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DESCRI PTI ON METHOD FOR PRODUCI NG HI GH PURI TY PRAS

OR AN ACID ADDI TI ON SALT THEREOF Techni cal Fi el dmﬁmﬂlﬂﬂ"ﬂ |||||||”||||
present invention relates to a nethod for produc

hi gh-purity prasugrel or an acid addition salt *159159*
t hereof . Background Art The conpound havi ng the

formula: O / Nro () H3C S F is known as prasugrel.
Prasugrel and pharmacol ogisgstgragespt abl e salts

thereof are known to have a platelet
aggregation-inhibiting action and are useful as an

active ingredient of a medicine (particularly, an

ant i t NHOHOPIFORPROMUCEYH SI{GH-BGRATY PRABROGREIL I#0 AdY ACID
JP2002-145883). However, the use of prasugrel or a

phar nacol ogi cal | y acc%BFﬁBK§q§éﬂﬂ"THgREGF as a

nmedi ci ne has required a techni que for producing the
prasugrel or a pharmacol ogically acceptable salt
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or a pharﬁacologically acceptablgpggﬁﬁﬁ¥ﬁg¥§ggfﬂgﬁ§pnmugel
adaran eoid ad@B00 RalfltheRDB descri bes a nethod for

produci ng prasugrel hydrochl oride or nmal eate, which

i nvol ves reacting an

Background Art

The compound having the formula:
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is known as prasugrel. Prasugrel and pharmacologically acceptable salts thereof are
known to have a platelet aggregation-inhibiting action and are useful as an active
ingredient of a medicine (particularly, an antithrombotic or anti-embolic agent)
(JP06-41139 or JP2002-145883). However, the use of prasugrel or a
pharmacologically acceptable salt thereof as a medicine has required a technique for

producing the prasugrel or a pharmacologically acceptable salt thereof at a high

purity.
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acid wth free prasugrel. However, neither of these
pat ent docunents describes a nethod for decreasing

t he by-product OXTP. Patent Docunment 1: JP06-41139

Pat ent Docunent 2: JP2002- 145883 Patent Docunent 3:
W96/ 11203 Disclosure of the Invention Problens to be
Sol ved by the Invention An object of the present
invention is to provide a nmethod for produci ng high-

purity py f ' ition salt thereof by
reduci ng t@)ﬁggégé?t g%%ﬁ%fs%bc@ %drj%criﬁgf é‘cgﬁé’ﬁasé{%re%.

Ve apisarih acobsi 3681y lab €epRIbRDS B YRer &S a 1 E‘?%lhlf%g?%(?d;t' EIRkY Gescribes a

studi es on a nethod for producing

pr amegeé forgroduamglpyakuges h odrb el@ordidecsranileatd, WRELE BvbREs reacting an
content of inpurities such as the by-product OXTP Is

r edRfekyyith fise Pissegreht Hawevat, orithen af chebopaehttdbadmeris @tdbes a
caqnq§ d%F%Fted‘MA h free prasu%rel contai ning OXTP to
makB 4R HEiC8CTEH he Ry Papduct @Xd@duce the content of

t hep Py OgLe | he resultant prasugrel
hydro%ﬁ?%?gg%hﬁo}ggaggﬁ e high-purity prasugre

hy dr 8 DREiHEnt 2 TR 0Bha%8RE3 | nventors have also found
that the recrystallization of free prasugre

corRaainnDogurt®tB: Bamod/eruge the content of the

by- product OXTP in the resultant free prasugrel to
produce high-purity free prasugrel. Thereby, the
present invention has been acconplished. According to
th lﬁag?é%?ft?‘ﬁVé’ﬁNl@h, the. peak of OXTP (the

S.l’ltﬁ’{)lﬂgr%seto i Itg%‘?%j%,e%‘g?%i on tine of 13.02 or 13.76

mnutes Tn 8 bst ance with a retention

-3- ti : ; inutes in Figure 6) in_ _
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t heufigatabreachh aahaaays 8AGPralleiRE ARUGL 8! d
an acigk agaition salt the?@gga%for g?ﬁﬂg%%?‘%ﬂgnhﬂ%y'
an@ruyossudusDEABe With a retention tinme of 26.81,
36.79, 38.84 or 52.49 mnutes in Figure 5 or the

anal ogous substance with a

Means to Solve the Problems

As aresult of intensive studies on a method for producing high-purity
prasugrel or the hydrochloride thereof in which the content of impurities such as the
by-product OXTP is reduced, the present inventors have found that an acid can be
reacted with free prasugrel containing OXTP to make an acid addition salt to reduce
the content of the by-product OXTP in the resultant prasugrel hydrochloride to
produce high-purity prasugrel hydrochloride. The present inventors have also
found that the recrystallization of free prasugrel containing OXTP can reduce the
content of the by-product OXTP in the resultant free prasugrel to produce high-purity
free prasugrel. Thereby, the present invention has been accomplished.

According to the present invention, the peak of OXTP (the substance with a

retention time of 13.02 or 13.76 minutes in Figure 5 or the substance with a retention



retention time of 26.13, 35.52, 37.45 or 50.37 m nutes
in Figure 6) in the chromatography. The present

i nvention provides a nmethod for producing high-purity
prasugrel or an acid addition salt thereof
(particularly, free prasugrel o3-the hydrochloride
thereof) in each of which the content of OXTP is
reduced; high-purity prasugrel or an acid addition

| tim o 1 in L
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met teddcedaopiparedas {:Hétpeﬁlabf &@Hﬁ@;ﬂb%dt@ @u@sﬁ?ﬁfet& it okl 'ané’lian acid
prophyl actic or therapeutic agent for di seases Cause

by 2dsitnoalt timreddithonlewamnple cthahmdlogaug sttseanbe g rauédewon time of
p a%¥grel or_an acid addition salt thereof

(partPeufdPi 3884 P 4pmainsrie Figure § hetﬂﬂ)adalogws(snlbsdame with a
the ive di ent; use of th

hi g ?ef)luzr"l’ e OE?§§§J i 3? 4§ﬁr A8 d mipees wd'ngtgam in the
thqg@ggaggggﬁlcularly, free prasugrel or the

hydr ochl oride t hereof) for the purpose of produ0|ng a

phar mac auk ipfbnGANERASH bloRl Y
t her apeutllg et hod forbdl séésag’y?‘g‘aﬁ?%@?‘ &ugﬁ purity prasugrel

t hranb esidsdditioneatb et pardtiutdiyi, M@F%ﬁ% ﬂdptﬁu 1§}d§-‘56h‘i@1de
to warm bl ooded animals (particul ar humans)

phaheraefdin ¢ashlof wdigbobé convent o6 MXAMis Redied; high-purity prasugrel or
pharnacolgglcall effective anount of high-purity
pr 0 d jonsalt o SpATtiey ety Sk prashgneborfthe hydrochloride thereof)

t he hyd hi d
{ bbbl Bkl prool Sion R RRLH Mpmreculca empoiaon (paioptarly, a
lorid
g AT B SET 6 By i
O chitdinmg the mghwgraﬁ@ﬁél%tanQf:ld%gﬁronc\sgﬁ'ﬁ{e}e%'fQ,%.mcularly free

di ssol ving free prasugrel containing in a

So|pg@ﬁgreh¢rdhahmmqﬂhly@rtberhbbras @n acti v ipretd i@ bbeyof the high-purity

dr OP Wlugrgl ct>roantalgld addition salt thereof (particularly, free prasugrel or the
hydrochloride thereof) for the purpose of producing a pharmaceutical composition;
and a prophylactic or therapeutic method for diseases (particularly, thrombosis or
embolism) which involves administering to warm-blooded animals (particularly,

humans) a pharmaceutical composition containing a pharmacologically effective

amount of high-purity prasugrel or an acid addition salt thereof (particularly, free

prasugrel or the hydrochloride thereof).

The present invention is as follows:

(1) A method for producing prasugrel hydrochloride represented by the formula:



solution for reaction; (2) A nethod for producing
prasugrel hydrochl oride as described initem (1),
wherein the inert solvent is acetone; (3) Prasugre
hydrochl ori de containing 0.7%or |ess of OXTP

produced by a production nethogl.as described in item
(1) or (2); (4) Prasugrel hydrochl oride containing
0.2% or |ess of OXTP, produced by a production method
as described initem (1) or (2); (5) Prasugrel

hydr ochl ori de contai ning 0.09% or )&
produced by a production gthod 2
(1) or (2); (6) Prasugrel hyw | ori de containing
0.07%or |ess of OXTP, produced by a production

' ); (7) Prasugrel
hydr ochl ori de co N of OXTHa) _
produced b [ fis desgribed in item

