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WD 2005/ 097804 PCT/ KR2004/ 002665 CRYSTALLI NE

CLOPI DOGREL NAPHTHALENESULFONATE OR HYDRATE THERECF,
WORIDSERISHOR PREPARI NG SAME AND  PHARMACEUTI CALPCT/KR2004/002665

COVPCOSI TI ON CONTAI NI NG SAME 5 FI ELD OF THE | NVENTI ON

The present invention relates to crystalline

cl opi dogrel napht hal enesul fonate or hydrate thereof,

a r

SRy S AL INE CERBOEHEL R TR NS FERATE OR
) ooy ) 6, 7 Gh Ryt b el 3. 20
+) - -a- (o-chl or ophen -6, 7-di r ot hi eno -

a] py mmwm@sm&hé@fwmmmﬁwmamﬁm SAME
(I'l') is known as a useful 15 nedicanent for the
treatment and prevention of various

FRERDEHRITIRE SREIAYEFONascul ar di seases such as stroke,

' erosis, myocardial infarction,

angi na pectoris, arrhythm a, peripheral arteries

di sease, and Burger's disease (see FEuropean Patent .
No. 28hessgpresentandnyemionat selptoRo. 1@, 84 prystaliine costgpidogrel

el BN URBACY Plerhdd 3f o458 BfES anct o
pRSSAceHtiBMR dnhiSst@dn bditBingnd Sarhy drol ysis to produce

the acid- of formula (111) which has no bi ol ogi cal
activity. Al so, under npoist and heat 25 conditions, it

cal farn wxémorot atory isoner of
%@&&3\5@5 OOI?E*.D v t s phar macol ogi cal

Ao

activity. Accordingly, there has been a need to

convert clopidogrel to a crystalline formwhich is

very €lgideghd (aediyly (+p(8)-bi(akihborophdnyi)+6,7-ehydrothieno[3,2-
IS copmon to nmake a cidzhag L tion salt

amggﬁ(%haﬁe@h ﬂ@apwpa%fw& ulsh Hy dfi lenagyn as a useful
it c%%grtta ﬁ)rﬁ tleé/\Qrnggl%/nQ %R0 %@%ﬂtféﬁz Qp4499588 Eblat%let—associated

vascular diseases such as stroke, cerebral arteriosclerosis, myocardial infarction,

angina pectoris, arrhythmia, peripheral arteries disease, and Burger’s disease (.see
European Patent No. 281,459 B1 and U.S. Patent No. 4,847,265).

CO,CH;
Sep’
S ol

However, clopidogrel itself as free base form is an oil which is difficult to

(ID)

purify, and the ester group thereof liable to hydrolysis to produce the acid of
formula (III) which has no biological activity. Also, under moist and hxeat
conditions, it can be transformed to the levorotatory isomer of formula (IV)
having much less pharmacological activity. Accordingly, there has been a need
to convert clopidogrel to a crystalline form which is very stable and easily
purifiable, and for the purpose, it is common to make an acid addition salt usimg a

pharmaceutically acceptable inorganic or organic acid.
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SO ~(Ill) CRCH3 CO(R I cl (1V) European Patent
No. 281,459 Bl and U S. Patent No. 4,847,265 disclose

wa@200n093e4 of acid addition salts of cl opi dogrBCT/KR2004/002665

prepared using various inorganic or 5 organic acids.
However, it is described that2nost of these salts are
anor phous, hygroscopic and/or |low nelting, which are
i nproper to use in pharmaceutical conposition. Even
the claing# crystalline salts such as hydrochl ori de,

hydr 0 e drogen sul fate, and taurochol ate, have
pr @bl e he taurocholate is unsuitable for use
a r cally acid addition salt of 10

cl opi dogrel because tauhigholic acid itself has
anot her pharnmacol ogi cal Yactivity, i.e., bile
secretion. Also it was confirned by the inventors that
t he hydr Hori de and hydrobrom de salts are highly
hygr gscophkc der a condition of 60 C tenperature and

0olrel t®v mdity, resulting in gumtype or
Nsgqaef jed Furthernore, it is known that
clopidogrél hydrogen su(lVgte enployed in 15 PLAVI XR
(Sanofi-Synthelabo Inc.), a marketed tabl et
CoNPOSirbpéan BABnENOCORSRASO B end UNS, Paiht Mo 4[BU 75265 disclose a
U. S. Patent No. 6,429,210?,.|s al so not sufficiently .
mtrabéreof] s@d additiay asltd ofclogidogrsl arepared psinggYam@es inorganic or

2003). F le, .jt . fed PL XR |
95k SRS s S5 RBEL OoFHEIMS bl amorions
R PASSRIE U, dhifog tyh T ighoplf ST phaaceni

@mpekitidthar nEvdi othed. cléinsdd. &4stabdde 3ddis mh) .as| thydrochloride,
addi tion, | opi dogr el, hydr ate,has two

en sul
Ioelrgbisite c by gL Exte. 0 SAUTqaNpl i BV sRgje pRoblems.  The
ter ' Eca per.ij.e .
e ol TR BB R K RERCR TR RRCAC s ifion salt of
élbgid@fﬁlf&@hﬁg&taﬁ%&dﬁﬁ foidritdedf his taothet gharmdbolegical activity,
makes it difficult to maintain a pharnmaceuti cal lﬁl .
ir@qile sebreidorgedbrovis wazsopBipedriphthe iwyarters gt the hydrochloride

éznoc{) ﬁ{y%%gbsr%?nigg s/al§2g964/h9gh%§f6§1ygroscopic under a condition of 60T

temperature and 75% relative humidity, resulting in gum type or liquefied form.
Furthermore, it is known that clopidogrel hydrogen sulfate employed in
PLAVIX® (Sanofi-Synthelabo Inc.), a marketed tablet composition (see European
Patent No. 281,459 B1 and U.S. Patent No. 6,429,210), is also not sufficiently
stable (see H. Agrawal et al, Talanta, 61: 581-589, 2003). For example, it was
reported PLAVIX® is unstable under an accelerated test condition (40°C, 75%
relative humidity, for 3 months), producing significant amounts of impurities (see
Y. Gomez et al, J. Pharm. Biomed. Anal. 34: 341-348, 2004). In addition,
clopidogrel hydrogen sulfate has two polymorphic forms which differ from each
other in terms of physicochemical properties, and one of the two forms can be
contaminated into the other during its manufacture varying from batch to batch.
This makes it difficult to maintain a pharmaceutically required homogeneous

polymorphic state.
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3 Accordingly, there has been a need for the better
salt of clopidogrel. The inventors have unexpectedly

wo cwadotshat crystal | i ne napht hal enesul f onat e OPCT/KR2004/002665

cl opi dogrel is optically pure, |ess hygroscopic, and
nore stable toward noisture 3nd heat than
conventional acid addition salts. Thus, a

phar mgceut i.ca cO ition c [ 1Sl sa Sq .

o't ecesurgigRly hefe RO B SRl Tt ik thihef 3R of Blopidogrel.  The
iRV &6 1m@e S Rft:Gee b AP SoUhaT 118 S fa5RatineUMMPRhafEnettiffonate of
I NVENTION 10 It "is arf object of the present invention
dlapidogrel de opticallyspaiel lese Inignpicngc.eind more stable toward moisture
ngpht hal enesul fonate or a hydrate thereof, and a X
fﬁ@t Evﬁatf an peemntiegals asd  addifony falther Shpecte gthapmaceutical

rQv e .

Bpfineliod SUERSR: MnB B LG fed IR e b Efligy g treatment of
apiihslentsahiondhclighsiie hydrate thereof, for the
prevention or treatnment of platelet-associated
vascul ar 15 di sease. BRI EF DESCRI PTI ON CF THE
M‘QWH obj ects and features of

i 20 becone apparent from
the follow ng description of the invention, when taken
in conjunction with the acconpanying draw ngs which
r espedt isval ybjsbiovf thEipgeseht iveptimbeto provade dictystaltine abopidogrel
spectrum of  the inventive cl opi dogrel )
maphthsirnesy derate pr o hiyteate thegoolp ang aynethadeler psgparing same.

scanni ' the jnv Lye cl opi | 12- .
25 bt SRR SRR af Ine piRgb ient ol PishRE & pifarmaceutical
Rinifdsafdn eBn@RaRS [tHE @ sthithel BMsHIEbYRI Q{a%ﬂh'tlﬁmgﬁéshlfonate or the
-1, 5- napht hal enedi sul f ohat e nonohydrate; Fig. 4: a
hyidtsterthatciod) fercthenpreyentadororneceimerit ofplitaletassocdated vascular
cgl opi dogrel 1,5- naphthal enedi sul fonat e nonohydr at e;

¥}3¥Fg. 5: the tine-dependent changes (% in the water
content of the inventive acid addition salt of

cl opi dogrel as conpared with cl opi dogrel hydrogen WD
BROY DESIRIPATONKSFODA EJOR AGBING S

The above and other objects and features of the present invention will
become apparent from the following description of the invention, when taken in
conjunction with the accompanying drawings which respectively show:

Fig. 1: a powder X-ray diffraction spectrum of the inventive clopidogrel
2-naphthalenesulfonate;

Fig. 2: a differential scanning calorimeter of the inventive clopidogrel 2-
naphthalenesulfonate;

Fig. 3: a powder X-ray diffraction spectrum of the inventive clopidogrel
1,5-naphthalenedisulfonate monohydrate;

Fig. 4: a differential scanning calorimeter of the inventive clopidogrel 1,5-
naphthalenedisulfonate monohydrate;

Fig. 5: the time-dependent changes (%) in the water content of the

inventive acid addition salt of clopidogrel as compared with clopidogrel hydrogen
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sul fate; Fig. 6: the tinme-dependent changes (% in the
anount of clopidogrel of the inventive acid addition

W@ 2005/09180£1 opi dogrel as conpared w th cl opi dogPE&I/KR2004/002665

hydrogen sulfate; 5 Fig. 7: the tinme-dependent changes
(99 in the anpunt of hydrolyzgd inpurities of the
inventive acid addition salt of clopidogrel as

ccirtrj%a.r ed with clopidogrel hydrogen sulfate; and Fig.
8U4'%e t une- dependent changes (% in the anount of

| evor 81?' L Q¢ ¥ne iti?x?éé'ﬁéﬁén%mt &?an'ggél &%LY& Ilgé: iglﬁxo%%g ig)grcgppidogrel of

sal t cl opi dog as conpar opi

thed irpgative udidtRlditdnl AhkE6F BRpI B Y Gomiddred with clopidogrel

I NVENTI ON I n accordance with one aspect of 'the present
hydregen swlfatthere is provided a 15 crystalline :

cl opi dogre] papht hal enesul fonate of farnmyla (1) or

hydr a?]g‘ tte#er'ig‘ﬁf t?meég?@pgen; Cai‘an&es( &%5 mr%ef f .Oszs qtj?hydrolyze
. e i i ) . | u . n. i .

