" ANTI - THROVBOTI C COVPOUNDS" Techni cal field of invention [0001] The present
invention relates to anti-thronbotic conpounds, specifically substantially
pure i somgo 20f3/@ms44nt er redi at e nmet abol ite of cl opi dogr elpcTnRFIBbYG0021
(7aS, 2'S)- 2-oxocl opidogrel and its pharnaceutically acceptable salts
t hereof. The present invention also reldtes to a method of anel iorating the
drawbacks of the anti-platelet drug, clopidogrel, said nethod conprises
adm ni stration of isolated substantially pure i soner of
(7aS, 2' S) - 2- oxocl opi dogr el “ANTEFTHROMBOJACSHAMPEIENPS'tal | y accept abl e salt
formfor alleviating the synptons of thronbosis and / or enbolism by
inhibiting blood platel et aggregati on. Background of the invention [0002]
Condi ti ons Wa&uhmlﬁgdhfhnwhﬁnmnﬂxnic or thronboenbolic events are the
| eadi ng caugﬁa |IInes and deatqtln adult i% stern CIVI|IZ n.
| nt ravascul &ﬁbBres aBTEIBOTTUR AP 2 WSHRBIPOUY | T i fianiPF a i ons of
many di seasasastahﬂmttgg;uteat;ceﬁbraﬁhm tmdrmedltatefmetdbehﬂaeﬁelspﬂbgrel aaméle,r(ﬂdrsax S§-he
potential t t OSI duce blood.flow to
Br1 L1 cal or GANEHEENIABS B B Aisu ) ScEreae bGP ERP THPFEH "SFUis have
?ﬁen i denlt l glls@delhﬂaﬁttoaz{ endmaddt o€ g!nlanbag@g ?iﬁb’i‘ dEavbats0 0D @i amapd;]embah Lg.sm

ese include patient i mobi | i after su wi th chronic
congestive FgBifeeTt! aﬁltsjwétﬁot S‘}mwsﬁﬁa‘é‘t‘ﬂ‘é%?e c&Rglafed b St}%ﬁéad‘dP'éPf PF S8REET (4)

wi th malignamsy;:s)oroxoslpitBgreRi® iRl 88NN tpharfRedTRADY iakdtpRble” t AFROFrS
prone" individuals have no identifiable henostatic disorder aIthough t here

are certai naligv Btips “‘tS‘*fsyfr’rli’Eﬂ% efudrambiesisiang / ion kabplissy by inhikigjog blegd platelet
hypercoagugégg tiodr " Prethrombotic” conditions predisposing themto
recurrent thrombosis (Harrison's Principles of Internal Medicine, 12th ed.
MGaw H |1). [0003] Effectlve primary henostasis requires three critical
events: pla nul e rel ease, and pl atel et aggregati on.
Wthin a fe&gg cong ﬁﬁ?&ga, pl atel ets adhere to collagen fibrils in
vascul ar suwoéﬂdmwelqnamsulﬁhg gromtheeraledtican thrombagnbdlicatvents bie thoreading
W | ebrands fact dhesi. I c to
remai n attached X 1lln[eﬁean§éisea§t§| gdulﬂfy ‘%Ste% %‘fv{r] ﬁ‘é\@] nﬂﬁwag\eﬁarw (5?'185%5% aE‘rqerat ed
wi thin the sasdiginadre bommon chnal rﬁ?anVﬁéi;ttuteins afidiasy ﬂaeatsesr Lacepmimoddi &he&llohhl S

task by for nk bet Iatel rece and sub ot helia
col | agen f|€ﬂ$ggm“?ﬁﬁﬁifﬁ ﬁPeWKﬁﬁ)ﬁ@ﬁ%EY%?V§“ ”Wgh%%ﬂﬁﬁ BFred,

pl asme coagrliddel maodnmetveton&n&aleo@@ﬁs ViRd @t braini aMdt h@b@rc&emoméaﬁm pagiemst asi s.
There is little difference ﬁetmeen henmpst ati ¢ pl ugs, ch areﬁ§ )

physi ol ogi c8PURSCEJYBREEN tenfiHpdifiAl A RaTHEHO! BYnE ¢ H'i’rBPPBPS‘S TA? SABBYT™S i s

of ten descrnte%éilmde%geﬂt@tv)%mefeuﬁéuB@e'ssgﬁgetyr (Bdvitchrbfic WoRRatR! RGe Or at
the wong tinme. Henostatic plugs or thronbi fhat formin veins where bl ood
flow is sl of#iltree(®iveiH gtheraerdsredr vasewan disgase (éhwlth radigaancy e b)) oV 8l 1's and
contain rel | nt; ins and
can break o@%bﬁﬁ x“%ﬁﬁk?§€$ﬁéﬁ%§%0%$&ﬁﬁ%a&?gggﬁzﬁ%gﬁp5%th%ﬂ€géggﬁy? clots
that form |d1scad¢realtl@9gmm argoscipini gspups off indigiHudls bevieg énhpried omangtntely
conposed of, and. h t |t may
readily dis”@h ?%E?thg'a§¥§¥#g$ﬁk %hgﬁ@neﬁggﬁgze%%oﬁ%hgfgn?{g??ts to
cause terrpothamybosns (lﬁanntnfsel?rhcnpmsloémtanal'lw\dd@meslbhled.iMcﬂ}rawltyilla;ommn in the
cerebral and retinal circulation and nmay |l ead to transi ent neurol ogic
dysfunction (transient ischem c attacks) including tenporary nonocul ar

bli ndness (@oes]rBfdctivé peias)y Amastasiakieguirek Nhraeldtiticadrevedthiertatélsr adhesi@asi ng
evi dence that nost ocardlﬁéﬁlnfarctlons are due to thronmbi which form

wi thin at he$'@&Es Eigs aEBlpGichrgeregatien iWidhin ¢ fenesqsp eoct.'rﬁgrw'é@t?esadaﬁe. s
taken pri magidoyjaddnOfibdianis vaRiap sl eRddiRliam. ahis! Rfetlcnad iMediiciee by 3300 ed.
MG aw Hi | I. [0005] Extracellular nucleotides and their receptors of

platel ets aWalabrasay fagter. a8 Gebssiemsoprptetuhichplnveniaelats de resypat kchsddoar e

i nvol ved | I f scul ar
t one. Adengg§g§g§ gg% Kgﬂ% %F%ﬁ%r ek éggﬂ%@$§W'ﬁ§§% g%ggkxﬁpy¥ﬁare

pl ayi ng cruci al roles in the phyS|oIog|caI process of haenobstasis and in

t he devel opment and extension of arterial thrombosis (2). By itself ADP is
a weak agoni st of platelet aggregation inducing only reversible responses
as conpared to strong agoni sts such as thronbin or collagen. However, due
to its presence in large anobunts in the platelet dense granules and its
rel ease upon activation at sites of vascular injury, ADP is an inportant
so-cal |l ed secondary agoni st which anplifies nost of the platel et responses
and contributes to the stabilization of the thronbus. The receptors for
extracel lul ar nucl eotides belong to the P2 fam |y which consists of two
classes of nenbrane receptors: 3 P2X Ilgand gated cation channels (P2X1 7)
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[ 0007] The mainstay of antiplatelet therapy for patients with acute
coronary syndrones (ACS), including those undergoing early percutaneous
coronary woterswenisson (PCl) and stents inplantation is admine®to@bzion of a
conmbi nation of Aspirin and clopidogrel. Aspirin inhibits platelet

t homboxane A2 production and platel et aétivation, and reduces the risk of
recurrent ischemc events in patients at high risk of vascular events by
22% (absol ute risk reduction (ARR) about 2% at the expense of an increase
in the oddsWolebnajdorfagpreadomplihee Hiis tapky baferuting @ dnk Alssicntdateleisiecepir ease
(ARI') about .0. 5% ' r l.akibits ADP induced platelet activation by
bl ocki ng thse‘g’f)?‘é %ﬁg%'fdglthgggﬁtgg?‘éeggﬁ%% whi ch when combined with Aspirin
therapy in patients with ACS, reduces the risk of recurrent ischem c events

ot i nor caslO At PEpraR) Jephil nilgls BARE RS TRRG'eoBy BELR W EKFRES £ ©

(For mul a 1) actiohedite alitiage srombinabertios{ass- TiEre elithy ldifRrdize between hemostatic

chl orophenyl) - 2- (6, 7- di hydr ot hi eno[ 3, 2-¢ ridi,n-5(411)-yl)acetate", is
currently c['Y)Hgﬁ’ dvg'tw@c?“i 3P "ﬁ‘?ﬁéc 6‘7550@ é%lﬁ'ﬁhi e pp éloﬁﬁﬁp%ﬁbﬁo "IP%Bo0d

pl at el et aggreE@AdtRAbedAsaPhlOG0RIwHich Rrkalred iashe Wonhythcogen tseivpdat e,

hydr ochl ori de, and benzene sul phaonate salts, It ig wdely used for

Cont rol |1 ngU e TeRsHonP e PRt A AGr SiGR ‘G Mo L T STy e pihty

ef ficientlyeddaved @bth it/ 8T FaPed Tod Blood defObMbkentdin rElatiiilg 0G0 SlatdI@O09]
However, cl ogi dogrel has several potential Ii m'féati ons., First, the onset of

action is déhesgdiombicrlientpimein lag vhiat Q\Réje‘f?"apﬂ?ﬁkrﬂ Mg Roz I ’fﬁé'mfﬁ@é&i c
activity is.ahs@bYeGonvArstetRREME! fith! M o8BI Lhde@RbndiBYRl o0highQféw BRI bi tion
of ADP induced platelet aggregation, as neasured by |ight transm ssion

aggr egomet r predaminantiysompasid efxplgielgts)ant @ah%iltﬂﬁef&ﬁﬁegh?ﬁ%t"i“le“@ﬂ-throﬁﬁ’thr”bay after

adm ni strat| . i f Ll.opj : i urs by
Goubl i ng. STl fasedREh B8 ERE s, Bl RIS RELRS e g
tripling thperoesinhischanoim Tlagid particidsky aomn8@O0Inrthe cwetgaloandgeirabdireaioonl y 60%

than 5096 1 bl ShEay i Rl By RIRRARR' Gl o PR insten 5.

vivo)). Thitethpoahynbsinoalldr blindnesalantauioaissfugan)odrv singkes| bpiaddigerel theevisal t hat

t herapeutic,. |l evel s af pl l et inhibition are not achieved.,in.a mority of
a1 onts. beitstreant ppey dhdt it YRRl ! iR & el SuBt B

cl opi dogr el withigadthesdclerotidi Gor@aty andrieso e afre@bing Sdiscabsisn &dtaken primarily
'non-responders' or 'poor. responders' to clopi rel . n-responders nake
up about 14BeBilapRensfHpsiple i]H@%‘{ %B‘ﬁl”ﬁt'izgﬂe‘gﬁﬁcé@ﬂ%wgmng Caucasi ans.
Overal |, poor responders are close to 23% of the total patient popul ation,

and variation of inhibitory activity is reported in about 45% of the total
pati ent popl08lifxracetiyler ppelectidesadsiddngieeaptrs afrpl¥elets |aEiMPS e ICORAYBEen

reported in,ngt §£&B§asﬁaf{ﬂé§§/g¢§ﬁta%e% il SveRNB TV B 198 fRXEet RQTRIMabh@RRUL

4% 18% patients) whic 0 nore severe bl eeding epi sodes, w th higher
pl at el et aggmeghof emculdotenedddemgine hdishosptiatie (ARAP) anst Aidenosina dl répgphpteom
clinical trj : j ; [ LaclugedH.n the
Cabel of cl UEIut AR oleddn i AoBRLabYRCL oo S BB, |
certai n cl adsempatntpat eeatssorarfartsiig gesmbosis & r BensahigABP ipaweakmgenitiond

and.a So cubel? Beksesalinf Pl nE BB R leloRRh O SRR gf Sl AR,

P- gl ycopr ot gich asUh®inbat er cbiRgen.i R@eskt,afieab icl gpiedagirelargd tmoumteigoes a
series of netabolic reactions, to produce pet.abolites se r ea(}{}:} ns are

Th
medi at ed byPletyist desse ganigs pndyiss ’Bﬂfgﬁc‘tpi%ﬁ“b“ia“%bta?t?%%m ArdBHRoxy1" Bst er ase

(hCE). The gefaehhiCoRalitMeYomiarycd PRisORBIE kmbRfisahoR Wl el awe( Sehare 1) .
The use of the specific nmetabolites as therapeutic agents for
adm ni st r at énshcandripyasi ©nths stabilizatiers 06fthf‘cF*Bﬁ'Fg‘€§ngé’F e HOpEERE HRjest ed

previously. , [ QAL seRRE IPihd P2 YahiRPRhick cHRIR #hwsLIRREJSGh&hbrane BedgtbriH



0 A Cd Fornmula IVFormula V [0012] Treatnent of patients with a recently
approved drug, nanely, prasugrel rendered them susceptible to bl eeding

epi sodes,wohbdwonsy be |ife threatening, restricting it®ecapntiigadoonn in
patients having a body weight of |ess than 60 kg and age of nore than 75
years. Prasugrel has al so been found to3increase |iver disease/toxici ty in
patients who are at risk of cirrhosis and thus pharmacovigilance is
suggested by FDA and is al so a suspected carcinogen, As far as these severe
si de ef f ect B2 digandented aeiipn daepldgrdr7) andc Ghsapratcinyequpled af%r receieiil ti ng
generally i 2%%’?@5,#}“ﬁ?ﬂiﬂgE%%ﬁthéégrre&ﬁt%*sq{agX;spgdi'ﬁé RREtior NRinkHEidance of
cardi ovascul ar deaths I's greatly reduced followi ng treatnent wth

cl opi dogr el adtivatimmnalr aggngation, prideugrterallags timpkcatiopy &y eheihtryolvemenfein
efficacy ofth%n%gsgogrel are likely to reduce the risk of thronmbosis and /
or enbolismin patient groups much better than other structurally nodified
drugs. 6 [0013] (2'S)-2-oxo-clopidogrel is an internediate netabolite

formed duri ox| dat i t.abolic. st i v . The
o Tve o R0 Gn G AP o SoTFHAPR kR k8 BReRl BBl WPV ESRCTR, | I
and it has paeniallaegenefor atithfoatbodndsugaritheoA TR-pated sativarchamnef 82X d ahd thenhi bi t

pl atel et, howeyer, .its ab te configurati LS not yet determ ned. Active
net abol i te BY° qute"g-ci)‘éog?f@gb P§CCF%t8f§r {)&;l s ﬁ(};}tlgrsﬁpeﬁ?‘ééfx f—%“ér;'etﬁ'éerté? P t‘g%{l , Drug
gt ?b. Phar @ﬁégkwaii@easnd f8mbtion: omalarré:a%lsl( mgﬁg) tolitPeataeeblags thef grohd odt h ASVS
nference on Mass ectropetry i ed. Topics, 2008). e of the active
met abol i te %{;Q:b'gza_flﬂ?ef)g?)&ﬁ?m “ch'ﬁﬂ)ggﬂ& recePtiol aBreﬁtE)@éSBf)doﬁaFgef ?#’ZV'HFW °Uor none
of the thi emgé’rnhﬂlﬁl?ethgeﬂﬁe‘ﬁ_@ﬁ)irwﬂﬁ gde bP dompolidddNBiteeMitlofidiegRopidogret i ve
character. Three different isoners are expected fromthe oxidation of

cl opi dogr el Prasugel gi§si i t on, all may be interchangeable to each other, which
are as follows: 0 OO OO0 OV 0 CI Formula Il )-NN HOO ...-..