(1) or (_2);_ (8)
by EQO ing 0.78 or OXTP; O) Prasugrel

hydr ochl or\de characteri by cont aining 0.2%or |ess

of OXTP; (QO) Prasugr el drochl ori de characteri zed

by containing 0.09% or |ess of OXTP; (11) Prasugrel
hywlmhkﬁntdﬁ&oﬁfbﬂf@m}ﬂwz&ﬂn 15%0(11

of OXTP; (12) Prasugrel roch %s?,?j\re%égﬁ %z{e%%l gt%lm“g
by QGHP ai mi wgrtBoREsoand atidaxsg helrothdR: aci®oplidmdllyAropwise to the
pras grel hydrochl ori de as described in any one of

i t SRR ‘(’3)“&‘6“(“22) wherein the prasugrel

hy ﬁochl or!atge .S a r st al show ng mai n peaks at

c) i ngs' T & peo $ pjasugreg hydrochlordriasalescrineg dn item 1),

mmygﬂh)fn i on obtained by irradiation
Wi th coppgr &gyorlaé&&ata%g{r? (14) A prasugrel

hydsochbekhdel Bardtareidk ke o b DSET ploducd
(12), V\:her%I n@t%he pr asug?tgilnﬂhg;g?é Cﬁ?ﬁ?ﬁ&? $ Hictdby s
cr ys?tdabtlcsrhmmhng asr@ésoripebiksteat (13 pa@)ngs (d) of 6 6,

4.0, 3.5, and 3.4 angstrons in powder X-ray
d| £4)r acPiagerelivdrasioridy containim G2 % lask bhOOTTPY §fodked by 2
r adi

o%uctlon method as described in item (1) or (2);

(5)  Prasugrel hydrochloride containing 0.09% or less of OXTP, produced by a
production method as described in item (1) or (2);

(6)  Prasugrel hydrochloride containing 0.07% or less of OXTP, produced by a
production method as described in item (1) or (2);

(7N Prasugrel hydrochloride containing 0.05% or less of OXTP, produced by a
production method as described in item (1) or (2);

(8) Prasugrel hvdrochloride characterized by containing 0.7% or less of OXTP;
9) Prasugrel hydrochloride characterized by containing 0.2% or less of OXTP;
(10)  Prasugrel hydrochloride characterized by containing 0.09% or less of OXTP;
(11)  Prasugrel hydrochloride characterized by containing 0.7% or less of OXTP;

(12)  Prasugrel hvdrochloride characterized by containing 0.05% or less of OXTP;



(15) A pharmaceutical conposition conprising as an
active ingredient a prasugrel hydrochloride as
described in any one of itens (3) to (14); (16) A
prophyl actic or therapeutic agent for use in

war m bl ooded ani mals for diseases caused by thronbus
or enbol us, conprising as an active ingredient a
prasugrel hydrochl oride as described in any one of

ite (3 , A hylactic or therapeuti

ag e(r]li?)f o’% phagtéér%@yﬁ ﬁc‘r?éﬁ&gdlg 3? E?%P%en‘@gsaflg °Bf ohé%so@&%&),
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hydr ochl ori ge ngg %stoxiﬁlgggg{ﬁérg%l Sg(r)}g[x%f%lig{l g%r%ks(aéipaflggs (d)
(149£5.7,148), 3/8, 5es;, hendl3 B @hgquioatiUn pB@dér e LayPiBE4abE bbMnkd by
a reduced content of OXTP, conprising recrystallizing
f r edragratiguyiblcoppamiai rdiagio@XTP; (19) A production
netaog as described in jten1(18%,.mherein t he

rect'yst o Prsugreldiydrasiiosidg as dessabedon aay ane of items(@) o (12),

sol - {20) A production nethod as described in item
(18%?%%&% ‘)ﬁ‘s‘tﬁﬁé hy 8?@‘893? 5i "z“éﬁ‘ﬂﬁgmﬁ@éé{l%e%ﬁ%ia{ sAariges (d)
osn o S 3 st loRR BS G0k QLPygh JihRka by
desieraiifieeh Wit @BYpePRE: @lliatibems (18) to (20); (22) Free
prasugrel containing 0.2%or |ess of OXTP, produced by

a piléHuct pmmacretibddomposiasc Edrﬁﬁfkiﬂghs&ﬂ)écﬁﬂﬁmgfedietn?ﬁgrasugrel
(18) tohg%io ; -6- (23) Free prasugrel containing 0.09%
RY

or s Pescpbestin@ad opy obitgmo@lst (18)  net hod as
des Ejb din qqy.one of itens ?18) to (20); (24) Free
pr asagr & POBRYIATHS; 9 dhenarsrbs agent i usem weaxEsblopd gls for

b ' h i bed i . f.
YRR AR ARl mipert S g
0. @3%%ugtel h9&scHbri dDEResd] M ﬁ?&@ &%o@xt@&g?ﬁfgtg I(?ég; (20)

net hod as described in any one of itens

( 26) 7Fr deprpplagaigic ok tiehapeatd SienZf6 ukbyinGOR{aak RiriEroRbd % or
or less of OXTP, (27) Free prasugrel characterized by
COMOﬁprﬁgcqmmqgrasmggstlm in@x¥dient a prasugrel hydrochloride as described

in any one of items (3) to (14);

(18) A method for producing free prasugrel with a reduced content of OXTP,
comprising recrystallizing free prasugrel containing OXTP;

(19) A production method as described in item (1 8), wherein the recrystallization
uses an ether or a nitrile as a solvent;

(20) A production method as described in item (18), wherein the recrystallization
uses acetonitrile as a solvent; |

(21)  Free prasugrel containing 0.7% or less of OXTP, produced by a production
method as described in any one of items (18) to (20);

(22)  Free prasugrel containing 0.2% or less of OXTP, produced by a production

method as described in any one of items (18) to (20);



(28) Free prasugrel characterized by containing 0.09%
or less of OXTP;, (29) Free prasugrel characterized by
containing 0.05%or |ess of OXTP; (30) Free prasugrel
characterized by containing 0.03% or |ess of OXTP;
(31) Free prasugrel as describgg in any one of itens
(21) to (30), wherein the free prasugrel is a crystal
showi ng mai n peaks at spacings (d) of 6.7, 4.7, 4.6,

4. 2¢238Nn0:, rons | wder X- di ffraction _
obt & hed by e R ab ABea oA SSe P R pe i i production
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active ingredient free prasug escri bed in any

one(2) ifrenpragugigl coaindily O._Oﬁ‘ﬁ?& 1As B Ow, ﬁFJdiuge gf af%rPduction

therapeutic agent for use in warm bl ooded ani rra(ﬁqi
di s@a¥ed axdassmbkdiy anjpoerbiisenos (18)acRag, conprising as

an &c&i ve i ngredient free rasugrel as described in
any'“he "% RTEigEe! contpingng .83%or {84 pf AXFiPo produeittiyca groduction
th I ¢ agent. for use_in humans for thronbosis or
errber(g]?t?géri]gs %%ﬂ%ﬁ%éf’ﬁﬁy gRe ofitems (1§10 (ABk edi ent free

prasyer el j | ny.one. of jte (21).to

o S e R R Ring .20 & et LAY
sal@7pf Fpeasa@er) ch&haédseh @ BEDid; al . Lre :

pr asugr el egi;‘r dgx?c?i bed in g)%yC%g%leduggo'lb?zér’rrsle{sf%cniTop’(S

1) 8) r Enectregbugicl bhaacteried byiBn@Mihd@0H%SRIME B OKTH: N
the_absence of a solvent; -7- (36) A production nethod

as (d&scFrasagasuarel chanq@sied bylventeining 065 %airdesa 36O TEN

sal £ [ g t he hé%gochl oride, maleate, or

berl PneLFePotY | chagagferjgied hyicgnigiming §.83%gwlless of OXTP;

r r C r.oducti on_ net hod as
DS S BERTUE BA UL 8 Samumeecn e e
co Sbrlel @7 lh&i | al chtnlg SoIt
desmg?i %ﬂgd i&hﬂ‘igt;e}rﬁj(v% )@gﬁgﬂgagﬁ Ve o ﬂtar 2&76%?: 4'@3@))7" and 3.8
A pnggioytisat poedarXrhedigpfubh %bﬁgﬁatbyfiﬂ'ﬁdigﬁﬁnyiv{lh copper é(o.

war mx. bl ooded animals for diseases Caused

or raéh«’ﬁtﬂ_nuS, conprising as an active ingredient an acid
(32) A pharmaceutical composition comprising as an active ingredient free
prasugrel as described in any one of items 2 to 3D);
(33) A prophylactic or therapeutic agent for use in warm-blooded animals for
diseases caused by thrombus or e'mbolus, comprising as an active ingredient free
prasugrel as described in any one of items (21) to (3D);
(34) A prophylactic or therapeutic agent for use in humans for thrombosis or
embolism, comprising as an active ingredient free prasugrel as described in any one
of items (21) to (31);
(35) A method for producing an acid addition salt of prasugrel, characterized in
that free prasugrel as described in any one of items (21) to (31) is reacted with an

acid in an inert solvent or in the absence of 2 solvent;



addition salt as described in item (37); and (40) A
prophyl actic or therapeutic agent for use in humans
for thronbosis or enbolism conprising as an active
ingredient an acid addition salt as described in item
(37) as an active ingredient. Agccording to the present
invention, the "acid addition salt" can be, for
exanpl e, an inorganic acid salt such as a sulfate,

hyd hlpride, . nitrate o osphate; ~_or an organic

aci {?%Zal'gp?%gﬁmé’sm%\tg‘?cfﬁ ‘{eﬂgﬂﬁ’ AR {IE 35 mithergirethe acid addition salt
met RAREHIE MR, mal? EQnaLS o
p-toluenesulfonatgé %?b g%a ‘§§H??§Fs a hydrochl ori de,
mal @3) e,An &id kREANQRWI HRRAER] prldBE& I, & i
hydrochl oride. The pras&gre o? an acV§‘§5 |P¥%ﬁmgg
t hetsseribeddn oedi(Bg) drg3é)he present invention has an
asymmetric carbon atomin the nolecule; there are
st drébi doRkamaceysios] sgmposineh S mprdingjar afid sdtstionTdaR as described

stq5§gi§§2?rs and a conmpound containing these in any
pr oporth B &3 5B hngrdisRbassed within the present
I nvygat i gn stereoi soners, for exanple, can be
syni Phe %%rgg%“d's?i SRR F"éé‘é? ot bloodesk aimals for