ChbAeREIS: ok Rps ARG R AR L it

thopidogre hydevicheshifateyantiod for preparing a crystalline

cl opi dogrel _napht hal enesul fonate of formula (1) or a

hydr at/&ig: fertbe fiimgssiependentnshpnges: (“9)eit theygnzount of levorotatory

I i d | f b .of f I C02 S .
N IR TR o MR -
%\liogm a?ﬁ;lg?%%n%@ﬁgg_foni c acid of formula (V) or a
ydr ate

DETAILED DESCRIPTION OF THE INVENTION

In accordance with one aspect of the present invention, there is provided a

crystalline clopidogrel naphthalenesulfonate of formula (I) or a hydrate thereof:

gOZCHS

+
H o3
S o n

@

wherein X is naphthalenemonosulfonate when n is 1 or naphthalenedisulfonate
whenn is 2.

Further, there is provided a method for preparing a crystalline clopidogrel
naphthalenesulfonate of formula (I) or a hydrate thereof, which comprises:

reacting a clopidogrel free base of formula (IT)

COLCH,

QOC
S cl

(D)
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(H+ )nXn- (V) in an organic solvent, wherein X is
napht hal enenonosul fonate when nis 1 or 5

wmapbodshal enedi sul fonate when n is 2. I n accoPCERR2004/002665
wi th anot her aspect of the present invention, there is
provi ded a pharmaceutical conposition containing the
crystalline cl opidogrel naphthal enesul fonate or the

withet Rirhaoetu B et PuBlHTD  LhubbfeiR e ™

crystalline clopldogrel naphthalenesulfonate of
formula (1) according to the present invention is a

ulsalt cl opi dogrel, which is | ess hygroscopic,
G?BngDstablg©)and can be prepared in a nuch nore

; ticall th .
nghy &antp 8o1sFae VP Enh du maBhalsn e B ST bR hen n is 1 or
nd %ﬁﬁfe‘n‘éﬂlsuﬁﬁﬁate]\ﬁhé}ﬁﬁ'i@@a' enesul fonate group (X) of
he crystalline clopidogrel naphthal enesul fonate of

f or mulm 4dcprdamct hwithy dnather taspeactobf ithe denesert ifivantidly, there is
napht hal enesul foni c_aci d, 3-napht hal enesul foni c_acid
provided phtihar@aeent 163l FsAnROoSitien d:ontalnmg the crystalline clopidogrel

a}:ﬂlithgge%%%ﬁ%lg%g @%‘% 1’1 %age g%}f%’f fioréhe prevention or treatment of the

plaeslehhbd)cenedivasdul @ndiseazel d, 1, 6- napht haI enedi sul f oni ¢
acid, 1,7 20 napht hal enedi sul fonic acid

1 8- ng@mmw%ﬂw daoprdegrd Ig@h@aleglegulfonate of formula (I) according

oSSR Ot e SYPERLIS, ek 210 roscopic
f
th%iﬁﬁféﬂgﬁ?ﬂ% gngg%agl?%’%‘ﬁg@%{? Eiei%I u ﬁﬁgﬁ?gclng é)gp:tlgﬁﬂ'ﬂ'l pure(tbh than any of
tht, Somapitivhal eadisdi sul f onat e of formula (1b)

(napadisil ate ccor ding tg. INN) b nost preferred,
25 cCobeHza gpre ?LIIG S) odingyt Nofl Aheyopbetsst ogyigation,  the

nd:}))gt/h'éﬁ%gguzll/f&%g 65 g&upw% SR the crystalline  clopidogrel

naphthalenesulfonate of formula (I) or the hydrate thereof is derived from 2-
naphthalenesulfonic acid, 3-naphthalenesulfonic acid, 1,2-naphthalenedisulfonic
acid, 1,3-naphthalenedisulfonic acid, 1,4-naphthalenedisulfonic acid, 1,5-
naphthalenedisulfonic acid,  1,6-naphthalenedisul fonic acid, 1,7-
naphthalenedisulfonic acid, 1,8-naphthalenedisul fonic acid, 2,3-
naphthalenedisulfonic ~ acid,  2,6-naphthalenedisulfonic ~ acid or 2,7-
naphthalenedisulfonic acid; and clopidogrel 2-naphthalenesulfonate of formula
(Ia) (napsilate according to INN), clopidogrel 1,5-naphthalenedisulfonate of
forrmula (Ib) (napadisilate according to INN) being most preferred.

CO,CHy

(Ia)
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L 203 (Ib) In the present invention, the
cl opi dogrel napht hal enesul fonate of formula (1) forns
w@2@s9sised | i ne structure as an anhydrous or hyRPCDER2004/002665
formthereof. For exanple, the cl opidogrel
napht hal enesul fonate of formga (la) can be 5
crystallized in the anhydrous form whose powder X-ray
diffraction (XRD) scan shows major peaks having I/lo
val ues gr gr than 10% ( x1 /10 >10) at 2theta
20) of 46.3 % 2| 8.5, 12 13.0, 13.5, 16.8, 17.2,

, 22.9, 23.2, 23.6, 24.7,

, 28.0, 28.6, 32.1, 32.5,
EF O ntial scanning calorineter

(DSC) curve of t @ cl ggrdogrel 2 10

napht hal enesul f onat e at’ 10C/ i n sh%g@ an absorption

peak of about 55.3 J/g whose heat sorption is

start gd 1l pRROW intéftich, th@ REbpI8ERI ?1 tﬁhleﬁ@éﬁ%ne&@%fsbnnula
C (Fig. 2) The actual 'y obséerved nelting point of

(I:)Ihfopnfi a@r?tamnle mﬁ*phﬂummnesmh}fdrgas ellr ?gdﬂ)ﬁ@ form 1Bdrecf..

T 5

(1 CEoD stample, da¢ dlopidpgre HpROH)aRcs: Om?sg by (12) can be
|

YRIREET 7 o BBl PR Syt Rivder! 49! dffact g THRD) soan

sﬁawé,m%& %eallél h8V1n§5I/I§ ,Vahibﬁ d@reater than 180/3..(1(](&1510 >1H))8at 2theta
, 24.3, 24.8, 25. 26

9,
(26). & 6.7882, 8and226. 1c3qF1.3gs 18)8, 15& Wb, 61‘2%%31 %.%23,229,

B BN e B Ao haoD S 9 anbuh 347 (Fie

iheat DapSeARAll QBarkifing! BdlbAshefdr %US@) ZhPve3 & anél clopidogrel 2-
maxi m zed about 2264 C (Fig . 'The actually

naphihnileadsutfdriate gt Joi O frimf slnmwwlaahogbmrpﬂols peak of about 55.3 J/g
phtﬂal egbsg%]zﬁ(%g %g\a,l%gﬁté %f@ﬁ f%€7g%gr«ll rggxci%gzggcat about
esyl f t 0 I r I _

1:32?3{3 Ei?fgg %j; dgglr%e Ell BIg%Qrgeaé eﬁ‘leffﬁ% Wil oPalfshil¥grel 2

rﬁpﬁﬁht@bgﬂ&mu‘n@ssulﬁ‘mw 1(;515@1 d, napht hal enedi sul fonl c
acid or a hydrate thereof in_an orq%am c. sol ven

Speci flihealegidogred 1c3-apphibejenedinuliondiaod rf@@nlﬂlﬁ&ﬁh) grysfallizes as
af Pnronoilydr(a{e) wh%s%o%%?/MSQC%nPQJMa &t nglgsGEavmg /T, values

greater than 10% (100xI/I,>10) at 26 of 7.6, 9.7, 10.7, 11.0, 12.1, 13.6, 14.2, 15.3,
16.6, 17.0, 18.1, 18.5, 19.8, 21.5, 22.2, 23.0, 23.5, 24.3, 24.8, 25.7, 26.4, 26.9,
27.3, 284, and 29.0 (Fig. 3). DSC curve of such clopidogrel 1,5-
naphthalenedisulfonate at 5C/min shows an absorption peak of about 158.3 J/g

whose heat absorption is started at about 219.3°C and maximized about 226.4TC
(Fig. 4). The actually observed melting point of clopidogrel 1,5-
naphthalenedisulfonate is 223 to 225C.

In accordance with the present invention, the clopidogrel
naphthalenesulfonate of formula (I) may be prepared by reacting clopidogrel free
base with naphthalenemonosulfonic acid, naphthalenedisulfonic acid or a hydrate
thereof in an organic solvent.

