WO 2006/ 087729 PCT/ 1 N2005/ 000048 Rapi d Resol ution Process of C opi dogrel
Base and a Process for Preparation of C opidogrel Bisulfate Polynorph -
Form | Technical Field: The present invention relates to a rapid

resol uti on process of racem c clopidogrel base followed by conversion of
the resolved (S) isonmer to crystalline C opidogrel bisulfate Form 1.

Cl opi dogrel bisulfate [Formula I] [Methyl (S)-(+)-a-(o0-chlorophenyl)-6, 7-
di hydr ot hi eno[ 3, 2-c] pyri di ne-5(4H) - acet ate hydrogen sulfate] is an
Antithronbotic agent. CH3 0 'Y OO Ni H2SO4, UI Fornula I Background
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Formula |

Background and Prior Art:

Clopidogrel is administrated as its hydrogensulfate (syn. Bisulfate) salt. Its antiplatelet
activity makes it an effective drug for reducing ischemic strokes, heart attacks and in
atherosclerosis (a vascular disease causing claudication). Atherosclerosis is a buildup
of plaque in the walls of arteries, which leads to thickening, and the reduction in the
elasticity of the arteries. High Cholesterol, high blood pressure, smoking and infection
also causes an injury to the inner walls of the arteries, which leads to the
atherosclerosis. The plaque formation leads to blood clotting which is due to the
platelet aggregation at the site of the injury. This clotting becomes an obstacle for the
flow of the blood to the vital organs causing heart attacks or other severe problems.

Antiplatelet activity which fights against Atherosclerosis is exhibited by Clopidogrel,
which binds adenosine diphosphate to its receptor and thereby induces platelet
reduction, which is desirable in fighting against atherosclerosis. Clopidogrel has

found to be more effective in inhibiting platelet aggregation than aspirin and is also



mld towards gastrointestinal tract. (S) enantionmer of clopidogrel is
pharmaceutically active and is admnistrated as bisulfate salt.

U S. Pat.No. 4, 529,596, discloses a racem c m xture of clopidogrel

bi sul fate and process for preparation of such m xture, which involves
condensation reaction between nethyl -2-chl oro-o-chl orophenyl acet ate and
4,5,6,7-tetrahydro thieno[3,2-c] pyridine. The reaction produces racemc
cl opidogrel. U S. Pat. No. 4,847,265 discloses process for preparation of
the dextro-rotatory enantioner of the clopidogrel bisulfate. Racem c

cl opi dogrel isWPeWePsiEY using canphor sulfonic acid t BCERRWMHOEHti cal |y
pure dextro rotatory isoner. The patent describes the crystallization of
the (S) enanti On&rldlﬂn&iaﬁ@ gﬁircmeéshw frt. (@) BhaddmeKlRPSErel BRRhrAdc6@BAL S. Anpngst
ket ones, acetone s lsed adm ﬁagedxsg%]fltesaﬁtl on. U S Pat. No. 5,036, 156,

di scl oses a methdd for of an intermediate in the synt hesi s of
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(S)-2-chl or ophenf%d q°i°$1)c near%let&em%f §5eoﬂelsgﬁﬂ?f°r°r¥f%]' 51" a- ani no acetonirile or
(S)-2-chlor ophenwsbﬁt)}‘éﬂ Pe36.14, Kigtlosessa method Ty ereparatioy bf dnrigeroesiprontid i s
cyclised, hydrol ypgdsand c@ﬁgc%lfel f4.8fbro- &Jblgmg);ﬁgrryl 'a\Qtlc écld %1Qi4a pfe&s dyscl oses

enanti osel ect i ve process aratijon of ogre thr ough the
reaction of (+) - S‘HI"érnﬁfﬁ‘H eft f“gtf‘ 9"6’ia'i’¥§r°5‘ﬁa°pérr‘fi“§cfr f“’v%ﬁteéﬂalﬁoo‘?’afﬁ“g

2-t hi ophene et harpolcest Gir powedionyf wyidihé deaivation which Iy dnobiMmid detmediete fdd. S. Pat . No.
6800759 descri be%ré’garmoggm‘dgép& resolution of racem c clopi dogrel al ong

wi th the conversion of  (R) enantiomer of the clop |dofgrel to g The (S
enatiomer is U.S.Pat. No. 6,080,875 describes a process for preparation of methyl (H)~(S)-0-(2-

thienyl-2-ethylamino)- o —(2-chlorophenylacetate hydrochloride by reaction of
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sodium-2-thienylglycidate with (8) 2-chloro phenyl glycine in presence of
cyanoborohydride. This intermediate is further used to prepare (S) clopidogrel. The
patent also describes the process for recemization of phenyl glycine esters.

U.S.Pat. No. 6,180,793 describes a process for preparation of (S) clopidogrel by
reaction of 2-thiophene ethanol with (S)-2-chlorophenyl glycineamide, (S)-2-
chlorophenyl-a-amino acetonirile or (8)-2-chlorophenyl glycine methyt ester. The
resulting compound is cyclised, hydrolysed and esterified.

U.S.Pat. No. 5, 204, 469 discloses enantioselective process for preparation of
clopidogrel through the reaction of (+) —2-chlorophenyl glycine and an activated form
of 2-thiophene ethanol followed by cyclization with formaldehyde.