[0007] The mainstay of antiplatelet therapy for patients with acute coronary syndromes
(ACS), including those undergoing early percutaneous coronary intervention (PCI) and
stents implantation is administration of a combination of Aspirin and clopidogrel.
Aspirin inhibits platelet thomboxane A2 production and platelet activation, and reduces
the risk of recurrent ischemic events in patients at high risk of vascular events by 22%
(absolute risk reduction (ARR) about 2%) at the expense of an increase in the odds of
major bleeding events by about 60% (Absolute risk increase (ARI) about 0.5%.
Clopidogrel inhibits ADP induced platelet activation by blocking the platelet receptor
P2Y 12, which when combined with Aspirin therapy in patients with ACS, reduces the
risk of recurrent ischemic events by a further 20% (ARR about 2.1%), in which the major

bleeding events are not increased statistically from aspirin monotherapy.

[0008] Clopidogrel (Formula I), chemically named as “ (+)-(S)-methyl 2-(2-
chlorophenyl)-2-(6,7-dihydrothieno[3,2-c]pyridin-5(4H)-yl)acetate™, is currently
considered to be the gold standard in the inhibition of blood platelet aggregation.
Clopidogrel is marketed as its hydrogen sulphate, hydrochloride, and benzene sulphonate
salts. It is widely used for controlling the ischemic events and other cardiovascular

disorders efficiently for last 12 years or more.



SCI SCI Formula VIFormula VII [0014] Wen 2-oxo-cl opi dogrel takes the
structural fornmula Il, it generates one additional chiral centre at

posi ti on we 2amshotdays nmaking it possible to exist in 2 dietranantombozr al

i somers. However, due to aromatic naturg of thieno-ring in Formula VI and
associ ated transient conversion and dyndm c equilibration of the keto-enol

form of conmpound between structure 11, VI and VII, the chiral centre wll
get disrupted and racem zation of 2-oxocl opidogrel at 7a position is
expected, which will result conmpound of f%gyll all to exists as m xture of

isoners. It has been shown that during adnlnls{ratlon of clopidogrel, both
the isoners of the active netabolite are g ated, inplying that the

i ntermedi ate oxo-netabolite is pres of stereo-isomers in

al nost equal proportions (Thro 5: 696-705). [0015]
Further, the prasugrel netaboli +h8 porated in detail in
literature (ref: Farid et cd, Druggsretabolism and di sposition, 2007, vol.

35, p. 1096-1104), which prOV|des additional information on the possible
met abol i ¢ pat hways for the isonefsrnofla FEéiopidegrdll , VI, and VII, and reveal ed

that the ac t abol rated (fr r nJ
phar macol og[d(géﬁ QAWEVET, f !})pldo reF ngeraleré)]%g} %lﬁlénnF h(érllsei:gsﬁéthé Hﬁnsp OPACK‘. gn i
needs, whi Chel@yed andta A g Btivesneatintiyistrdion cind rtmapenhceaapmyoptobamdsmh as

oo o wenar A 8 SRk S AR08 i BR RO

l'imtationsgs whsabed BICli gld&rﬁwkmanam&ggregxfmthM) h(sgm mrmlerex4vnd>|) vé dotal
variability, poor metabolizers status, dose c f oto

i nprove t hereéf}fei"d‘&&&/“ Bhourslier agpiafstratign ?fr?cpé‘igg A8 |(lfj§’05rm$ BIIOP P%feli%fpaci ty
on ADP i nduggq 29403P593)330u39@ﬁ9@5§eQB60@%@@5(‘)&@1& thB@ it AMERtdeNMAg [BOS]s The
present inventors have discovered that the use of clopidogrel presents
subst ant i al triplingihealopipe Siogricgilaradese pf H%mag [0Y m# piOHH?%Oﬂ%r&? % whib# 9P at el et
aggregat i on, sappl y ﬁc@d %lﬁ@&%&ﬁeﬁ%on pReiv fAbp) 6P RES (AR 5888 finlvasbnadiove,

though it is consi ere e gol d standard anong anti -PI atel et

medi ci ne av plateleb hggregatiany (indiiged b POADPH(eyiueldr Ehirgjalpgost o ’i#"tﬁﬁl‘ Hialsnew
subst ances for tre (TpeTe) as.wel | as
compos t  ond PRl TR RARRIA T Shefhc WNERPARER: AAEIAR paTen@d®
the clinicain drraajbrty ke p:eftlentlsdmaimgroéllar@e sctﬂeméd/uhlbb\vaiabﬁlimI@]re&mq@r fosi ngl y,

it has now bee roven po e.t olve Si active is r of

oxo- cl opi do@IPB‘B grﬁlbg?aé'ﬁg?t ﬂ“ﬁ Han}g p8f’u ?thoé] Gat tlﬁr‘}i?r 8(? A SGerh Spon&n? orhodt

st er eo- sel egdspor@ensayo E1SIAdReIM Noriifespadtiers SRIRE P . ab@mnn@/abytrtecrtlmmermhseef t he
hi ghly active |sorrer of cl opi dogr el actlv netabolite ha beegis rated

from 2- oxocPoRasiagAed 3- M%Wg cqsipng Oyie E‘B’ﬁf‘?sﬁ?ﬂdﬁfs Ahconde

assi gnnent Qﬁal%@é@? @laﬂdﬂehr{d I RRAGE b MAIDROSI dctioins is(ragdsreddh IagodtGS%U(bﬂ)erl ng
as shown in schene or aII . The superi or aﬁtIVIt is confirnme

precl i ni cal tmn@_tahmsmtd@welavore;fapuatairawd megopism & Figpidegre! hag @oprsisp ot d

| somer remiﬁ‘?atléﬁtghg\ﬁnélgq ﬁ?cspl{é%tyﬁeoﬁv@? b idoRIr@ (BAR4Z- % phSEH hwhighder
normal conditions roug ket o-enol tautomerism and/or equilibration. The
conpound of leadﬁetOpmewemvenemlmdtngmplwﬁw/svl@ml&hqr Pdateleli F4SERALON: SrPREFYIN i nt o
the mxture,of, W%Q”?&tﬁ)ll“?gg({ da{?é’f‘r&ﬁ'ah&?a(l‘?hélé AMSFIEN Fhuirls SR a%dx@(f‘@armr% [ 0020]
Thus in an 5 ¥ esent I nvention provides iIsonerical enri ched &
substanti al by mlu’ded irsthk aabedo( &la;ﬁd@rﬁ)mgﬂ @mgcmo piediogivehest of eWp@egreMne

onol 3, o aregum st o RSO BRI ekis Sfuefing of pch B ACKAMBI D idenary

salts for pb@drm&@&memalclo@mpgnecwfmematiﬂaet.corrpound of the present invention
is substantially stable to nanufacture in substantially pure state and al so
for the manufacture of drug products (fornulations) for |ong term storage

and phar maCFOOth L&l hddSRen FoshdCRBP HdNdhrigfiorsNe tRE esetitory RWEVItyl OMclbpidogrel
subst anti al free of other isoners for exanple, conpound of Forg’u%rg] Vi,
e

and For nul aowgmateSafiﬁem ther differenasdmrehe astiviboiyeBenzymes WaHestabizafPpide

herein neans the | evels of these conpounds individually or cumulatively are
| ess than 10% preferably less than, 5% nore preferably |ess than 3%
still nore preferably, less than 1.0%




[0021] In another aspect, the present invention includes a new nmethod of
synt hesi zi ng substantially pure isoner of (7aS, 2'S)-2-oxoclopidogrel froma
m xt ure oWoi2smneisi4obt ai ned by a chiral selective synt hesraNnmampioosi ng
treating said m xture of isoners with an acid |ike sul phuric acid,

sul phoni ¢ acids such as methane sul phoni’*c acid, benzene sul phonic acid
etc., and selectively crystallizing the conpound of the present invention.
The crystallization of the (7aS,2'S)-isonmer may be carried out with
sequenti al enrd glsordhe enthedinited ivtestiniababsertipmef eéaﬂpgreS)being@rrB-rgly@fopwetnhout
the transt OEJB%&Q.”L@ n §stlbR Rl Qjogx%ﬁﬁ% ok SP TRes OFE:% bél%ﬁ%foﬁs Ry oduced
with fully conservation o1 St er e6co figuration in soll Pornl e

sel ecti vel ypde petatatlicas. skhiese nragtiobeang eafliates! uCh P40 ap vt deuciiondt
preparation . b rall 1 i e tain th

i sonericall §ep%ﬁ? g&é%nngacgﬁ%g} Fsﬁer%sr%ggcﬁjotrﬂf ﬁ’f%%@‘{ gqt'?@@e?gcgwg? gerl 'Se%%g i ment
of the invebtlbwn(Schdnge rm).xt Thiee usef of TESsEchic/ metaadijtes 33 theapeetis agents e
treated in a, pol ar.organic, sol vent .and al |l owed to sel ectivel

ryotall | oot R SiE shER iRy B B eGPty s of pure

i soner, and isolating crystalline conpound as pure isonmer. The

crystallizat) the (7aS,2'S)-isoner be carried with sequential or
sinultaneoubkﬁghg%PE? ngPﬁyﬁém%7§ﬁf “%ﬁ@Fsoner or without the
transformation of the unwanted isoner. |Indhigurocess, O OMe
(7aS,2'S)-2-oxocl ot dogMel is 9 isolgted imn,substantially pure formin its
free base form which may begpnverted to\a pharmageptigahty acceptable
salt by treating wiNh a suitablg did, [0023] The inventloqialso provi des a
nmet hod of treq;nent‘?nd | or prophylé&?%yoﬁﬂthronbosis and F or eftbolisns
in a patient in need of such treatment, co ri sing adm ni stering an anount
of isol ated (7a$pQMS)-2-oxo-clopidogreﬁ”%ﬁa' pharmaceutically’:o é%table
salt thereof, while avoigings and / or all elsiEta#esg t he side effects
associated with the clopidogrel acid netabolite of Fornmula IV, Formula VI,
or VI1 which othermjﬁe s i nmpossible wi Phoft' the advent of the conpound of
the present invention. [[0024] In preferred enbodi nents of this aspect of
the present invention, the methogd achievls a therapeutic effect

substantial ly graateF to that obseryed follow ng the adm nistration of a
substantial ly hsgher gose of clopidogrel due to the elimnation of unwanted
met abolic products and of her isomers gym e adm nistration of clopidogrel.
[0025] In preferred enbodi ments of this aspect of the present invention,
the method results in the in vivo formation of the active netabolite of

cl opi dogr el [0812]alreamestndfrpatieros with @atently hpprowd deog)inamkelynprasupad! releexdved

follow ng adm nistration of .a substantial|y higher. dose of clopidogrel.
[0026] 15 apmoudilte dF Hardhe; SBBRES DSk ENEE T Hoitteo e RAF Rt o
?ct isog ggooga@daaﬁlahsm g@tieinarha(blfngiaslﬁlki)’zlb\e(ghsgf?lﬁisaﬁﬁri 60 ky érlﬁild;]ge of n;lore thag 75 .
7aS, 2' S) - 2- oxoc] opi rel is a ast 50%.nmore rapid than that serve
fol | owi ng amﬂ%icpéﬁsgérﬁfgaﬁ a&fP bﬁe"s{‘i’ﬂg‘f?rf{“frﬁf}sfi(;'f"?fid@ﬁﬁéﬁﬂﬂ%%‘é" praE?‘Bi)\”g%@Fel :
[0027] Furtgensk bicithbsi®aREGhE Farhft@vRIARENE su HiWNFDXakidOWsalgmaunt s of
the isolated (7aS, 2'S)--2-oxocl opi dogrel or a pharmaceutical |y acceptable
sal t t her eofuspasied gaecinagen. ms fag ag dhesFaeverxudp Pcety e cansstind: slaiiipgreh €red may
be 20 to A0.Jihapidell Reres YRGEAR LRI iRIANSbILARE o 1i¢d- QI PR EBMe DE
300ny. AIteyn_tlveT , the anmount of "substanti al pure _
(7aS, 2' S) - - cidsnise| opi wolipvabcudar deathsl tis tdreatlxofeduesd ell@Bng otr@omenj il
wherein the ival en i i i r y.¢be 600
mo. in 10 dpidetd, FOLoRMREHE I Bacubrel ORGP Bh 1R Plcal et
(7aS, 2' S) - 2elopidagrd preddgheto reducatsaisk of themewkis aag/ GreenBlisro il fdientgraupd t he

bstantial |y higher d f clopidogr el be 900 ny. In still furth
arbot ment STt g el R A By ¢ tsolated |

(7aS,2"'S)--2-oxocl opidogrel or a salt thereof nay be 3 to 15 ng and the
substantially higher dose of clopidogrel may be 75 ng. Alternatively, the
anount of substantially pure (7aS, 2"'S)-2-oxocl opidogrel or a salt thereof
may be 6 to 20 ng and the substantially higher dose of clopidogrel may be
150 ng. It should be understood that different salts of conpound of the
formul a may have different nol ecul ar weights and therefore for the purposes
of dose calculation, it is based on the anbunt of non-salt formof the
conmpound (i.e. base). [0028] As an alternative to therapy involving the
adm nistration of a series of repeated doses to a patient, a higher |oading
dose may be foll owed by one or nore nmintenance doses. For exanple, a

| oadi ng dose of 20-60 ng substantially pure (7aS, 2'S)-2- oxocl opi dogrel or
a salt thereof may be adm nistered to a patient resulting in greater than

PN .Y 2 Y A NS T 1 e - o,



[ 0030] The inter-individual variability may be due to CYP450 isofornms and
its polynorphic manifestations, for exanple, in the CYP2Cl9*2 allele or
CYP2C19* w0 2bi3/mh34e¢l e. Additionally or alternatively, tlperiiNt@emod00th vi dual
variability may be due to Pglycoprotein efflux transports. [0031] According
to a fifth aspect of the present inventifon, there is provided a nethod for
the treatnment or prophylaxis of thronbosis or enbolisns conprising

adm ni stration of a substantially pure (7aS,2'S)--oxo-clopidogrel or a
phar maceut i ¢¥l1BYyQ2a&)eeptoatidbmdegatitis amutteamediae oetabahitp fomtedisiutiog the[ogpidie I n al |
aspects of th resent inventi di al
additionalI9w§%@6?§9%a§ﬁ%“§ %ﬁ$§$:%@%F%?@??gﬁw%ﬁégﬁagﬁgfgﬁ&ﬁgggqgétFtional
t her apeut i c stageuit gived refoemumayiilj arell itibls, befrodosmmantedl ¢hat amlyionplo&itheligmeagent s

selected frgm irin, cilostazal .an I pyri-danol e. The addi ti qnal agents
my b adm dued ay shedinirraRester oS Mall P ERTTe ndl T Sa R AR 1
conbi nat i onnde@abblite ¢ir4RCiSpiRdm@ACisi iéportedgineliednire [BAB}Hra Ac abr diuggMeaba si xt h

aspect of t resent Jjinyentio re provided {fions for use in
Fho. met hods PoeBeraet epen e A RRLE Horalhee Of i MRSt E o faredh
reference i MRdReitonidns adnAiiat MapicQn26ms).ausampunt etivaahdliengs edi ent
as a substantially pure (7aS,2'S)-oxo-cquidogrﬁ% or agpq?rgﬁceutkﬁ?lly
accept abl e #srapeutic FampRYid pig RS rRIPRASEY 1R IIHRM FE RYpsi Brengpyrdies -
aspect of t R&iJalV&ueas its[tRAS4d: LN iAiveQharaSeN emide AFBRAL isthert R
present invention, there is provided a fixed dose conposition of a

subst ant i al E¥peplad dropdig oxidaiion, ebelepigpgreloryriatosbionaalhmay ke drgichngrabje to

acceptabl e g %ﬂ%bﬁﬂﬁ&ﬁﬁf%@ﬁﬁo&@ that said conposition conprises a dose of
1 to 60 ng of substantially pure isomer of 2-oxo-clopidogrel or a salt

thereof. [0035] InCa B¥eferred aspect of tRMepresent invention,®tH&ixed
dose conposition conprises a dose of a substantially pure

(7aS, 2' S) - oxp- cl opi Mogrel or a pharmaceutlical |y acceptabpe salt Y hereof of
5-30 ng. The fixed dgse conpositionsmay agditionalTy or alt®rnatigely
further conprise one or nore anti-platel et agents sel ected %ronﬂgfpirin,
cil ostazol and dPPY#ldamole. 12 [0036F™fA¥ advant ages of th& present
invention are realized through use of substantially pure isol ated

(7aS,2' S)- ZFW{@F‘W@]&& g—@_ﬂé-@iopﬂf)gr@l @Rdstthd HREQEH forMiiadh if genbldfed oh§additional

subst ant i al free of isonmer of formula LIB. [0037] Structure: Ov0 Owe
chiral centre at position 7a and thus making it possible to exist in 2 different chiral
isomers. However, due to aromatic nature of thieno-ring in Formula VI and associated
transient conversion and dynamic equilibration of the keto-enol form of compound
between structure 11, VI and VII, the chiral centre will get disrupted and racemization of
2-oxoclopidogrel at 7a position is expected, which will result compound of formula II to
exists as mixture of isomers. It has been shown that during administration of clopidogrel,
both the isomers of the active metabolite are generated, implying that the intermediate

oxo-metabolite is present as mixture of stereo-isomers in almost equal proportions

(Thromb Haemost 2011; 105: 696-705).