Specifically, the clopidogrel naphthalenesulfonate of formula (I) is
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7 prepared by reacting clopidogrel free base of
formula (I1) with naphthal enesul fonic acid of fonnula

w@ Xo509784 hydrate thereof in an organi c sol veneCT/RR2004§02665
no adverse effect on the salt formation, to obtain a
crystalline product, followgd by isolating the
crystalline product. 5 The organic sol vent which nay

be used in the.present.jnvention includes | east .
prg?pgeéofj‘%mregg} t et Pt ncl"elhe ff eou[&aé%ns? ti%ﬁan%ﬁ (I with
naPﬁfH&Yéne@ﬁﬁBﬁE SciCbf¥obrmAagdi S a H}/@fa@@ﬂ{er@&fe&aé&organic solvent

sopropyl acetate, acetone, ‘nethyl ethyl ketone,
hawirighyb adveedeutfféctk ehathe, sadtc Edramitiam, [te, obteirhanaiystalline product,
tetrahydrofuran, 1,4-di.oxane,and a m xture thereof,

fOHPnyﬂ ba’cig@léfiég thecer il iap #rofH%anol  bei ng nost
.10 | '
br € ﬁl: reg gy esogvr%atﬁ{vgﬁcgf ﬁm\?gn‘tfer@%giyﬂfeﬂfe .esérpﬁpgérrﬁ%lnincludes

i nve 0 contain wa

at 11@ast on¥ ¥R edtiseldieteBr @6RNthel BHARY tOMbistil}e of &AL acetate, ethyl
solvent may -be enployed in an anount ranging froml

acttat® h-pyopy acethteneisopropyé matiate, 3icetome] Maslyylhethybketene., methyl
hased on 1 g

el ok e S oSS! SR8 and v
s j j f
kRS RS OB Sl S AR poltpitistng (o

f r ee Thas grefefted RAnbodisesit ofthenpiesent inventiemcthieoorgamiy solvent

be perforned at a tenperature ranging from-10C to .
mayeohiiin iwegerpen tr 16f vivte. s Yempreseshimentiopyhe organic solvent

g R PPy i B EapepE ] Bh20 By B LSS preferably 3
tol ) B¢ ROYbRInA, 1R clNeh ag0ivkigh oFfthoanbbidakrNeBed baRi C Further,

acid or a 20 hydrate thereof to the mXxture, followed
naphtlzdeddsntfonivdacid i pr ianhydiate theneof enay be emphgiedatnupe amount

RTINS

pr eciypi i

SIS Rty et mper
rafipigpresi (idt@ttesherwitng edintusi the sivémter Haurevesyibh raaction is

alLr and nitrogen under an atnospheri ¢ pressure _Q .
prafeaebly perfarmetigh et BRESEAIES é@n%}ngef?’fﬁm o 454, giohg@ period

6D 000k 0°L e, RPLEORAgob O AR Sh i i o o

hydR@RNheRIDHIMB LS SrilteRATBHowed Iy codlif® ahBestirinpnhe mixture at a
met hod disclosed in International Patent Publication

teNperat@rengoBomast htepHl Rafasrrepeniddbranging figm | do 24 hours after
prg&%'ét% 1'9?1 4 %ti%?@h%ﬁar%%?pqta%s %fn?sa (glrtrr?ea %{]a%fs LT9R€a under a

reduced pressure, and washed with a suitable solvent. The precipitates are dried

using an inert gas such as air and nitrogen under an atmospheric pressure or under
a reduced pressure at a texnperature ranging from 40 to 70C.

The clopidogrel free base of formula (If) used as a starting material in the
present invention may be prepared according to the known method disclosed in
International Patent Publication No. WO 02/59128. As naphthalenesulfonic acid
is nontoxic (for example, LDsq of 2-naphthalenesulfonic acid is 4,440 mg/kg and
sodium salt thereof is 13,900 mg/kg; and that of 1,5-naphthalenedisulfonic acid is
2,420 mg/kg, when they are orally administered to rat; see GISA44, 39(1), 101,
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30 sodiumsalt thereof is 13,900 ng/kg; and that of
1, 5- napht hal enedi sul fonic acid is 2,420 ng/ kg, when

W bag/ogases oral | y admi nistered to rat; see G SAREI/KR2004/002665
39(1), 101, WD 2005/097804 PCT/ KR2004/ 002665 8 1974),
it can be safely enployed inghe preparation of acid
addition salts for a drug (see S. M Berge et al,

J.
0 0 AT L R AU o e
(s80901. BRHROM 4E INPRati 3 9560R],4079),2b! e agal nst

noi st ur e and t, and 5 opti‘cally pure. Thus, it can

be uffeutryftallihbelppidegre inaphthaldnesaforate offformela (I) prepared

pl at el et -associ ated vascul ar .di sease sel ected from.the
bygthsugb e hrod ds dronshYBREcopigeftableaganst moisture and heat, and

ol B8 TR P B L e et of he

plaRkt B @eted® ~FHseaRyisdaRe @ewctﬁc(iefrbﬁﬁtw?ﬂﬂipfmisisti&g of stroke,
phar maceuti cal conposition conprising the 10

cerebralntartesiostleppsiogrmlyoeardial hinfernsion) f angine nectaris, arrhythmia,

active ingredient na e adm.nistered via the oral
PEP&&}F@Ta’éFﬁ’a‘?S ,Se’ﬁ%%i }gﬂ%eﬁﬁgé‘iﬁaﬁ%al conposi tion of

t he r j ' j 4 ising t

o B B AR ikl Sy comprising e
inpentler slopidesidie napkthaléhesulftratonae udn cadtiveoipgrsdichbnmay be

according to the present jnvention may 15 bﬁ ...
adnonistarad eén thog erakroutps inds v sthe pherBrssptizat epmpptiion of the

carri.ers...diluentss, .or, excipi -1 f . .
prelifRiish siiff B afcte rIEpL P GoMids, EGFISES, ablets, pills.
Ca?gﬁengmeggténémik@s starch, sugar and mannitol;

illi'ng agents or increasing agents such as cal cium

phos piet phaamdacguticeh camposisionvaasording dp rife agesens ieyesdion may
as. cel |l ul.ose derivatives of 20.carbox | cel.l ul oge
b Borgrisay e PP o Kb G BEmagRAT Y, SOrFBIRS ST g dients, or
e)&g;ﬁentg,oilf%&&gafe rrolidorie; lubricating agents such as
talc, magnestum or calcium stearate, hydrogenated

cast @xapplenad sdtdbde patryers, hdilwnds, giryealipients are excipients such
di si ntegrants, such, ngﬁ ovi done, croscatnell os

assicBFUEM Ane} BYRRNOHINEARPIE, PT MEFEANAE 8gHs guch as calcium
p}g)(élplkfitg rHat ﬁlic%eag%%ﬁlﬁghglndz% iagg%ﬁ% uth JPOGRIGR &rfvatives of

r, various phat mac composi t1on
cat e &thPideHuleas bf hﬁdﬂi@pf@dp}déelhﬂbée( eelatyt, entbiind acid salt, and

together with or without additives such as said, .
pdyeinlpsmradidodid; ubrbricating aegfinds segh as talc, magnesium or calcium
stearate, hydrogenated castor oil and solid polyethylene glycol; disintegrants such
as povidone, croscarmellose sodium, and crospovidone; and surfactants such as
polysorbate, cetyl alcohol and glycerol monostearate.  Further, various
pharmaceutical cormposition comprising a specific amount of active ingredient,
together with or without additives such as said excipients, diluents or additives,
may be prepared in accordance with any of the conventional procedures (see
Remington s Pharrmaceutical Science, Mack Publishing Company, Easton, PA,
19" Edition, 1995).

In a preferred embodiment, the pharmaceutical composition according to

the present invention may contain the clopidogrel naphthalenesulfonate or the
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may be prepared in accordance with any of the
conventional procedures (see Rem ngton's
web@soersedut i cal Sci ence, Mack Publ i shi ng ConpaPgT/KR2004/002665
Easton, PA, 19"' Edition, 1995). 30 In a preferred
enbodi ment, the pharnmaceuticgl conposition according
to the present i nvention may contain the cl opidogrel

hyBedh oo %é@%ﬁéer%@%gffggﬁiﬁgéﬁ?]ﬁ By Welghrpreferably 110

t ferably 1 to
707/aa/§h@%\lé{&h @Béstfééétog%f/%ﬁé tot We%ggy tion weight.
The crihepcl@pﬁioglrelnﬁmiﬁthﬁuamesubﬁmabﬁ fofmblar (W)l acqordling to the

according to the present invention nmay be orally
presgnt mvgn@ﬁ@ tayobeorelly] edminigteseditnse sphiggh W fossaenging from 1

/60 k h / k
to ) pgime ety S hE A ot AR i S . O
desc "[‘h*égﬁeée?lt fisyrenfeh v@"?ﬂ de! dedbtiBed €h FhRGeddt8] with reference to
Exanpl e However, it shoul d be understood that the

Emhqﬂﬁ]t Howewntr, dhshaldobe unelststbod glatbthet presegemmivention is not

mpl.es. The gnal ysi s conditions of HPLC enpl oyed in
feﬂE%ﬁWélté’sthﬁrSEe‘Fl 1gte@mlesw, 10 Condition A: For the

nmeas f a I
| opﬁg%gné?lgfys% ?ﬁ'@htﬁﬁ gf%g? Fﬁ@lq%&ijgf Ek%g%@ ake H%teg below.
- Detector: 220 nm15 - Flowrate: 1.5 rrt/mnute

- I\/bb| | e phase: Na2HPO4- NaH2PO4 buf fer soI ution ; THE
CondfiHaCM = Bor: the: ngagurementCofican jaspays:.ofFan adgié addition. salt of
1 gsurfment of an ampunt of hydrolyzed inpurities of
CIA0ZEL d addition salt of clopidogrel 20 - Col um:
_ &ansal Q48 Xt 6 MM -
(Eaé @gttg;&lﬁ%%@rllgrﬁ”% ovgbrlg%g 1.0 nt/mn. - Mbile
- Ipdtester: 2BB2AO4 buf fer sol ution/ CH3CN (70/30) : KH2PO4
buf f er soI i.,on/ CH3CN (30/70) = 0 : 100 100 : O (v/v,
- Hewdntenl -Se MmigHie

- Mobile phase: Na,HPO4-NaH, PO, buffer solution : THF : CH;CN=5:2:3 (viv)

Condition B: For the measurement of an amount of hydrolyzed impurities of an
acid addition salt of clopidogrel

- Column: Capcellpak C18 MG, 5 um (250 mm *x4.6 mm)

- Detector: 210 nm

- Flow rate: 1.0 m{/min.