U.S.Pat. No. 6800759 describes a process for resolution of racemic clopidogrel, along
with the conversion of (R) enantiomer of the clopidogrel to (S). The (S) enatiomer is
separated by crystallizing it as camphor sulfonate salt from hydrocarbon, or a mixture

of hydrocarbon and a co-solvent, preferably DMF:Toluene. The (R) enantiomer is



separated by crystallizing it as canphor sulfonate salt from hydrocarbon,
or a mxture of hydrocarbon and a co-solvent, preferably DVF: Tol uene. The
(R) enantioner is 2 WO 2006/087729 PCT/ I N2005/ 000048 then racen zed and
recycled by reaction with catal ytic anmount of base. The bases wused are
nmet al al koxi de, preferably potassiumt-butoxide. U S Pat. No. 4,847, 265
describes the formation of the dextrorotatory isonmer of clopidogrel by
salt formation using racenm c conmpound and an optically active acid such as
10- L- canphorsul fonic acid in acetone, followed by successive

recrystal |l i satweheokiidtd2d a product wi th constant rotat Opyr/RRNESboddaS
obt ai ned, foll ovved by the rel ease of the dextro rotatory isomer fromits

salt by a base. sulfate salt is then obt |ne di ssol ution
of the’ base  n abBtBREVES SRR PO R SHPEre! Sl R ed
sul phuric acid twedarenitdpkenideonmeferdbiyepopssagi-ibittadee t hus obt ained is

crystal line Formyk, Pat\/\@o9843¢87%§@1es@ﬂnb%§k&%&aﬁcﬁ%%@é&xkr&ﬂwﬁ{yoﬁcﬁﬁﬁ of or phenyl
glycine ester in

whj ch a ure enant i oner %'f @ %; ipe ester is
treated with a ca?pb(?ﬁre‘l 'c8 oé'ﬂar’i‘ﬁn Pﬁ’f’g PR SR rang 2 Bp&?%jllyl Va&'d and single
enanti oner of ansupk p?sotlédt@mp}mrsalmwno agigi & asctong rfdbukd/i g |gesive The

formation of thexebr?@tﬂ@atlomu@cﬂ @%Qidﬁﬂ @lﬂpébusﬁﬁ&mtmb@ pm&% Sedihe@oRlved t he
starting product and

c ngl e di orrerlc salt.
A rer ot i e Rl M TP b A 5T R R e R et or 1 s
obtai ned. WO 04/ 0142 14 islihse bgained by diseintionaf itho hasp frosetss: @pleq R)iceahdpi dogr el

whi ch invol ve CSH&M@J &c@&eﬂffateé RlphirRQER ko fr&ipltdisn. TRCHRirftatd #uf obiieh as
Hydr ochl ori de, whic di ssol ution of (R) O opidogrel in

| sopropyl al cohofscréfﬁﬂl”&fﬂ trated HCl. The salt thus formed is further
converted to Rac&f e8/CPpligtogs edcerhiaation pipcesy aphammhtglyent bstdpars ehich AAD2004013147

describes a pr Oc%ﬁgﬁxréc&%naﬁﬁ&ﬁ%fzpﬂén?%cﬂg es(eR)s rkaB@ WRA agefrb&?%o&do%npogr el by
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hydrolysis of the salt, an enantiomer of phenyl glycine ester is obtained.

WO/04/074215 discloses racemization process of (R) clopidogrel which involve
conversion of (R) isomer to its racemic salt such as Hydrochloride, which is formed
by dissolution of (R} Clopidogrel in Isopropy! alcohol and concentrated HCL. The salt

thus formed is further converted to Racemic Clopidogrel base by treatment with base.

WQ02004013147 describes a process for racemization of (R) isomer of the clopidogrel
by the reaction with catalytic amount of the base preferably with potassium t-

butoxide.

US 6,429,210 describe process for preparation of the dextrorotatory S enantiomer of

Clopidogrel bisulfate in the crystalline Form, Form II.

US2003114479 describes the novel crystalline forms, Form III, IV and V of
clopidogrel hydrogen sulphate and amorphous form of clopidogrel hydrogen sulphate
and processes for preparation of these forms and amorphous form as well as their
pharmaceutical compositions. In this patent, polymorphic Form I is prepared by

suspending amorphous clopidogrel hydrogen sulphaie in ether,



cl opi dogrel hydrogen sul phate and anor phous form of cl opi dogrel hydrogen
sul phate and processes for preparation of these forns and anorphous form
as well as their pharmaceutical conpositions. In this patent, pol ynorphic
Form 1l is prepared by suspending anorphous cl opi dogrel hydrogen sul phate
in ether. 3 WO 2006/087729 PCT/1 N2005/ 000048 International Patent
application W2004020443 descri bes process for preparation of C opidogrel
bi sul fate Form 1, which conprises separating out crystalline Forml from
the solution of clopidogrel in the formof free base or salt in a sol vent
sel ected from WPRWAHPes of the primary, secondary or PEEFRIFPNYME | - C5

al cohols or their Esters with CI1-C4 carboxylic acids or optionally of

m xt ur es t her eof mteaiicbirmatki @pfitatiappozerbioon dWRiRONER4E8aPEpdascbi bes a
process for the preparat.i f_.crystallj >~ idogr el
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cl opi dogrel wi t hthe stetieneirciapiderrd ifl thesforre obfick Bese oitfalt Biarfolybselecitdtiofor ned by
the said reacti Omeisttiet bahd RaGlyl @BonaRdotieiirg CPICS Gicfliols at elr Bidrwitthe
precipitating so n h. N i ic ethers and/or their

m xture or | sobug{&%raé'foﬁgllg_a%‘gt%ﬁﬁclg?&ﬁ’géflrﬁq’fnﬁgsgﬁ%@ opi dogrel Bisulfate is

t her modynami cal | Yitassrenakappiisation 304200418385 deperibes 2 wpravide therpra@d#idn €f on duri ng

t he preparation edsidtitie Forn IGAS-Clopidélrd] hydRognQtiPhatelby rekdiRg PE esiedy adtimvent i on
relates to the ngvel .process for.resolutjo f . g [ rel base
fol | owed by ConyErEi O DI RR® Pl e %“Q%”géﬂﬁér%ﬁ‘grga‘g‘Fﬁgsi{fgl o400

Cl opi dogrel bi sukteatiéremgpmin fthe reppiion pedig fptprecipifated t4iith the areeipitaing|salv@s to t he
racem zation of suAwaRbRE: d Bllid SRARK/or TRE mRkuRSHE RbbutyDMEN ke@ie.al SO rel ates to
a process for resolution of clopidogrel base which is sinple and less tine
consum ng. The present invention also relates to the process for

preparati on of crystpf ¢lamdopskBisulfatefs tRirnpyrmisallyl mas; gablerand encerspglin ((S)

cl opi dogrel base chankt if fonitiBorl i@z @ pedptthtdn of BB IREESRARI HolveNt i on al so rel ates
to the process for preparation of crystalline FormI| of C opidogrel