COr&UdEd T a@ed ' I i n nt hesj.zed .
prasugrel or gz%rgglibgpg%ﬁ? %%X%Igp{%xﬁggesr aerg?‘:%%% %"t‘#‘?‘éla“ acid
r esdiuiton gal; ad desedisddrifftemys7)0gnd conventional opti cal

resol ution or separation nethod. The prasugrel or an
aci{ti®adei rroplylassictor threspeutic agaofodiusginttumdAe fRESRMosis or
invention nmay be allowed to stand in the air or

r eEF‘S}?#‘%{Pi TOIRRTSIG 25198 Gf bV oiagkedient dreaaidyddiBon dadt\ais dgscaibed in
ad bed, wat er .or. beconm ng a hydrate. The
ma?%&l@g%?ﬁwﬁfﬂﬁeH@ﬁﬁ&ﬁhds are enconpassed within the
present ak nt i Ltion, sqlvates.thereof each

cont ai ni n%mgﬂ%/ t(gﬁrrrgd) h{%e@ﬂg génglgfl\/tgﬁt acé?%&z '%’bsalit can be, for
enesampis sadnyvghdit AcidREl PEA%E Asul h@VIRd AbridACE ALl PQhosphate;
to the present invention, the prasugrel or ah acrd phate,
ad@r &4 orgasialatid shheudhok aariflidrendetiy,dhatfs MéthaRLMANSS

caB formcrystals (crystal polynorphism having a

pl AFAcPesylfgnateipr p-olegnesulfomate. sPrafetabiyes isdblydrochloride, maleate,

hysi cochenj.cal roperties, dependi ng on
PhY? f)enzenesmfonate, Enor preferably a hy(Fi)rochlori%e.
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The prasugrel or an acid addition salt thereof according to the present
invention has an asymmetric carbon atom in the molecule; there are stereoisomers
having R and S configurations. The stereoisomers and a compound containing
these in any proportion are both encompassed within the present invention. The
stereoisomers, for example, can be synthesized by using optically resolved raw
material compounds or can be obtained by subjecting synthesized prasugre! or an
acid addition salt thereof to optical resolution, if desired, using a conventional optical
resolution or separation method.

The prasugrel or an acid addition salt thereof according to the present

Invention may be allowed to stand in the air or recrystallized to absorb water, thereby



reaction and crystallization conditions. The crystals

and a m xture thereof in any proportion are

enconpassed within the present invention. Crystalline

and anorphous solids thereof may be present as a

m xture. A mxture thereof in agy proportion is
enconpassed within the present invention.

Specifically, the content of a specific crystal form
accgi i invention is_preferably 50%

or rro??frlg] %;%?(ygg rv‘g%g?)g %C)? TBD%E gygrﬁi?r e,ng Piatef-CAA@Ing compounds
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pr eswmining vy tmoumt of aGblyshtakre b6 B comipasd %@hﬁﬂth\é@?%@m
inner structure is three-dinensionally conposed of a
regliv&itionepeti ti on of constituent atons (or a group
thereof), and is distinguished froman anorphous solid
whi ch dd§OTaRg tohg Rresqnt Fnvantiery thesprasugred pr i #dic hdditon salt

Whe 0 solid,is a crystal can be exam ned
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cal ofli e y)d.lff%?{way ré?g Ee‘gge%f“@ p h%\“%"(‘iﬁ?’ﬂ‘c?lspm%%?seéfR?&dmg on

t 0 rpautie anKefyoMlIZaNST édndandPhyhd 24 2YS, bt ai ned.
by irradiation with copper Ka raé‘#'gtgllséﬁ Qﬁué%ﬁ tg‘efegpm any

detREPPrirhertiare enbrenpessedyeittdh thidyessedt S bmiih, pe%ﬁ 1fAand
observed in the X-ray diffraction pattern, Ile a

sol FPrpoug selidsrthereef mey brepresambpphotisumshe i ik e ShérBsttin any
pes}&? are observed. A salid is determned to be a

crys

P IQMh'S SRCQPRASed) Wit the Bresenbipvention. t BpepBertly, tharontent of
be arsg@gﬁpg{ys,]g[gngq‘tcco%lsnltgitn t (r road). A crystal
sta

whose cry inity 1s Pow & '

.g.., broa
gﬁ?ﬁbﬁﬁ%@éds miefeiatly 20% or more,

cr ysdrabre@rabin@0o48:85681 sti t %q0) N_powder X-
cryst albl ogr aghy usi ng boig)lggﬁl% arle?g }ya%ol)g)ﬂf g’é’resgﬁ‘ﬁ'lcé{aﬁé

t y prederably %504 athartephowti prbfe26 BPETY, Kanfoadi ation (in

which Kal and Ka2 radiations are not separated). An
X-ray diffording tothe paastrtrinvensionrecrokhlaie fedtolysoBa A EL Dger
the diffraction derived fromKa radi ati on, and al so

by “EHAY 35 %&%ﬁmww&a“ﬂi pmpaeed afra reghdar repetitfananckadtituent

ragi.at.i aken out. fromthe diffraction derived from
t hgd"%as (Q‘P% °at ?‘]}f ‘.’0%}8‘8 fso‘f‘ﬁwgtlﬁh%@mara@mrphqw solid which does

a. POVHAQE s%hraarléglglhlf &15%!’1.18&!’9 at\x’ﬁgtﬂer or not a solid is a crystal can be
examined by a crystallographically known method (for example, powder X-ray
crystallography or differential scanning calorimetry). By way of example, a solid is
subjected to powder X-ray crystallography using X-rays obtained by irradiation witﬁ
copper Ka radiation. A solid is determined to be a crystal when distinct peaks are
observed in the X-ray diffraction pattern, while a solid is determined to be
amorphous when no distinct peaks are observed. A solid is determined to be a
crystal whose crystallinity is low when the peaks can be read but are not distinct (e.g.,

broad). A crystal whose crystallinity is low is encompassed within a crystal of the

present invention.



obtained by irradiation with Ka radi ati on enconpasses
an X-ray diffraction pattern obtained by anal yzi ng
the diffraction derived fromKa radi ati on and an X-ray
diffraction pattern obtai ned by anal yzi ng the
diffraction derived fromKal ragliation, and is
preferably an X-ray diffraction pattern obtai ned by
analyzing the diffraction derived from Kal radiation.

Cryst al i drochlorld of the
present Ilﬁggvn%rlh%ﬁg}éa %gogﬁa usé‘B@aFﬁBP%‘ r?ﬁ“i}‘;@a‘!smplels

S hOWpRGII IR 8 6PN th @&ppépf‘\@ ﬁgﬁn&rg?g gj)gxc% o d L 2p9 }(g.gtr?cgﬁtlons are

3.5, and 3.3 angstrons

pat hersepahttd)i nem Xytay dllfﬁlﬁiitl@blpﬁﬁedi\ﬂcﬁrhbggﬂgﬁted !
radi ation as shown in Figure 1. Crystal Bl oft)i%%a yzing the

pr adifrasion dyuyadcfdro Kicdedafioh, head tse $§haly e Bhiyafe 8&Raction
for exanple, a crystal showi ng main peaks at
spaé“r“h”@g from Kef ragligiongaken ant Grom3hédifradiod. dérivahfishnEa

in mder fraction pattern obtained by
i rradiss gk Ton \:/ﬁof‘ﬁx% %SP”SRH IRueahon. iz walsr Xhawdiffraction pattern

Fig rasugr el hydrochl rlde of
theo gL o kel e Bt LR 25 escinal ra Sstat pacem

shovbtiigedBy dhaPLMeSthali fRRAn MRy &fjéror‘a){(& ra%’xaéxo]n fa.h% an ?%ﬁiy

3.5, and 3.4 angstronms in a powder ray

pat dléﬁrwtlobpatdmedbtbmw by afiladih@the Wi AR cGAPRE ved FRm If(onl radiation,
radi ation as shown in Figure 3. A crystal of the

a%"lﬁ’g‘? prefesgbly e Xprag défiftaction/etemosbtaiaed beanal @ing the diffraction
exa stal showi ng nmai n peaks at spacings (d)
dﬁ”?‘lg%y@d‘a&'% and 3.8 angstroms in a powder

X-ray d { atter obt ai ned irradiation with
copper g S:aggaf ras ‘é%reﬂi‘r %:“Wdﬁg rgsent %Cﬂ‘l%%ée for

povusteghg% 5 aysidi tho'ix%?gtxh% Ratd 8P sédjrgfusr 294 3P3% and 33

descri bed below, the ordinate a

di fahgetainisdn aipotveask tryy (iﬂ'ﬁh’d’ﬁo%/p‘iﬁ&ﬂ r&@ta&&éasay)m%ﬂqti&g@mh copper
hori zontal axes represent the diffraction an 9.