- Mobile phase: KH,PO, buffer solution/CH;CN (70/30) : KH,PO, buffer
solution/CH;CN (30/70)=0:100 100 : 0 (v/v, gradient elution)

Condition C: For the measurement of an optical purity of an acid addition salt of

clopidogrel

'~ - Column: Chiralpak AD, 5 ym (250 mm %x4.6 mm)

- Detector: 210 nm
- Flow rate: 1.0 m{/min.

- Mobile phase: n-hexane : isopropanol =90 : 10 (v/v)



10

15

20

25

30

25 Condition C For the nmeasurenment of an optical
purity of an acid addition salt of clopidogrel -
w@doasyrsoLhi ral pak AD, 5 in (250 mm x4.6 mr)  PCT/KR2004/002665

Detector: 210 nm30 - Flowrate: 1.0 nVinin. - Mbile
phase: n-hexane : isopropanglp =90 : 10 (v/v) WO

2005/ 097804 PCT/ KR2004/ 002665 10 Conparative Exanpl e

1. Preparation of clopidogrel hydrogen sulfate

CI opi dogrel hydrogen sulfate as a crystalline form 2

i SNpirdpes SO
fi Q@&%r;%%_QQﬁg%%hgggﬁgﬁg ﬁ%#%pl greI free base
haV|ng an optical purity of 99.3 %e mhlch had been

prepared by the nmethod _disclosed in er ati gpal
Pat ektlopidoirel aby&Rgs®. Sul@t‘t)z%g&zerysrﬁ L 17 #¢as prepared

Kar P
RETNI S SN T .
fr&OPpet hAAnShn Ficdl YeaLFsA9D.8 %ee Riliphriaid BBerbrepared by the

cl opi dogrel 2-napht hal eénesul fonate (cl opi dogr el

methpdidisdlesedfiodmetratiphal) Jatdm Poblioation disi. IBEY @2/591%&
base having an optical purity of 99.3 %e which was
prepared by the nethod simlar to that disclosed in
[ nt er-nat I a ¥12 S
L SIS ALK ERALE ko0 b T P 28 L
codditich A)1ep.84%Bandbptzedl @Dhtﬁe(lfﬁ?le@ud:cﬁmhtlon &)t 89.3 Y%ee
nonohydrate dissolved in a mxture of 15Wof ethyl
acetate and 5m' of water was added thereto dropw se

A RS SRS, RSP AR, (Eicoe

nakilftel %}Hﬁﬂgtmr)e rangr ng fromO to 5 for 4 hours. The
recipitates formed were filtered, washed with 30m ?

of et hyl acetate and dried at 50 C, to obtain 71.6g

f th whj . :

cr ystals obgfopiEtel e bise Yekvisie thaprion] BHAP B P9 Yep which
w%sp?)?%}ga}’t’etg ulgylr the ?z%ﬁ%d € conglr tfcgﬁg%t 'd%le@ed 1119§n‘%'§r{£t10na1 Patent
PlﬂilﬁjmnhdﬂoanW@SOQSSQ @8 w@i@il:i]sﬁ«ﬂirhﬁﬁﬁ mmm$th% acetate, and a

Cal cul at ed, C 58. 64, S
SOlU.’[lOI;J containing 34.8g of 2- nap%mthﬁenes&fomc acn& monohydrate dissolved in

a mixture of 150mé of ethyl acetate and 5ml of water was added thereto dropwise
over a period of 30 minutes. Then, the mixture was stirred at room temperature
for 12 hours, and then, at a temperature ranging from 0 to 5 for 4 hours. The
precipitates formed were filtered, washed with 30mé of ethyl acetate and dried at
50°C, to obtain 71.6g of the title compound (yield: 87%) as an white crystal.

m.p.: 151C; water (Karl-Fisher titrator) : below 0.1%; aaasy (HPLC, condition A):
99.95%; optical purity (HPLC, condition C): 99.8 %ee; and elemental analysis for
Ci6H6CINO,S C;oHgO3S (%): Calculated, C 58.91, H 4.56, N 2.64, S 12.10;
Found, C 58.77, H461 N 2.60, S 12.27

"H-NMR (300 MHz 'DMSO- d®, ppm): S 3.08(brs, 2H) 3. 50(brs '2H), 3.74(s, 3H),
425(brs, 2H), 5.68(s, 1H), 6.88(d, 1H, J=4.9 Hz), 7.44(d, 1H, J=4.9 Hz),
7.53~7.60(m, 4H), 7.62~7.77(m, 3H), 7.80~7.98(m, 3H), 8.15(s, 1H), 10.85(brs,
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Found, C5 8.77, H 4.61,

N 2.60) S 12.27 'H NWR (300
MHz, DMSO d6, ppm:

8 3.08(brs, 2H), 3.50(brs,'2H),
w@2004097808H) , 30 4.25(brs, 2H), 5.68(s, 1H), PCBERAG04/002665
1H, J=4.9 Hz), 7.44(d, 1H, J=4.9 Hz), 7.53-7.60(rn,
4H) 7.62-'7.77(m 3H), 7.8Q4.7.98(m 3H), 8.15(s,
10. 85(brs, WD 2005/ 097804 PCT/ KR2004/ 002665 11
1}6 IR( KBr, cm): 3475, 2967, 1749, 1475, 1438, 1326,
220, 1165, 1090, 1031 DSC (1OC/m nute): starting
gyepisop t t
IR@?B;B %1/ g)%gﬂ%g resul9t P%?Sb#\?ggergﬁ)gr ggg% 1#@22{9?%&@1
DSMa{ MEC smirite): hetagtings tlihti n@461681@, dbweshepainbpl 5hg4 €  (heat
2- napht hal enesul f onat e showed that the clopidogrel 2-
abstaptiohabedelg) f onat e was crystal having the
characteristic diffraction pattern as shown in Fig.
1. The main diffraction peaks having I/10 val ue
grea g I [ I 0
20(: E%E rEﬁfl? %8{ /()der%%(x? )%lgfrlﬁgﬁgn (aoﬁ/gl@@ﬁ,. ]?r the Sﬂﬁlﬁdlﬁnégtate f
th&sgcg)ﬁd@gréD 8- ne@;hﬂqal@eSuIﬁSnthSSBoﬁeé gha'e thB SClrJ@;ldbgrel 2-
24.7 3.6 38. 12.4 7.2 17.6,25.
naphtyalppegiifonate avas Qrzstaﬂ hgying dhe Célsr&f %ﬂ@ é%ﬁfa%%)% pattern as

shagn o T38. £, 158 ffn fidipioh podtyrif Yo Jae dogep o 10%.

areggﬂtgélnzfab%ol 2 4.4 757 32.12.814.9 21.2 4.2 73.3
.8 16. 4

<Table 1>
20(%2) d 1y (%) 20(x£2) d I/Ty (%)
6.7 13.2 13.5 23.2 3.8 40.8
8.2 10.8 38.1 23.6 3.8 99.8
8.5 10.4 55.7 24.7 3.6 38.3
12.4 7.2 17.6 25.0 3.6 32.7
13.0 6.8 32.8 25.3 3.5 42.2
13.5 6.6 65.2 25.8 3.5 24.3
16.8 53 63.7 27.0 3.3 30.3
17.2 5.2 60.2 27.5 3.2 15.1
18.9 4.7 100.0 28.0 3.2 27.3
19.6 4.5 66.0 28.6 3.1 11.4
20.2 4.4 75.7 32.1 2.8 14.9
21.2 4.2 73.3 32.5 2.8 16.4
22.3 4.0 25.1 34.7 2.6 14.4
22.9 3.9 46.4

20: angle of diffraction, d: distance within each crystal face,
/1, (%): relative intensity of peak

Example 2: Preparation of clopidogrel 1,5-naphthalenedisulfonate monohydrate
(clopidogrel napadisilate; formula (Ib))

50g of clopidogrel free bése'having an optical purity of 99.3 %ee prepared
by the method similar to that disclosed in International Patent Publication No. WO
02/59128 was dissolved in 300ml of acetone, and a solution containing 28.9g of
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22.3 4.0 25.1 34.7 2.6 14.4 22.9 3.9 46.4 20: angle
of diffraction, d: distance within each crystal face,

wo 2008/09794 rel ative intensity of peak Exam | p BCRKR2004/002665
Preparati on of clopidogrel 1,5-naphthal enedi sul fonate
monohydrate 15 (cl opi dogreljpnapadisilate; fornula
(I'b)) 50g of clopidogrel free base having an opti cal

1 ¥ nah e ardsulons 2 PRARTGAE SPERD BUBI TERRFoRENDONL of
acg%gpeoa";{dS%ﬁﬁ W%a@é&s%%agﬂig n%?%gg@fgg\ﬁﬁ@t% a®phidd of 30

sol'ut1Ton containin 97804

minGlesKRAGRA! Be2BfRurd vak, Sirfapht Fane nedirsarhfupaifor 4Qi ours, and
tetrahydrate dissolved in a mxture of 290m of ..
them ett arfempetatagnangotg fiarep tass Caded hoiFet d herpysaipitates thus

foRbed pieab QiR eirgeP il S @i P §5 iFoRe el Gy s0°C, o
ob iﬁé@%@%%%@&%ﬂ%i@(ﬁ&&@@/@ 8 GVhRE cfydiaur s.

e precipitates ormed were filtered, washed
with 10Wof cold acetone and dried at 50'C, to obtain

o oA s SRRV ) ST Gl v
. 959 1.cal o/l 0
vabighy EOOTEaRES o TR CLoBORLEER )Y S Sus:; Bptapaiity  (FIPLC,

cof@nt | oncﬁ): 9998 Yeey,cand elaadent atleamatalsi s hmalysis  for
- (C16H16C N02S) 2° CLOHB06S2 H20 (% : Cal cul at ed

, C
(Co330ING,3); 46, HpD5298,0 $%0)1 Lo dloulaegunt, 5830041 4444, 39 2.95, S

135 Gging, 550 H 45 5RBAL SIS 760 %3iy P 25 e s

R . 1 . 151, 0 ; : [ H

P iy O 50

4 2ROV, G66s, F8}E, 862 H, 2956 Hy 4B 336 4364(nt, 358), 7.93(d, 1H,
1243, 1225, 1155, 1026 DSC (5 C/mnute): starting

