke, cerebral ischemia, nephritis, inflammatory disorders of the
lungs and gastrointestinal tract, and respiratory tract disorders such as reversible
airway obstruction, chronic asthma and bronchitis.

Formutations and Dosing

For preparing pharmaceutical compositions from the compounds described by
30 this invention, inert, pharmaceutically acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,

cachets and suppositories. The powders and tablets may be comprised of from about



30 this invention, inert, pharmaceutically acceptable carriers can be either
solid or liquid. Solid fgrm preparations include powders, tablets,

di spersi bl e granul es, ca | es, cachets and supposi i es. The powders and
tabl et s Ry b eeIpri sed of from about WO 21105/ 070923 RGH bdDd=NRps7 00114 4
7 -18 0.1 to about 95 percent active-isgagredient. Suitable solid carriers
are known in the art, e.g., mcrocrystalline cellul ose, sugar or |actose.
Tabl ets, powders, cachets and capsules can be used as solid dosage forns
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preparations for either oral or parenteral ~ admnistration. Such |iquid
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i nvention may al so. deliverable transdermal|ly. The transderna
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emul si QipniaRgragidn. be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose. Preferably,
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di $2ase or ddadindluted are solid form preparations that are intended 1o be converted,

shortly before use, to liquid form preparations for either oral or parenteral

administration. Such liquid forms include solutions, suspensions and emuisions.

The compounds of the invention may also be deliverable iransdermally. The
transdermal compositions can take the form of creams, lotions, aerosols and/or

20 emulsions and can be included in a transdermal patch of the matrix or reservoir type as
are conventional in the art for this purpose.

Preferably, Form 1 of Compound 2 is administered orally. Preferably, the
pharmaceutical preparation is in a unit dosage form. In such form, the preparation is
subdivided into suitably sized unit doses containing appropriale quantities of the active

25 component, e.g., an effective amount to achieve the desired purpose.

The daily dose of Form 1 of Compound 2 for treatment of a disease or condition
cited above is about 0.001 1o aboul 100 mg/kg of body weight per day, preferably about
0.001 to about 10 mg/kg. For an average body weight of 70 kg, the dosage level is
therefore from about 0.1 to about 700 mg of drug per day, given in a singie dose or 2-4

30 divided doses.
The amount and frequency of administration of Form 1 of Compound 2 will be

regulated according to the judgment of the attending clinician considering such factors



cited above is about 0.001 to about 100 ng/ kg of body wei ght per day,
preferably about 0.001 to about 10 ng/kg. For an average body wei ght of 70
kg, the dosage | evel q therefore from about O. 1’) about 700 ny of drug
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Further e I ments of e 1 nvehtion enconpass adm nistration off Form1
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agent. The 5 contenpl at ed addjti onal thera&euti cally effective agent is one
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fibroblasts, kidney ce , Osteosarcoma ce , husc e , cancer cells
and/ or hgineaktases, | gomehdotbehdixe ahroat layrwagtfastase Haddesinfiaynieion,
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t ridat i thgrape didzdyicstoctlabgdnti whabasay el athimisie ledimbosnbination with
Compound 2 include resistance factors for tumor cells towards chemotherapy and
proliferation inhibitors of smooth muscle celis, endothelial cells, fibrobiasts, kidney cells,
osteosarcoma cells, muscle cells, cancer cells and/or glial cells. The therapeuticaily
effective agents may be cardiovascular agents.

20 Cardiovascular agents that can be used in combination with the novel
compounds of this invention include drugs that have anti-thrombotic, anti-platelet

[ aggregation, antiatherosclerotic, antirestenotic and/or anti-coagulant activity. Such
drugs are useful in trealing thrombosis-related diseases including thrombosis,
atherosclerosis, resiencsis, hypertension, angina pecloris, arrhythmia, heart failure,

25  myocardial infarction, glomerulonephritis, thrombotic and thromboembaolic stroke,
peripheral vascular diseases, other cardiovascular diseases, cerebral ischemia,
inflammatory disorders and cancer, as well as other disorders in which thrombin and its
receptor play a pathological role. Suitable cardiovascular agents are selected from the
group consisting of thromboxane A2 biosynthesis inhibifors such as aspirin;