[0015] Further, the prasugrel metabolic pathway is elaborated in detail in literature (ref:
Farid et al,Drug metabolism and disposition, 2007, vol. 35, p. 1096-1104), which
provides additional information on the possible metabolic pathways for the isomers of
Formula 11, V1, and VII, and revealed that the active metabolite generated from formula

IT only exhibits pharmacological activity.



NS O C Fornula I'IB Fornmula HA  Brief description of Figures [0038] Figure
1. Arepresentative HPLC chromatogram of (7aS, 2'S)-oxo-cl opi dogr el

bi sul phatworms/mssChi ral pak AD-H col utm. [0039] Fi gure BcTANzapo@sent ative
HPLC chromat ogram of m xture of (7aS,2'S)/ (7aR 2'S )-oxo-cl opi dogrel base
run on Chiral pak AD-H columm. [0040] Fi (igjre 3. Arepresentative HPLC
chromat ogram of substantially pure ((7aS,2'S) )- oxo-clopidogrel free base
run on Chiral pak AD-H colum. [0041] Figure 4. A representative HPLC

chr omat ogram of (7aS,2'S)/ (7aR, 2'S)- oxocl opi dogrel hydrochloride run on

Cni ral pak ARy FhitERre r{es%%%lun@ewea by piies el L e Bl BrsRPBY ik Of

(7aS,2'S)-o0 op| dogrel free base Figure 6 presentative IR
spectra of ¢17ra@; the@py optiens Isuqbuad@@pelloglbl @yl ppdsagrel.

[0017] Therefore there is a need to provide improved medications or to improve
clopidogrel to ameliorate its serious limitations, which include slow onset of action, high
inter-individual variability, poor metabolizers status, dose ceiling effect, and also to
improve the efficacy of clopidogrel, by increasing its inhibitory capacity on ADP induced

platelet aggregation.

Summary of the invention

[0018] The present inventors have discovered that the use of clopidogrel presents
substantial clinically significant limitations in inhibiting rapid platelet aggregation safely
in a consistent manner for reasons as detailed above, though it is considered to be the gold
standard among anti-platelet medicine available today. The invention, therefore, aims to
provide new substances for treatment/prophylaxis of thrombosis and embolism, as well as
compositions for use in such treatment, which ameliorate at least one of the clinical

drawbacks of clopidogrel discussed above.

[0019] Surprisingly, it has now been proven possible to resolve single active isomer of 2-
oxo-clopidogrel substantially free of the counter isomer in a stereo-selective way from a
mixture of isomers. Contrary to the belief, the highly active isomer of clopidogrel active
metabolite has been generated from 2-oxoclopiodgrel, which has (7aS,2’S)-configuration,
according to assignment of groups at their respective positions (according to numbering
as shown in scheme 1 Formula II). The superior activity is confirmed by preclinical
pharmacological evaluation. To our surprise, the isolated isomer remains stable and does
not convert into (7aR,2’S)- isomer under normal conditions, through keto-enol
tautomerism and/or equilibration. The compound of the present invention shows only
insignificant conversion into the mixture of isomers under normal conditions even in

solutions.



[0044] Figure 7. A representative IR spectra of

(7aS,2'S)/(7aR, 2" S) - oxo-cl opi dogrel hydrochloride. 13 [0045] Figure 8. A
repr esentwoizves/posyder X-Ray diffraction pattern of substpamtNziibyooorir e
(7aS, 2' S) - oxo-cl opi dogrel free base. [0046] Figure 9. A representative
powder X-Ray diffraction pattern of (7a$, 2'S)-oxocl opi dogrel bisul phate.
[0047] Figure 10. A representative powder X-Ray diffraction pattern
(7aS,2'S)/ (7aR, 2' S) - oxo-cl opi dogrel hydrochl oride. [0048] Figure 11. A

r epr esent at {8080HiThae e rani aﬂpe@cdrmbwgelmdhmntimetm\ddagr aphendally ZagcrdSk-

oxo- cl opi dogr. ul phat. t r o] n ] 0049]
Unl ess specglfb%aagé@ V%ngolat%? ak%% 551% ékﬁ%&%g?ler%f%e?ﬁ%éltﬁ?pﬁ% 8[{s)le here| n
have t he sa(beﬂéSa)Fﬁ (?gctﬂmop:larryrlmm(y 4L5|:fdé7ashmtﬂydn(yth@n@[3@ic]drm"rdar8/ skill in

the art, nt| an

mtertal s SPIIGAG 4B PV ERER BTt AR B R sl ony

t he praf:t| C@h®rcon@siliidn@f ahe tpiesepr aseition i3V eutisiantigllyt bteblprtef anngdctoret mods and
matenasar escCr.i t he invent.ion, rta s . are

ot tned her SRS BT SMFInd &R G oLy BORsT LR St pm
contrary, an)ylgaémt bterdgerada phirfgceidicalguse. Th@@d)xﬂﬁtﬁ&d"of"tﬁ@lﬁ&fsérﬁllﬁh@ni'iorﬁﬂ;d
"conpri ses' i ncI u W t hout{O limtation' shal I not@be copst rued
to limt an§u Al fregy tO MR FYAMRS- ISBWE O H:é)méblé i and ermdlani | ar

itenms or rrawleapsarﬂfe&mwoakﬁbwd‘n@hiaqm BebdtdntiabyrRedhdiBR nfeaf tht RRel BY @Bl ON are
not nutual Iy exclusive, but may npl emented in various conbi nati ons. The

descri bed eﬁ%@?ﬂuﬁ%t@wﬁua{lhé’r|CHV’élﬁf‘Y‘ﬂ}‘| agnlest Han didke | befeiablixisstpihas Xpe gi ven

for the pur | to of the invention as
set forth tﬁgﬁgpgggﬁggé&ggg@%&%n%P@ﬁreﬁe%ra}sleh%valgtpgopl singly been found

that it is possible to isolate a substantially pure

(7as, 2" 9)- ZLO%Fﬂ fal %@lh\‘%ﬁgﬁ&wn p{)@é’éhﬁm%rﬁ)o el rﬁﬂﬁﬁ]%‘&&%‘i' Rhds¥in

accept abl e & adm ni stere unan 1o oblain achi gher
i nhibition afostAmFallwnpiucedormraofe[bS 289 epr- @gmtqmingw tftonf a@s trextungisometsi ch

Prventi on neatged REe PRl S e sblfest SRESHR ultonbn PR R b i
enbol i sm angh ads dike ahemudnc%aiseulpmmh hdidsnsuch Bl enetleant Guiphatpacit shaabertehe
Ihg\r/gg; It gp aru?ph%glsccarc% eetcgi !mnd 9?ec?vely \é\gytstglléﬁle%ef (I:cgzmpoungd}"%np;[rgs/egtolrn]gén 1'019“S
The crystallization of the (7aS,2’S)-isomer may be carried out with sequential or
simultaneous conversion of the (7aR,2’S)-isomer or without the transformation of the
unwanted (7aR,2’S)-isomer. The isomer is produced with fully conservation of
stereoconfiguration in solid form. The selectively precipitated salt may be used as such
for pharmaceutical preparations or may be neutralized with suitable base to obtain the

isomerically pure compound in free form.

[0022] In yet another embodiment of the invention, the mixture of (7aS,2’S)/ (7aR,2’S)
isomers may be treated in a polar organic solvent(s) and allowed to selectively crystallize
pure (7aS,2’S)-isomer, by optional seeding of crystals of pure isomer, and isolating
crystalline compound as pure isomer. The crystallization of the (7aS,2’S)-isomer be
carried with sequential or simultaneous conversion of the (7aR,2’S)-isomer or without the

transformation of the unwanted isomer. In this process, (7aS,2’S)-2-oxoclopidogrel is



O O 0s NS S *C Formula I A[0052] Contrary to the belief, surprisingly,
the present inventors could resolve single isonmer of 2-oxo-clopidogrel
subst ant i \&PI291¥a0ge40f the counter stereo-isomer of For mBCA/IN2UB2/08N2ICh can
deliver active netabolite of desired absolute configuration nore
efficiently conpared to m xture. The pr@sent invention is realized by way
of preferential stereoselective crystallization of one of the isomer
{(7aS,2'S)-isonmer} froma mxture of isomers with or w thout dynamnc
conver si on &blateduntsebstantiell e pureformein {t§ figR basesprm swhish ynayhicoerihereadoP & or m

2- 0xo-cl opi Biﬁ_?agﬁ]@éeuﬁ P/%géneg{a le sQltF\y‘fr mb%xgﬂfgrsh aIO4F, namely structures of

formula I, rmul a or mu em can only generate
addi tional chiral centre, thereby only one structural formula Il exhibits
chiral iso I

i nportantly 0'2 I/“Tg%gﬂzewﬁ agg@’ﬁ %eeél ﬁ‘Wetﬁ; eétlﬁ](rggggr?dsé?rog %@%Eaﬁls of

cl opi dogr eI tlmm’nboss arett alnmlantbelnsrfrhmughpatmmpmunchdoéf ‘slahmuéaané:ﬂtl ccgemra;Smg

met abol i zed to. open the thiophene r| i v ter stln pone of
Thenyoxh: or edrfinRRele w) Sl BLRMRS (AL S ol Reipb TSt & Rtitigeifball
Met abol i sm &ca)tslmasaltuhaﬁof, %OQavqkﬂg@aﬁkl?/&ﬂ-allé\&aﬁ)ngahiujsuﬂemfﬁ:ctstassloslateh@vnhsOrrer

whi ch deliver the right cl.opi | b | |
"t orost. CHEGPHOEES gt ENSRUEI TOHT (g FREBeY bat ek PRERERS Ot ©2

t et r ahydr opjipddiibie withehtahsSadvast of iR compo@idesTene prétgnt intentlest roys the chiral
centre at 7a position, especially during its formation, resulting in
m xture of isonmers. Therefore, to date, there are no reports available to

excl usi vel yidos#] 8f preRi@d Wmbolfndn&OsEIhisSRIpEG tdrURe YreséMhietiyn.t Me thhendael i ef ,
it is nom1been possi ble to isolate exclusive isomer of structural formula

| I A, surpriaihigypy a theeapedtin &ffed pubsiaatially egispiar 40 alhpte ohssavef e &llowingt theo
conver si on u € on.
The. compount B o R S A e R o1 on
into the nm sawantedafetabotinprodueinatother Ssomgrsalthegdndnistiatng obdlepidegielsol ut i ons.
The conpounds of the present invention are substantially free of other

i sonmers for exanple, conpound of Formula VI, and Fornula VII, apart from

i sonmer of F@ORL] pnearreasmaimmm d>fythfsrz£seednelf gha presemsntdngon, evielnsetlold t hese
conpounds i ndi.vi.d a 100 prefer | ess
Chane B rBeutip HRep it ortdton N st Efiabfing of doFedirefal BiegheEhBaloh han
1. 0% [0053be£aahafa&gnWakmmemkmmnwﬂﬁbMMdegaanmsnmmmdﬂwaﬁymﬂMHﬁh@hng
substantial Ly pure . 7a§,2'S)-2-oxoc|opidogre|. The process conprises first
synthesizinﬁ%ﬁP ¢lapidogiel: (7as 2' S)/(7aR, 2' S) - 2- oxo- cl opi dogrel through a
synthetic route disclosed in our co-pending application The process
according to the invention conprises reacting Methy R) - 2-

( 4- ni t r ophe®PR&lulnr ath\aseselp) ofzthz RIRSCBY PRI Yic etsst @f mﬂweutlc action upon

5, 6,7, 7a- te&dnﬁnmtfbnwlmlﬁe@E@ost%nﬁah@ ésdréigns% grﬁoio@lofp% eftisA(EALE SoRf

i somers of conpounds of fornmula may contains some anount of
conpounds ofmorRgrpid|tkan\thatanbdervid fOllan\gtaﬂ@a‘twtlﬁgO@ af d syfistentiglly logher doseeafs wi t h
an acid |Ik90 Lf%qgurlc aci d, sul phonic acids such as nethane sul phonic
aci d, benzene 'S phoni c aC|d etc., and crystallizing the (7aS,2'S)-isoner
selectlvely Preferably the process is established with transformati on of
the (7aR 2' Q) sp .tha nacti.ve I soner can be conyer into
the active @%ﬁ@ ﬁﬁpeaﬁ% ﬁ %é%ﬂ@% 1 f#‘””ﬂ%@ VRS ASER ofhﬁﬁ£ﬁgﬁventlon
i s produced(7as28)f mbkgckqﬁmgw vat aOﬂlaﬂﬁaGRU@daHpcmépt@ﬂH‘ ahlt ouheneaf siohy tbef or m
The i soner (&che ent in on i s char.act rlzeg gé un| ue superlor
phar macol og? P‘Sté’( |v QryCxafHRcg t %‘?8‘6‘8% a@ﬁ’é’Hth@ (MRS )t°2 b dogr el

to isolate siibgtsmaluy Highet U8sea6t dogiddgrel frdymbe BUnEd Wrn@ﬁv&@ﬁﬁ@ﬁﬁw@%tld’ft 0 a
free base formunder suitable reaction conditions. The rocess of |solat|on

of conpoundsubstantiady prEssEa. 2 iSivesmrracinmidests! pea plt hereapaanpe é}%ﬁﬁ %?ngaw

t enper at ur ewngLiaf e %@waleﬁt AoliSTRAY Mher ab&Om QobiBodrdOnty bt Sqhene 2:
synt hesis of (7aS, 2- oxocl opi dogrel WO 2013/0 544 CT/IN201§/000021 16



ONHO O 02N d Fornula I XFormula Il (M xture of isoners) Ove0 Owe

[ 0055] The isonmer of the present invention is characterized by its unique
phar macolwgiessooaisi vity and further structural identifipcatinon2byoNVR, and
Chiral HPLC fromrest of the isonmers. It exhibits optical rotation
characteristic fromthe mxture of isomdPs. [0056] The acid is preferably
sel ected from acids such as sul phuric acid or sul phonic acid. for exanple
met hane sul phoni c aci d, benzene sul phonic acid etc.. The isolation and

st er eo- sel ealtdrvaive ombedisients, the ambine of eubstantialyswire @b 2’ B el-wentopiddire! ol vent

b | ect f ' t Sui I i ncl. |
Sof vent s 1 Rett totebhmay BERR Fo PRLNEAbE e SbhEne iy BheARS of Q55 8. oo
i ncl ude, mebdhanolImg. etihamidl furthaognhisdmeits, thabaooht @t aubstxéaiipl pury st

ol Vet =, M%) SLMLAREL A B VB SHEE B P AT BBl

nitriles sugih@SdoAcetdspiddgtd@nay be 75 mg. Alternatively, the amount of substantially pure
(7aS,2°S)-2-oxoclopidogrel or a salt thereof may be 6 to 20 mg and the substantially
higher dose of clopidogrel may be 150 mg. It should be understood that different salts of
compound of the formula may have different molecular weights and therefore for the
purposes of dose calculation, it is based on the amount of non-salt form of the compound

(i.e. base).