T4} He), $188(d, 81, J58ediZ)poi nt  226. 41C (heat absorption

IRé(ﬁ%xs i 9) 3329% EQ%2r§§%’éatl79ff5 R@Y5an3X: fﬁ%d,ﬁgh%?iaﬂt 1500026

ysis’/for the ctystadllinég stdte of opil dogr el

DSFQSﬁgﬂﬁhhlﬁ)ﬁmﬁi@béiﬁﬂ at .30 n et ptaint BRGRIAC (ladat absorption
cl opi dogre
158.3 J/g)

The result of powder X-ray diffraction analysis for the crystalline state of
the clopidogrel 1,5-naphthalenedisulfonate monohy drate showed that clopidogrel
1,5-naphthalenedisulfonate monohydrate was crystal having the characteristic
diffraction peaks as shown in Fig. 3. The diffraction peaks having I/l value
greater than 10% are listed in Table 2.
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1, 5- napht hal enedi sul f onat e nonohydrate was crystal
having the characteristic diffraction peaks as shown
WO pooFiogr8o8. The diffracti on peaks having |/1 0 REI/H&2004/002665
greater than 10%are listed in Table 2. 25 30 WO
2005/ 097804 PCT/ KR2004/ 00266% 13 <Table 2> 20(-+2) d
1/10 (%9 20(2) d 1110 (% 7.6 11.6 35.9 21.5 4.1 19.7
<FI?QJPT .1 17.2 22.2 4.0 72.0 10.7 8.3 30.4 23.0 3.9
9“~11.0 8.0 68.7 23.5 3.8 17.6 12.1 7.3 41.6 24 3

&eziy)o. 5 13.6 3.106R)8 [14.2 &. 2 22. 4/, (%)

6. . 8
Zb-;ﬁ § 374615 B 58 §6.9 26. 413 4 42.7 416.6 5.3 19.7
AL% 1nn Fi ggngé o 132221,}5\ S 43) b :6;,172.0

PQ

19.087 4.5 76. &320: duﬁrzgaLn; 4 %bqt ang " 379
wiltitd n elach B80ystal fads] 1{110 285 rel at i 988 17.6

|rQe1nS|ty of7p,eak ExarmI@ 3:| Stabylity |test30f aci d 40.5

o :r'lniatlé CFZ'Q”“' vz B 'ﬁ“l 3. ra ,5’”“’"'3“37.4

cl(..:}‘)l tTonsal 513 of 1 ogl|4o§)gre urggrg nDAI:Fft aqu eat edgs g

dnm
2 lﬁa?loht hial enédul f of zat2$. %md t he %ﬁé’ol dogr el 344 5- 42.7
naphg hal enedpgul f opat g2x@nohydr d26. Pbt aj ned3it 12.5
EXgiples| 1 aRg 2, fespeLjively, 273 3.3 10.9
18.1 4.9 100.0 28.4 3.1 24.9
18.5 4.8 22.0 29.0 3.1 13.2
19.8 4.5 76.7

20: angle of diffraction, d: distance within each crystal face,
/1y (%): relative intensity of peak

Example 3: Stability test of acid addition salts of clopidogrel under moist and

heated condition

The clopidogrel hydrogen sulfate obtained in Comparative Example 1,
and the clopidogrel 2-naphthalenesulfonate and the clopidogrel 1,5-
naphthalenedisulfonate monohydrate obtained in Examples 1 and 2, respectively,
were subjected to a condition of 60£2C amd 75+5% relative humidity for a
period of over 30 days to test their stabilities. Specifically, the ratios of the
remaining amounts of the active compound at 7, 14, 21, 28, and 35 day relative to
that of the initial day (0) were measured using HPLC. The assay of the acid
addition salt of clopidogrel was measured usimg HPLC condition A, the amount of
hydrolyzed impurities of the acid addition salt of clopidogrel was measured using
HPLC condition B, the optical purity of the acid addition salt of clopidogrel (i.e.,
the amount of the levorotatory isomers) was rneasured using the HPLC condition
C, and the water content of the acid additiom salt of clopidogrel was measured
with a Karl-Fisher titrator. The results are sh.own in Tables 3 to 6 and Figs. 5 to 8,

respectively.
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were subjected to a condition of 602C and 755%
relative humdity for a 10 period of over 30 days to

W ess/ovised r st abi | i
t he
14, 21, 28,
initial
the acid
usi ng HPLC condi ti

ties.

on A,

Speci fically,

that of the

was measured
hydrol yzed

t he r at POFK&R004/002665
remai ni ng anounts of the active conmpound at 7,
and 35 day rel aggve to
day (0) were neasured using HPLC. The assay of
addition salt of cl opidogrel
t he anount of

<TabI8%3¥ CohfiShribn Wi %y 3fsBoeRly b @i asal dditiohl I 61agbBldogrel

Acidyr pdditign At aerte] Water comtgnory 'n%“'m”nn.‘ e e
clopilegralrount of t he || @day ot|dt days i kbdrdesy | Rddaysdsdf days | 35 days
Hyd#st@silfge HPLC condi.tion | (¢1 and g.he wat @4 contiend of |4.8
-NB hfehPsiitftitlatd ON [SEHT Off ¢hopt dogiel wag freasurgq 0.1
ST Dt A R b BT
morzdxyslmg?sm PCT/ KR2004/ 002665 14 <Tabl é 3> Conparison

of hygroscopicity of an acid addition salt of

cl opi dogr el

Acid addition salt of Water content (%

<Tableop+ DogipirisOn Myirrﬂ)udayﬁari dcidaydslitdin si;ﬂ;t of Z&Bopidygre% 5

o a O\l O} =N

AT SIaRE, PPl |

CIOPl %‘hal enedi sul f

A\

dhdex 1 B

djysy’

1 ng%’&

?lgd%qys

28 days

35 days

Hydrogohyulfaee <Tabl e

Ko Con

R’&.6son

28. 7anoy

7. 5f a

87.0

-Ngﬁl@lﬂhhle@es@ﬁiﬂat@f c

| ;w dog

rgg 1 Aci

doaddi ti

®9.5al t

99.2

ed
7 days

15 ﬁ@%?ﬂofé%}%@%a@

/r~|r oaan oyl

'Fgfa 1
AT ==

g he
14 days

009
A4

o 1 al
21 day9

gigpunt
28 day

Q707

i (o V|
T

99.9

gy

1. 5- Napht hal en
<Tahlsndh gglsgn

salt 0?%&{ A

nnrp

AR} L AY]

2- Napht haI enesulfonate 100 99.1 99.3 99.1 99.0 99. 2

e@%zbbfal f onat e 10%%[80

1‘%5?% (fornula (III)) of an acid addition

100

ora?uhx/&%a}

99,9

99,

sal t

9:%@@ amd addition

Acid  addition
clopidogrel

“salt  of

Amount of hydrolyzed impurities of an acid addition
salt of clopidogrel (%)

0 day

14 days

28 days

35 days

Hydrogen sulfate

0.0

0.63

2.0

4.8

2-Naphthalenesulfonate

0.0

0.12

0.16

0.18

1,5-Naphthalenedisulfonate

0.0

monohydrate

0.02

0.04

0.05

<Table 6> Comparison of levorotatory isomers (formula (IV)) of an acid addition

salt of clopidogrel
Acid addition salt of | Amount of levorotatory isomers of an acid addition salt
clopidogrel of clopidogrel (%)

Oday |7days |14 days |21 days |28 days | 35 days
Hydrogen sulfate 0.35 0.35 0.40 0.49 0.67 1.08
2-Naphthalenesulfonate 0.10 0.10 0.10 0.10 0.11 0.13
1,5-Naphthalenedisulfonate | 0.10 0.10 0.10 0.09 0.11 0.10
monohydrate

As shown in Tables 3 to 6, the inventive clopidogrel naphthalenesulfonate
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Acid addition salt of Amount of hydrol yzed inpurities
of an acid addition clopidogrel salt of clopido el

W@ 290509y 14 days 28 days 35 days Hydrogen sPOCT/ER004/002665
0.0 0.63 2.0 4.8 2-Napht hal enesul fonate 0.0 0.12 0.16
0.18 1, 5- Napht hal enedi sul fppate 0.0 0.02 0.04 0.05
nmonohydr at e <Tabl e 6> Conpari son of |evorotatory

. Jgsoners (formnul | f i d additi 1 | t..0f

o B b B P . T e v
¢ - < . L ]

o ARt AR o i Y gan, o e

undiays sederdaysndfiofafps a Myl pgeiods ahd dtyelr6lyabd Gng5uitidd of the

0.49 0.67_1.08 2-Naphthal enesul fonate 0.10 0,10 Q. 10
clopidpgre. naphthal gnesulfonalgpetsatas lews Burmenat éla@. thatbsgrved for

.10 0. 0.11.0.10 h i 0. (s
ot BB oA, S, SR TR Eghosion
cor\é‘@gi%ﬁgwﬂ%gjiﬁ@éntﬁg/ J6PA80¢¢e? OghfiRhaldfesuBfoh8®S according to the

oScopic, and nore stable agai nst noisture and )
prekertt invEhtisn is meore effiectivecthengennviesaenal dasdd iadditiantsedts in the

amoynt of optically pure clopid el afteyr. storage
preygpaon gr Yeyigent %%lﬁtnlf%tﬁlef-&ﬁg%lﬁga &aﬁfélﬁ%f SCa5fq

hydrol yzed inpurities of the cl opidogrel

napht hal enesul fonate were far less in anount than that

ExORpRS N:@ffé&foﬁnm_diiﬁ% eptisall fuaite dufing sopidsgiel salddofmation
that a pharmaceutical conposition conprising the.
i nventive cl opi dogrel naphthal enesul fonate accordi ng

tot .present Lnvent i IS, f | 0
conveIRRBHERT Bep GRGaid on OB H et RE wbBRIUARe, g5y ee and
a i t p - (o]
i asshoiale awonpasisiotiay s, o
clopiddgrsl @uraphthadénssiifoyates apdl clopidogreli bi9-naphdplemgdisulfonate
mapsb@Riin hEALe. B FERTRR Yot p PR fgscribed in
CoRlfaPAtHRI TElantME" PIGRA SEXAAPRS . 1886 2, respectively. The optical

purities of the acid addition salts then obtained were measured under HPLC

condition C, and the extents of optical purity improvement are shown in Table 7.