30 thromboxane aniagonists such as seratrodast, picotamide and ramatroban; adenosine
diphosphate (ADP) inhibitors such as clopidogrel; cyclooxygenase inhibitors such as
aspirin, meloxicam, rofecoxib and celecoxib; angiotensin antagonists such as valsartan,

telmisartan, candesariran, irbesartran, losartan and eprosartan; endothelin antagonists
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role. Suitable cardiovascul ar agents are selected fromthe group consisting
of thronmboxane A2 biosynthesis inhibitors such as aspirin; 30 thronboxane
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When the invention conprises a conbination of Form1 of Conmpound 2 and one

20 or rerEPeUR@R MARbeRAMINPIaf dpheatiih/evagardievasawaragends. ABPENaMEe

CONPONERL 7, lir%)((lompound 2 may be adminisiered along with a cardiovascular agent and a
therapeutically efiective agent useful in the treatment of inflammation.
When the invention comprises a combination of Form 1 of Compound 2 and one
20  or more other therapeutically effective agents, the two or more active components may
be co-administered simultaneously or sequentially, or a single pharmaceutical
composition comprising Form 1 of Compound 2 and the other therapeutically effective
ageni(s) in a pharmaceuliically acceptable carrier can be administered. The
components of the combination can be administered individually or together in any
25 conventional dosage form such as capsule, tablet, powder, cachet, suspension,
solution, suppository, nasal spray, etc. The dosage of the olher therapeutically active
agent(s) can be determined from published malenal, and may range from 1 to 1000 mg
per dose.
In this specification, the term “"one or more additional cardiovascular agents”
30 means that one to three additional drugs may be administered in combination with
Form 1 of Compound 2; preferably, one additional compound is administered in
combination with Form 1 of Compound 2. The additional cardiovascular agents can be

administered sequentially or simultaneously with reference to Form 1 of Compound 2.
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15  glidants, disintegrants, binders and resins.

Conventional flavoring agents can be used, such as those described in
Remington’s Pharmaceutical Sciences, 18" Ed., Mack Publishing Co., 1288-1300
(1990}, which is incorporated by reference herein. The pharmaceutical compositions of
the invention generally comprise from 0% to about 2% of flavoring agent(s).

20 Conventional dyes and/or pigments can also be used, such as those described
in the Handbook of Pharmaceutical Excipients, by the American Pharmaceutical

{ Assaociation & the Pharmaceutical Society of Great Britain, 81-90 (1986), which is
incorporated by reference herein. The pharmaceutical compositions of the invention
generally comprise from 0% 1o about 2% of dye(s) and/or pigment(s).

25 The pharmaceutical compositions of the invention generally comprise from about
0.1% to about 99.9% of solvent{s). A preferred solveni is water. Preferred co-solvents
comprise ethanol, glycerin, propylene glycol, polyethylene glycol, and the like. The
pharmaceutical compositions of the invention can comprise irom 0% 1o about 50% of
co-solvent(s).

30 Preferred buffer systems comprise acetic, boric, carbonic, phosphoric, succinic,
malic, tararic, citric, acetic, benzoic, lactic, glyceric, gluconic, giutaric and glutamic

acids and their sodium, potassium and ammonium salts. Particularly preferred buffers
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Preferred sweeteners comprise sucrose, glucose, saccharin, sorbitol, mannitol
and aspariame. Paricularly preferred sweeteners are sucrose and saccharin.
Pharmaceutical compositions of the invention generally comprise from 0% to about 5%
of sweetener(s).

20 Preferred viscosity agents comprise methylcellulose, sodium
carboxymethylcellulose, hydroxypropyl-methylcellulose, hydroxypropyiceliulose, sodium
alginate, carbomer, povidone, acacta, guar gum, xanthan gum and tragacanth.

Parlicularly preferred viscosity agents are methylcellulose, carbomer, xanthan gum,
guar gum, povidone, sodium carboxymethylicellulose, and magnesium aluminum

25 silicate. Pharmaceutical compositions of the invention generally comprise from 0% 1o
about 5% of viscosity agent(s).

Preferred fillers comprise lactose, mannitol, sorbitol, tribasic calcium phosphate,
diabasic calcium phosphate, compressible sugar, starch, caicium sulfate, dextro and
microcrystalline cellulose. Pharmaceutical compositions of ihe invention generally

30 comprise from 0% to about 90% of filler(s).

Preferred lubricants/glidants comprise magnesium stearate, stearic acid and talc.
Pharmaceutical compositions of the invention generally comprise from 0% to 7%,

preferably, from about 1% to about 5%, of lubricant(s)/glidani(s).