[0028] As an alternative to therapy involving the administration of a series of repeated
doses to a patient, a higher loading dose may be followed by one or more maintenance
doses. For example, a loading dose of 20-60 mg substantially pure (7aS,2’S)-2-
oxoclopidogrel or a salt thereof may be administered to a patient resulting in greater than
50% inhibition of ADP induced human blood platelet aggregation in most patient
population.  In certain embodiments of the present invention, this, or an alternative
loading dose may be followed with a maintenance dose of 3-15 mg substantially pure
(7aS,2°S)-2-oxoclopidogrel or a salt thereof, is administered to a patient, resulting in

greater than 50% inhibition of ADP induced human blood platelet aggregation.

[0029] According to a fourth aspect of the present invention, there is provided a method
for minimizing inter individual platelet reactivity variability and metabolic loading in the
treatment and / or prophylaxis of thrombosis and / or embolisms observed following
administration of a dose of clopidogrel said method comprising administering
substantially pure (7aS,2’S)-2-oxoclopidogrel or its pharmaceutically acceptable salt to a

patient in need thereof.

[0030] The inter-individual variability may be due to CYP450 isoforms and its
polymorphic manifestations, for example, in the CYP2C19*2 allele or CYP2C19*17



[0057] In the process, according to the invention, a solution of
2- oxo-cl opi dogrel isonmeric mxture is first obtained, and an acid of choice
i s added wo 20fsosalsut i on obt ai ned. These steps may be pecanzmoocntier
heating or cooling, appropriate for the reaction 17 depending on the
choi ce of solvent and acid used. Tenperdtlure of the reaction can range from
cold to roomtenperature. The m xture may be maintained for suitable tine,
under suitable cooling for sufficient crystals to stereo-selectively
preci pi t at eslldet . Additeonelly ot alt¢rhativelyo thepintse-dnslévidual yariabiléy ot bd dwe suPf i ci ent
period of ti te conversion into the (7aS, 2'S)-isomner,
sui tabl e foﬁﬂgo%§§?%%ﬁ%%5§ﬂﬁgﬁzo hours. [0058] In an alternative enbodi nent
of the invention, the mxture of (7aS,2'S)- /(7aR 2'S)-isoners may be
treated in r _or.gani c-.sol vent . .and allowed tq selectively cr allize
the (ras, o GBI BhesigR R lGesie or uB PR MR BRI TR o Ty
be opti onal lthe seenked ompilophilivgs slithsinebokis af kybplishs domdbsidg Hminsshawen ftee base
to facilitat el.ective st.allization., The crystalljzation of the
(Fas 5" 5) - | SORBRIAR MR CES SR DG et Rl RiesmuR sk diver si on
of the (7aRpdtéypungoiAkibité, W t hout the transformation of the unwanted
(7aR, 2" S)-isoner. Preferably the process is established with transformation
of the (7aR, 2'S)-isomer, so that the undesired i somer can be converted into
the active ¢ouIRPUMChiRBheéts CETVAE Etedel itdSRtion] Nhd MeBhddk 0fi&SSsed (Heda Znay) - 2-
oxocl opi dogrel 1s isolated in substantially pure formin its free base
form The (féitionally comprseolbE SisPRIAdBINIBERIEN PAYNE O dsHiG @fditiena) ghergpgutic
phar maceut i gadntsy BRERPHAP|ifcISR! torb¥xahlpRAtMBMardltt fheildi hble8 R&GH dispiRnan.
appropriate Solvent. [0059] The isolation and stereo-selective conversion
i s ef f ect edcilostagols Aindalipyridamolent . Thpse diiivieral Rewtd meef be  adminjssiresy
organi ¢ sol |t : i : A . such as
met hanol ei tgﬁglﬁé%eggg#/’a%g{le?t%@ ggg&rﬁ% i(iugfr&fllsyu gfﬁ‘ogﬁm b’artg)gﬁt%?[ Eeg 3@6‘1 a?tel?':lvzeat ion
and i sonmer dngeadianf.i cation is performed using Chiral HPLC. The anal ytica
Conditions are given belowin Table 1: [0061] Table 1: Instrunent : Waters
Al'liance Colum :

[0033] According to a sixth aspect of the present invention, there are provided

compositions for use in the methods described herein.  For the avoidance of any doubt,
where reference is made to the administration of an amount of active ingredient as a
substantially pure (7aS,2’S)-oxo-clopidogrel or a pharmaceutically acceptable salt, this

may be comprised within the composition of this aspect of the invention.

[0034] According to a seventh aspect of the present invention, there is provided a fixed
dose composition of a substantially pure (7aS,2’S)-oxo-clopidogrel or a pharmaceutically
acceptable salt characterized in that said composition comprises a dose of 1 to 60 mg of

substantially pure isomer of 2-oxo-clopidogrel or a salt thereof.

[0035] In a preferred aspect of the present invention, the fixed dose composition
comprises a dose of a substantially pure (7aS,2’S)-oxo-clopidogrel or a pharmaceutically
acceptable salt thereof of 5-30 mg. The fixed dose composition may additionally or
alternatively further comprise one or more anti-platelet agents selected from aspirin,

cilostazol and dipyridamole.



Chiral pak AD-H(250 X 4.6 nm X 50 Mobil e phase : n-Heptane : isopropanol
Diethylamne : Trifluroacetic Acid ( 900 : 100:0.5 :0.5) WO

2013/ 001546PCB/doN2@12/ 000021 18 Flow rate : 0.9ml/ m n CecwnNnoignmeziat ure :
25 C WV Detection 1

[0036] The advantages of the present invention are realized through use of substantially
pure isolated (7aS,2’S)-2-oxoclopidogrel or a salt thereof, which in turn is substantially

free of isomer of formula 11B.

[0037] Structure:

O . OMe (@] OMe
‘ N S . N
O- 'S T o) R S
S Cl S - Cl
Formula lIA Formula 1B

Brief description of Figures
[0038] Figure 1. A representative HPLC chromatogram of (7aS,2’S)-oxo-clopidogrel
bisulphate run on Chiralpak AD-H column.

[0039] Figure 2. A representative HPLC chromatogram of mixture of (7aS,2°S)/ (7aR,2’S

)-oxo-clopidogrel base run on Chiralpak AD-H column.

[0040] Figure 3. A representative HPLC chromatogram of substantially pure ((7aS,2’S) )-

oxo-clopidogrel free base run on Chiralpak AD-H column.

[0041] Figure 4. A representative HPLC chromatogram of (7aS,2’S)/ (7aR.2’S)- oxo-
clopidogrel hydrochloride run on Chiralpak AD-H column.

[[0042] Figure 5. A representative IR spectra of (7aS,2’S)-oxo-clopidogrel free base.

[0043] Figure 6. A representative IR spectra of (7aS,2’S)-oxo-clopidogrel bisulphate.

[0044] Figure 7. A representative IR spectra of (7aS,2'S)/(7aR,2’S)-oxo-clopidogrel
hydrochloride.



: 220 nmlInjection Volunme : 101.1,1 Run Tine : 40 mn Sanple preparation :
Weigh 4 ng sanple in 10 mM volunetric flask. Add 2 mM ethanol and 5 n

nmobi | e phweeosndisieni cate to dissol ve. Make up w t h nobipce/mnaseot¥00 ppm
Retention tinme : (7aS,2'S)-2-oxocl opi dogrel - about 14 mn

(7aR, 2' S) - 2- oxocl opi dogrel - about 20 mla

[0045] Figure 8. A representative powder X-Ray diffraction pattern of substantially pure
(7a8,2°S)-oxo-clopidogrel free base.

[0046] Figure 9. A representative powder X-Ray diffraction pattern of (7aS,2’S)-oxo-
clopidogrel bisulphate.

[0047]) Figure 10. A representative powder X-Ray diffraction pattern of
(7aS,2°S)/(7aR,2’S)-oxo-clopidogrel hydrochloride.

[0048] Figure 11. A representative differential scanning Calorimetric graph of (7aS$,2’S)-

oxo-clopidogrel bisulphate.

Detailed description of the invention

[0049] Unless specified otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art, to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the
preferred methods and materials are described. To describe the invention, certain terms
are defined herein specifically as follows.

[0050] Unless stated to the contrary, any of the words "including," "includes,"
"comprising," and "comprises" mean "including without limitation" and shall not be
construed to limit any general statement that it follows to the specific or similar items or
matters immediately following it. Embodiments of the invention are not mutually
exclusive, but may be implemented in various combinations. The described embodiments
of the invention and the disclosed examples are given for the purpose of illustration rather

than limitation of the invention as set forth the appended claims.

[0051] It has now surprisingly been found that it is possible to isolate a substantially pure

(7aS,2’S)-2-oxo-clopidogrel (Formula 1IA) or as a pharmaceutically acceptable salt,



Note: Inject freshly prepared sanple for each analysis. [0062] A typical
FI PLC chromat ogram of pure isoner and m xture of isonmers are presented in
figure 1-wo 2p0HJ44The X- Ray powder pattern, |R spectrapramdNnddtoshoria are
presented in Figures 5 to 11. [0064] The conpound of Formula Il is an

i nternmedi ate netabolite of clopidogrel. Bespite the structure of this
netabolite and its position in the netabolic pathway of cl opidogrel being
known for al nost 20 years, its use as an active agent for the treatnent of
t hr ombosi s avhich/canbe edmmistesmohamammObmilevhigh@Iiyhibieiemow@@éscttech plathies i s
partly becausethls ite dth n ntified as.Ear V jn the
nmet abol i ¢ pﬁ?%r\%vo nﬁll ifﬁ‘l‘rslt Bo?lséatr’ 'c%wqbgrgg Oééggt%]% 5 10un 8f Fhe ané igar?zlic fve.
Mor eover, t kipeiopet. dhe reoént ‘j;nvleghaa h&o0he long&felﬂmﬁed froths mbhtmem dﬂllm‘atnbbshse
advent of the E g(ient i,nvent i n becaus JE SOmeric nfathure of

oxo- ¢l opi dogPEFMOE 4 SS0EIRIFE RN °°ﬂ O’ISs ‘FFeYﬁ”c?“HSQ?‘ﬁ?% f ”]VS‘btfﬂSraée of
Formula I Bdeééhbecalndieédhlwnh[seaﬁﬁd enlhudihdivsidthoitisndtayafteow been able to
produce a substantially pure (7aS, 2"'S)-oxoc] o%ﬂogrel or a pharmaceutically
acceptabl e salt that can advantageously be %d fstered directly to
patients in place of clopidogrel and that this aneliorates sone if not all
of the di sadvantages associated w gh the uske Sof cl opi dogrel . By

admi ni stering the conpound of 19 Forgula II |n its substantially pure
(7aS, 2' S) - oxo-cl opi dogrel to a patient pr oduces | esser nunber of the

i nactive netabolites in vivo. Further, FbrmogtlAonly | ess one CYP nedi at ed

step to con t he conpound of. Formu as opposed to cl opjdo ) to
Pheracti ver NERaL SRRy TR OR Bl sremehanhy PESEam B oyl IiobA ahele
producti on (Psfon‘lef‘@PQJOKS-CFJpQBgQD%@{anﬁﬁtya@@ oft 818 codliétSsterth@of¥Pos Férifuluence
on the patient's abili to netabolize cl ogl odgrel has on efficacy is

ef fecti vel y Bedtikiel. capoé%rr PREVE medabelitsn o dstiicde absel Ut tRBligurdiont PR ment
and / or preRRyhaytempred m@mélﬁe%eét lwenﬁmglreamd W%? of pRrdvgtihed
conprises admnistering a predeterm ned dose of an isolated substantially
pure (7aS, 2s@jeoselesiive eyeiplligaipnel§ opeofr thalisemer Kyad?’ Sdrisoner imies @ mixture 9f
accept abl e t n of
fhe Botive NePEor&RUFgahRcobfert bl Gk b By [ S TR

gr eat er t hathrought erad Hioaw.e@- okhﬁctupgﬂogrtehe cadrekisiss inr gréeomsooferia foubstrantelyal | y
greater dose of clo r r o) t esen

i nvention efgpTEE %fpsu gs']l gintﬁo UIg uaglt :a%)ﬁ'%gla nf? 8 ggﬂ{hg?’ %@tq% ge‘:T‘]n'tégaFeem ent
required foadcaﬁdmaewlmgcambhﬁenabﬁumly@ne@mwanalrfaﬂmdmlIoa‘thm chieal i@irgbohj t e of

cl opi dogr el ared w dm nistrati,on of canv nt| onal era tJ ¢ doses
ot "6l op dog Pl toiegrerate b NI Gorkesh A s BRI Bty BiRee PR A e

si gni ficant kne. de&u%@idme?bemelatopldag@n&duoama@bomaImeugmédw@uﬁdl@f forsas vor

t herapeutic action hy achieving greater, than 50% i nhibition of Eg]el nduced

pl at el et ag@gfteduaiabehzadntosprspttbe thierheBg ragdn ey duerestnehs duhapis 8
vari abi |ty exihibtls R1ivey ﬁ)WaFHs’]@l@ﬁ%ch"t@r @Pqulldeétfﬁclt) gﬂﬁ@t@lgdl@ﬁleﬂ spRitloRe

inactive nmetabolites (for exa e, Fornmula 1V) reduces the netabolic
| oad on |ivaP02, pessek?381139 a3 d @ ibfs tf‘%é%‘ﬁ"e‘é’bﬁb Cﬁmd@mer s, righhelopidogrelr e

addi tional gLy q&g@qﬁﬁ%olfsgxalf@epy” &éﬁaﬁﬁ&%lé E&ﬁqﬁ'ﬂ{@n@“ﬁh s BliRt&l et

agents like aspirin ostaz e and 't ke

ant i pl at el etheaeteahydropaydingorycieue ahy the thiepheaniriogn it destioss thgrchialf deatrent 7at o t he
cl opi dogrel active bolite. t e r | ajel et
activity. THOSltéoenCSSrPg? %ﬁ‘y 8u b@e'&%@ﬁ'ﬁ ‘gtant |}/e-§ul g%ﬂnl %g‘ t&rg ?IS%m%ts amerecjgr': ‘hi‘st er ed
separ at el y, dsteqiemtarahd yeports avdiiable amemjsdw;elyv\nsblateao@msthammf bofecpivele.