<Table 7>

Starting material | Obtained acid addition salt of clopidogrel

Clopidogrel free | Hydrogen sulfate | 2- 1,5-

base Naphthalenesulfon | Naphthalenedisulf
ate onate monohydrate

90.0 89.4 98.3 97.4

94.9 94.7 98.8 98.7

97.7 97.7 99.5 99.4

Unit: %ee (the excess amount of enantiomers)

As shown in Table 7, the optical purity of the clopidogrel
naphthalenesulfonate according to the present invention was markedly enhanced
during the process of preparing same, while that of clopidogrel hydrogen sulfate

was not improved.
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cl opi dogrel 2-naphthal enesul fonates and cl opi dogr el

1, 5- napht hal enedi sul fonate 15 nonohydrates thereof
wowens/ogisepar ed usi ng the procedures descri bed PEI/KR2004/002665

Conparative Exanple 1, and Exanples 1 and 2,

respectively. The optical pgrities of the acid

addition salts then obtai ned were neasured under HPLC

Con e A 5L S R Pl Khbrottory isome,

angtifhid,! d‘glu?ﬂt? Igf ?u_ri@%ﬁ&‘ﬂ @QF@% fhasdil th ABhist b Fharmaceutically
cl opi’dogrel “d opi dogrel free drogen sulfate 2- 1,5

acbastablNapptitall engtul fHowkeaht thal evediisel methmde ofingreparing  the
npnohydrate 90.0 89.4 98.3 97.4 94.9 94.7 98.8 98.7 .

naphthalénesulfopate pyovides @mrpdu@}@gh(cﬂ'xh@egtﬁctgg g)zxg%g,ﬁpuggal optical

oI PRk R e B SRl A iAo Blebt Bim B bfeea.

the present invention was markedly enhanced during
t he process of preparing sane, while that of
Test dpiadopleel : Iytdbison efatt af elopiBogret nephthaleneswad tonapp against
2005/ 097804 PCT/ KR2004/ 002665 16 C opi dogrel is
platelgtageregai@ipartial |y racenized to its | evorotatory
isoner, and thus, a plurality of purification steps
is required to achieve a pharmaceutically acceptable
opti CEie phuri;}ﬁajcoldgdxﬁ&\aeﬁvitieb ot prerenting pleteba chggfregation of the
preparing the naphthal enesul fonate provi des a product
clmd@arq%egy@rogm Phteretaned an c(é@megnaﬂvs Faamzle 1, and the

. requirements, so that t [,cal i fi '

Gl SRRt | AR RMAL SR UL MR IRRL 15

na@htifténdisutioniciRgnehydarhbhalrdsautfanples 1ag@l Btrespectively,
pl at el et aggregati on 10 The pharnmacol ogi cal activities

wéror teptedvasing gt plasdeincaccagdensgaritbnihef stepdard method (see Bom

R LT ] b LB ¥ o
TAIAARSS PR el § 096, aMtheC pRREIPHoBleghtidn inhibition test was

performed ex vivo, and the inhibitory activities of the acid addition salts against

platelets aggregation induced by adenosine-diphosphate (ADP), collagen and
thrombin, respectively, were measured.

Twenty 11 to 12-weeks old female Sprague-Dawley rats (average weight:
270+25g) were divided into four groups each consisting of five rats, and each
group of rats was orally administered with 20.0mg/kg of clopidogrel hydrogen
sulfate  (15.3mg/kg as clopidogrel), 252mg/kg of clopidogrel 2-
naphthalenesulfonate, and 22.6mg/kg of clopidogrel 1,5-naphthalenedisulfonate
monohydrate dissolved in 1% DMSO based on a volume of 10 mf/kg body weight.
For the control group of rats, only 1% DMSO solution was administered. |

Blood samiples were taken using a syringe pre-charged wvith 3.8% citric
acid solution from the abdominal artery of the animals under anessthesia, and the
blood samples were centrifuged at 4C and 1,000 rpm for 10 mirwutes to separate
platelet-rich plasma (PRP). The separated plasma was further centrifuged four
times at 4°C and 1,000 rpm to obtain PRP for test. A portion of PRP was further
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napht hal enedi sul f onat e nonohydrate obtai ned in

Exanples 1 and 2, respectively, were tested using rat
whb@emois accor dance with the standard net hod ¥GEERB®M002665

15 GV.R & Cross, J. Physiol. 168: 178-195, 1963; O

Takahashi, Food & Chem cal jJoxicol ogy 38: 203-218,

2000). The platel et aggregation inhibition test was

ooPRIAGETSP 455, M2 o0 Pat B TR P sPGhLY TSR alpeetes
anitdﬂt?g%‘gci@‘tat%ﬁ gl A6y RROSRNALR éﬁbﬁa?er (398 ARENA@A2.7 rmM

In, respectively, were nmeasured. 20 Twenty 11 to
KQR-Meald NAHCOG®EL3 SV agaié,Hiouy 2§ m glycaser hgeM EDTA: pH

wei ght: 27025 were divided intg four gr each

6.8on Vst o DIRTAIE B Sespendains PHitent AR 0 el SohgM KCL,
orall ] Nj [ i 0 f ¢l i r .

R DR C, DR AL P00 Wb el 923499 Ehin, 5.5 e

g8k 4pEudt et @068t ca? desiBh OB aatsa b DEGIE coRspon ded
22.6ny/ kg of cl opidogrel 1,5-ndaphthal enedi sul fonate 25

to momnhlyeircftpdateled sdicteds dboutl 134 O based on a vol ume of
10 mlc ody _wejght. For t cont r,ol r.o of rats,
only oAhonRO el iagarqgatg%dfgﬁ%’. stenferd SHrhty "%aéni‘fﬁ%g to the

ablffE %ﬁ}ﬁ{%e@etgﬁggﬁ% {flo S¥ELNBRBA gngg egﬁﬂaw@&%e&rﬁ?{%} of the ADP

rrc acl utron rrom om nal artery e

began@es | BVIUNJRIEthanes ,t:dﬂ%geﬁ standdrd belutiohq@ithab aomieasration &g/ ml)
centrifuged at 41C and 1,000 rpmfor 10 mnutes to
andefbapmben songarst solution i(Enalprensentreprp)0.1 thaly ssradded to the

I f trif f ti . 41
SV BSRR BUSLOSHoS AR bt Mol IS Bor'! ABF of he
sa}‘i’gﬁeg W s N&irr D a2 ODBE 08B O Pph K2 ARALRR2 b amblint of platelet
centrifuged at 41C and 3,000 rpmfor 10 minutes to

aggregadion psiegi pi aggregbrpétar dChrono-togl Rlnislgir dgepigomader). The
e, K T SR s i

I : 3 Then, the platel et was
an?u%%gﬁ g%}?s%ggﬁoe@ﬂ&g%ﬁ%m& NaCl. 2.7 mM KA, 5 12

mM NaHCO3, 0.36 nM NaH2PO4, 0.49 mM MgCl2, 0. 25%
elatin, 5.5 rnM glucose: pH 7.4) such that the
< wal>density (OD) val ue at 260nm corresponded to a

| 1 . _ . _
DEEREF aBrofbf (P ool S TRRtaplioh HEhn 7 fartfiDn hodeht
whén 106% whoyeBRited) >dever m ne the concentration until

the final concentration of the ADP
<Formula 2>
Degree of inhibition (%) = [(aggregation height of control group) — (aggregation
height of drug administration group)]/ (aggregation height of control group) x100
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10 becane 5M Further, a collagen standard sol ution

(final concentration 5g/ne) and thronbin standard
w@odoanymsm (final concentration 0.1 Um) was aPdEERR@4/002665

the above washing platelet solution to induce

pl atel et aggregation. Each gfg the sanples was stirred

at 37 C and 900 rpmto neasure the anount of platelet

<l SomecnbitorlefeS g ARa Gori sl & Blolthertr o

AdndnistRedi tAggiegmm iadheib} ahgtdrisbamcdmenhtden 1 and

Dé%and th
ree of

hei ght) /

aggr egat ec
= [(ag

(%
(aggrega_

Eaggr ggat

|2:1€(°S/510V@f %% a@l}lgdn%gggl

hen 10094% e%it on

tion heilght

20

QhPSMBInl>(0.1 U/

(aggreg

t of

A ggregadq Ialribitnl aAggra%g
mdslegxfahﬁcm hetagiot
{toqm  hei

ioh e |
Ao adm iy

&ahibtio] niiggregasr| Inthibitio
al gatiopjon ratio
gtrati Q%)group

n ratio

)(])/o)

CorS005 83%6%

i nhi bitor

43 f ect

etight—of——
CT/'/KR2004/
of acid

%ggﬂ

ition

Oup) X |
18 <Tab|e

salts of

Hytioggedogr e15.00%06 i&t br ed Ayl 844t | 84-8 ndud |2ﬁ-2"2dﬂer il -1

siifide concentyr ati on |Drug ADR 71®M Col | agen (5¢2mA)

2{“93@{?‘ ( -.%M.zt'qv /gggfﬁsﬂo.'zrlh!)?!gw Aggroeeat | 81 .9
i_o |Aggr egat| | nhi bi ti|i ion ratio n natio ion

NF‘ﬁEt;hSeﬂef‘atio ionjrationijatio (W* (9N ‘%1* (%

ulgf@gate(o ) _Controll 35 882 | - 80 312 - 82 782 . 80

1,51 Hydr ogenl2:00bq.88.86. 1 127380.4 8258 27. 22@616:71. 1 7L.5

Naphthale@e® |40 52 2-| 2.940.2 ®1.8 1. 8$80.2 97./94315. 001,

isBlfonde Naphthalengs 1 5 71

monohydrate

* p<0.001

**  amounts of 2-naphthalenesulfonate and 1,5-naphthalenedisulfonate
monohydrate corresponding to the amount of 20mg of hydrogen sulfate are
25.2mg and 22.6mg, respectively, which corresponds to clopidogrel 15.3mgs.