( ddgk éaéis,a)tlon'ﬁhélmammngud 1(angstroms) can be
calcuIaE d letting n =1 in the equation: 2d sin9 =
ni.. tﬂi’edﬁasulgﬁ@ hydrochlgdiieof e pravl invigtibn 2an be, for
|s and the Kal radiation wavel ength k
, e;tar%ple a cry staloshobvmg main peaks at spacings (d) of 6.6, 6.1, 4. 0g 3.5,and 3.4
angstroms in a powder X-ray diffraction pattern obtained by irradiation with copper

Ka radiation as shown in Figure 2.

Crystal B2 of the prasugrel hydrochloride of the present invention can be, for
example, a crystal showing main peaks at spacings (d) of 6.6, 6.1, 4.0, 3.5, and 3.4
angstroms in a powder X-ray diffraction pattern obtained by irradiation with éopper
Ka radiation as shown in Figure 3.

A crystal of the free prasugrel of the present invention can be, for example, a
crystal showing main peaks at spacings (d) of 6.7, 4.7,4.6,4.2, and 3.8 angstroms in

a powder X-ray diffraction pattern obtained by irradiation with copper Ka radiation

as shown in Figure 4.



1.541 angstrons. The identity of crystal forns shoul d

be qualified by referring to the pattern of the whole
spectrum as needed even when the spacings (d) are

slightly different because the position and relative
intensity thereof can change sogewhat depending on

measur enent conditions. According to the present

i nvention, "OXTP" is 5-(a-cycl opropyl carbonyl-2- fl

uor obenzyl ) - 25 ~2.4, 5.6, 7, 7a-hexahydrot hi eno[ 3, 2-c] p
yridine r et%)er é%‘gar%gﬁmﬁlyd?{%ag‘d”f %W&?¥€3“€Y5 oo waed)]bCIOW, the
HO Srdma%e Les THRELn @ ifirkBL L (5O Lhe (OXTP.
according to e?ﬁe r|c1)relsent ?Wv%%hgﬁ%‘?%&O&&é?ﬁs?)&ﬁgme horizontal

t hepxesirepresenadhy AifehEtidh S@lelPondtgelde sy tical
i somers exi st based thefgeon.rt 1%8352 i SO fragﬂ ﬂgggsmms) can be

m xtalewdatehby btingal sd ifiad equatidii: 0d sine QTP AU A, the Ka
to the present invention. Effects of the Invention
Ac cBFHHAG vaelermh pried SArngsroant araithe Kodrediansh Wavelength 2 is

pr oyi hi gh- puri t. rasugrel and an acid addition

sal yggﬁgnrgé%%nfp:ﬁ}ﬁ ﬁrlltgy P??ryftﬁlef@“ﬁf’ shoulst g quatified hereferring to
hy dg,@ ' ref). i n_eac f which the content of
i ) 2t O£ e B el S BES36 srohien the Sregiage € are slighiy
- | | diffBeat bd¥beke thOposiiin! Ak Pl aFId mIetHS{)JI tﬁéreeg}' Lon, Free

prasugrel can be produced as a star rra?aé‘rcmﬁgefSBF’eWhat
t hedeperiemon imessendrhan colditiédde pr oducti on met hod

described in W96/11203. A nethod enbodying the

pr esent AcARrdng;tomhe presept motertiong" GXFhH RUB-{d-Yyclopropylcarbonyl-2-

ﬂuorobenzyl)-2-oxo-2,4,5,6,7,7a-hexahydrothieno[3,2-c]pyridine represented by the

formula:

o) O
or
= N N
S S S F

There are keto-enol tautomers for the OXTP according to the present invention. In
addition, there is an asymmetric carbon in the OXTP and optical isomers exist based

thereon. These isomers and a mixture thereof also fall within the OXTP according

to the present invention.

Effects of the Invention

According to the present invention, there can be provided high-purity
prasugrel and an acid addition salt thereof (particularly, free prasugrel and the

hydrochloride thereof) in each of which the content of impurities such as the by-

product OXTP is reduced.



prasugrel hydrochl oride, free prasugrel, and an acid
addition salt thereof is as follows. Process for
Produci ng Hai gh-Purity Prasugrel Hydrochloride from
Free Prasugrel This process is a process which

i nvol ves dissolving free prasugrel in an inert

sol vent, addi ng hydrochloric acid optionally dropw se
thereto, and, if necessary, adding a seed crystal for

reagt i oduce, hi gh-purity prasugre
hyd&%%ﬁﬁ%&ﬁﬁgémTﬂnﬁQngﬁpg@@Eg? t he addi ng of

hydr ochlgl ' ' |1y dropw.se may Db carried .
R L B IR AN ALK .
oneby hEBréfuctich M¥Rod BescREULMAN Yeyi9gs! portions. The
solvent used in this process Is not particularly

l'im ted,A pretiod@atbotyiag tHelpres@hSROEMRR thiiodidhd hiB8-purity
material to a degree and does not inhibit the o

r earesugre! hydrochlondey drst prasngrok and an acid adgitien sfiNthereof is as follows.
al i phati c hydrocarbon such as hexane, cycl ohexane,

hept ane PTPGet {97 Rrodysing &b ghyPanim Reeswere! Hydroghlomde iftom Free
hngg§%£QOn such as benzene, toluene, or xylene; a

hal oge at ed hydr ocar bon such as di chl or onet hane,

chl or of gfjQ I de 2-di chl or oet hane, .

chl or obenz e;gg?c@%?%&réﬁe%%?%é ﬁé‘éoﬂé?s disr?ow i ‘gﬁsd‘ﬁ“ién an inert

di eoleht, @EMAE hydtotIOR QY bpEdARY dréﬁ%igeﬁmé’r‘éf@%ﬁ, Hhecessary,

di oxane, di net hoxyet hane, or diethylene g

di regtdimgla sbhenystabfok edactiven BYpebdRs hagehONE prasi@EWdrochloride.

et hyl ketone, or diethyl ketone; an ester such as

et hyl adethat rrocess.dhs addimgeefdtydrochinrichutddptiaasilyadrepwise may be
carboxyl i ¢ ac&g Sﬁfh as acetic acid or propionic acid,

or AT Py addipg the ggiddeonvaise oF addingothe peid gt en time bein two to

Prgg@grg,bdiyidc&ig#ignsan ether, a ketone, an ester, a
carboxylic acid, of a nitrile, nore preferably

t et r ahy ghebsltaf usdll iR ¥R BrocaGat R%ﬁlég‘f&férggﬁgﬁjﬁqwdgd that it

ket one, ethyl acetate, acetic ac

pamisselveathlestapiref matadid] Yo adegrea Axd 86sWollhhitd Q€ &3€hon.  The
acetic acid, or acetone, nost preferably acetone. -12-

Théolverictan &n. forpparmie, an eliphmtichydprcabes suatadsitRSane, cyclohexane,
de&ggdinq_on the reagent, solvent, or the I|ike.
HoWER@Re. ligron.coripgispleam egher; ap@rematioin@roqartehanuelb by b@ene,

to mor,e preferably 3QC tq 60C, nost preferab
40 éol?%r% gxa(ylene? L Rald genate}é hygrocar%on such as dichlgromcthanc, c}/hloroform

carbon tetrachlonde, 1,2-dichloroethane, chlorobenzene, or dichlorobenzene; an

3

ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, or diethylene glycol dimethy! ether; a ketone such as acetone,
methyl ethyl ketone, or diethyl ketone; an ester such as ethyl acetate, propyl écctatc,
or butyl acetate; a carboxylic acid such as acetic acid or propionic acid; or a nitrile
such as acetonitrile or propionitrile. Preferably, it is an ether, a ketone, an ester, a
carboxylic acid, or a nitrile, more preferably tetrahydrofuran, dioxane, acetone,
methyl ethyl ketone, ethyl acetate, acetic acid, or acetonitrile, particula%ly preferably

tetrahydrofuran, dioxane, acetic acid, or acetone, most preferably acetone.