Preferred sweeteners conprise sucrose, glucose, saccharin, sorbitol,

mannitol and aspartane. Particularly preferred sweeteners are sucrose and
saccharin. Phar maceubcal conpositions of the i tion generally conprise
fromO%to about 5% sweetener(s). 20 Preferre®viscosity agents_conprise
net hyl ceWORB587493bdi um car boxynet hylxel | ul ose, PCT/USINS00447

hydr oxypr opyl - met hyl cel | ul ose, hydroxypropyl cel |l ul ose, sodium al gi nate,
carboner, povidone, acacia, guar gum xanthan gum and tragacanth.

Particul arl eferred viscosity agents are t hyl cel | ul ose, carboner,

xant han gurn)‘sr]o grd Qlﬁ‘ﬂteﬁ@\ﬂ?ﬂﬁﬂé‘,prgﬁcﬁtﬁﬁﬂ cﬁpgewﬁ@rﬁQl%Qq?%Fﬁogﬁ?Spé’H&{O”e
magnesi ) PN Wi i . d@@ J SUPERL the i nvention
genera r‘gch%én%%rll se %?osﬁqtj%}g}ft%hs rgﬁgﬁc{ SAﬂﬁelﬁaile(l:osftgﬁggdé%ﬁtg -ai Preferred
fillersonpuositices dfebbosesntimangericrk|ly sompriseltyornrichasiabouabobdpreiesaplyat e,

* di abasic cal ci um phosphate, conpressible sugar, starch, calciumsulfate,

dext r of/@AHEbRHES et alait 157, elcdipite@rantBhar maceut i cal conpositions of the

i n\é§nti on gﬁgé%}h%é' b é)%ﬁipﬁga%rcgma%)(?se{g%cﬁhﬁgfhyg?c?e{?ﬁ{r%&ll:élﬁfl&&%' Preferred

! ef
- lubricants/gli S conprrse esi’u ear a acid and talc.

Phar magestidlgiahize@rpasht jemsnopovibens Nvgitbigropgleerialosy, conprise from 0% to
7% p??gerably, from a%out 1 %to about 5%02? | ubricant(s)/glidant(s). (r)

WO 200by0mogR3opyimetipndreiivtzen sneboisiiulopeefegarspitliensht sUYERPIE

i or oo o R I LR BIE” B el e B sRDS T B R Tp RS Ton
gener abbshptigBPROrAO %O ENRY Y 0vaRREer29% frofrehlss @] %10 dbcRm1abo ust tﬂﬂ@éﬁes)ﬁbout

k)

15% of disintegrant(s). 5 Preferred binders conprise acacia, tragacanth,
hyldt oxypr opWctitiongl égents newe la g illestiosmarasar mpsl ke cambimad dohdhe

hyd | cel | ... hyd | met hyl cel lul hykcel | ul ose,
lgar EReRYe RmduRR.e YR SRR YoERhSTorer, Ak E et Gl oL d08RR
Phar mag i E@@bpﬁ%@@%dmmﬁbﬁe@d fol® mdMATRY ROPBESRE Ml iNple CRIBRGES B Om 0% t o

about 12% prererably, fromabout 1 %to about 10% of binder(s). 10
Addi ti onal Agehasnaemiicat compekitibhdypitaliyrodmpeiseadsprbaboohBilifedo wiboht t he

| vent LUeL JPODTR SRUGLSE! Brdterlitg! R L e SR Y8l Bompound
15 2), preferably, from about 5% to about 95%, more preferably, from about 20% to about
80%. For preparing pharmaceutical compositions comprising Form 1 of Compound 2,
inert, pharmaceutically acceptable excipients or carriers can be either sofid or liquid.
Solid form preparations comprise powders, tablets, dispersible granules, capsules,
é.achets and suppositories. Suitable solid excipients or carriers are known in the art, for
20 example, magnesium carbonate, magnesium stearate, 1aic, sugar and lactose. Tablets,
powders, cachets and capsules can be used as solid dosage forms suitable for oral
! administration. Examples of pharmaceutically-acceptable excipienis or carriers and
methods of manufacture for various compositions may be found in Remington’s
Pharmaceutical Sciences, 18" Ed., Mack Publishing Co. (1990}, which is incorporated
25 inits entirety by reference herein.
Liquid form preparations comprise sclutions, suspensions and emulsions.
Common liquid form preparations comprise water and water-propyiene glycol solutions
for parenteral injection or addition of sweeteners and opacifiers for ora! solutions,
suspensions and emulsions. Liquid form preparations may also comprise solutions for
30 intranasal administration.
The quantity of Form 1 of Compound 2 in a unif dose of preparation may be
varied or adjusted from about 0.01 mg to about 4,000 mg, preferably, from about 0.02
mg to about 2,000 mg, more preferably, from about 0.63 mg to about 1,000 mg, even
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adm nistered fromabout 1 tine per day to about 5 tines per day, or