Test Example 2: Effect of clopidogrel naphthalenesulfonate on bleeding timxe

Effects on the bleeding time of the conventional clopidogrel hy- drogen
sulfate obtained in Comparative Example 1 and the inventive clopido grel 2-
naphthalenesulfonate and clopidogrel 1,5-naphthalenedisulfonate monohydrate
obtained in Examples 1 and 2, respectively, were tested using rat in accordance
with the standard method (see Dejana E & Villa S, Thromb. Haemostas. 4-8: 108-
111, 1982).

formed by platelet aggregation and tests were performed using male and female

The bleeding time is an index representing the extent of thrombus

rats.

Forty 11 to 12-weeks old male and female Sprague-Dawley rats (average
weight: 270+£25g) were divided into four groups each consisting of five muale rats
and five female rats, and the male rats of the first group were eachh orally

administered with 5.0mg/kg of clopidogrel hydrogen sulfate (3.83mg/kg as
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ul fonate 1,5- 4.120.1 88.5 3.750.4 95.3 23.611. 7t.5

Napht hal ened 4 0 43 isulfonate nonohydrate * p<
wW@2@84097804 anount s of 2- napht hal enesul f onat e anPICT/KR2004/002665

1, 5- napht hal enedi ai | fonate nonohydrate correspondi ng

to the anount of 20ng of hy\cjqugogen sul fate are 25.2ng

and 22.6m g, respectively, ich corresponds to

B TG N A—
i s B I

febraembe Weph Grilhie cably eldmMvestabapiiin @B6mgkg and 3.15mg/kg of
napht hal enesul f onate and cl opi dogr el

clopslogeg) R-hephehad diiesul fooate; eespestoieyyraaddor dhr tiirdegraup, the male
l.es 1 and 2,, respect, vely, L. ted, usi t
anh FERIE Fala ieae <ab oG sdmimatei el o oredes Bl 3 &Sherke of
] 5. dBEITRSAS - mbndh : 82
Cl&ﬁlgogjfﬁgegfn%—%h%e?s an | r?géexméré%}ygi%ﬁi EI%SQI theegt eilrth ¢ drug
wos drhlly edmigistdred Madihey fahatél o BYS@gsslution aindah esheunt in
were perforned using male and female rats. Fort

11
valpmeoOhdB R et Bodn veeighiy f/binl comapaTisgne mliy1%) PMSO solution
i ght; 27025 di vi ded i f

vl SRS todRe e RPN AR C Tl e rats 55 and five

f emal gAEAlgingdRfutdifestiitioed #tSwith ahfh&[?%ﬁhﬁéntﬂflﬁkﬂﬂeﬂ\@lﬁ@taﬂ of
each, orally adm nistered with 5.0ng/ kg of cl opi dogrel

thhyrdt ogerpisuktate pasitidnywkly.Sam Mo desend pda4il using a need of

AL o 8 G S e
mEasiFed Kﬂﬁ}( ﬁbaﬁﬂﬂfg%eﬁlgﬁg&g G888 &0 a MI%r #{t%rsa%ﬁgﬂ% secomd.

group, the male rats were ora eac
Thelrdsnltds shiecn w Thbl6.930ngy/ kg and 3. 15ng/ kg of

cl opi dogrel 2-naphthal enesul fonate, respectively, and

for the third group, the male 5 and female rats were

<H¥iC oP el P Hid R ol i AR I G BTG O

Admim}sgedécat Femabspecti vel y. The drugMale

Drug Amount of | Bleeding time | Amount of | Bleeding tiame
administered | (sec.)* Administered | (sec.)*
drug (mg/kg) drug (mg/kg)

Comparison 85+7.1 10545.0

Hydrogen 2.50%* 127.5£10.6 5.00%** 13548.7
sulfate

2- 3.15%* 157+10.6 6.30%** 190+5.0
Naphthalenes
ulfonate

1,5- 2.83%%* 152.5+3.5 5.65%%* 163+5.8
Naphthalened
isulfonate

monohydrate

*  p<0.001

**  2.50mg of hydrogen sulfate, 3.15mg of 2-naphthalenesulfonate and 2.831mg
of 1,5-naphthalenedisulfonate monohydrate correspond to 1.92mg of clopidogrel.
*#% § 00mg of hydrogen sulfate, 6.30mg of 2-naphthalenesulfonate and 5.65mg; of
1,5-naphthalenedisulfonate monohydrate correspond to 3.83mg of clopidogrel.
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was orally adm nistered in the form of 1% DVSO

solution in an anmount in volunme of 10 inVkg body
wowi0ghe780/As a conpari son, only 1% DVSO sol ut i oPCT/KR3004/002665

adm nistered to the last group of rats. 10 After

fixing an unanesthetized ratyoM th an experi nental

hol der, the tail of the rat was pierced at a position

o REhg 2L ST 8,158y Sopioge
50 By eeaseS M SRRy o lagen

off gfthibih Sasheishificantpbextefds e blkelirg fmeEhs eompared with the
bl eedi ng1 time of an acid addition salt of clopidogrel
L3

condivhfipBalerased Feddition Manles, Dewly, Arslingeibf sBfdedi nd bergfare, the

cl%'ﬁé%tr%l? ggggﬁglgég%l%ngfeu &%%(?rgdi}l}gs ttg; ﬁ% %ﬁ%/%}g ;invention 1S more

efEIRAN ﬂl%ﬁna%y 8% hd con¥Oorfhl AdidRAdRbE sA& In IS ﬁé&brﬁion or
5.00*** 1358.7 sulfate 2- 3.15** 15710.6 6. 30**

trd@ffend forslptel dtedseodsted vhendaredisdasts. 2. 83** 152. 53. 5

5.65*** 1635.8 Napht hal ened .i sul fonate nonohydrate
* p< Bhwlopldoar.eémw%g@ﬁwwdlé@r&fﬁe < s efessmwﬁ@engpn may be
- n | X . . vl
OB AT SUPERBH i Baclccaly seoepiae s,

ackoddifg t6fanglofphslognintiondl etho@9uBedfo prygaregwit or hard capsules
sul fate, 6.30ng of 2-naphthal enesul fonate and 5. 65ny
argt tablet$- napht hal enedi sul f onat e nonohydrate correspond

IDOCT? k’gg%ggflf%\ﬁg{gg%fe%graﬁi%ln'E}ya\llr)nglgg 5a{'ezo ?nztglgéled to further illustrate the

present invention without limiting its scope.

Preparation Example 1: Soft or hard capsule 1

A gelatin capsule was prepared using the following ingredients:

Quantity(mg/capsule)
Clopidogrel 2-naphthalenesulfonate 120
Lactose 100
Corn starch 25
Silicon dioxide colloid 3
Magnesium stearate 2
Total 250

Preparation Example 2: Soft or hard capsule 2

A gelatin capsule was prepared using the following ingredients:

Quantity(me/capsule)

Clopidogrel 1,5-naphthalenedisulfonate monohydrate
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w@b@smed o4 aggr egati on i nduced by ADP,

20 As can be seen from Tables 8 and 9, the inventive
cl opi dogrel napht hal enesul fonate inhibits the

thronbin, and significantly extends the bleeding tine
as conpared with the conventijonal acid addition
salts, e.g., hydrogen sulfate. Therefore, the 5

cl opi dogrel napht hal enesul f onat e accordinﬂg%o t he
present invention is nore effective thanany of the
conventj.enal acid addition salts in the prgyention or
treatnent for platel et-associated vascul ar di seases.
The cl@aindtgehl napht hal enesul fonate of t2%e present
invention may be fornulated alone or in a conbination
with plilieemdmxideesligidaccept abl e additived, 10
accorﬁgn tqla%¥ oQ t he conventi onal neth?ds used to
prepa aBRTSIUIG S 1GPATE capsul es and tablets. The

fol |l owpg Preparation Exanples are intendgshto further
illustrate the present invention wthout |limting its
scope. 15 Preparation Exanple 1: Soft or hard capsule

1 A gelatin capsule was prepared using the foll ow ng
ﬂﬁ@%ﬁ@i@i@ahﬂﬁmﬁﬁm/ capsul e) 20 d opi dogr el

2- nap . Cprn starch 25
Sili c%@l‘%ﬁf%ﬁﬂ’%gﬁﬁgﬁa*g%ﬁ%@?%m cdfehll 308
Total 250 Preparation Exanple 2: Soft or hard capsul e
2 A gelatin capsule was prepared using the follow ng

ingredients: 30 Quantity(ng/capsul gpan I

L e A i 3 v oo

Anhydrous lactose 90
Microcrystalline cellulose 30
Hydroxypropylcellulose 5
Polysorbate 2
Hydrogenated castor oil 1
Magnesium stearate 1
Solid polyethylene glycol 1
Total 250

Preparation Example 4: Tablet 2

A tablet was prepared using the following ingredients:

Quantity(mg/tablet)

Clopidogrel 1,5-naphthalenedisulfonate monohydrate

110
Anhydrous lactose - 100
Microcrystalline cellulose 30

Hydroxypropylcellulose
Polysorbate 2

col | agenPCDKR2004/002665
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Lactose 110 Corn starch 25 Silicon dioxide colloid 3

5 Magnesium stearate 2 Total 250 Preparation Exanple
w@200Faiset 1 A tabl et was prepared using the fPCT/ERR2V9/002665

ingredients: 10 Quantityfm/tg ablet) C opidogrel

2-napht hal enesul fonate 120 Aphydrous | actose 90

M crocrystalline cellulose 30 15

Hydr oxypr opyl cel |l ul ose..5 Pol ysorbate 2 dr ogenat ed
cast oﬁﬂimginatﬁﬂﬁﬁ%g Oth stearate 1 Sol i di_%ol yet hyl ene

al ycoIM gr?&i&_rﬁts‘?éargéo Preparation Exanpl¢ 4: Tablet 2
A tablet®was prepared using the foll ow ng ingredients:

25 Quadlid pdlfethiten@dlgtol  C opi dogrel 1, 1

5- napht hal enedi sul f onat e nonohydrate 110 Anhydrous

| act odl®tdl00 M crocrystal line cellul ose 38530

Hydr oxypropyl cel lul ose 5 Pol ysorbate 2 WO 2005/ 097804
PCT/ KR2004/ 002665 22 Hydrogenated castor oil 1

As discussed above, the clopidogrel naphthalenesulfonate according to the
present invention easily meets the optical purity requested by the pharmaceutical
formulation simply by carrying out the inventive process. The clopidogrel
naphthalenesulfonate is very stable against moisture and heat, so that a high purity
of active ingredient can be maintained for a prolonged time. Further, The
clopidogrel naphthalenesulfonate is better than the conventional salts in terms of
pharmaceutical effects in animal experiments using rats. Accordingly, the
clopidogrel naphthalenesulfonate according to the present invention is more useful
than any of the conventional acid addition salts in the prevention or treatment for

the platelet-associated vascular disease.