%agoiSIS%OJZ_ g,‘gﬁtﬁ@'-o le(? ﬁrfg%%egdtolgrﬂ?%z%ggrpg?scﬁg Eo 1so 1eyex% u(s:l(\alg tlsaétl)‘nle(ra o? %tlrlgctl}rgler eof .
formula IIA, surprisingly, the isolated isomer remain stable and resistant to conversion
into mixture through keto-enol tautomerism and equilibration. The compound of the

present invention shows only insignificant conversion into the mixture of isomers under



[0069] In aspects of the present invention, a dose ranging from 20-100 ng
of a substantially pure (7aS, 2"'S)-2-o0xo-clopidogrel or a pharmaceutically
accept ablw0oa1yoobe4adm ni stered as an initial |oadi ng d8€&/IN2x2/040p21
necessary, a nmaintenance dose as |ow as 3- 20 ng may subsequently be

adm ni stered such that the systemc condéntration of active metabolite is
equal or greater than that anpunt obtained by adm nistering a | oadi ng dose
of 300-900 ng and a mai ntenance dose of 75 -150 ng of cl opi dogrel,

respecti vel yiormahreongitiense exdi yn splationsadi hﬁgcomp@embf of fhe preseripVANHOR on i s
bet ween 20- §%smhﬁﬂﬁfrmmtﬁ§qg&&r§j% %xén?plp W@@ﬁh@of]ﬁ)rmla VA bhd FI)lj‘lHutl’r{]

| ower doses e "adm ni stered desired inhibition s equival ent or
slightly inf\dk |amfﬂ fremtigeanter pf Bcvmtedl%ﬁu@st@rplaﬂm@eeheremheeaabtméevdbyéﬁtesn e

cal cul ated f; 6 g tents may
be necessary&g<§%?%quﬁwg&m§(SQ%nQ%g fw@#gh%%ﬂ%Wtgmksésgﬁﬁﬁﬁhgghgﬁsggse
geneti ¢ pol yme phfesablyolessGvars] %o astill tnmee dne&cabé)t lesnthoh 1t0Pre practiti oner for the
target platelet inhibition. [0070] In aspects of the present invention,
there are provided conpositions for use in the methods discussed herein.

For exanpl e [005BE The gsesent invetivhi providesw i idaBod féri sy@chesioing qabasntale ure a
conposition ising,1. 0.60 of an isolated substantiall

(728 " 5) - 2 BRG Sr Bpr iRl 13° o RRFRACEUPTERt | U oacobpeaare. Save ! Rer eof
and opt i onaktag,208)a 78R, 2 )2eoNpRAspiBedI tth@abh v aaarnt ablie d@xtdspd entosr cdhe

fi xed dose conpi nati.on, of _the present .invention be adm ni stered al ong
with one or PAUHNS 3RPHiFAONC bR BRGRES a?%?ect'tﬁﬂon@eawt%?fﬁfeveeﬁ%@ﬁamrevlﬁg W ar

agent |ike @op}-rihitréphbRaiuderloSh22-¥bophdielaRRES Rtk 5bsy7 @a RRahAR-H0
simlar or other t han cl opi dogrel active netabolite. [0 The inventive
sel ection ofhi¢neB.TelpytdiAdsonssto fyrmamaxtyre Af sspglﬁtquf@arﬁpwd&e formplatks & o

| npr ovenent gpl \DhlElhﬁna?@&dt&h@%ﬂ%&uﬁ?@ft%ﬁt%mﬁ@%P%l%ﬂ:lat Q1 hf¥ev S dWeating

cl opi dogrel and inproves its erapeutic efficiency by about 5-10 tines or
more as wel Faléylxte@@émgletsh’etfa@w&p lHeetninhox a¢idysuiphdeic efifiesuch apmethaneabol i ¢
| oad associ C 0 r t 0 ion
can prOV|deggagﬁg%gggukgggﬁﬁgn@#?&%??%gﬁgoﬁg@ngiéypgﬂgepégzgyggdﬂgﬁgﬁve
met abolite Bdmdyol’re&lrahby thegpretess is establighet witharsfareatiadof thie (7aRa2Son,

whi ch not onl %% the onset of ct ion (% &sotﬁp |eyes(gg§q er than
50% i nhi bi t ° 01%7 661%)2155&“/ NATYT © 39 AGBTPRAL % at el et
aggregati OnrecEW‘Eeed)ﬂﬁel'Se ofThadsbimen of thia ub\&:n(nas|srmam¢e®dudhyfuﬁja‘&’onsmad&nt ofon of

ADP i nduced at el et aggre on chleve in less than 1 hour, .nore
o of er abl y. FHetTEHARAEn SHBALAN BoRYE HAE T P S apTBg ez &

| rrespecti v@s ofnifuee sdgser Of)ha(ﬁrﬁﬁﬂbwgﬂﬁﬁ Rfivibor mhisa ptdcéss %h@ldﬁaxvasm’rspi-at el et
aggregation can be achieved in |less than 1 hour after oral admnistration.
Thi s i nvent P¥slopidogrehfasiselefe diretlytimés add ealclorms Wyclempr bt cosmedid 89 adfsch

hi gher doseg,forf] @HaLAQURAE rdBEbiRioRYitiSRS TR gJatefss Sﬁt%lht)’onmﬂwn%o%tdf%

met abol i te out put and reduced nmetabolic loading in liver. Furthernore, as
cl opi dogr el plesens ipvartige opewthsi merfemey afuppreRstas temperativsornsefewehlyi 8t a

i nfluenced o@r inducers, which are likely to alter the

cl i nical B¥E§§B% nggégggﬁgl This effect should also be reduced to a

| ar ge extent by the adm nistration of the conpositions of the present

i nventi on. itd onal he | mt the use of proton punp

i nhibitors ﬁﬂg@oé f’rpt%t# ntthes‘% I\éaeﬂqi bFQ OF?CXOEP(?} grels believed that this is
because the role of CYP2C19 (which plays a significant part in the

met abol i sm of cl opidogrel) is reduced substantially with the use of the
conposi tions and nethods of the present invention, PPI's being inhibitors
of CYP2C19. [0073] Apart fromincreasing the active netabolite
concentration and achieving greater platelet inhibitory activity, the
conpositions and net hods of the present invention may reduce the toxicity
and / or associated side effects observed due to the formation of

cl opi dogrel acid (Formula 1V) follow ng clopidogrel adm nistration. The

| et hal dose of clopidogrel is about 5000 ng per kg in rat and 90% of

cl opidogrel is converted to clopidogrel acid in vivo. Thus, it appears that
around 90% of the toxicity of clopidogrel may be related to the cl opi dogrel
acid netabolite (Formula IV). Gven that the conpositions and net hods of
the present invention advantageously enable the anmount of active ingredient
adm nistered to patients to be reduced, while also elimnating the
formation of cl opidogrel acid netabolite etc., follow ng adm nistration,
the associated toxicity or adverse side effects will be reduced by at | east
9-10 tinmes conpared to current clopidogrel therapeutic use. [0074] The
conpounds enployed |n the conp05|t|ons and nethods accordlng to present

T - r



WO 2013/ 001544PCT/ 1 N2012/ 000021 22 Exanpl es of such acid addition salts
include salts with mneral acids, especially hydrohalic acids (such as
hydr of | uowDeosmiots44hydr obroni ¢ aci d, hydroi odi ¢ aci d or poydysabbeoric acid),
nitric acid, carbonic acid, sulfuric acid; salts with | ower alkyl sulfonic
aci ds, such as nethanesul fonic acid, trilfl uor omet hanesul fonic acid or

et hanesul fonic acid; salts with arylsulfonic acids, such as benzenesul fonic
acid or p-toluenesulfonic acid; and salts with organic carboxyllc aci ds,
such as acetic acid, propionic acig, dmgyric acid, fumaric aci d té?’\fearl C
acid, oxalic ac?d.OHml onic acid, nalelc acbq{'i nallcsgg§d sueciRi d aci d,
benzoi ¢ aci d, naﬂdellc aci d, ascorblc acid,2lactic acid gl uco KE acid or
citric acid. S@mts, which are not(bharnaceutlcally acceptable may_ be

enpl oyed in the nanufacture of t he gonpounds enpl oyed PA t he met Hdds and
conp05|t|ons§€? nghca he i pygOLivAN. Preferred salts are hygtupgen

sul phat e (bi SUfP %? Lyt enzene sul phonate. [0075] The nethods and
conpositions of the presentoinvﬁntion may fwpt her enpl 0y o ¥eor nore active
conpounds i ncl udi ng carQioancular Or antiplatel et agents such as aspirin,
cilostazol, dipyridanole &ng the |ike ®hi ch Jmay, operat eNby a mechani sm
simlar or different to mhe cl opi dogrel active net§bollt , to achieve
desired |l evel s of oanti - pl atetlet activity. The second or Subsequent
anti-platel et agent mayolmieaxim ni stered separately, rmad it Ao Isgmess)
subsequently wth the conpound of Forrmula Il A or as a pharnmaceutically
acceptabl e salt thereof. The present invention enconpasses such
modi fi cations thereof for ;achygving desired goal of i N bi ®Ydn of pl atel et
aggregation. [0076] In other aspects, ?8 present inventien provides a
fixed dose pharmaceutical ,conposition Gf "tonpoynd of Fo¥mul a ILAS@

phar maceutical |y acceptlabl'e salts thereof mﬁereln he dose of $ai d’ conpound
of Fornula I1A is selSected dirom t h&#§HRGE RO ny t§ 60 Cfﬁrg and the
conposition optionally conpmlses pharmaceutical |y agcgcept abl e excipients.
The fixed dose conp05|t|8W of the present invention nay conprise or be
adm ni stered along with one or nore active conpounds i ncl udi ng

ant i pl at el efdo33] Theoana W ate pgemtisveatichisabaraggized by itsiihigey Btmohac@togtchb li ke

whi ch nmay operate mechani sm si.m | ar, iff 18] rel
active net aB&tIW‘tﬁ’é“R¥WK%eQ 61‘3?}”(561‘%{‘3 iBgsFop ﬁi%@%%ﬁé@ré ?t Pﬁ‘gg ?%]“ dfq?eged
dose phar maG@et< BlexKiBiPtichlirO@GorddhatbRrittiRVRIM thomirtuee rieherabl y

adm nistered orally on a daily basis as an i medi ate rel ease or nodified
rel ease dosage form [0078] The dosage formmay be fornulated as a single

uni t dosage&o@%ﬁ'ﬁ@acﬁ@ﬁ@é@bly@él&ct&iﬂ%ﬂ@éﬁds aoklad su%huh@a@ﬁlﬁr afipHohie av@Ny

vari ati ons e art include, but are not limted.to,

tablets, pi lforsexahpted methera Felghonicopeid.clgseencesphonisr apith 815t i thel 1s€'aliofer and

powders for Jeco @I%{:t'n;eucloh%? 10:&)% Lk ted fiE Flﬂ{améls@fvbﬁ%n'?hé)golﬁéh?nia?‘b@@élb&&i may

further contain wat er nsof e pernea e polyners, herein defined as
"nodi fi ed r dloansmapiol spivents.” Suitableasdivests in¢ledes polar éalyéntﬁ)ﬂl&%l ¢ ECAtaieobals,

pol ymers nay elther ted, on S L,

mi cr ogr anul &¥S¢ slfﬁtg%? Ol?xeB“pllqr%th &P%)lg&ﬂ r%?ir{ec tog Ene(? %Bgﬁll q%@matp her

i ngr edi ent s pafanélryc. (E&embleryf@reﬁ‘sdleetms)insludid, sﬁngdacatatwbuty[@@@@]. pilopy lcasetate,

enbodi nent, the phar ica ositions Q resent are
provi ded in efchgetPB?sn'f‘ f"?et gbtl”é’fgmbt }S’a?"&fmﬁynﬁf’%eﬂa g 18158 ?(‘/@“g{;}euﬁ?gs with
exci pi ents. Al¥Rhfdlk. exci pients include diluents, flllers bi nders,

| ubricants, disintegrants, glidants, colorants, pignents, taste nasking
agents, nDdified rel ease pol yners, sweeteners, plasticizers, and any

accept abl e L'Iﬁ‘rt){e }%&%E@%&ﬁdlﬁ GH (RS iMRAMPL SluRMNBNCeroSo- cpxpmegrreati on
enhancers, urf ct ant co- surfac ants, and specialized oils, npl es of

exci pi ent s iisoolenidenistatecis Girst pbiowphanéen acidiehchgiceds whisd 0 b pAIinn %’éeﬁhat e,
anhydrous dibasi ¢ cal ci y nggg&%ggq}gerg&ﬂ@ %ﬁ%o&ﬂl ﬁﬂbﬂn&§@ﬂ@%@raﬁh&l

nlcrocrystalllﬁe @& e ere Iu ose; ch, pre-gelatinized
starch; sodium starch glycolate dextrates;



mannitol, sorbitol; povidone; ethyl cellulose; lactose; kaolin; silicic
acid; lubricants such as nmagnesi um stearate, calciumstearate, stearic
aci d, m rnEPapi13gions44gl ycerin, sodium |l auryl sulfate, pol PETANRERE00§2YyCOI ;
and/or talc. Sodiumstarch glycol ate, ta+; and the |ubricant magnesi um
stearate may be used to prepare conpositions of the present invention to
aid in tablet manufacture. A prem x of conpound of Formula Il A may be

obt ai ned by m xing sajd conpound with i.ngredients and ereafter either
directly corfASPEEHER t%‘1’181“1%‘?‘3(‘1"1??&e'i‘tr"i‘fqg a‘f‘ﬁ%‘?‘iéflsr CIgperpiufY (?flﬁge < %H’"rﬁa%qﬁ‘?’% into
capsul es optfanabiliYo Adoan@mbkfatur@the mistuid @by Be md¥tained for suitable time, under

2013/ 001544PCT/ 1 N2012/ 000021 24 ingredients to obtain final doggge Lornl A
uni t dose ofsuitahle fqogling dem syfficient daptalhdo ofteredsneitiyely| Rrscifaise Yt d'hed as
a granul ar piE-EMINzal¥n HHIERDIsYcaRiRCEiSton QuifibRht FEATHIOMNEMW tb MlleGCeRipdt e

i ngredients such as polymers, which can be directly_conpressed or

formul at ed vionyergeriintd Hp alaSexDriprnesst suitablgder pering Ogé) fi%rons and net hods
of the present invention nay be enployed in the prevention and / or
treatment of pathol ogical states such as disorders of the cardiovascul ar
and cer ebr oa8Wl| bar an yalteenaiiva cmbadimenie of Hhoribatebl the @iy defr §72agsdci at ed
W th at heros oS i i . : b L : al
attack, T est g o R e B e L S SRR rehe s

met al | i ¢ endoystaliaglthe (7p8.85) heses cnablingits solationdseiesisdragr] B mixturhmenbel ysi s,
with infarction, wth de t i 1 g | |

arterial dis® 'g'?aas“,y %/?Ae‘g% Y@E&%ﬁf%ﬁ%@%pﬁ@ﬁ% ﬁ”g%% ?’ﬁ}Pré‘y ?%EPQ?H ggf ?%ﬂlstat%r
during the uskctife orgsatlidadon.prhestrysedlatiar ofatbe (SAY Hriavyerbypaske placr witin

relation to stabl.e or unstabl e angina. [0082 ounds_ of. Fo la |1

or its acid SHEcLh H@”hmeé{?sne%%v%n n%t?ﬁlbgd (ﬂa’iﬁas‘ﬁﬁ-@){n 5 Ph Y u{e@?rpl es.

l[?RSS] Prep&fa%%fgﬁigatfbﬁd)fnhhggm84 dOQbRQFS)?miPeM.aIPﬁe&Fabe treqjmf ;mdSesmbnfea nul a
is presented bel] ow., e 1. Preparation of Xture o

(7aS, 2' S)/ (M ;El'as?f@'i%ﬁér%f ES‘tL g-é&gpxéé?%‘tﬁﬂd%r@ﬂt ‘ﬁ‘ﬁo‘é‘gfs‘%??] isomer“can be

Met hyl - (R) - ZsoRyHe@ %Mo 2hd Z1ie 20 PRthanyl kaeedred for[Ue8Rthis Prodeds 0as pEsgRed

round bottoned fl ask, 500 gm of (R)-2-chl oroman,deél C ach)g'ﬁwg,?jggﬂgén in 2000

e

m met hanol .oxpplepidagelgs ifnlald in sybiapiially puredfofadn tyliesdbash Yef | ux,

till conpl eti-%c%i;icfogéptb'a@ may e cEXERSS 1@Pfits FrlahRdRelticaRs adicpldblel ok 6y f
under reduced pressure. Residue was taken in dichloronethane and washed
wi t h aqueousirestiingwithisetablscaisie ag aprienrigte sobeeth| or omet hane was di stil | ed
under reduced pressure to obtain 25 522 gm of

Met hyl - (R) - 2- hydr oxy- 2- (2-ch10r OPhenyl ) acetate as an oil. Yield: 94%
Purity: 98. 5%0059] The isolation and stereo-selective conversion is effected in a suitable solvent. The

solvent found useful are polar organic solvents. Suitable solvents include, Ethyl acetate,
Alcohol such as methanol either separately or as mixture.
[0060] Product characterization and isomer quantification is performed using Chiral

HPLC. The analytical Conditions are given below in Table 1:

[0061] Table 1:

Instrument : | Waters Alliance

Column : | Chiralpak AD-H(250 X 4.6 mm X 5p)

Mobile phase : | n-Heptane : isopropanol : Diethylamine : Trifluroacetic
Acid
(900:100 : 0.5: 0.5)




[0087] b) Methyl

a coow d C

round botWoOrzets/fisdk,
221 gmof 4-Nitro benzene sul fonyl
di met hyl am nopyri di ne,
acetate were added.