al fiér naabarsI8p% &y veeigbht i nuous i nfusion. Such
Upon improvement of a patient’s condition, a maintenance dose of a compound,

composition or combination of the invention can be administered, if desired or
warranted. -Subsequenﬂy,-the drosage or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at which the improved condition is
20 retained. When the symptoms have been alleviated 10 the desired level, treatment
should cease. Patients may, however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.
Specific dosage and treatment regimens for any particular patient may be varied
and will depend upon a variety of factors, including the aclivity of the specific compound
25 employed, the age, body weight, genera) health status, sex and diet of the patient, the
time of administration, the rate of excretion, the specific drug combination, the severity
and course of the symptoms being treated, the patient’s disposition 1o the condition
being treated and the judgment of the treating physician. Determination of the proper
dosage regimen for a particular situation is within the skill of the art. The amount and
30 frequency of the administration of Form 1 of Compound 2, or the pharmaceutical
compositions thereof, may be regulated according to the judgment of the attending
clinician, based on the factors recited above. As a skilied artisan will appreciate, lower

or higher doses than those recited above may be required.



adm ni stration can be used as a chronic or acute therapy. The

phar maceuti cal | y-accept abl e exci pients or carriers enployed in conjunction
10 with the conpounds the present invention ar sed at a concentration
suff|C|ed% practical size to dosage ™l ationship. The
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of the pharmaceutical conpositions of the invention, preferably, from about
5% to about 95% by wei ght, nore preferably, fromabout 20%to 15 about 80%
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of the eatl ng p , rimnation of the proper dosage reginmen for a
panp cubaymerptdu@y is within the skill of the art. The anpunt and 30
frequency of _the adninistration of Form1 of TCoiggound 2, or the
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i nst ance, is often the casé that a proper dosage’'level is based on the
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bet Weerlnﬂﬁ@ﬁibs,lrﬁmé‘iﬁeferably, less than or equal to about 2% w/w of chemical impurities,
and even more preferably, less than or equal to about 1% w/w of chemical impurities.
The term "purified” or "in purified form" for a compound refers to the physical state of
said compound afier being obtained from a purification process or processes described
20 herein or well known to the skilled anrlisan, in sufficient purity to be characterizable by
standard anatylical techniques described herein or well known to the skilled artisan.
Purified forms of the crystalline polymorph Form 1 of Compound 2 are substantially free
of chemical impurities.
Other than as shown in the operaling exampie or as otherwise indicated, all
25 numbers used in the specification and claims expressing quantities of ingredients,
reaction conditions, and so forth, are understood as being modified in ail instances by
the term “about.” The above description is not intended to detail all modifications and
variations of the invention. It will be appreciated by those skilled in the art that changes
can be made to the embodiments described above without depariing from the inventive
30 concept. Itis understood, therefore, that the invention is not limited to the particular
embodiments described above, but is intended to cover modifications that are within the

spirit and scope of the invention, as defined by the language of the following claims.



5 and about 50 ng/ kg of body wei ght per day, of the inventive conmpound(s),
and conpositions described herein, are therapeutically useful for the _
treatment of a variety bi ol ogi cal di sorders, par@cul arly, thronbosis
and ot her cardiovascul ar~Conditions. Between two pall ept$,Qigdhdfier-i ng

wei ght s, V8 2H$"Q'H3F2%dosage will be usedsfor the heavier |c£:a)(f31f!i[gn"t“,/I[afﬂw ot her