Bi sulfate, which is cost effective and econom cal. The present invention
al so relates to tThe ppsotdysntiprorelatysr wptie anovebmrogdss dorymweodtipy 98 rfepien | of

Cl opi dogrel Bi sulcfogiigyre! WAL Gollows @chm&f'&jn%lf k¥ resHiv@SE isonMVBRNaIRE THE
| NVENTI ON . . . . o
Clopidogrel bisulfate Form 1. The present invention also relates to the racemization of
unwanted (R) isomer. The present invention also relates to a process for resolution of
clopidogrel base which is simple and less time consuming. The present invention also
relates to the process for preparation of crystalline Form I of Clopidogrel Bisulfate
from (S) clopidogrel base, which is reproducible. The present invention also relates to
the process for preparation of crystalline Form I of Clopidogrel Bisulfate, which is
cost effective and economical, The present invention also relates to the process for
preparation of crystalline Form 1 of Clopidogrel Bisulfate, which is commercially

viable.
SUMMARY OF THE INVENTION

The present invention discloses novel process for resolution of racemic clopidogrel
base followed by conversion of the resolved (S) isomer to crystalline Clopidogrel
bisulfate Form I, The present invention also discloses the racemization of unwanted
(R) isomer and further resolution to pure (S) isomer. The present invention further

discloses the preparation of crystalline Form of Clopidogrel Bisulfate Form I, by



The present invention discloses novel process for resolution of racemc

cl opi dogrel base followed by conversion of the resolved (S) isoner to
crystalline C opidogrel bisulfate Form 1. The present invention al so

di scl oses the racem zation of unwanted (R) isoner and further resol ution
to pure (S) isoner. The present invention further discloses the
preparation of crystalline Formof C opidogrel Bisulfate Forml, by 4 WO
2006/ 087729 PCT/ 1N2005/ 000048 dissolving (S) d opidogrel base in a solvent
such as acetic acid and addi ng anti sol vent such as di-isopropyl ether

contai ni ng sulyyhdogosaebd. | n order to lower the tinme pgryadudiimgniti ate
the fast crystallization of the (S) clopidogrel canphorsulfonate salt, the

resolution is Cacﬁsrsglveug% (grg18+1{l})g Hﬂle)ﬁi YoFe fsucﬁ %la e.%@gcid é@(@ia&h)g%?l%ﬂrei\tses

al i phatic ketones pre cetone and acyclic sinple ethers |ike

Di i sopropyl et hestch apditisppropyl gthercotpinie sefukiescid- di et hyl ether, preferably

nmet hyl -tert-butyl ether (MIBE). The resolution takes place within 4 Hs to
10 Hrs. The unwanted (R) is r.ah ed. ' LhenLeseletkqg is further
converted to (\é’)a‘“ 0|‘rsero&r°e¥°W &%g?‘é’éi’?@?nag‘a ?ﬂtgg?{% Pdlgtsorir;rgerl Zi_n 85 ngl i phatic
hydr ocar bon! Cl-dpidggrelsampigrsyfonatepls fisagsplitioatssarried qui R @ mifurpeiigiyenet her |

met hyl -t - butyl eth@rcomgised SipRKiORYnesairdi@sbly Ackieteraa ytiafsinpleretherd Hie) |

1, 4-Di oxane, as sol vent s, contaj ni RASE 4SHG U8 SoDBLA] mef ikt ge. The

resol ved (S) d opi 6oﬁeﬁhnégg%f§t§§gsgﬁ@g%t|nha’%olvenpcsdch as acetic acid
and addi ng ant i gt MEFRE) ste tesclgionipked less vapy f Heth@ it ont ai ni ng sul furic acid
to get the crystalline FormI| of C opidogrel bisulfate. DETAILED

DESCR PTI ON OF T. %ana%mquomlp%gé?&t%sﬁ%g d&-é‘r\és%[&&@% ert?ér%Fx%’grteﬁ% &pe novel
process for resolution of racemni C cLogl ogrel base followed by conversion
of the resol ved §®)erPséimeiving Be Giryjromelin Prigalintriopiimsybar Cofsiiprale Form I,
The present invegiph®e a@hesO likelnt@g tdert BRthylas@ni ahdrj an iopropyuntent ed (R)

| somer of Ol opi dogr el base T 0688 S 5,0 W, BEE s 2 My 2006/ 087729

atkoxide.
The resolved (S) Clopidogrel base is dissolved in a solvent such as acetic acid and
adding antisolvent such as di-isopropyl ether containing sulfuric acid to get the

crystalline Form | of Clopidogrel! bisulfate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the novel process for resolution of racemic
clopidogrel base followed by conversion of the resolved (S) isomer to chystalline
Clopidogre! bisulfate Form 1. The present invention also relates to the racemization of

unwanted (R) isomer of Clopidogrel base. The process is shown as below,



HC +C OCH3 | N $Brii DWW ii)K,C03 Airi.) MDCIRS) B CH2SX®H
Acctone+ RIPE PDOCH3 OCHE I C C N+ ON" t) MDC, ii) NaHCO3 S CH2SQ
(I's) (ISW) O Acetic acid, u) H,SO4 in) DDPEOCCH3 C) y NHSOM J 5
Cl opi dogrel Bisulfate (Form1l) The manufacturing process described in this
I nvention involves preparation of racem c C opidogrel by the process
simlar to described in U S Pat. No.4, 529, 596.

WO 2006/087729 PCT/IN2005/000048
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Clopidogre! Bisul&te (Form I)

The manufacturing process described in this invention involves preparation of
racemic Clopidogrel by the process similar to described in U.S.Pat. No.4,529,596.
The said process comprises, condensation of the 4,5,6,7-tetrahydrothieno[3,2-
cJpyridine hydrochloride (A) and o-bromo-2-chlorophenyl acetic acid methy! ester
(B) in DMF in presence of potassium carbonate, which gives racemic clopidogrel free

base (Irls). The process is shown below.,



The sai d process conpri ses,
4,5,6, 7-tetrahydrot hi eno[ 3, 2-
a- br ono- 2- chl or ophenyl
pot assi um car bonat e, which gives racem c cl opi dogr el
is shown below. 6 WO 2006/ 087729 PCT/ | N2005/ 000048 OCH3 H C

process
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relates to rapid and sinple process for
conprises the steps of
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| O-sulfonic acid of formula (I1) is

with the racem c clopidogrel base of Forrmula (IRI'S)
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The present invention relates to rapid and simple process for resolution of (S)
clopidogrel base (Is) which, comprises the steps of reacting a mixture of (R) and (S)
clopidogre! base (Irls) with laevo rotatory camphor sulfonic acid (II) in a mixture of
solvents to precipitate (S) clopidogrel camphor sulfonate.