(R)-2-

under

and 200 gm of Methyl

In a four

chlorjde, 12.1 gm of 4-
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reaction nasslﬂ%%”ﬂhenched |r'aa%%8ﬂ@”hydrochlorlc aci d sol ution and
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under reduced_pressure. [0089] ()Iv nmass_obhtained after concentratioaon,
thgn purifieclﬁﬁD@W¢§mall|zatiodnpm“bthylacetate hexane mixture, and dr
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ethanol and 5 ml mobile phase and sonicate to dissolve.

Make up with mobile phase. (400 ppm)

Retention time

(7aS,2’S)-2-oxoclopidogrel — about 14 min

(7aR,2’S)-2-oxoclopidogrel - about 20 min

Note: Inject freshly prepared sample for each analysis.

[0062] A typical HPLC chromatogram of pure isomer and mixture of isomers are

presented in figure 1-2.

[0063] The X-Ray powder pattern, IR spectra and DSC data are presented in Figures 5 to

11.

[0064] The compound of Formula II is an intermediate metabolite of clopidogrel. Despite

the structure of this metabolite and its position in the metabolic pathway of clopidogrel

being known for almost 20 years, its use as an active agent for the treatment of

thrombosis and / or embolisms has not previously been suggested. This is partly because

this metabolite and the one identified as Formula IV in the metabolic pathway mentioned

herein before has been found to be inactive. Moreover, the existence of single isomer was

not possible without the advent of the present invention because of the isomeric nature of

the oxo-clopidogrel, and its conversion into isomeric mixture of isomers of Formula IIB,

V1, and VII.

[0065] The inventors have now been able to produce a substantially pure (7aS,2’S)-oxo-

clopidogrel or a pharmaceutically acceptable salt that can advantageously be administered

directly to patients in place of clopidogrel and that this ameliorates some if not all of the

disadvantages associated with the use of clopidogrel. By administering the compound of

(4-nitrophenyl sul fonyl oxy) - 2(2-chl or ophenyl ) acet at e
COOMEO 0 S O OHO S 0 R-i somer NO2NC2 [ 0088]
nitrogen at nosphere,

necked
640 nl Pefi/IN2IRD@ODITEt hane,

(R) - 2- hydr oxy- 2( 2- chl or ophenyl)
It was cooled to around 0C, and 101 gmof triethylam ne
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NO2(S)-thiolactone (Fornmula Il) Risonmer 26 [0091] In a four necked round
bottoned fl ask, under nitrogen atnosphere, 1000 m acetonitrile, 49.5 gm of
5, 6, 7, 7a-VePB¥WHd- 44t hi eno[ 3, 2- c] pyri di n- 2-0ne. HC1, BSTEN2WR/08 um
carbonate and 100 gm of Methyl (R)-2- (4;4itrophenylsulfonyloxy)-2(2-

chl orophenyl )acetate were added and the m xture was heated to about 50C
After reaction, reaction mass was filtered, filtrate concentrated and

concentr at ed. mas s..taken .in dic t hane.. . washed wi.th ter ,and
oot ot eFIRR VAR DGy Bl DAL PSR ISia 18 el LSS 0,
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LT or for e B gRaberh 0% S G Ebriae 1t s R B SLEbEBTel el raRe nang
(h/DC). ghe MD&alboa:yeeybrm the sleedold Igguzwceps irdh? gtﬂ)dagd)gdigsr}abﬂi\leaﬂl%ﬁidsbga@t ain
t t . i 0, 7aS, 2' R,2'.S)-1i
e Droduot SR hut 55 Y s oot i SRS Eurbpb i SO
(7aS,2'9) - Z‘KagvﬁBfm&%ﬂbeﬂycli)/el%'récﬁc&i 5,6, 7, 7a- hexahydr o

i

t hi eno[ 3, 2-c] - 5-pyridi n-2-one)acetate [0094] In a four necked round
bottoned fl ask, under nitrogen atnosphere, 150 ml of ethyl acetate-nethanol

and 70 gm of [o0E¢{tTHE EnvehtidrSRERES A Rethb®foRtredtdR ahd Pk fn_%%}%lgii%ftih%?ﬁ%% =
53.62:46. 38) was taken and warned to dissolve, and stirred for 20 hours

under room tadper embalism, whers the rgetbost eompaigesod manisteninge predesgiarined doseoifiod was

dried to obtjgifep2 GERiaLIY! 7a8,2’S)-2-oxo-clopidagrel  (F 1l
(S)-2(2-chl olr oprelen;ll?g-t 2- %9?/4,pgr,e6, (7?§’a- ex%xﬁycd?pcl)toﬁrel en(o[)r:gr,mie-l c] Ag pg)/rri d
i n-2-one) acghemmaseutically abceptdgesalRhereef sudh thatdSeulS)it (g aRy20 Bymagondr e as per
chiral HPLC ; ..99.5: Q. z .46) cted on a
BRUKER 400M—idth'|9egs'1ferta8)r?§tﬁt Lﬁ%@’%ﬁ%‘éﬁb?%@ﬁ%gﬁ sofREEh] B %?‘J@k??rﬁégnpéﬁaéi ng to
struct ur e ofachievedutheouph tef adpenibagien bflacnbst(DitdRy greatek@ose of clopidogrel. In a
2013/ 001544%cr:gflerlré\(112 e(:)mlbzo/dg)rrqgg,ztl]fe ngsent invention enables a substantial reduction in the dose of

active ingredient required for achieving a therapeutic concentration of active metabolite

of clopidogrel compared with administration of conventional therapeutic doses of

clopidogrel. Thus, dose tolerability and efficacy are enhanced significantly.

[0067] Present invention not only improve the onset of therapeutic action by achieving
greater than 50% inhibition of ADP induced platelet aggregation in shorter period and
reduces inter individual variability, but also eliminates the side effects associated with the

inactive metabolites (for example, Formula V) and reduces the metabolic load on liver.

[0068] In aspects of the present invention, one or more additional active compounds may
be administered including anti-platelet agents like aspirin, cilostazol, dipyridamole and
the like. The antiplatelet agents may operate by a mechanism similar or different to the
clopidogrel active metabolite to achieve desired levels of anti-platelet activity. The
second or subsequent anti-platelet agent may be administered separately, sequentially or
simultaneously with a substantially pure (7aS,2’S)-2-oxo-clopidogrel or a

pharmaceutically acceptable salt thereof.



[0096] Table 2: Chem cal shift value (6/ppn) Assignnent '(Miltiplici

al tiplicit
Nunmber of protons, Position*) 1.54-1.64 (m 1H a) g 36- 2. 4(1 (m IIO H, Ib)y,
2. 56- 2. 62O isoc42. 92-2. 96 (d, 1H,d) 3.21-3.24 (dd, 1H, erT3n£6G2/000021
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[0069] In aspects of the present invention, a dose ranging from 20-100 mg of a
substantially pure (7aS,2’S)-2-oxo-clopidogrel or a pharmaceutically acceptable salt be
administered as an initial loading dose, and if necessary, a maintenance dose as low as 3-
20 mg may subsequently be administered such that the systemic concentration of active
metabolite is equal or greater than that amount obtained by administering a loading dose
of 300-900 mg and a maintenance dose of 75 -150 mg of clopidogrel, respectively. More
preferably the loading dose of the present invention is between 20-80 mg and
maintenance dose is between 5-15 mg. Still further lower doses may be administered, if
the desired inhibition is equivalent or slightly inferior to that provided by clopidogrel. The
above doses are calculated for human of average body weight of 60 kgs. Dose
adjustments may be necessary according to body weight of patients, severity of disease,
genetic polymorphism of CYPs, at the discretion of the practitioner for the target platelet

inhibition.

[0070] In aspects of the present invention, there are provided compositions for use in the
methods discussed herein. For example, the present invention provides a fixed dose
pharmaceutical composition comprising 1 mg to 60 mg of an isolated substantially pure
(7aS,2°S)-2-oxo-clopidogrel or a pharmaceutically acceptable salt thereof and optionally
one or more pharmaceutically acceptable excipients. The fixed dose combination of the
present invention may be administered along with one or more active compounds
including antiplatelet/cardiovascular agent like aspirin, cilostazol etc. which may operate

by a mechanism similar or other than clopidogrel active metabolite.

[0071] The inventive selection of the compounds of Formula IIA significantly contributes
to improvements in the antiplatelet treatment compared to the use of clopidogrel and
improves its therapeutic efficiency by about 5-10 times or more as well as reducing the

associated toxicity/side effects or metabolic load associated with clopidogrel treatment.

[0072] The present invention can provide a therapeutically effective concentration of
desired active metabolite isomer of clopidogrel in a short time after administration, which

not only improves the onset of action but also achieves greater than 50% inhibition of



(s,3Hf) 3.86-3.89 (dd, 1H g) 4.48-4.52 ( i '
, 1H, . . m 1H, h) 4.87 (s, 1H, .
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ADP induced platelet aggregation. The onset of action can be (as measured by 50%
inhibition of ADP induced platelet aggregation) achieved in less than 1 hour, more
preferably in 30 minutes, compared to 4-6 hours for clopidogrel. Irrespective of the dose
of compounds of Formula IIA, the maximum platelet aggregation can be achieved in less
than 1 hour after oral administration. This invention also ameliorates the dose ceiling
effect observed with higher doses of clopidogrel and provides significantly higher active
metabolite output and reduced metabolic loading in liver. Furthermore, as clopidogrel is a
P-Glycoprotein (Pgp) substrate, its absorption is influenced by Pgp inhibitors or inducers,
which are likely to alter the clinical effects of clopidogrel. This effect should also be
reduced to a large extent by the administration of the compositions of the present
invention. Additionally, the invention may permit the use of proton pump inhibitors in
combination with Formula IIA. It is believed that this is because the role of CYP2C19
(which plays a significant part in the metabolism of clopidogrel) is reduced substantially
with the use of the compositions and methods of the present invention, PPI's being

inhibitors of CYP2CI9.

[0073] Apart from increasing the active metabolite concentration and achieving greater
platelet inhibitory activity, the compositions and methods of the present invention may
reduce the toxicity and / or associated side effects observed due to the formation of
clopidogrel acid (Formula 1V) following clopidogrel administration. The lethal dose of
clopidogrel is about 5000 mg per kg in rat and 90% of clopidogrel is converted to
clopidogrel acid in vivo. Thus, it appears that around 90% of the toxicity of clopidogrel
may be related to the clopidogrel acid metabolite (Formula V). Given that the
compositions and methods of the present invention advantageously enable the amount of
active ingredient administered to patients to be reduced, while also eliminating the
formation of clopidogrel acid metabolite etc., following administration, the associated
toxicity or adverse side effects will be reduced by at least 9-10 times compared to current

clopidogrel therapeutic use.

[0074] The compounds employed in the compositions and methods according to present

invention are preferably present in the form of their pharmaceutically acceptable salts.
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fumaric acid, tartaric acid, oxalic acid, malonic acid, maleic acid, malic aCld succinic
acid, benzoic acid, mandelic acid, ascorbic acid, lactic acid, gluconic acid or citric acid.
Salts, which are not pharmaceutically acceptable may be employed in the manufacture of
the compounds employed in the methods and compositions according to the invention.

Preferred salts are hydrogen sulphate (bisulphate) and benzene sulphonate.

[0075] The methods and compositions of the present invention may further employ one or
more active compounds including cardiovascular or antiplatelet agents such as aspirin,
cilostazol, dipyridamole and the like which may operate by a mechanism similar or
different to the clopidogrel active metabolite to achieve desired levels of anti-platelet
activity. The second or subsequent anti-platelet agent may be administered separately,
simultaneously or subsequently with the compound of Formula IIA or as a
pharmaceutically acceptable salt thereof. The present invention encompasses such

modifications thereof for achieving desired goal of inhibition of platelet aggregation.

[0076] In other aspects, the present invention provides a fixed dose pharmaceutical
composition of compound of Formula I1A a pharmaceutically acceptable salts thereof
wherein the dose of said compound of Formula IIA is selected from the range of | mgto
60 mg and the composition optionally comprises pharmaceutically acceptable excipients.
The fixed dose composition of the present invention may comprise or be administered
along with one or more active compounds including antiplatelet/cardiovascular agents
such as aspirin, cilostazol or the like which may operate by a mechanism similar or

different to the clopidogrel active metabolite.



3.72 (s,3Hd) 3.92-3.95 (d, 1He) 4.39-4.42 (d,1H f) 4.63
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[0077] The fixed dose pharmaceutical compositions of the invention are preferably
administered orally on a daily basis as an immediate release or modified release dosage

form.

[0078] The dosage form may be formulated as a single unit dosage, as two separate unit
dosages, and / or in any of the many variations known in the art, which include, but are
not limited to, tablets, pills, hard capsules, soft capsules, pharmaceutical sachets and

powders for reconstitution.

[0079] The formulations of the invention may further contain water insoluble permeable
polymers, herein defined as "modified release polymers", to adjust their release profile.
These polymers may either be coated onto formulations such as tablets, microgranules,
capsules or pills, or be mixed together with the other ingredients of any of the

formulations listed above.