The reaction tine in the process varies dependi ng on
the reagent, solvent, reaction tenperature, or the
i ke. However, it is typically 5 mnutes to 10 hours,
preferably 10 minutes to 5 hours. A preferred aspect
of the process is a nethod whigh_involves dissol ving
free prasugrel in acetone, addlng dropwi se hal f of
t he necessary anount (typically, equinolar to the

t hi enopyp]. f _concentrated hydrochloric acid
to the ﬁg’oﬁéa{lﬁg%%a U%"rf g %C’fr‘(%f‘se*aé'r"ég?%?“%@@dh%men‘
OV &fol\2np f t addi.n
necgésgr )%;F h{aeqlskgedﬁ(o:%g#a %?lcaigag?}@oﬁo §® Fh%regeé%‘@y e

t erfosCatnoresprt Rabl300°0 B08S, thést BrdtubiS 408 §§r'>'tt her
addi ng dropw se the renai ni ng necessafry anount

concent rl&e echchymitime i tieiptodess thriey eépending fonQkk &Egé’r@ solvent,
m nutes to 2 hours for reaction at OC to 70C
( prré’i‘cé‘Pﬁb?‘?Pel% e oF 95 &ke.f oHoweveout isttypiGallycfuminutelftb @0 hours,

e reaction process, the prasugre
hy d?%%aPPrV%@“Hﬁmﬁ%é hojisesent i nvention is col | ect ed

fron1th e accordin conventlona
et hoct PRl Aehel ol BroRe S on Sk Lo Gk disvadtine free

by peghubRe t i fildL At
afCor The. ﬁﬁ”&%‘%ﬁ%@ﬁ%ﬁ SRR ShY MR g it

soleqeimtolafto ére thieroridiaf fobEoff Racdnnafkd huheocgﬁﬁ' e to the
conmpound obt ai ned nmay be, if necessary, further

purSPlf“F‘é@J a‘b@/ CatOd@Fﬁévrbfemmy 35761 o 60 Cf @er @paAPd 8f 2 minutes to 10
recr. talllzatlon repreCI pltatlon or

chPBRREY g’lpglaﬁ,yl nqqefésaﬁ)( gw_eﬁg_ﬁrlyftyl for epgetipmedt the same temperature for
h obtaln grocess can be neasured

f g?b?ﬁ mt%%%ec onté n? 554]% BWFSG\XP%’&“WPH&HCCW amount
c ot edHcetatddHRrdhud ek oy glp J]XPZ{OOC h rsI dg&?ufsnfor reaction

nmeasured by liquid chronatogra y and expres

peRcEdl age°Dyprafeedly %B°G b 95eC rqfhohhf% 53961%?” of
OXTP in free prasugrel. -13- The content of OXTP in

the hi ghftpuhe eyd pfithe ugreon prpdesoaht pras @ eAcaes Wi dilielo? the

the present invention is rféflcally 0. 7% or |ess,

pl‘ BeSTH p¥Fnton o Heqteds omythe eeactipmahiainak laglco(ﬂdlﬂg% ®tonventional

Sth %tlk nore. preferably 0.07% or |ess,

paﬁ‘t thod, PS’ 1162 re compound 1s obtained by collecting the
precipitated crystal by filtration after the end of the reaction or distilling off the
solvent after the end of the reaction. The desired compound obtained may be, if
necessary, further purified by a conventional method, for example, recrystallization,
reprecipitation, or chromatography.

The high-purity prasugrel hydrochloride obtained in the proceés can be

measured for the OXTP content using the following method.

The content of OXTP in the prasugre! hydrochloride is measured by liquid

chromatography and expressed in percentage by area (%) in terms of the content of

OXTP in free prasugrel.



0.05% or less. The purity of the prasugre

hydrochl oride, that is, the prasugrel content, can be
nmeasured as described for the OXTP content. The purity
of the high-purity prasugrel hydrochloride according
to the present invention is typically 95%or nore,
preferably 97% or nore, nore preferably 99% or nore.
Process for Producing ngh Purity Free Prasugrel from

Free Pr rel ro ss IS a process which
i nvol Veﬁiag%}gﬁﬂt& ﬁ)}fp CRYFSY prasugseldydiashioride according to

fold,0 s aII| pro (g purity

free %Qg?gynrveﬁ%%% “\Z)'Eebtr#t ° 5 eas iPRE F‘Fi‘ggv J’%c"é%"ésw%‘m
NOtpreFabiyctibgs,| we!kmn%*o ol ves

t he st artﬁg material to rgB eé%ﬂg c{aéofegs ﬁotlcl’1 AHY Bicferably
t hé).08aot iesn. The sol vent can be, for exanpl e, an
allphatlc hydrocarbon such as hexane, cycl ohexane,

hept ane Ih¢ perrtyiof thecpraqugtal by droohletites that &) tier eaRETeC content, can
‘i’, ocar bon such as benzene, toluene, or xylene; a

hal 8@%%%%%%%@9#95@6&?&? gentefitchl or onmret hane,

chl or of% rﬁl tetrachlorid 1, 2-di chl or oet hane,

chl or obénz %ry b 21‘%*?1P'(’J?%?é‘i‘??@ﬁghydéﬁcm@i*wc@ém tp.ghe present
di efant 1orﬂshﬁ§1calﬁ 953)0 8 SIBYCl px%tfcl:]r rlg t9 5{ ér%g rglr %g%{perlgferably 99% or

di oxane oxyet ane,
di medirbyl ether; a ketone such as acetone, nethyl
et hyl ketone, or diethyl ketone; an ester such as

et hyl aBwtess dor Rrodihg Heght Ririty FrédPridiigyd] fRBelak Praslgrel
carboxyllc acid such as acetic acid or propionic acid,
or a nikhs IPTQCCSQ &Fchpfa)ﬁcséc)'étl@hmwhvmdlssolmg fiic® ptasigrklin a solvent,

Pr(te a ?an ether, a ketone, an ester, a
carb ‘% r%ﬁf"ﬁal 1631108 tipFqdupehighmuatyfres Ierraamrgl

tetr ahy ane, acetone, th , _
ket one, 5 iweﬂg%sgtg é‘? i C&FT & gt particyfarl ﬁ’é’f‘fﬁ‘?i Proyyded that it

paﬂkkcﬂ%saﬁé Marﬂﬁ frz?arté}pil Yoa B%E@'ﬂ*}ﬁq{ ?g Hgtagh.ang g regctl%% I d The

acetone, or ace onitrile, prerera

acetlomit tad beg for-ekdmplENén bIYHARE BYAtbEarBH 538 as h
recrystallization is typically 20C to 80Casp?)é éngC‘Ohexme

BO@W'@WUQOHWDT petpi@ine ptibt, yn AMhdtio Hy@focaroh 8lich as benzene,
E]?ol ution, the solutionis slowy cooled. It is
YsnF e Xleaes Hhlpganated hydiecarbpr edobrasidighlevatethind, shloroform,

adgaggo& ggac%ﬁonde, 1,2-dichloroethane, chlorobenzene, or dichlorobenzene; an
ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, or diethylene glycol dimethyl ether; a ketone such as acetone,
methyl ethyl ketone, or diethyl ketone; an ester such as ethyl acetate, propyl acetate,
or butyl acetate; a carboxylic acid such as acetic acid or propionic acid; or a nitrile
such as acetonitrile or propionitrile. Preferably, it is an ether, a ketone, an ester, a
carboxylic acid, or a nitrile, more preferably tetrahydrofuran, dioxane, acetone,
methyl ethyl ketone, ethyl acetate, acetic acid, or acetonitrile, particularly preferably

tetrahydrofuran, acetic acid, acetone, or acetonitrile, most preferably acetonitrile.



at -20C to -10C, which is then stirred for 10 m nutes
to 3 hours. A seed crystal may al so be added as
needed. The high-purity free prasugrel obtained in the
process can be freasured for the OXTP content using
the follow ng nethod. The contgpt of OXTP in the free
prasugrel can be neasured as described for the nethod
of neasuring the content of OXTP in the prasugre

hydr ochl.gri de. The ci:ontent of OXTP in the hi purity
free pra 13\3 FRPerAREE g g e Hgationris baeelly AQ &Olgﬁncigeferably

t | 0. 2%
R A i P
or 416885,cobRUl | G prekarreR rtl%ft %rp%er %l\glz-np?{%fg{%bbj \9§t§r) 1sTﬂi|%ed thereto

purity of the free prasugrel, that

Contet°C a0 whittais treadtiasd 23 0fineds f0r hdd’ﬂ? %Ié%d crystal
content. The (ﬁurlty of the high-purity free prasugrel

accBAYiplaybe addedes peadednt i nvention s typical |y 95%
or nore,.| preferably 97% or nore, nore preferably 99%
or nore. rhf%’cré%y GF wasﬂmﬁ@nwcmdhmemss o4 I8ameasufed for the

Pr from H| RPuri.ty Fre Prasugrel This
prgécggg%%’%‘e‘é“‘sm ef°ﬂu ingmetod) ves addi ng hi gh- purity
ﬁJeE‘

free pragugrst tto?om g sal vent . or
the absence of a sol veﬁitCtlh prefé a%’ anr?eanaflﬂgc}?s‘iescnbed for

sol tueniejho@lof atdiurigaRe @fitdht @pbmtht}ye SHRQRWI $6abOnloride.
hi gh-purity free prasugrel in an inert solveht or in

t he absdheeomtntaf X TR thé highipmriapiiye prasuifeliab@rding to the
sotventé‘ to produce an acid addition salt of
pr EERGRENVentiRe iqpiralis 8d% or lﬁﬁeplﬁf@désﬁ 28aor lbss, moor preferably

anic.a [ sul furic acid,
hygr och B?els'sc s‘é@ f’g’re pﬁe{eg:&ey 3@3 °r3F55pP1%§ﬁH€H Rrefegablly 0§3% or
anj@kganic acid such as trifluoroacetic acid, maleic
aci d, nethanesul fonic acid, benzenesulfonic aci d, -15-

or p- t oTHe pesiylof @it FecathherelrtR{i8f A Yrasdebelics
hydrochl ori c acid, rraelqgl cgrgm d, or %enf‘taenésrﬁtf?to%ﬁncbe

acineasured es @esetﬁlmdaﬁot mei@mmedsﬂta{ti c aci d.