The Chiral, laevo rotatory camphor-10-sulfonic acid of formula (II) is allowed to react
with the racemic clopidogre! base of Formula (Izls) in the mixture of solvent

comprises a ketone and/or an aliphatic ether according to following scheme.

'UO

Ciglg)

Acctone + DIPE
CH SO3

CH,30,

@”

(1D

The ketones are selected from group consisting of acetone, 2-butanone, methy! iso-

(

butyl ketone and 3-pentanone, preferably acetone. The ethers are selected from the
group comprising of di ethyl ether, methyl-t-buty! ether, di isopropyl ether, THF and
1,4-Dioxane, preferably methyl-tert-butyl ether. The mixture of solvent is about 10%

v/v to about 50% v/v of ether in acetone preferably 50% v/v.

The (S) Clopidogrel camphor sulfonate salt (III) is further purified with ketonic

solvents like acetone, 2-butanone, 3-pentanone, methyl-tert-butyl ketone.



group conprising of di ethyl ether, nethyl-t-butyl ether, di isopropyl
ether, THE and 1, 4-Di oxane, preferably nethyl-tert-butyl ether. The

m xture of solvent is about 10% v/v to about 50% v/v of ether in acetone
preferably 50% v/v. The (S) C opidogrel canphor sulfonate salt (ISII) is
further purified with ketonic solvents |ike acetone, 2-butanone,

3-pent anone, nethyl-tent-butyl ketone. 7 WD 2006/ 087729 PCT/ 1 N2005/ 000048
Converting the (S) C opidogrel canphor sulfonate salt (Isll) to (S)

Cl opi dogrel free base of fornula (Is) by the conventional technique.

Di ssol ving theysasedsygs (S) O opidogrel base (Is) in gépgh@bodaeti c acid
at roomtenperature; followed by adding an antisolvent containing sulfuric
acid to the solution at roomtenperature. Stirring the reaction m xture
for 24 hours at roomtenperature, filtering and drying the crystals to
obtain Form | ofcweﬁﬁ’ﬂd‘tﬁd@éﬂoﬂ%ﬁl fegpler suifbratetin@shd &dS) Rppifiegtshsee Ol opi dogr el
baﬁe (IR ﬁn(r]I i chagt éMoinfaa (rgpu:;aenti)e Ldnwddﬁﬁnallqéchmdi@spismm@rthd fesdlel te.«t)ed with

et her, washed w carhonate solution to renopve

sul fonate. The (E’Emc?ogrgf b%p(P rﬁlacmpacetlc a %at roeoiglnrulené erat TS EQRaw eid b& %%g d opi dogr el
base (IR) |soner”W%“WW@ﬁﬁé@mW£ﬁHﬁ@CBﬂ%@t@u&hmagiﬁeméﬁMH®wa&H@%preferably
potassi umt - but \iddoningxi@e for DA rskAEETEGpethDiiIdAG Bl dbas@e & RlsS) which is

t hen resolved a i i bed. ThIS process I's shown in the
foll ow ng schemgs'%1 %%ﬁfmggﬁﬁ§mﬁggﬁﬁm&? N NO Metal al koxid"?, OR) IRIS

) 8 WD 2006/087?@9mFQN$KRE@@@?G@@@MgdIW%dhéﬁkaél%équgﬁ@ehmmrﬁhe process
i's shown bel ow, dsofatiéh if dik@h R\&méﬂélotvﬂshﬁmgodampalcaﬁﬁﬁdta@blﬂﬁ’onhy gpehl oride (A
+ a-brono-2-chl (%[ngh%r surl}Xnate g%tlhgr laa)'l(f::rI contammque ennc%ede unwgn@d (R) Clopidogrel

base (Ir) isomer is treated with a base such as metal alkoxide preferably potassium-t-

butoxide to get back racemic clopidogrel base (Irls) which is then resolved again as

earlier described. This process is shown in the following scheme.

OCH, QCH.

Cl Cl

N N
l i) DIPE i
R e
i) Metal alkoxide
3 s




| DMF, MDC Racem c C opidogrel Base (IRI'S) Laevo-canphor sulfonic acid
(') Acetone + MIBE Sat. NaHCO and MDC salt (Isll) + Filtrate (IRI11) R
enriched Recrystallised in acetone Cl opidogrel Base (IRIS) Salt (Isl1)
DIPE + ase Sat. NaHCO3 and MDC Acetic acid S-C opidogrel base (I5s)
(Dextro rotatory enetioner) Racem c C opidogrel Base (IRIS) Acetic acid,
Cone. H2S04 and DI PE S-d opidogrel Bisulfate (Form1l) As used herein, a
solvent is any liquid substance, which has capacity to dissolve the

organi ¢ conpound, Cl opidogrel Bisulfate, either at roomtenperature or

hi gher t enperwbusoens72at i sol vent i s an organi ¢ sol vent pcminakbvs/cdoos®r gani ¢
conpound such as C opidogrel Bisulfate has poor solubility. As used
herein, roomtenperature nmeans a tenperature from about 10C to 45C,
preferably 25C tQ eBCOC 9 WD 2006/ 087729 PCT/| N2005/ 000048 The quality of

cl Op| dogr el bis ! esr%ﬂueﬁcrqlol PO Sapgvn ctable contamnation bél Form
11, obtained in accordance with this invention, is characterized by} X- Ray

crystall ographilc dat aseBRhif8yRdkiind]s 296 3RBhOGCaliorl et er and
Fourier-transform infrared (FT-1R) spectrum

a-bromo-2-chlbrophenyl‘acetic acid methyl ester (B)
DMF, MDC
Racemic Clopidogrel Base (Irls)
Laevo-camphor sulfonic acid (II)
l Acetane + MTBE
Sat. NaHCOs and MDC
salt (Isl) + Filtrate (Ig,I1) » R enriched
Recrystallised in acetone
l Clopidogrel
Base (Irls)
Salt (IsIT)
DIPE +
l ase
Sat. NaHCO; and MDC Acetic acid
S-Clopidogre! base (Is) (Dextro rotatory enetiomer) Racemic
Clopidogrel
} Base (Ipls)
v

Acetic acid, Conc. H;804 and DIPE

S-Clopidogrel Bisulfate (Form I)

As used herein, a solvent is any liquid substance, which has capacity to dissolve the
organic compound, Clopidogrel Bisulfate, either at room temperature or higher
temperature. Antisolvent is an organic solvent in which organic compound such as

Clopidogrel Bisulfate has poor solubility.