[0080] In one embodiment, the pharmaceutical compositions of the present invention are
provided in the form of tablets prepared by mixing the active agents with excipients.
Typical excipients include diluents, fillers, binders, lubricants, disintegrants, glidants,
colorants, pigments, taste masking agents, modified release polymers, sweeteners,
plasticizers, and any acceptable auxiliary substances such as absorption enhancers,
penetration enhancers, surfactants, co-surfactants, and specialized oils. Examples of
excipients include calcium phosphates, such as dibasic calcium phosphate, anhydrous
dlba51c calcium phosphate, tribasic calcium phosphate, etc.; microcrystalline cellulose,
powdered cellulose; starch, pre-gelatinized starch; sodium starch glycolate; dextrates;
mannitol, sorbitol; povidone; ethyl cellulose; lactose; kaolin; silicic acid; lubricants such
as magnesium stearate, calcium stearate, stearic acid, mineral oil, glycerin, sodium lauryl
sulfate, polyethylene glycol; and/or talc. Sodium starch glycolate, talc and the lubricant
magnesium stearate may be used to prepare compositions of the present invention to aid
in tablet manufacture. A premix of compound of Formula ITA may be obtained by mixing
said compound with ingredients and thereafter either directly compressing the mixture

into tablets or filling said mixture into capsules optionally along with other suitable



(m4H k) # m nultiplet, s-singlet, d-doublet, brs-broad singlet. [0101]
Exanpl e 4: Preparation of Methyl

(7aS, 2' S)wd-20/wid4ar ophenyl) - 2- (2, 4, 5, 6, 7, 7ahexahydr ot hiremaf i 2omp215- pyri di
n- 2- one) acet at e benzene sul phonate [Oloél< 2.5 gm of Met hyl

(S)-2(2-chl orophenyl)-2-(2,4,5, 6,7, 7a- hexahydr ot hi eno[ 3, 2-c] - 5-
pyridin-2-one)acetate (m xture of isoners) was taken in a round bottom
flask. At about 50-60 C, |PA was added. Then 1.17gm of benzenesul fonic acid
was added. ifbRdientslte obtandiived dusge &irmoviedhit dose of gteafirdei foem ofie compewndafe| vy,
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TOXI COLOGY {4 Qleplb® Riaasinmaoioli=s apolands,t whicl shodiecditectiesampeesyhi @h ar e
reported bel ow denonstrate the properties of the conpositions of the

i nvent i on bfrmuleed withddiggnal £xg 'W?‘ew of toxicity and tol erance, and from
the point of view of their activities, particularly inhibition of platelet

and thronbotic aggregatigon. TOXI COLOG.CAL STUDY [ 0104] The ¢ i tj.ons of
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%ba Sprgheitler o

i nhi biting &dboimingangmplistyhendaerpatomy oofitting el mefgliip epdayagey ‘

conpared to_those of .t he. clon i€l Wi ioat AN atHeRlaredhicanc bagarted in
literature (%2{?‘85%%% fOEIBYVB.% tgﬁhjggﬁgl\%bvlﬁlﬁ?%n (1980) 1 Pharm Meth. Vol . 3,

pp: 135- 158;withpaehveal aéjad diskdsess vith hagm@BdyseT hitrayricwlardislptionger dunng  ppy:
154-156.) . [0106],. The platel et aggr ' (Wl TN oSy byt iseseapd the
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standard neyh@sise anginaMeasur enent of platel et aggregation with ADP [0107]
The activity on the aggregation of plates induced by ADP or collagen was
determ ned ex-vivo.

[0082] The compounds of Formula II or its acid salts can be obtained by a method

illustrated in the examples.

[0083] Preparation and pharmacological evaluation of compounds of Formula IIA is

presented below:

[0084] Example 1: Preparation of mixture of (7aS,2’S)/(7aR,2’S)-isomers of 2-

oxoclopidogrel
[0085] a) Methyl-(R)-2-hydroxy-2-(2-chlorophenyl)acetate

[0086] In a four necked round bottomed flask, 500 gm of (R)-2-chloromandelic acid was
taken in 2000 ml methanol. Then 18.8 gm of sulfuric acid was added and heated to reflux,
till completion of reaction. Then excess of methanol was distilled off under reduced
pressure. Residue was taken in dichloromethane and washed with aqueous sodium

bicarbonate solution. Dichloromethane was distilled under reduced pressure to obtain



[0108] The products as a suspension in 5% Gum Arabica (aq.) were
adm ni stered by oral route to groups of six nmale rats of the SD strain,
wei ghi ng w6Qo3d1w4 After 4 hours of the adm nistrationpcziantoiohodoriood is
collected into the heparinized tubes by puncture of retroorbital sinus. 0.5
m of the anticoagul ated blood is dilutéd with an equal volume of WO
2013/ 001544 PCT/1 N2012/ 000021 30 isotonic saline solution and incubated at
37C for 10 m nutes. To the incubated whole blood, 10 ,uM ADP is added and
the change kn igRpetanakyl{(R)-2-hwliog2#(@thleatpseylatelatt aagyr eigal ickh, 94%
recorded for 8 mnutes with Chronol og Wl e Bl ood Aggregoneter (Mdel 592,
Chr ono- 1| og béﬂ*tizi:??j%SA). The percentage inhibition of platelet aggregation
is calculated by the follow ng formula considering the vehicle control
reading as 100% | npedence (O in vehigle trol - | ce (SI) in
t est conpoulf@87]npéy é%)'%:z(“)““i'&?h?}@ﬂ?“?f}@ﬁWﬁ%%fhlfrﬁﬁ fﬁ%)c}%%?epesul ts
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denonstrate that acti ¥i b&‘ of the nwl ecule of Formula Il A, which is
significantly superiof® ecl+opi g e . [0110] Tablg %.OPr oduct Dose

OH

i
R-isomer NO, N02

[0088] In a four necked round bottomed flask, under nitrogen atmosphere, 640 ml of
dichloromethane, 221 gm of 4-Nitro benzene sulfonyl chloride, 12.1 gm of 4-
dimethylaminopyridine, and 200 gm of Methyl (R)-2-hydroxy-2(2-chlorophenyl) acetate
were added. It was cooled to around 0°C, and 101 gm of tricthylamine was added.
Mixture was stirred at about 0°C till completion of reaction. The reaction mass was
quenched in aqueous hydrochloric acid solution and extracted with dichloromethane.

Dichloromethane layer was concentrated under reduced pressure.

[0089] Oily mass obtained after concentration, was then purified by crystallization in
ethylacetate-hexane mixture, and dried under reduced pressure to get 281 gm Methyl

(R)-2- (4-nitrophenylsulfonyloxy)-2(2-chlorophenyl) acetate. Yield : 73 %, Purity: 93%.

[0090] c) Methyl (7aS,2’S)/(7aR,2’S)-2(2-chlorophenyl)-2-(2,4,5,6,7,7a-
hexahydrothieno[3,2-c]-5-pyridin-2-one)acetate
Cl QOOMe
0 COOCH,
' 0-s-0 T N
L ‘ + HCL N ‘ -0 7 0 s ;
' s cl
NO, (S)-thiolactone (Formula 1)

R-isomer



ng/ kg Qy of base adm ni stered % aggregati on* % i nhibition Control

Cl opi dogr el

bi sul phate 25 ng/ kg 19. 15 ng/ kg
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[0091] In a four necked round bottomed flask, under nitrogen atmosphere, 1000 ml
acetonitrile, 49.5 gm of 5.6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-one.HCI, 55 gm of
sodium carbonate and 100 gm of Methyl (R)-2- (4-nitrophenylsulfonyloxy)-2(2-
chlorophenyl)acetate were added and the mixture was heated to about 50°C. After
reaction, reaction mass was filtered, filtrate concentrated and concentrated mass was
taken in dichloromethane, washed with water and concentrated under reduced pressure.
The oily residue was treated with IPA.HCI solution in isopropanol (IPA) and fiitered to
obtain the mixture of isomers as hydrochloride salt. To it sodium bicarbonate solution
was added till pH turned alkaline. The product was then extracted in dichloromethane
(MDC). The MDC layer was washed with water, dried and distilled to obtain the product

as an oily residue.
[0092] Ratio of (7aS,2°S)/(7aR,2’S)-isomers as per chiral HPLC : 53.62/46.38% :

[0093] Example 2. Methyl (7aS,2’S)-2-(2-chlorophenyl)-2-(2,4,5,6,7,7a-hexahydro
thieno[3,2-c]-5-pyridin-2-one)acetate

[0094] In a four necked round bottomed flask, under nitrogen atmosphere, 150 ml of ethy!
acetate-methanol and 70 gm of mixture of isomers (Ratio of (7aS,2’S)/(7aR,2’S)-isomers
= 53.62:46.38) was taken and warmed to dissolve, and stirred for 20 hours under room
temperature, crystals obtained were filtered and the solid was dried to obtain 52 gm
Methyl (S)-2(2-chlorophenyl)-2-(2,4,5,6,7,7a—hexahydrothieno[3,2-c]-5-pyridin-2-0ne)
acetate. Yield = 60%; Ratio of (7aS,2°S)/(7aR,2’S)-isomers as per chiral HPLC : 99.5:0.5.

[0095] '"H-NMR(DMSO-ds) spectra collected on a BRUKER 400MHz instrument has

shown values given in table 2 corresponding to structure of formula 1A free base below:

CH;
|
0 O
1 c.g J
k 1 N e
c.d 0
k Cl h =S



22.85% 77. 15% Prasugrel hydrochloride 2.2 ng/kg 2
(7as, 2" S) - 2- oxocl opi dogrel bisul phate 3.5 ng/ kg 2.
ng/ kg 1.

ng/ kg 18.93% 81. 07%
7
(7aS, 2' S)ywd20mohzapi dogrel bisul phate 2.5 9

mg/ kg 9. 14% 90. 86%
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[0096] Table 2:
Chemical shift value (8/ppm) Assignment
* (Multiplicity”, Number of protons, Position*)
1.54-1.64 (m,1H,a)
2.36-2.41 (m,1H,b)
2.56-2.62 (m,1H,¢)
2.92-2.96 (d,1H,d)
3.21-3.24 (dd,1H.e)
3.66 (s,3H.)
3.86-3.89 (dd,1H,g)
4.48-4.52 (m,1H,h)
4.87 (s,1H,i)
6.21 (s,1H,})
7.37-7.41 (m,2H.k)
7.49-7.52 (m,2H.1)

# m- multiplet, s-singlet, d-doublet of doublet.

Single crystal analysis data of material conforms to (7a8.,2°S)-configuration.

[0097] Example 3: Preparation of Methyl (7aS,2°S)-2-(2-chlorophenyl)-2-(2,4,5,6,7,7a-
hexahydrothieno[3,2-c]-5-pyridin-2-one)acetate hydrogen sulfate

[0098] In a four necked round bottomed flask, under nitrogen atmosphere, 1750 ml of
acetone and 70 gm of Methyl (S)-2(2-chlorophenyl)-2-(2,4,5,6,7,7a-hexahydrothieno( 3,2-
c]-5-pyridin-2-one)acetate isomeric mixture (Ratio of (7aS,2°S)/(7aR,2’S)-isomers =
51.42:47.48) were added. It was cooled to around 5°C and 20.8 gm of sulfuric acid was
added slowly. After sulfuric acid addition, stirred at about 20-30 °C temperature. Filtered
and dried under reduced pressure to obtain 84 gm of Methyl (7aS,2°S)-2(2-chlorophenyl)-
2-(2,4,5,6,7,7a-hexahydrothieno [3,2-c]-5-pyridin-2-one)acetate hydrogen sulfate. Yield =
93 %; Purity by HPLC = 99.5%, Ratio of isomers by Chiral HPLC = 99.8:0.2.

[0099] 'H-NMR(DMSO-de) spectra collected on a BRUKER 400MHz instrument has

shown values given in table 3 corresponding to structure of formula lIA hydrogen

sulphate below:



14.57% 85. 43% (2' S) - 2- oxocl opi dogrel hydrochloride (ratio of (7aS,2'S)/
(7aR, 2'S) :51.8:48.2) 2.2 ng/kg 1.98 ny/ kg 51.96% 48. 04% * Mean of results
st andar d wewvoetdoosas WO 2013/ 001544PCT/ | N2012/ 000021 31 2cTANtdi2bdéwopinbotic
activity [0111] The antithronbotic activity has al so been studied in FeCl3
i nduced Arterial Thronmbosis Mddel accord¥ng to standard procedures reported
by WIlliam A Schumacher et al., 2007 (Journal of Pharmacol ogy and
Experimental Therapeutics, 322 (1): 369-377) and Takao Tanaka et at, 2000
(Eur opean Journal of Pharnmacol ogy, 4014 413-418).. [0112] The products were
di ssolved in DVSO (1 ng/m ) and qglute in PEG Water (Ratio: DVMSO PEG
Water = 5:50:45), and were adm ni skgred by the per oral route to groups of
8 male rats of the SD strain, Wplghlng 259 300 g after over ni ght fast 1
hour post dosing, rats wer e st hetized Wi t h_Ket amisoe (100 ng/kg; i.p.),

Xyl azine (10 ng/kg; i.p) anH ed oY a he’ 0 oad After aseptlc
preparation of the tracheal %the rats, a nidline

i nci sion of the tracheal area was Tadé ane @ B unt di ssection was per f or ned
to expose the connnn carotid arftery. Apptoximately 2 cmof the conmon
carotid artery wﬁf eed fromthe connective tissues, jugular veins, and
vagus nerve and 00 ﬁh*?rlter paper, briefly soaked in 30% FeC 3 solution,

was placed aroungnéhrRa@shifevatud @pphd mp. The arter;As‘g\@ﬁm'e;aol ated after| 15
m ns of the rlenmoval of filter paper and fhe ra n& nlzed Thrgnbus
devel oped wag scraped out fromthe extra@‘ﬂ‘éﬂpléﬁ‘tﬂew IPé?}P“SF BSIEVI n f or
24 hours. The Wwet and (rgg-pj ght of Thyonbus was reggrdggd and 1s expressed
as ng wei ght [of thronbus per kg body weight. %inhibition of the thronpus
formation is |cal cul ated@43sd.5%y the fornula: Thronbus (Ww!H®f vehicle contro
- Thr OnbUS Wt N Ul tCDL 3&%@WI|U (m,zH,C)
3.72 (s,3H,d)
3.92-3.95 (d,1H,e)
4.39-4.42 (d,1H,f)
4.63-4.68 (m,1H.g)
543 (s,1H,h)
6.26 (brs,2H, 1)
6.45 (s,1H,j)
7.46-7.60 (m,4H.k)

# m- multiplet, s-singlet, d-doublet, brs-broad singlet.

[0101] Example 4: Preparation of Methyl (7aS,2’S)-2-(2-chlorophenyl)-2-(2,4,5,6,7,7a-

hexahydrothieno[3,2-c]-5-pyridin-2-one)acetate benzene sulphonate

[0102] 2.5 gm of Methyl (S)-2(2-chlorophenyl)-2-(2,4,5,6,7,7a-hexahydrothieno[ 3,2-¢]-5-
pyridin-2-one)acetate (mixture of isomers) was taken in a round bottom flask. At about
50-60 °C, IPA was added. Then 1.17gm of benzenesulfonic acid was added. The title
Product was allowed to crystallize out selectively, then cooled, maintained at room

temperature, filtered and dried the crystals under vacuum to get 3.2 gm of the product.



% I nhibition = X 100 Thronbus wei ght of vehicle control [0113] The

results which are presented in Table 5 show that (7aS, 2'S)-2-oxocl opi dogr el

of For nul\gOI2PK/10s54he active isomer of thiolactone netaBOMIINZ1AMIOLIS

superior to clopidogrel. WD 2013/001544PCT/1N2012/000021 32 [0114] Table

\S/\é' GL?uprorrpound Dose (nmg/kg); p.o. Q:§/9. of base adm nistered (ng/kg) Dry
ig o]

PHARMACOLOGY AND TOXICOLOGY

[0103] The pharmacological and toxicological results which are reported below
demonstrate the properties of the compositions of the invention both from the point of
view of toxicity and tolerance, and from the point of view of their activities, particularly

inhibition of platelet and thrombotic aggregation.