t hi ngs being equal. 10 Pol ynorph Purity Preferably, the crystalline

pol ynmorph Form 1 of Conpound 2 is substantially free of chemcal inpurities
(e.g., by-products generated during the preparation of Conmpound 2) and of
ot her polynorphic crystalline fornms. "Substantially free" of chem cal
inpurities for the purposes of this invention neans |less than or equal to
about S8 TWVSCLXEMIHeMcal inpurities, preferably, |less than or equal to
about 3% w w of chem cal inpurities, nore preferably, |less than or equal to
about 296 W W @yt ARAE GRIy O Foire s, of @BspeVaR eeedbrhelabl y, |ess than or
equal to about 1% w w of chem cal inpurities. The term"purified" or "in
purified forn for @ |gror’r}{)oundt_lrefers to the physical state of said conmpound
after being obtai ned C .pug cation process or processes described 20
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2. The crystalline polymorph of Compound 2 of Claim 1 that exhibits a powder x-
ray diffraction pattern having characteristic peak focations of 8.9, 11.2, 16.4,
19.2, 21.0, 22.1, 23.7 and 26.7 degrees 20.

3. The crystalline polymorph of Compound 2 of Claim 1 that exhibits a powder x-ray
diffraction pattern having characteristic peak locations of 9.9, 11.2, 12.6, 14.5,
16.4, 19.2, 21.0, 22.1, 28.7, 26.7, 28.2 and 30.8 degrees 20.

4. The crystalline polymorph of Compound 2 of Ciaim 1 that exhibits a powder x-ray
diffraction patiern substantially the same as the powder x-ray diffraction pattern

10 shown in FIG 1.

5. A crystalline polymorph Form 1 of Compound 2 of the formula:



1. Acrystalline polynorph Form 1 of Conpound 2 of the fornula:

COOEt O M H HNH-ZEO F Conmpound 2 that exhigits a powder x-ray

OHHHN

diffraction pattern h ng characteristic peak | tions of 11.2, 16.4,
19. 2 and*Q2@*WEYi28es 20. 5 2. The crystalline pol ynor phrof/iGompound; 2 of
Caim1l that exhibits a powder x- ray ghffraction pattern having
characteristic peak locations of 9.9, 11.2, 16.4, 19.2, 21.0, 22.1, 23.7
and 26.7 degrees 20. 3. The crystalline polynorph of Conmpound 2 of Caiml

that exhibits °l
| ocati ons of 949

2 N2o6g 14.5, 16.4, 19.2, 21.0, 22.1, 23.7, 26.7,

28. 2 and 30. o-@&’ 4. The crystalline poI ynor ph of Corrpound 2 of

G aim1l that,.se

*sane as the povvde -ray diffraction pattern 10 shown in FIG 1. 5. A
crystal line pol ynor mﬁorml of Conpound 2 of the formula: \V O

211U?11170923 PCT/ 0% /111111-t-17 -27- OHHHOGXD M -4 _ HNH

-"HSO4 F Conpound /hat exhibits a differential scanning calorinetry
pattern substanti al the sane as

10

15

F
Compound 2

that exhibits a differential scanning calorimetry pattern substantially the same as

the differential scanning calorimetry patiern shown in FIG. 3.

A process for preparing Compound 2 from Compound 1 according to the

reaction:
O @] H
H H \H H H N,
" "COOE! o COOE1
© . HyS0, e
Me  H .:_\Fi T Me H :\H
Sa.H
| N [N HSO,
P
. F
1 2
CoOMmprising:
d) mixing Compound 1 in an organic solvent to form a mixture;
e} heating the mixture to a temperature of about 40-80°C; and
f} adding sulfuric acid to the heated mixture.

The process of Claim 6, wherein the organic solvent is selected from the group

consisting of alcohols, nitriles, esters, ketones, ethers and mixtures thereof.

powgder x+ray diffraction pattern having characteristic peak

|i‘s a povvder x-ray diffraction pattern substantially the



the differential scanning calorinetry pattern shown in FIG 3. 5 6. A
process for preparing Conmpound 2 from Conpound 1 according to the reaction:
HHHOHHH NOOOEt NGOOD 0 H2S4 M H: HMe H=\ NN'H-HSO4 FF 1
2 conprising: d) mxing Conmpound 1 in an organic solvent to forma m xture;
10 e) heating the mxture_to a tenper ature of about 40-802C, and f) adding
sul fuBi ¢ adhelpraseshel Glaim davhgreindpeorganicpalveptis @eatonigfie.c ai m 6, wherein the
organi c solvent is selected fromthe group consisting of alcohols,
nitriles, esters, ketones, ethers and m xtures thereof, 15 -28- 8. The
proce8s of Tk ATIPETS ot frainep whersin B\GQ%HPF(’P%%(I’\%%? migtug with AcetPRirke. 9. The
process of Claim®6 wherein the sulfuric acidis in a mxture with
acetonitrile. 10. The process of Claim6 wherein the tenperature is about
50 2c1011. The prrsesmelddipine G whersip e temparatis e 89uhaC the crystal i ne pol ynor ph
Form 1 of Conpound 2 according to Claim1l, and at | east one excipient or
carrier. 12. A use of the crystalline polynorph Form | of Corrp?und 2 of