As used herein, room temperature means a temperature from about 10°C to 45°C,
preferably 25°C to 30°C



X-ray powder diffraction pattern has been obtained on D 8 -Advance, Bruker
AXE, GCermany, diffractoneter equipped with Scintillation detector using
Copper Ka (a.= 1.5406 A) radiation with scanning range between 2-50 0 at
scanning speed of 2/min. Differential Scanning Cal orineter was perforned
on Mettler DSC 20 instrunent. Sanples of 2 ng to 3 ng weighed in alum nium
crucibles with holes were scanned at a heating rate of 10C per m nute
under nitrogen atnosphere at rate of 35 ml/mn. The Fourier-transform
infrared (FT-IR) spectrumof Form | was obtained on a FT-1R 8300, Shinadzu
i nstrunent, i1 nwohwsssange of 400-4000 em w th a resol upcomesoodossi .  The
spectrumis entirely different fromthe spectrumof Formll disclosed in
patent US 6429210. BRI EF DESCRI PTION OF THE FI GURES Fig. 1 Shows the X-ray
D ffraction D agram of tdogrel. . Bisulfate Forml| Fig. .2 .Shows the DSC
Ther mogr am of d E*Biqaaggr‘g“ﬁfdé’% fOR¢ 1(1;2‘%F°§lr1£?n altﬁ'lthﬁlf d?“ﬁ%‘c?v\‘fgﬂ?r%a“gﬂyl R Spectrum
of O opi dogrel Bfgmllgbringhinpdcorfiingg withothist inenteo| iy rebargskerieedfhyr ¥Robt ai ned by
this nethod, For BdaiShOWe @i, *Diffadhtial POMEIRT; dilfrintef tah® Fol@t-k@EBmWNI Ch i's
characteri zed bymI%aé/di ,g.g_ngeaelé at about 9.21, 9.56, 14.85, 15.53, 15.23,
20.62, 21.59, 23" GENgEPCHEN 5, L 0.2 degrees. Fig 2 shows the DSC
t hermogram of Form |1 which is characterized by having sharp endot herm at

187C fol | owed by xanahhes dFhatid @Eotb 6dm@dined 4268 Aagank] sl axect rum of
Form |l shows ab orEti gg at 2987, . 2952, 17,5;lﬂ, . 1477, 1436, 1228< 1191, 867,
841, 766, 592 cHrTWhtHReEhaHirn " o=y Ky s otEE0EPIBS

PCT/ | N2005/ 00004 8. = THes Aplkiatdnngthexanpd @egebe@edd r2cH0i 6che deatong dptetist r at e t he
invention and are, ot limting the scope of the conplete disclosure.
Exanple | Synthesis of Racem c C opidogrel Base (IR, s) 50 g (0.284 nole)
of Tetrahydrothi enopyridi ne hydrochloride (A) was reacted with 83 g (0.315
nol e) of c - br onDif@reshal Otaafile OYbrinRe v pedfSin@d B tviaylkr BST @0 ifsBmentn 2. 5 Lt .

Samples of 2 mg to 3 mg weighed in aluminium crucibles with holes were scanned at

a heating rate of 10°C per minute under nitrogen atmosphere at rate of 35 ml/min.

The Fourier-transform infrared (FT-IR) spectrum of Form I was obtained on a FT-IR
8300, Shimadzu instrument, in the range of 400-4000 cm™ with a resolution of 4 m™.
The spectrum is entirely different from the spectrum of Form II disclosed in patent US
6429210,

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 Shows the X-ray Diffraction Diagram of Clopidogrel Bisulfate Form I
Fig. 2 Shows the DSC Thermogram of Clopidogrel Bisulfate Form [
Fig. 3 Shows the FT-IR Spectrum of Clopidogrel Bisulfate Form I

Fig 1 of the polymorphic form obtained by this method, Form I shows an X-ray
powder diffraction pattern which is characterized by having peaks at about 9.21, 9.56,
14.85, 15.53, 15.23, 20.62, 21.59, 23.19, 23.85, 25.52, +0.2 degrees. Fig 2 shows the
DSC thermogram of Form I which is characterized by having sharp endotherm at
187°C followed by another sharp endotherm at 212°C. The FT-IR spectrum of Form I
shows absorption at 2987, 2952, 1751, 1477, 1436, 1220, 1191, 867, 841, 766, 592

em™ which is shown in Fig 3.
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DMF in presence of 83 g. (0.6 nole) potassium carbonate. The reaction

m xture was heated at 80-85' C under nitrogen atnosphere for 4 H's. The
reaction mxture was filtered at RT and washed the residue with DMF. The
DMF was concentrated under vacuumto obtain a viscous liquid. To this
viscous |liquid, water was added and the base was extracted fromthe
aqueous | ayer using nethylene dichloride. The nethyl ene dichloride was
concentrated under vacuumto get pure C opidogrel base. Yield = 92%
Exanpl e 2 Resol ution of Racem c cl opi dogrel base(lRIs) a) Conversion of
Racem ¢ cl opi d¥§P¥P%88e (IRIS) to (S) O opidogrel canBBN2008¢PfEHnat e salt
(Isla). I Oy (0.03 nole) of Racem c cl opi dogrel obtained from Exanple |I was
dissolved in 20 m Methyl-tert-butyl-ether and to this 3.82 (0.016 nol e)

g. of L-(-)-CanphQrrighs %lees @ngm&o aﬂ%@themeﬁnm §ndsd%| ot it g20
acetone was added to the clear solution. The solution was stirred at