TOXICOLOGICAL STUDY

[0104] The compositions of the invention demonstrate excellent tolerance and low
toxicity. In addition, the tests carried out on the acute, chronic, subchronic and delayed
toxicities in different species of animals, have not demonstrated any local or general
reaction, disturbance or anomaly in the biochemical, macroscopic or microscopic

examinations carried out during these experiments.

PHARMACOLOGICAL STUDY

[0105] The platelet aggregation inhibiting activity and the toxicity of the inventive
compositions were compared to those of the clopidogrel as per standard procedures
reported in literature (Cardinal, D.C. and Flower, R.J. (1980) J. Pharm. Meth. Vol. 3, pp:
135-158; Ingerman-Wojenski et al. (1983) Thromb. Haemost. Vol. 51, pp: 154-156.) .

[0106] The platelet aggregation inhibiting activities and the antithrombotic activities of

the compounds were studied in the rats by standard methods.
1. Measurement of platelet aggregation with ADP

[0107] The activity on the aggregation of plates induced by ADP or collagen was

determined ex-vivo.

[0108] The products as a suspension in 5% Gum Arabica (aq.) were administered by oral
route to groups of six male rats of the SD strain, weighing 250-300 g. After 4 hours of the
administration, 2 m! of blood is collected into the heparinized tubes by puncture of retro-

orbital sinus. 0.5 ml of the anticoagulated blood is diluted with an equal volume of



Thronbus (ng/kg) (Mean + SEM % I nhibition of Thronbus Formation (Mean +
SEM 1. FeCl3Control (30% 4.05 + 0.5 2. dopidogrel bisul phate
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isotonic saline solution and incubated at 37°C for 10 minutes. To the incubated whole
blood, 10 uM ADP is added and the change in impedance (€2), which reflects platelet
aggregation, is recorded for 8 minutes with Chronolog Whole Blood Aggregometer
(Model 592, Chrono-log Corp., USA). The percentage inhibition of platelet aggregation is

calculated by the following formula considering the vehicle control reading as 100%:

) Impedence (Q ) in vehicle control - Impedance () in test
% Inhibition d
compoun

= 100
Impedence () in Vehicle Control

[0109] The results obtained for the aggregation with ADP are shown in Table 4; they
demonstrate that activity of the molecule of Formula I1A, which is significantly superior

to clopidogrel.

[0110] Table 4.

Product Dose Qty of base % %
mg/kg administered | aggregation* | inhibition

Control
Clopidogrel bisulphate 25 mg/kg | 19.15 mg/kg | 22.85% 77.15%
Prasugrel hydrochloride 2.2 mg/kg | 2 mg/kg 18.93% 81.07%
(7aS,2’S)-2-oxoclopidogrel 3.5 mg/kg | 2.7 mgkg 9.14% 90.86%
bisulphate
(7aS,2’S)-2-oxoclopidogrel 2.5 mg/kg | 1.9 mg/kg 14.57% 85.43%
bisulphate
(2°S)-2-oxoclopidogrel 2.2 mg/kg | 1.98 mg/kg 51.96% 48.04%
hydrochloride (ratio of (7aS,2’S)/
(7aR,2’S) :51.8:48.2)

* Mean of results £ standard deviation



4 mg/kg 3.06 ng/kg 1.10 + 0.2 73 + 5.3 % 3. (7aS,2'5)-2- oxocl opi dogrel
bi sul phate 1.3 ng/kg 1.17 ng/kg 0.98 + 0.1 76+3.3 % *Mean of results
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2. Anti-thrombotic activity

[0111] The antithrombotic activity has also been studied in FeCl; induced Arterial
Thrombosis Model according to standard procedures reported by William A. Schumacher
et al., 2007 (Journal of Pharmacology and Experimental Therapeutics, 322 (1): 369-377)
and Takao Tanaka et al., 2000 (European Journal of Pharmacology, 401: 413-418)..

[0112] The products were dissolved in DMSO (I mg/ml) and diluted in PEG/Water
(Ratio: DMSO: PEG: Water = 5:50:45), and were administered by the per oral route to
groups of 8 male rats of the SD strain, weighing 250-300 g after overnight fast. 1 hour
post dosing, rats were anesthetized with Ketamine (100 mg/kg; i.p.), Xylazine (10 mg/kg;
i.p) and placed on a heating pad. After aseptic preparation of the tracheal and scapular
region of the rats, a midline incision of the tracheal area was made and a blunt dissection
was performed to expose the common carotid artery. Approximately 2 cm of the common
carotid artery was freed from the connective tissues, jugular veins, and vagus nerve and a
~3 mm filter paper, briefly soaked in 30% FeCl; solution, was placed around the artery
for 10 min. The artery was isolated after 15 mins of the removal of filter paper and the rat
was euthanized. Thrombus developed was scraped out from the extracted artery and kept
for drying for 24 hours. The wet and dry weight of thrombus was recorded and is
expressed as mg weight of thrombus per kg body weight. % inhibition of the thrombus

formation is calculated using the formula:

Thrombus wt. of vehicle control — Thrombus wt. of test compound

% Inhibition = i X 100
Thrombus weight of vehicle control

[0113] The results which are presented in Table 5 show that (7aS,2’S)-2-oxoclopidogrel
of Formula [IA is the active isomer of thiolactone metabolite and is superior to

clopidogrel.



1. A substantially pure conpound of fornmula I1A its salts, wherein the
asteri sk denotes chiral carbon center having (S, S) absol ute stereochem cal
confi gur avo@ni3/@15e ONS CI Formula |1 A 2. The conpoundpas/ist@pmomd2i n cl ai m
1, wherein the conmpound is isolated substantially free fromits other

chiral isoners of fornula I1B, wherein Bhe asterisk denotes chiral carbon
center, and structural isoners of formula VI and/or VII. O OV ONS S A Cl
Formula | | B 0O OMOW HOO CId Fornula VIForrmula VIl 3. The comnpound of
Formul a || AjpiadiclabldiSng to claim 2, wherein the other isonmers of Fornula

1B, VI or VII are individually or cunulatively |Iess than 10% by wei ght. 4.
The conmpound of Formula Il A according to claim?2, wherein the other

i somers of For miGeoupl|B, Chpamd/ of \Ddsear e Qtess badean [ByeWsighteif ghte Inhibition of
(mg/kg); | administered Thrombus Thrombus
p.o. (mg/kg) (mg/kg) (Mean Formation
+ SEM) (Mean + SEM)
1. FeCl; Control 4.05+0.5
(30%)
2. Clopidogrel 4 mg/kg 3.06 mg/kg 1.10+0.2 73+53%
bisulphate
3. | (7a8,2°S)-2- 1.3 mg/kg | 1.17 mg/kg 0.98 +0.1 76 +3.3 %
oxoclopidogrel
bisulphate

*Mean of results + standard deviation



5. The compound of Formula Il A according to claim2, wherein the other
isonmers of Forrmula JIB, VI and/or VII are less than | .0% by weight. 6. The
conpound wb 26moswd4a 11 A, according to claimi1, wherein trhersaiitosmsel ect ed
fromthe group consisting of hydrogen sul phate salt, nethane sul phonate, or
benzene sul phonate. 34 7. Isonerically3pure isolated Methyl
(7aS,2"'S)-2-(2-chl orophenyl)-2-(2,4,5, 6, 7, 7ahexahydr ot hi eno
[3,2-c]-5-pyridin-2-one)acetate or its salts, solvates, conplexes. 8.

Met hyl (7aS, 2" S) - 2- (2-chl orophenyl)-2-(2, 4,5, 6, 7, 7a- hexahydr ot hi eno[ 3, 2- 4- 5-
pyridin-2-o§ﬁ%¢Fetate hydrogen sul fate. 9.

Met hyl (7aS, AP 2- chi or ophenyl) - 2- (2, 4, 5, 6, 7, 7a- hexahydr ot hi eno[ 3, 2-c1-5
- pyridi n- 2- one) acsabaimialte tpheen eonspoupdh @f ould OLA, Nt sayh,( WheSeid' the asterisk

S)-2-(2-chl orophenyl)-2-(2,4.5,6,7, 7a- hydr ot hi eng[ 3, 2-¢c] ~5- .

pyri di n- 2- one) ac&"ﬁ?écm@i%h@ shicpiy r}gﬁﬁ@hﬁfegﬁrﬁ? anﬁcolnﬁg”rat'on'
S)/(7aR, 2" S)--2-(2-ch boraplenyl)-2-(2,4,5,6,7, 7a- hexahydro

t hi eno[ 3, 2-c] -5-pyri di n-2: one) acet ate hydrogen chloride. U A

phar maceuti cal conposi i gn conprising an isolated conpound of formula IlA
or its pharmaceutically acceptable salt(s) and optionally containing :
phar maceutical ex®iPi ents. 13. The pharnmaceutical conposition according to

claim 12, wherein the conmpound of
Formula IIA

2. The compound as claimed in claim 1, wherein the compound is isolated
substantially free from its other chiral isomers of formula 1B, wherein the asterisk

denotes chiral carbon center, and structural isomers of formula VI and/or VII.

O OMe
N S
0] .‘
Sk
Formula IIB
o] OMe © OMe
N N
HO 0]
S cl S cl
Formula Vi Formula VI

3. The compound of Formula ITA, according to claim 2, wherein the other isomers
of Formula IIB, VI or VII are individually or cumulatively less than 10% by
weight.

4. The compound of Formula IIA, according to claim 2, wherein the other isomers
of Formula IIB, VI and/or VII are less than 3% by weight.

5. The compound of Formula IIA, according to claim 2, wherein the other isomers
of Formula IIB, VI and/or VII are less than 1.0% by weight.

6. The compound of Formula 1A, according to claim 1, wherein the salt is selected
from the group consisting of hydrogen sulphate salt, methane sulphonate, or

benzene sulphonate.



formul al | Al sMet hyl (7aS, 2'S) - 2-(2-chl orophenyl)-2-(2,4,5,6,7, 7a-

hexahydr ot hi eno[ 3, 2-c] - 5- pyri di n- 2-one) acet at e hydrogen sulfate 14. A
phar macewvoeais/mosi nati on conpri si ng conpound of for nulpaTiINA12D0002S sal ts
according to claim1l and a second anti-pl atel et/ cardi ovascul ar agent. 15.
The conbi nation according to claimi14, wherein the

antipl atel et/ cardi ovascul ar agent is seI ected fromthe group consisting of
Aspirin, cilostazol, and dipyridanole. 16. A pharmaceutical conbi nation
conpri si ng corrpduasrderwfalli mumjisalatekiAM@thyl (BS238)k 3 (Cadvapphany) £d2d%0.-a and a

gastric pH regulﬁ@g@ﬁ@g&3 L S,Jyf}%]nqg.%ms)g ;# & i3S diiMed Qorrhidles 16,

wherein t he gast agen ecte roma proton punp
i nhi bitor, and.Re®fhii di(n€S,2°$82- (Acmtetolpbdwaz -Qrdea 6. Adathesahgidothagnoprbph$H axi s
of throrrb05| s and / tient in need of such treatnent,

whi | e avoi di ng aWcﬁ‘/dH‘r£QP?r;‘g‘i?faéetli‘yﬁjéogteﬂéu'Ea?de effects associated with the

cl opi dogrel et abiethiyt 65(7£2 B?—@&R cmbrdﬁﬁényuLia(zLM 6,0 Tapekaiydgtlacho{ 2-sk-&ri ng an
ef fective anmount of (7aS,2 Lpggl dogrel or a pharnaceutically
accept abl e salt I?Mﬁ@f‘b%‘f’“e)a‘f??t‘i@e M%d method for delivering the

active cl opi dqgr gliypt 3o tsf-zl(ﬁtcmu«c@hér@n) 3264, $,6 9 MeRdhyamehiénof,2-c]-5-
prophyl axi s of throhbosis and enbolisns in a human in need of such

treat ment whil e RWSINdZ-0EC)BCtAT le‘é‘W“&tSPltﬁBO"taF?e side effects associated with

i nactive cl opi;qogLgl, met ag%s 38 (7@1{ 2"96-@1(2@?110%%%1)&2 1MV, 5 hretagtieRaty b
i npr ovenent consi st of m ni S ering an ef fective anmount of

(7aS, 2' S) - 2- oxocthispplddgelet- P)Grdlra2'}9h%)ﬁ¢?éﬁ§%hbt¢f%’iﬂF?lo'a%ept abl e salt thereof.
20. A method f, gr‘%‘gﬂ[h cédtfa | éd&'}p%gltlbrpg&ﬁbr%'ﬂ%l arPlsabel %Emb&ﬁ‘ﬁltdf\’fbﬁ%la 1A

variability an In the treatnent and / or prophyl axis of
t hr onbosi s and /ororltempbdtmn@tlgéﬂlyer yesapthlde | caltly aethi wpdenally | oen@MINg dose
of cl opi dogrel

nmet hodconpri si ngaﬁfﬁlﬁceg?célr?xﬁgo(wfass 2' S) - 2- oxo- cl opi dogrel ora
phar maceut i cal 1I3yT1a£ pepinatdueca abmpdsit@neodordigd to CHim Rewherdinghe @nzionnof,

wherein the inte d| Vi .var | it nd
t hei r pol ynor phi ﬁl fe@gat i %nsweg? K7 s ?%féia}lgéFﬁe%%)fs& g?e?n t he
CYP450 i sof or s l@dx@hﬁY(RHi@ﬂ&{’BZ Qs Bhidinar-oYR2GES Y I gen bitfae. 23. A net hod

according to claim 20, wherein the, inter-.individual ¥<3[1r|alPJ ty il lue to
P- gl ycopr ot ej n de ¥ pwngqea §ppkination comprising compound of formula [1A its3a

according to claim 1 and a second anti-platelet/cardiovascular agent.

15. The combination according to claim 14, wherein the antiplatelet/cardiovascular
agent is selected from the group consisting of Aspirin, cilostazol, and
dipyridamole.

16. A pharmaceutical combination comprising compound of formula ITA or its salts
according to claim 1 and a gastric pH regulating agent.

17. The combination according to claim 16, wherein the gastric pH regulating agent is
selected from a proton pump inhibitor, and Ranitidine.

18. A method of treatment and / or brophylaxis of thrombosis and / or embolisms in a
patient in need of such treatment, while avoiding and/or alleviating the side
effects associated with the clopidogrel metabolites at least of Formula IV,
comprising administering an effective amount of (7aS,2’S)-2-oxo-clopidogrel or a

pharmaceutically acceptable salt thereof.
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20.

21.

22.

23.
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An improved method for delivering the active clopidogrel metabolite in vivo for
the treatment and / or prophylaxis of thrombosis and / or embolisms in a human in
need of such treatment while avoiding or alleviating the side effects associated
with inactive clopidogrel metabolites at least of Formula 1V, wherein the
improvement consists of administering an effective amount of (7aS,2’S)-2-oxo-
clopidogrel or a pharmaceutically acceptable salt thereof.

A method for minimizing inter individual platelet reactivity variability and
metabolic loading in the treatment and / or prophylaxis of thrombosis and / or
embolisms observed following administration of a dose of clopidogrel said
method  comprising  administering  (7aS,2’S)-2-oxo-clopidogrel or a
pharmaceutically acceptable salt thereof.

The method of Claim 20, wherein the inter-individual variability is due to
CYP450 isoforms and their polymorphic manifestations.

The method of Claim 21, wherein the CYP450 isoforms are CYP2C19*2 allele or
CYP2C19*17 allele.

A method according to claim 20, wherein the inter-individual variability is due to

P-glycoprotein efflux transports.