The purity of the high-purity free prasugrel according to the present invention
1s typically 95% or more, preferably 97% or more, more preferably 99% or more.

Process for Producing Acid Addition Salt of Prasugrel from High-Purity Free
Prasugrel

This process is a process which involves adding high-purity free prasugrel to
an acid in an inert solvent or in the absence of a solvent (preferably in an inert
solvent) or adding an acid optionally dropwise to high-purity free prasugrel in.an
inert solvent or in the absence of a solvent (preferably in an inert solvent) to produce
an acid addition salt of prasugrel.

The acid used in the process can be, for example, an mnorganic acid such as
sulfuric acid, hydrochloric acid, nitric acid, or phosphoric acid; or an organic acid

such as trifluoroacetic acid, maleic acid, methanesulfonic acid, benzenesulfonic acid,



ropui e may be cartied out by adding the acid
e c
gﬁgm 2: g?yaddi ng it at one tinme or in two to several
di vided portions. The inert solvent used in this _
process is not particularly ligited, provided that it
di ssolves the starting material to a degree andfdoes
not inhibit the rea_ctlgnéI The bsg|V$2L ggnhgiéneor
. S ’
s S T R AR
j dr .t ol uene, or
oyl one e AR ER 2 BT BY DB e et
di chi or GREflBReess (il MEAOb e a6RoBAAITHALILANE: carried ou
1, 2-di chl or oet hane, chl orobenzene, or di chl orobenzene;
an byeddderg theiatid dmpdiietdivldiag iedt onéliiing QP IrofY! to 8EWVSA] divided
tetrahydrofuran, dioxane, dinmethoxyethane, or
di etAy9ene gl ycol di net hyl et her; a ketone such as
acet one methyl ethyl ketone, or diethyl ketone; an
ester sUCH Bt %’ﬂ‘ﬁ?\l L}Sﬁéé"t fé’fjsel?rgj(%:ﬂ;é gyloggz?it:lilmg)é ihrémzf,tmwlkled that
{e: xylic a C_ac .

pr oprar R AE A maferfils 65t B0 €T it teirrastion. The

" QBIRB dabbleCfor ERlm D% WYPR AR Uy BRI on St & pRLETerably
gn%g{‘ﬁgir ,35 2 &)étg%r]nepfl ‘an elgter, "3 occa?’%)%‘fﬁ}ﬁaé actt:; © o%l‘?xa“e’
acot ne. Tt hy T et b e e B S bon i Bezenc,
acetone, nethyl ethy etone, ethy ,
aciteluens, onxdenn iathlallogmateqdayrdtrdxia_rHoarsh_glt'(x:l & cgo?ﬂgx?gitegl}]age, chloroform,

[ aci d, ,

o SE PO T ABR 16 bies R, ot oberzbmt er diomlotdvenzen, an
other hand, it is preferably an ether, a ketone, an
est™al*T S & dithylephsr, %?¥°W1§I€F’éﬁrﬁ’yﬂ@@ﬂaﬁ)ﬂiﬂm@ﬂatr atn,
di o l. e I t gne, et cet at e,

Qﬁﬁ&ﬁoxﬁﬁ%?&? dbealg?%rlgﬁl}écroltl B%et@ ee?heﬁlaB}(etorPé sucab as acetone,

or acetonitri y pr

t elnicaliy A9 WEBHs, oflHiRUBNRatoM; 28 CREOREN 2lTBRY REGILLAB Vacetate,
acet%]hr}%. ﬂ%ﬁﬁe tr eagtilon'teen'ger ature in {’ﬂg %rocesesp %y acetate

vaper bstytlapendiangrborylideid aageshceticRldv@ oopi&[ic b8 or a nitrile

like. However, it is typically -20C to 100C,

pr 8@y 2fiAcstopTile®r prrp@nitiby: ¢ For dfegryadtilc}iloBAE; it @ poéferably an ether,

nos referably 40C to 55C. -16- The reaction tine in

t hét‘ﬁﬁg’&s’e@sﬂ%ﬁ @ PR ATy 20ntrih anare arpéerebly soitahpdtofuran,

re i erat.ure r the like. However, it is

i yglﬁf:xg'ﬁ{] )#%o n%’ ueltl'gg eihgf)}ieaorrfo ﬁ%l’(acetate, acetic acid, or acetonitrile,
particularly preferably tetrahydrofuran, dioxane, acetic acid, or acetone, most
preferably acetone. For the maleate, on the other hand, it is preferably an ether, a
ketone, an ester, or a nitrile, more preferably tetrahydrofuran, dioxane, acetone,
methyl ethyl ketone, ethy! acetate, or acetonitrile, particularly preferably

tetrahydrofuran, dioxane, or acetone, most preferably acetone.
The reaction temperature in the process varies depending on the reagent,

solvent, or the like. However, it is typically -20°C to 100°C, preferably 0°C to
70°C, more preferably 30°C to 60°C, most preferably 40°C to 55°C.



preferably 10 m nutes to 5 hours. A preferred

enbodi nent of a nethod for producing prasugrel naleate
from high-purity free prasugrel is a method which

i nvol ves dissolving naleic acid in acetone and addi ng
hi gh-purity free prasugrel thengto at 0C to 70C for
reaction at the sane tenperature for 1 hour to 3
hours. A preferred enbodi mrent of a nethod for

pr oduci drochlorlde frqQm hi purity
free pr 2%1 u 8%%?8%&5 “Fré*ler%%%. YIS dFRASARSL P% S“ég?ﬂtfrﬁg’lvem

hi gkea@ibn tEMFerEtﬁ?ee oPfaIgr ei{olvgvé?clﬂs%ﬁalﬂgyag Fx)x/rgltes to 10 hours,

dropw se half thé necessary anou

equpmetranly t @miithgesttbisaapyri di ne form) of concentrated

hydrochloric acid thereto at O0Cto 70C (preferably

35(: to GODefasedrerdopendnodf omethotiforfireducing frasugrdl wilsite from
n i.f necessar a seed crystal for reaction at

the §gﬁﬁf‘&y SRS dr 3t e isfagnet3od witichunedvesdigolving sale@ndid in

furth he rerral nin necessary amount

r.opw se
acggor??:e ?‘C@%@g}”ﬁ BB HF SRS g H’ pt @ Cer70da fasfre®0ion at

rrintHgg action at 0C to 70C
(pref eﬁ%ﬁ;&g@%ﬂé%r&%&f ﬂ“i “four to 3 hours. After

t he end pretehRd RABELINRAL Bf PHEGSd fctrr];?ocﬁl%h% ﬁgsqjlgel Bdrochloride

salt of prasugrel of the present inventi

col frag hegh-furionfrehiprasgacltis 0 heffodtvHicn AO6REHHRLIRg Righ- -purity
convent| onal nethod. For exanple, the desired

UieFurEs! sracaioneckddingcloonvese haigtht Inecesgire ampudiatypitally,
ration . after the end of the reaction or

t al fil
gr@ f}?‘?li‘f\ém @?ti'teﬁgpmdﬂev@ﬁv ) effqoagentrgteddyydrashlorig@cid thereto at
re [ o v r nd obt aj ned. may be, if
necos 8 70C B BRRY BarHP PER Iy <6 bian wresm%unutes
f orademanph&oesdaBe %ﬁ%é@ér&étﬁ%f' fetion £ HLGLR! t‘ér%%ér(ﬁ)tr&s o530

chr omat ogr aphy.” The hi gh-purity prasugr or-a

ada@iihuentesbhdurs, had 6athed BddhN&Ap w&ettltfbererdlmfﬂéces ary amount of
invention is excellent in oral absorbability a nd

nelcawn[rgtﬁql Mrpﬁapmmglander apleaibé b£B0 minutes to 2 hours for reaction at

%gfg %I on-inhi bj t ng activity and weak in toxicity
Q { W& (PrAEraplydd°C 4o 65 @éorahmomamalhpng stability,

?"{? ' BBEOPE b of B ok pRerT cha ger oRben ar betiesiare of the

CapaReniNvenRE OB ALd §IRALIS feaction mixture according to a conventional
method. For example, the desired compound is obtained by collecting the |
precipitated crystal by filtration after the end of the reaction or distilling off the
solvent after the end of the reaction. The desired compound obtained may be, if
necessary, further purified by a conventional method, for example, recrystallization,
reprecipitation, or chromatography.