50C for 8 Hrs. F?T?@Fofﬁﬁ“ﬁﬁk?ﬂwﬂﬁﬂﬁrated and washed with acetone and
dried under vacuumat 50 C mp 163-165, [(X 02 = 24.7, yield =58% b)
Conver si on of (Sﬁmgjggldogrel canphor sul fonate salt (IsII) to (S

Cl opi dogrel Base g? % % 09 nol e) of the (S) C opidogrel canphor

sul fonate salt obPHFFEiRF ﬁ\@%& l8ase drfas suspended in 20 M MDC. To this
add 20 m aqueous sol ution of saturated sodi um bi carbonate. After vigorous

stirring, the organigsPhasse Wﬁ&y&rﬁrﬂi@ﬁo%r%e ﬁﬂ%chl&jrfdk @Q vV Rlcted Ol gM sul f at e.

The sol vent was reaned under reéeduced pressure. resi due obtai ned was

(S) O opi dogrel B&&HES5 meledpgo-brogggschiprogheny) aesty %’7'??@/1 et /(BND 369511000048
Exanpl e 3 Prepar aMiFomp@sfencgbmigd@grrﬁhe) Rotssilrh Sdr@ndt) e reactisnaiki(r&)vadCl opi dogr el

base. ( | S) 5 9 (Qeatceia' ét MS%) ung?r n(troéen I(I?JDSIEI%I%%{;{QJ Hirs, eqea§ts O(Rlnylx Te Iwi;lls 25 m of
Lure. e solu

d acial acetic aci i on"was fritered to
renmove any suspefiéesd ab&??‘idﬂ%@ th‘l’l*‘l'fiS@Ule Wi AYE- b DMFG’HS %Qa@n%ééﬂﬁeto 200 m of

D isopropyl et h%’cuﬁloﬁto@iaiﬂia%colas Egm( o GuldvidtBk Bhuid, HRRE waskHdSOdnavas added drop
w se at the 10C ba-lsjé1 gassextractecl P FOm tK\Ia queous lgyrere lgsmg methy@ene dlshlor%e The methylene

dichloride was concentrated under vacuum to get pure Clopidogrel base. Yield = 92%

Example 2

Resolution of Racemic clopidogrel base(Izls)

a) Conversion of Racemic clopidogrel base (Ixls) to (S) Clopidogrel camphor
sulfonate salt (Isil).

10g (0.03 mole) of Racemic clopidogrel obtained from Example 1 was dissolved in 20
ml Methyl-tert-butyl-ether and to this 3.82 (0.016 mole) g. of L-(-)-Camphor sulfonic
acid was added. To this solution 20 ml acetone was added to get the clear solution.
The solution was stirred at 50°C for 8 Hrs. Filter the solid separated and washed with

acetone and dried under vacuum at 50 °C. m.p 163-165, [a]p? = 24.7, yield =58%

b) Conversion of (S) Clopidogrel camphor sulfonate salt (IlI) to (S) Clopidogrel Base
(Is).

5 g (0.009 mole) of the (S) Clopidogrel camphor suifonate salt obtained from example
2 was suspended in 20 m] MDC. To this add 20 ml aqueous solution of saturated
sodium bicarbonate. After vigorous stirring, the organic phase was separated and
dried over sodium sulfate. The solvent was removed under reduced pressure. The
residue obtained was (S) Clopidogrel Base. Yield =97%
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the sane tenperature and further 10 Hs at roomtenperaturte. The solid was
filtered, washed with D isopropyl ether and dried to get Form1, mp. =
184-186C, [a]p20 = 55.6, Yield = 85% Exanple 4 Racem zation of (R

Cl opi dogrel (I R) The nother |iquor obtained from Exanple 2(a) was washed
with the saturated sodi um bicarbonate solution. The organic |ayer was
separated and dried over anhydrous sodiumsulfate. The organic | ayer was
concentrated under vacuumto obtain the oily liquid. The 10y (0.031 nole)
of oily liquid was then dissolved in 50 nL D isopropyl ether and to this
2 g (0.017 nol &p2¢9p/0833P assi um tert - but oxi de was added RCT/PEWH00U&NPer at ure.
After 12 Hrs, potassiumtent-butoxide was neutralized with acetic acid.

The organi ¢ phase was extracted with 50 nL water thrice. The organic phase
was dried over ?n%grous sodium sul fate and concentrated to obtain the

oily liquid, yie g% The racem c cl OPI dogrel thus obtained was resol ved
with the processpréé%‘?“ic’é@@l“di’%ﬁel pisuifptp foam Biromyl) Cleridages] fspedbent i nvention is

descri bed above B @NRRRE} 6fB) Wbriddgrpiresk @isfoBed @rs mi bt Glsdidl adeiioseid errbodi ment s,

these enmbodi ment §ooxg‘ genrlgt%r\e/:,ie ’I;l{ gﬁgggwgs%hlgr%d r%ﬁ)t%g Enk\égsg%ggﬁ t'hpsg of the

i nvention. Rathe _ ion 1sint /e ternatives,
modi fi cati ons anéfeaéfﬂji“%‘r’@ﬁf“é‘:d o8] i B WPNHVlﬁthFYtCS“t@mgrli-ch (%Wél mgiebpe, as
defined by the &m&emdvaﬁh@EdTBop wlist VB 2006 TSGR vRCHeNROORE Q00048 W

claim 1. A procegs [ ql ut

a- (o-chl or ophenyﬁf ?ag\egemp d-atﬁre 8 c{) fﬁrﬁwre lll’(?cl)‘itrﬁg éo%m]tem ecaté te. the)ssg Acnsvas fi ltered ate
conprising; a) tmweshivwig Dm@@hwy ¢ther and(dpedctalzerfophie mpt § 1 8- 1B6Gh Wx:fr‘ot hi eno[ 3, 2-
c] pyri di ne- 5(4H) sag etef-Ls45i Ng | evo rotatory canphor-10- sulfonic acid in
a mxture of organic solvents under stirring for 2-12 hrs within a

tenperature range of 0-70C; b) purifying the (S)-clopidogrel canphor
sul phonat e salt Eranglddet onic