While the invention has been described with respect to the above specific
embodiments, it should be recognized that various modifications and changes may
be made to the invention by those skilled in the art which also fall within the

scope of the invention as defined by the appended claims.



Magnesi um stearate 1 Solid pol yethylene glycol 1

Total 250 5 As discussed above, the cl opi dogrel
woaphvymbenesul fonat e according to the presentCT/KR2004/002665

invention easily neets the optical purity requested by

t he pharnmaceutical formnul aﬁ%on sinply by carrying out

the inventive process. The CI opi dogr el

napht hal enesul fonate is very stabl e agai nst noisture
WHAHIRERAIMERD A3t a high purity 10 of active
i ngredi ent can be maintained for a prolonged tine.
Further, The cl opi dogrel naphthal enesul fonate is

1. bgt &1%fstatlf1ﬁé‘ dl&ﬁd%gfe; %{Hﬁh@lﬂ‘eﬁéne%ﬂlfoﬁaﬂenof €6Bulaf (I) or a hydrate
phar rraceut i cal ects’in ani mal experinments using

thereatfs. Accordi ngly, the cl opidogrel
napht hal enesul fonate according to the present
invention is nore useful than any of the conventi onal
aci d addigbjcen sdits in the prevention or treatnent for

e"{pl%at el et -lassoci at ed vascul ar di sease. Wile the

NO hgen gescribed with respect to the above

i fj | ments, it should be recogni zed that

[ ‘F‘mdi 1 cdtni ons and changes nay be made to the

invention by those skilled i@ the art which also fall
wthin the 20 scope of the invention as defined by

Wh%llgﬁl 3&2&} @%gﬁt}ﬁh@iéﬁondé@lﬁggﬁ/ QAé8044 i @Téﬁﬁgﬂ%éﬁﬂ%@i@ﬁlfonate

] CLAIMED IS: 1. A crystalline clopidogrel
whemphs Bal enesul fonate of fornmula (1) or a hydrate

thereof: CO2CH3 + HS D ON _,Sxn- "),0100 C1L Jn
5 (1) wherein X is naphthal enenonosul fonate when n is

2. TR H9Rhfd engAisse dRBhthalenesulfonate or the hydrate thereof of

10 claim 1, which is represented by formula (Ia).

OgCHa

Lllilg}

(Ia)
3. A crystalline clopidogrel naphthalenesulfonate of formula (Ia), whose powder
X-ray diffraction scan shows major peaks having I/l values greater than 10% at
20 = 6.7, 8.2, 8.5, 12.4, 13.0, 13.5, 16.8, 17.2, 18.9, 19.6, 20.2, 21.2, 22.3, 22.9,
23.2,23.6,24.7,25.0,25.3,25.8, 27.0, 27.5, 28.0, 28.6, 32.1, 32.5, 34.7.

15

0Q4CH3

Llille]

(1a)

4. The crystalline clopidogrel naphthalenesulfonate or the hydrate thereof of
20 claim 1, which is represented by formula (Ib).
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when n is 2. 2. The crystalline cl opidogrel
napht hal enesul fonate or the hydrate thereof of 10
wW@b@sny7Bp4 whi ch is represented by fornul a (Ia)PCTZRRAM3/002665
NlIs) \\ ~S03 SI O (la) 3. Acrystalline
cl opi dogrel napht hal enesul fg pate of formula (la),
whose powder X-ray diffrac |on scan shows naj or peaks
having I/ 1o val ues greater than 10% at 15 20 = 6.7,
-~ 8.2, 8.5, 12.4+413.0, 13.5, 16.8, 17.2, 18.9, 19.6,
20 2, %10%0**322 %3, 2, 23.6, 24, 7, 25.0, 25.3,
.6, 32.1, 32.5, 34.7. CO2CH3

1 N @3 4 ) 4. The crystalline
el t hakg #Tonate or the hydrate
t her eof ot | ai m 1 which is represented by

~ formul a (1 b) ¥ 2008097804 PCT/ KR2004/ 002665 24
CRCH3 03 H / I +Nfsl I\ (\ VI 2s0o3 (1b) 5 A
i nonohydrate of a crystalline clopidogrel
napht hal enesul fonate of fornmula (Ib), whose powder

5. % mA¥n6hidriads bf @%12’@1%!111%5‘@ 1(![%1’@1 nﬂﬁﬁﬁﬂeﬁ@éﬂlﬂﬂla{e’ dPformula
val ues 5 greater than 10

(Ib),l whrselpowden -y dffiactidn sGan £606s niﬁjoﬁ ;peaklsshavmg d/Ig values

eredley Biars30% a530 2 70095, WihdB0pT2 1 13%, 142,"1550185, 17,0,
18.1, 18.5, 19.8, 21.5, 22.2, 23.0, 23.5, 24.3, 24.8, 25.7, 26.4, 26.9, 273, 28.4,
29.0.

i COzCH, ] Oy
H
\ ¥ .
Q20 CC
s a
L -2 SOa.

(Ib)

6. A method for preparing a crystalline clopidogrel naphthalenesulfonate of

formula (I) or a hydrate thereof, which comprises:

" %ozcna +
(j:\/\'l" (;’) .oxm
8 Ci n
)

reacting a clopidogrel free base of formula (II)

COLCH;
S %

with a naphthalenesulfonic acid of formula (V) or a hydrate thereof

(ID
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H -2 so- 3 (Ib) 10 6. A nethod for preparing a
crystalline cl opi dogrel naphthal enesul fonate of

wo 005904 1) or a hydrate thereof, which conprPGEER2004/002665
CR2CH3 + HS G n (1) reacting a clopidogrel free
base of formula (I1l1) C. Q2 15 cotc (I1) with a
napht hal enesul fonic acid of*tfornmula (V) or a hydrate
t hereof WD 2005/ 097804 PCT/ KR2004/ 002665 25 (H+)1X77
(V) in an organic solvent, wherein Xis
napht hal enenonosul fonate when n is 1 or

(H " hapht hal efedli sul fonate when n is 2. 5 7. The nethod of
claim6, wherein the organic solvent is selected from

in ahh@gamieupolveai)swhtteny Xfis Riphyhal@tahatcdul@bby when n is 1 or
acetate, n-propyl acetate, isopropyl acetate,

napﬁb@m@sulﬁ@nmwh@myus Ret one, methyl isobutyl ketone,
acetonitrile, nethanol, tetrahydrofuran, 1,4-di oxane
and a m xture thereof. 10 8. The nethod of claim 6,

7. "P‘l‘l@ rn‘i‘étﬁotdr@f é]éﬁ’ﬁ‘ 6h Wh%?@iﬁ ‘{h(f: Bg%u rl]c?%l%ﬁ’tr is ts@%cﬂéﬂjﬁé‘ﬁﬁhe group

thereof is enployéd in the a rangi ng from1.
consjstihg]mf emeﬂgd eatetate,l ethyl rmdemte,f niprepyl apitdieg nsxbprbpyie acetate,

acetihoviaRtgh oI} KePRorbedy! dsoaybstoncysusionitia methanol
tetrf itk 4, 2 9 unc i D nfiERE 'tﬁe%éof.he crystalline

8. The method of claim 6, wherein the naphthalenesulfonic acid or the hydrate
thereof is employed in the amount ranging from 1.0 to 1.2 moles based on 1.0

mole of the clopidogrel free base.

9. A pharmaceutical composition for the prevention or treatment of a platelet-
associated vascular disease, which comprises the crystalline clopidogrel
naphthalenesulfonate or the hydrate thereof of claim 1 as an active ingredient in
the absence of or in the presence of a pharmaceutically acceptable carrier, diluent

or excipient.
10. The pharmaceutical composition of claim 9, which is administered orally.

11. The pharmaceutical composition of claim 9, wherein the crystalline
clopidogrel naphthalenesulfonate or the hydrate thereof is present in the amount

ranging from 0.1 to 95% by weight based on the total weight of the composition.

12. The pharmaceutical composition of claim 9, wherein the crystalline
clopidogrel naphthalenesulfonate or the hydrate thereof is present in the amount

ranging from 1 to 70% by weight based on the total weight of the composition.



napht hal enesul fonate or the hydrate thereof of claiml
as an active ingredient in the absence of or in the

w@e@sporsed of a pharnmaceutically acceptabl e carPCEKR2004/002665
di luent or excipient. 20 10. The pharnmaceutica
conposition of claim9, whi Is adm nistered orally.
11. The pharnaceutical co ition of claim9, wherein
the crystalline clopidogrel naphthal enesul fonate or

13. t Hthepldrataecttiealemmpasiipoe sxﬁ ru:ﬂai'nn 9t Wdhessinuhe¢ pladslet-associated

0
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thereof is present in the amount ranging fron11 to
70% by wei ght based on the total weight of the
conposition. 30 WO 2005/ 097804 PCT/ KR2004/ 002665 26
13. The pharmaceuti cal conposition of claim9, wherein
the platel et-associated vascul ar di sease is stroke,
cerebral arteriosclerosis, nyocardial infarction,
angi na pectoris, arrhythm a, peripheral arteries

di sease, or Burger's disease.