The high-purity prasugrel or an acid addition salt thereof obtained in the

present invention is excellent in oral absorbability and metabolism-activating and
platelet aggregation-inhibiting activity and weak in toxicity and further has good

storage and handling stability, and therefore is useful as a medicine (preferably a



(particularly, a therapeutic agent), nore preferably a
prophyl actic or therapeutic agent for thronbosis or
enbolism (particularly, a therapeutic agent)). In
addition, the nedicine is preferably for use in

war m bl ooded ani mal s, nore prefigrably for use in
humans. When used as a therapeutic or prophylactic
agent for diseases, the high-purity prasugrel or an

aci TR t. Lhere ccordin t he present
B P D e O P Los AE Rt it Belnrembissoriembelis

f or Pa@ifcutadll] £h8raped , ens.. SYrups, .

or parent e?al I yﬁagdm&zéiéétl:ﬁz’rné%%?ﬂé{%l%@yf%&n? pplactic of therdpautic

i nj ageni fongrormbgyxosd dnibolies, (paticiliy, d thk@pddlic Wl Gl a it
phar macol ogi cal | y accept ab(fe ex?i%i ent, pdi 1IC\lIJA(gnt Bbrhﬁdéimon’
| i K€ msdiginedsl prederabip dotade inTresie bfoodadl bieitnaBNfodd Referably for use
produced by wel | -known nethods using additives

i nc'd#™A%> an exci pi ent (which can be, for exanple, an
organi cygxcipient (e.q.,.a saccharide derivative such

as | act (\J@lee,n Js%’ﬁ%?so%é",er%feﬁbﬂo‘gé’,m%ﬂﬂﬁ‘? @Bent éor digspssisttbe high-purity

st rdh | I ~ starc otato starch,
o Do au A SRR ARy e Bihion can e

derdralt ddviniSieedd RS s€bYiattRd fo I lesd rabi c:
dextran; or pullﬁan); or ogﬁqifﬁ%?%g’nci &é‘?bg){%@ﬁ%’pwue“’

( e.syrups,|ar ghtentendiiycirdmisiseekddiif itiee f36rh &f Hjedions |shSfdsBories. or the
derj vative such as synthetic alum numsilicate, ’
callte ihiv8ichjapheemacetogrrali i esieptableadxaipi e diluast dritkAlies is frixed
ph 99&?% such as cal ci um hydr ogenphosphate; a

carborate such as cal ci um carbonate; or a sulfate

such as ' | fate a,lubricant (which can be,

for ex aﬁ%%é%ﬁnééﬁné aréfc‘?réd"@?d L’xy HQ‘%?“OWSH?‘B?‘@ usingtadgigives

c alidludm St i [ . talc:. a wax

such as %eesmgé&é?&ggg?%gitfw%%ﬂ?%%gfﬁfmfélhﬁiw@m‘g"a
acsatchaidsulefisate esuchaalacts & b U %lfu@&s%; m@hi6f! or sorbitol; a starch
fumaric acid; sodium benzoate; D,L- |eucine; a ’

| alfyakitis supheas sourstarsh, potitaistatch ylegetafigited Qlirch, or dextrin; a
ITH?I’}&?I UE l.auryl sul fate; a silicic acid such as

si FY &Y Ec 4AnYANE dectors gystalingcellviase hgum atabic; dextanséautilan);

degi yahhvg,as, defined above), a binder (which can be,

fort &l al eﬁﬁla}e&t({}pg.olb%t E%R%Mdmtgssg}cxc e poX ipevpferivative

g}?i{b%ﬁ:afég%ﬂrﬁg&?&i%@ﬁﬁhﬂﬂiwé, QAL LAONE o RO N EL Ryl ene
aluminometasilicate; a phosphate such as calcium hydrogenphosphate; a carbonate
such as calcium carbonate; or a sulfate such as calcium sulfate)), a lubricant (which
can be, for example, stearic acid or a metal stearate such as calcium stearate or
magnesium stearate; talc; a wax such as beeswax or spermaceti; boric acid; adipic
acid; a sulfate such as sodium sulfate; glycol; fumaric acid; sodium benzoate; D,L -
leucine; a laurylsulfate such as sodium laurylsulfate or magnesium laurylsulfate; a
silicic acid such as silicic anhydride or silicic acid hydrate; or a starch derivative as

defined above), a binder (which can be, for example, hydroxypropylcellulose,

hydroxypropyl methylcellulose, polyvinylpyrrolidone, polyethylene glycol, or a



conmpound simlar to an excipient as defined above), a

di si ntegrant (which can be, for exanple, a cellul ose
derivative such as | ow substituted

hydr oxypr opyl cel | ul ose, carboxynet hyl cel | ul ose,

car boxynet hyl cel | ul ose cal ci umjgar internally

cross-linked carboxynethylcellul ose sodium a

chem cally nodified starch/cellul ose such as

car QxR ; : [ r.hox thyl starch, or
cross-| i nﬁgi}j&hl%g{?ﬁ%&rﬁﬂ? %gf‘? gF ﬁ%gnag?ye r? ggﬁegﬂeh&’q“m can be, for
der éxaatpile/ @ calsuleaf defestivahavieks | Y |

can be, for exanple, a coll oi ﬁsug%égﬁgﬁ%%p%ﬁ&“mose’
bentaobrixtymethyldsaloge) marbax yretalichljids @xdaeuim e ¢llerBf]y cross-linked
magnesi um hydr oxi de or al um num hydroxi de; an anionic
surfaERametyiseHulgse sodsum; aabeausally nsodifiat sarcycatialaze YEh as-
stear,ate; e%lyfati gTrH ¢. surfactant such as benzal koni um

chl BricrEme YT sfanBriogifre ca bR yaratav stasehs r ergssalinked
p0|%Wl%oq{a%né!ol§¥|sta$§hhc’?errigrat&}\ée o %g)g( st;og%/i,;r? g@phiﬁer (which

sorbitan ty acid ester

estcaf be, for @iaﬁﬁilé,iazc%floidﬁmw!hcﬂ% b?rﬁ(})/ri)jteoc{r bgéﬁu ;lraer’net%l hydroxide

p- hydr oxybenzoi c ester such as ne par a
pr opsil gamagresinnaliyded:GeNeH aleH HunfBydedligd: QR %@ng:s actant such as

benzyl al cohol, or phenylethyl al cohol; benzal konium
chise¢iradauryl phtatodr caleohm asanhe aebtiordt sEf&A such as benzalkonium
t hi SEr.%s'al ;  dehydroacetic acid; or sorbic acid), a

f | SIS PR ddRtorisiiEfictast subbas e palypkyethydeneaikyirethky a

us ner i dul ent. .or perfune), and a diluent.

Th 2’%%22%@ o1° %%@‘E’H%W #9 PRU6T BF 2 8usgPssIfatty acidhestar), @ stabilizer
adgwhicRRars B ol AEH 2 hng to the present

i nventi on can var y%%gggngi nchdygﬁ%\?écr?s elﬁﬁ“‘g’c?ﬁd?etﬂ'i‘)é%aben or
Supivpatpardbbe; aacdlédhbl 3ucRfas ERBrAYERL] 8 ! S

age and wei ght of a patient. ' For ofa?‘gyaargﬁ*%?l’rsgg%gf[f%ﬁ}lyl

t hélcg@ga@@ga&h@nmdﬂﬂm; ophamt budhyapipteddl Yor @rdddi; thimerosal;

ngag?\y/ adult (preferably 1 ng/day,/adult) as the

| odeiydraasstic op 9Urbiegpcitblyd Helvdring(agemf(auchbk Yfod&Qmple, a

myg/day/adul t) as the upper limt. Exanples The

pr‘é%%%‘f’gﬂﬁ\?% Y OTCICE 2gid8tent preRrrBEevandrs dilventher det ai |

with refgr xanpl.es, Reference Exanple, and

Test Exanp@éggﬁ-éme?/gxlgﬁgfuﬂg rﬁ%‘%i"éﬁ“ P%‘dﬁéggmi‘ Frlethaeea

t Oade@rdihgnol Bl pFed&t vRntion-Cin vary depending on various conditions such as
the activity of the agent and the symptoms, age and weight of a patient. For oral
administration, the dosages thereof can be each typically 0.01 mg/day/adult
(preferably 1 mg/day/adult) as the lower limit and 200 mg/day/adult (preferably 100

mg/day/adult) as the upper limit.

Examples

The present invention is described below in further detail with reference to

Examples, Reference Example, and Test Example. However, the invention is not

intended to be limited thereto.



Exanpl e 1 Exanpl e of Production of Hi gh-purity

Prasugrel Hydrochloride fromFree Prasugrel To 8.00 g

of

2- acet oxy-5- (a-cycl opropyl car bonyl - 2-f| uorobenzyl )-4,5

, 6, 7- tetrahydrothieno[3,2-c)pMPLdine and 398 ng of
activated clay was added 43 g o acetone, and the
resulting mxture was then stirred at 32C. The
reactioqbéﬁ{%;ion was filtered, the residue was

washed withr4, 41 g of acetone, and then 1.12 g of 36%
concentr Or | [ t 552C dded .
dropmﬁsé§%§QFﬂ¥q2§ﬁgP?%hFo fggﬁyEE?P%%P%Y$8%§OH?%E?%;*EC
ThePretwgrstas added as a seed crystal 238 ng of crysta

B2 obtained by the nmethod described in JP2002- 145883,
and t he Toe$00 ¢ an?-acdtootyus Qawasloptdpma%hyltz&@lu&tobmgl)- 5,6,7-
same tenperature for one hour. In addition, 1.07 6%”
3698 LbiREShieneld & Inyitincandoii8omaof aktivasd athyachsAHARIM S€ o f
thereto over a ?[iod_of one hour, and the resultant

m Xatcﬁtlpge’\ﬁﬁg tl}el’f@ﬁ‘ 4Rg pxdyrearas Ao stigned 2t W5Gr s Thedeaction solution

furgd - hour . . The precipitated crystal
wne ool 126 By e Spen GBhege Gema ceng ok 12 of 36%

acebafitra@l ' - r d pressure at 50C for 5
hours t gapr g\?i%’gﬁg”%?gg ab?" t % %dl%fs‘? TORYMISIAMRE soytiqmioyer a-

chiperied ofjsrephinual tTheretestd 4a1Y 20k g&ﬁQWsﬁlﬁ3§§rg§m§'}%tal B2

hydrochloride is shown in Figure 5. Masurene

corblainedrhy thamethgd deschibed én EE200D114 8883, afdVBe SeHuRER Hixture was

CoqgitLon ) Detector: ultraviolet absorptioneter

(e eé‘LFPFﬁé at (e SuPe KgPsTatgg dorgne hapal yiniadditio&p! 0T of 36%

Cadenz 8. nner. dianeter; 4.6 nm length; 15

c mg pgtrr%?% Fédlrg?}%%r;’c acid s géﬁddi’ eRyYisethersig aeer aqsriadof one hour,

Temmfﬁ@tg;g;t4$%b&pgj se; .0 QL o] /L. potassium_

di hydr oée#phmosp at e giqﬁlggggnms%tl‘{?t %Jﬁri houirs Bed fizder at 30°C for

t et hahy dridieypr &ipita@es Aa1Wds|Bl1getddPoy fiRralidh, Wathed with 15.8 g of
acetone, and dried under reduced pressure at 50°C for 5 hours to provide 8.01 g of

the title compound.