Racemization of (R) Clopidogre! (Ir)

The mother liquor obtained from Example 2(a) was washed with the saturated sodium
bicarbonate solution. The organic layer was separated and dried over anhydrous
sodium sulfate. The organic layer was concentrated under vacuum to obtain the oily
liquid. The 10g (0.031 mole) of oily liquid was then dissolved in 50 mL Di isopropyl
ether and to this 2 g (0.017 mole) of potassium-zers-butoxide was added at room
temperature. After 12 Hrs, potassium zers-butoxide was neutralized with acetic acid.
The organic phase was extracted with 50 mL water thrice. The organic phase was
dried over anhydrous sodium sulfate and concentrated to obtain the oily liquid, yield
75%. The racemic clopidogrel thus obtained was resolved with the process described

in example 3.

While the present invention is described above in connection with preferred or
illustrative embodiments, these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is intended to cover all alternatives,
modifications and equivalents included within its spirit and scope, as defined by the

appended claims.
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solvent. c) converting the obtained nethyl (S)-(+)-a-(o-chlorophenyl)-6, 7-
di hydr ot hi eno[ 3, 2-c] pyri di ne-5(4H) - acet at e canphor sul phonate salt into
(S) clopidogrel base by treating with aqueous base in suitable organic
solvent. 2. The process as clainmed in claim1(a), wherein said m xture of
organic solvents is selected fromal phatic ketones and ethers. 3. The
process as claimed in 1(a) or 2, wherein said m xture of solvents used in a
proportion ranging from1:9 to 1:1. 4. The process as clained in daiml(a)
to 3 wherein said proportion of m xed organic solvent is preferably 1:1.
5. The processwagwoe¥sgizered in claim1(a) to 4 wherei n SECTUINR®S/@NES | S
selected fromthe group conprising of acetone, 2-butanone, 3-pentanone,
met hyl iso-butyl wkehmle, preferably acetone. 6. The process as clained in
claiml(a) to 5 wherein said ether is selected fromthe group conprising
of di ethyl ether, di isopropyl ether, nethyl-tent- butyl ether,

preferably nethyl -t.eAt proggest ydr @pifheresolufion Phenefhylo €8 se-(@shladrdnme@7i n cl ai m

1(a) to 6 wherein the amdwmleagplzsc]p?metﬁ@gQ&ﬁtewpr&ng0 12 hrs, preferably

8 Hrs. 8. The process clainmed in aim an¥ ecedloil% cl ai ms wherein
said resolution is pr®F EF34R y Yy i 68 ot 'Cﬁ\"mﬂ@“’ﬂg@' digydrofyaclytocess

claimed in claiml (b) whapyelinei(48xhaiaketigndve ropairv@mnphor-$0-sefosictald from

acetone, 2-butanone, 3-pent ANONE.e FELDW kS Bt KRLABGS WEG! £F abl y
acetone. 13 WD 2006/ 087729 PCT/l?\lng%S’?oovﬁon 10. 'A process for rapid

resol ution of methyl () &MPHRERFOESHAEHTI) -6, 7-

di hydr ot hi eno[ 3, 2- c] pyb) @urdfend (hé Hy)»apeibat eamthorstilysbrantseiald y kdeser i bed
herein particularly wth,ref erence to the exanples. 1X. An inproved
process for the preparatl on of é’+ ) - a- (o-chl orophenyl )-6, 7-

di hydr ot hi eno[ 3, 2- c] pyFl @t 4% tasedt 'éﬂtfbfi s- f’*érP‘éO'Fﬁé‘?f?ﬁhTY‘) -6,7-

dihydrothieno[3,2-cJpyridine-5{(4H)-acetate camphor sulphonate salt
into (S) clopidogrel base by treating with aqueous base in suitable
organic solvent.
2. The process as claimed in claim 1(a), wherein said mixture of organic solvents is
selected from alphatic ketones and ethers.
3, The process as claimed in 1(a) or 2, wherein said mixture of solvents used in a
proportion ranging from 1:9 to 1:1. ‘
4. The process as claimed in Claim 1(a) to 3 wherein said proportion of mixed organic
solvent is preferably 1:1.
5. The process as claimed in claim 1(a) to 4 wherein said ketone is selected from the
group comprising of acetone, 2-butanone, 3-pentanone, methyl iso-butyl ketone,
preferably acetone.
6. The process as claimed in claim 1(a) to 5 wherein said ether is selected from the
group comprising of di ethyl ether, di isopropyl ether, methyl-ters- butyl ether,
preferably methyl-rert- butyl ether.
7. The process as claimed in claim 1(a) to 6 wherein the stirring is carried out for 2 to
12 hrs, preferably 8 Hrs.
8. The process claimed in claim any of the preceding claims wherein said resolution is
preferably carried out at 25-55°C.
9. The process claimed in claim 1 (b) where in said ketonic solvent is selected from

acetone, 2-butanone, 3-pentanone, methy! iso-butyl ketone, preferably acetone.
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whi ch conprises; a. condensing 4,5, 6, 7-Tetrahydrothi eno[ 3, 2-c] pyri di ne
hydrochl oride w th a-brono-2-chl orophenyl acetic acid nethyl ester in an
organi c solvent at an anbient tenperature in presence of an inorganic
base; extracting the racem c clopidogrel base with a | ower chlorinated
hydr ocarbons; b. resolving the racem c cl opi dogrel base using |levo rotatory
canphor- ] O-sul phonic acid in a m xture of organic solvents under stirring
for few hrs within a tenperature of range of 0-70C, c. purifying the

obtai ned (S)-d opidogrel canphor sulfonate salt in a ketonic solvent; d.