d ai m'l- f oA RMEEMFaMbER! £OMBRSIHEN comprRNhfChSiAhe; Rohimareh CRIFB AN OFPeEpd r s .
13. A use gfcdrliRg & ERiAh| heailehst BRE RRcifiehidrkaffer Conpound 2 of Caim1 for

t he manufacture “of a nedicanment to treat thronbosis, atherosclerosis,
restenosi s, hypertension, angina pectoris, arrhythma, heart failure,
nyocangdi al Al j¥eadGhd &Qstamh@fislzmoﬂﬂﬁﬂmﬂ ¥ bBComps@ED b Clairk tiIT8K®e preparation of

t hronboenbol i ¢ stroké, peripheral vascul ar di seases, inflammuatory disorders,
cerebral i §@%1ﬁ3é“%“t%'ﬁﬁ@8ﬁhf°m@!” TBCRA@Sof the crystalline pol ymorph Form |
of Conpound 2 of Caiml in conbination with at

13. A use of the crystalline polymorph Form 1 of Compound 2 of Claim 1 for the manufacture
of a medicament to treat thrombosis, atherosclerosis, restenosis, hypertension, angina
pectoris, arrhythmia, heart failure, myocardial infarction, glomerulonephritis, thrombotic
stroke, thromboembolic stroke, peripheral vascular diseases, inflammatory disorders,
cerebral ischemia or cancer.

14. A use of the crystalline polymorph Form 1 of Compound 2 of Claim 1 in combination with at
least one additional cardiovascular agent for the manufacture of a medicament to treat
thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia, heart
failure, myocardial infarction, glomerulonephritis, thrombotic stroke, thromboembolytic

stroke, peripheral vascular diseases, inflammatory disorders, cerebral ischemia or cancer.

15.  The use of Claim 14 wherein the at least one additional cardiovascular agent is selected
from the group consisting of thromboxane A2 biosynthesis inhibitors,



| east one additional cardiovascul ar agent for the manufacture of a
medi canent to treat thronbosis, atherosclerosis, restenosis, hypertension,
angi na pectoris, arrhythma, heart failure, nyocardial infarction,
gl omerul onephritis, thrombotic stroke,,4hronboenbol ytic stroke, peripheral

vascul ar djse , infla di sorders, cerebral isc r can
The use of b%l 3ﬁﬁlfa1@r\;@ggp

(=

rat or hem a er. 15.
1 PFRMBRae A8t BaisSIAEENeTR. QenasPBeiEs ENCPISagent
is select edyclcfdkﬁ@rfab@ igRiDitdrs C aRGibIRhIA Carthgdnit NEreasin AdhtRysIsts)t Aefidtensin
inhibitors, GP . IIDb/Illa ap a(?onl sts, tgr onboxane ant agoni sts,  adengsi ne

di phosphat €VEHING; ¢y Qe '”E‘E?E "§oRGYEN £OEoPGRIABSG oL ANYEARIANS fIYEHH st s,
endot hel i na,ad\@g@qmiag?,%gamgihmbmgj n converting enzyne inhibitors, neutral
endopepti dase i nhibrfors, anticoagulants, diuretics, and platelet
aggregation inhibitors. 16. The use of Caim 15 wherein the at |east one
addi tional cardi ovascul ar agent is aspirin or clopidogrel bisulfate. 17. A
purified formof the crystalline polynorph Form1 of Conpound 2 of Caiml.

18. A&rystré L& ef CRfint MBhterEiartAe bt RbstEHEPRIUbNAI Edtdlovastuldh @gBrtag wepiriRfor t he

process of Claim 6.
clopidogrel bisulfate.

17. A purified form of the crystalline polymorph Form 1 of Compound 2 of Claim 1.

18. A crystalline polymorph Form 1 of Compound 2 that is the product of the process of Claim
6.