converting thewdShsbéeBpi dogrel canphor sul fonate salt per{nosdds®pi dogr el
free base; and e. converting the clopidogrel base into clopidogrel

bi sulfate Form 1 by, dissolyving..(S opi I i sol ubi l'i zing
solvent to forméﬂb gﬁ“gé”ﬂ{,gn‘%d“ i nﬂ&q Sbutloﬁ%%ﬁm%g Mlric acid in
anti sol vent mnthﬂ*wﬁmmmm@@aHMWEWﬁ&Hgém@w25@ avhdtagielly r fesgyibgdorbeséver al hour s;

filtering the s&gﬁm@%aqmsgbgge&ngﬁ&mkhe crystalline polynDrphlc Form .
12. The process as cl ai med

n sa solvent is
di polar aprotic EdVVEﬂWW“bPﬁ?%ﬁg%I ﬁﬁ%@%ﬂ&?ﬁkgkﬂﬁﬂ?aﬁm gpﬁ%ﬁe process as
clainmed in ClalanMK@$%0Mﬁ@hemhwéaﬁdmk@w®mmhaﬁagénated hydr ocarbon is
preferably nethylgmghgh&gggrlde 14. The process as clainmed in claim1ll (e)
wherein said solubilizing solvent is Cl-C5 Carboxylic acid preferably
d aci al Acetic acid. 15. The process as clained in claim1l (e) wherein
said tenperature rangeaismMpmegenabWWEGQW@mMECB2@@ﬁMEQO@@W@8M&29

PCT./ | N2005//000048 = 16. Th& hg{lgf 2 -ch‘?o?opﬁén?l' a[ggtfé akid nﬁ-:h?f el th a(n%)gaﬂmer ein said
antisolvent is selected fron1 hati ¢ ethers such as Diethyl

roup
ether, D isopropyl et hersolveﬁ:égtmpm?@r}tt’cemperature in presence of an inorganic base;
extracting the racemic clopidogrel base with a lower chlorinated

hydrocarbons;

b. resolving the racemic clopidogre! base using levo rotatory camphor-
10-sulphonic acid in a mixture of organic solvents under stirring for
few hrs within a temperature of range of 0-70C;

c. purifying the obtained (S)-Clopidogre! camphor sulfonate salt in a
ketonic solvent;

d. converting the (S)-Clopidogrel camphor sulfonate salt to (S)-
Clopidogrel free base; and

e. converting the clopidogre! base into clopidogrel bisulfate Form I by
dissolving (S)-Clopidogrel free base in a solubilizing solvent to form a
clear solution; adding the solution of sulfuric acid in antisolvent within
temperature range 0-25°C and stirring for several hours; filtering the
separated solid to get the orystalline polymorphic Form L.

12. The process as claimed in claim 11 (a) wherein said organic solvent is dipolar
aprotic solvent, preferably Dimethy! formamide.

13. The process as claimed in Claim 11 (a) wherein said lower halogenated
hydrocarbon is preferably methylene dichloride.

14. The process as claimed in claim 11 (€) wherein said solubilizing solvent is C;-Cs
Carboxylic acid preferably Glacial Acetic acid.

15. The process as claimed in claim 11 (e) wherein said temperature range is
preferably 0°C to 5°C.
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butyl ether preferably D isopropyl ether. 17. The process as clainmed in
claimll (e) wherein said reaction mxture is stirred preferably upto 16
hrs. 18. A process for making C opidogrel Bisulfate Form| as substantially
described herein particularly with reference to the exanples. 19. A
process for racem zation of the unwanted (R) isonmer of clopidogrel base
conprises; a) dissolving (R) C opidogrel Base in organic solvent; b)
treating the (R) C opidogrel Base with netal al koxide; c¢) stirring the:
suspension for few hours; d) neutralizing the base by agueous acid; e)

i sol ati ng t he wacwesec2base from an organic | ayer; and pemypedogahodsor further
resolution into its (R) and (S) stereo isoners according to claim 1.

f20 The procests Ck@trmcésaagxﬁhm it Do) (WRBEBHH Baid &af%oistemf@raasd fﬁﬁ' velnt kused
or racem zatl on are C o1, all I C etners | Ke
Dbty othor | Dfe SPE R iTSHe Sefrren aﬁ@fﬁﬂ\? o gt o S

m xture, preferamwet@rpmfs@pivﬁ’pwpmﬁ ter, 21 The process cI aimed in claim19

(b) wherein, saig BRSEReHIEHaild inf @GR M (egtvhm LR read@hn6hik8d if fiR00 _
sodi unm pot assi um rrfet hoxi de, ethoxi de or butoxide, preferably potassium

tert - but oxi de. We“pﬁ’réé‘é‘sss claimed in claim19 (c) wherein the stirring
is carried out ftbi?r Apr@dss foromakéng @epddogeldbidujfatd PorkirIsas s@Btailthlly gesobeks cl ai ned

in claim19 (d) mﬁh,&;ﬁglﬁhmg&%m@gﬂ lesare selected from HCI, H2SO4,
acetic acid pref eri\b{% acéetic acid t2 &}%cess ft;; race j zation of the
unwant ed (R) isohe e @bfﬂﬁ‘(};‘?"‘&?“ @%“%“m STRE PrafPRICEES 8] bed her ei n
particularly w tbkompaker ence the exanples. 15
a) dissolving (R) Clopidogrel Base in organic solvent;
b) treating the (R) Clopidogre! Base with metal alkoxide;
¢) stirring the suspension for few hours;
d) neutralizing the base by aqueous acid;
¢) isolating the racemic base from an organic layer; and recycled for
further resolution into its (R) and (8) stereo isomers according to claim
1.
20.The process claimed in claim 19 (a) wherein, said organic solvent used for
racemization are selected from the group of aliphatic ethers like Diethyl ether, Di
isopropy! ether, methyl-rert-butyl ether or their mixture, preferably Di isopropyl ether.
21 The process claimed in claim 19 (b) wherein, said bases used for racemization is
selected from sodium/potassium methoxide, ethoxide or butoxide, preferably
' potassium tert-butoxide.
22, The process claimed in claim 19 (c) wherein the stirring is carried out for 2-24
hours, preferably 12 Hrs.
23.The process claimed in claim 19 (d) wherein said aqueous acids are selected from
HCI, H3804, acetic acid preferably acetic acid.
24, The process for racemization of the unwanted (R) isomer of clopidogrel base as

substantially described herein particularly with reference the examples.
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