Liquid chromatography of the resultant hi gh-purity prasugrel hydrochloride is
shown in Figure 5.

Measurement conditions in Figure 5 are as follows.

(Measurement Conditioné) Detector: ultraviolet absorptiometer (measuring
wavelength; 240 nm)

Analytical Column: Cadenza CD-C18, inner diameter; 4.6 mm, length; 15 cm,
particle size; 3 um

Guard Column: none

Column Temperature: 40°C

Mobile Phase: 0.01 moV/L potassium dihydrogenphosphate aqueous

solution:tetrahydrofuran:acetonitrile = 13:5:2 (V/IVIV)



-20- Flow Rate: 1.0 mlJm n. Exanple 2 Exanpl e of
Production of Hi gh-purity Free Prasugrel from Free
Prasugrel To 7.00 g of the compound (1) was added
46.3 g of acetonitrile, and the resultant m xture was
then stirred at 40C for 10 m nytes, followed by

cooling the reaction solution“to -15C. Thereto was
added dropwi se 29.4 g of water precooled to the sane
tenperature_over a period of 35 mnutes, and the
resul tak#’wnjl:(i’(t?ulr@%?m't hen stirred at the same
terrpera?_:?&rg 11;gr 30 mnutes. The precipitated crystal
was collected by filtration, washed with 10.5 g of a

precool edaaseteptddutliGs Ml%g%kéfﬂ eﬁ%?{%@{ frof ke dfizés%%rel

under reduced pressure at our 0 provi

6.50 g b 71006 oftthé tempPARAGDRFhs A3 §RIE QPR RGHARRY the
of the resultant high-purity free prasugrel is shown

i n resuiltguimeixGire Weaten etieet atciOndifér IONEinutes Hofuwed By 8ding the
as follows. (Measurement Conditions) Detector:
ul FagiPRpAdetiomect HiG- orereesto piaeadded idnepwisraR# g ater predooled
nn)lo eala%ti cal Col um: Cadenzfg CD- C 18, .i nner .
di amBt eF e PRI gt Ren mMUnigs.130g [the rpuliant mixgyre was
Quakdh & ; Tepper at urer. 40C Mobi le ,
Phase:sgg{eg?lﬁ%gﬁﬂggﬁggéaywﬁr% T hnﬁﬂlgf 'engh%gtﬁﬁlgf%teé crystal was
20d6Détted LI wiaShdANT O5 WA RGSHRAILLbhifIZ water mi
13:5: 2 (me)t T Bat e T b B A el éhlé‘g“lﬁfé"ﬁ%f%xed
1 solvent, and dried under reduced pressure at 45°C for 5 hours to provide 6.50 g of the
2- Acet oxy-5- ((x-cycl opropyl car bonyl - 2-f | uor obenzyl ) - 4,
5, §tly compeungdhydr ot hi eno[ 3, 2-c] pyri di ne

Liquid chromatography of the resultant high-purity free prasugrel is shown in

Figure 6.

Measurement conditions in Figure 6 are as follows.

(Measurement Conditions) Detector: ultraviolet absorptiometer (measuring
wavelength; 240 nm)

Analytical Column: Cadenza CD-C18, inner diameter; 4.6 mm, length;l15 cm,
particle size; 3 um

Guard Column: none

Column Temperature: 40°C

Mobile Phase: 0.01 mol/L potassium dihydrogenphosphate aqueous
solution:tetrahydrofuran:acetonitrile = 13:5:2 (VIVIV)

Flow Rate: 1.0 mL/min.

Reference Example 1

2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine

(1) 2-Fluoro-a-cyclopropylcarbonylbenzy! chloride



(1) 2-Fluoro-a-cycl opropyl carbonyl benzyl chloride -21-

A m xture of 100 g of cycl opropyl 2-fluorobenzyl

ket one and 886 g of dichloromethane was stirred while
cooling with ice to provide a mxed solution. Into

the resultant mxed solution wgs blown 3.98 g (0.1
equi val ent) of chlorine gas over a period of 20

m nutes whil e keeping the solution tenperature at 0C,

and the  resultant m xture was then stirred for 0.5

hour whi% BUHHISRIOA 8RS cyHleprenyliZ fleprobengpkicasensrand 86 @Of
Furgher. 39 8 1.egpi val ent) of chlorine gas was

ol ol B et SUER W TR FRlihe S5 So o Araviees miked sotution.
keepi [k ] fJEREL 0G,; - whi ch S .

r eagllttd;%e E{/})‘ﬁg?ﬁrﬂ%%%{ Ltgr ongg%ﬁ%%r%\%igl (g' lrrc@iuhvtagclnm%ﬁéh]toﬁ‘&ge gas
sol ¢Mer @PeridEHPEY RAlrdked wile Reepi I °

reacti 02, 236 g of a 3% sodiplfr%%hﬁisgisuglg?gﬁg;eg%%%ggg C, and the
sol gsilent masuddhsdhalrstiped s ®. 3 Bourvhileasatht it o the 861tiion
solution under stirring while keeping the solution

t enSEPERI Rt Crotf urthere32-hall eGavalgadt) ef chidréneckas pak $&>wn
addt'ti on, the sal t%frb was stirred for 10 m nutes and

t he ASST] Q¥ dPepgd af #40qmingtes dys kaening theyselusion gmmpeTstare at 0°C,

r esyhtay G | ayere was .washed with 589 g of a

pr ecoo?egs g"-g%g%gg?j%ﬁﬁgé?%%&?gﬁ B %fngméﬂﬂ‘é’&}gc OB on
andetpaan 4p°¢68 g of precool ed water and
concentrated under reduced pressure to provide 145 g

of the tAfter ehe edryfchensadtion B dya TRIBARMLR sEIBAL SMcous
95.4 g, yield: 80%. (2)

2- (eéition s pdedndsopyiss td thE ossylrar r¢zatioly sdlopsromdec &irbiag hile
| -2-fl.uorobenzyl) -

4, 5580128 thersP HRIPa tRPRTEHIS 28 noL mPIsythar] S3€. T\ fter tiexdropeise

5, 998 B eolutionas HTSE PP s epp fhonrhissed sopbiauic
- s@p it t e ic la w wi :

P but yl ic&%taﬁyl Thefsill gﬁé‘,‘“é%&’ Y95 wgshsg with 589 g of a

di ginécopledBEhsstunagddgerdrbéRatd aguddhs SSILES U ATEDNEihaRY ¢ of

the resultant m xture was then stirred at 25CxFor one
howrecpoleg mawérdad aomdexeated ohdet raucedipresie: Wipt@dde 145 g of the title
solution were added 78.1 g of the

2- fPEBP LN AR Qi PR (Husaedstany] eheyieldh8s). de

obt ai ned..i.n (1 70.8 g of triethyl amne, and 1.57 g
of sodi &%%—%éﬂ%?él’tyl etylsplyloxy hayacyclopropylcarbonyl-2-fluorobenzyl)-

4,5,6,7-tetrahydrothieno[3,2-c]pyridine

-~ To a mixture of 115 g of 5,6,7,7a-tetrahydro-4H-thieno{3,2-c]pyridine-2-one
p-toluenesulfonate, 60.7 g of tert-butyldimethylchlorosilane, and 277 g of
dichloromethane was added 40.7 g of triethylamine, and the resultant mixture was
then stirred at 25°C for one hour to provide a mixed solution. To the mixed
solution were added 78.1 g of the 2-fluoro-a-cyclopropylcarbonylbenzy! chloride
obtained in (1), 70.8 g of triethylamine, and 1.57 g of sodium iodide, which was then

reacted by stirring at 45°C for one hour and further at 52°C for 5 hours.



reacted by stirring at 45C for one hour and further at

52C for 5 hours. -22- After the end of the reaction,

to the resultant reaction solution was added the

entire amount of a phosphate buffer solution prepared

by adding distilled water to 9.50 g of KH2ZPO4 and

0.95 g of Na2HPO4- 12H20 into a“fotal weight of 358 g,

whi ch was then subjected to a |iquid-separating

operatio foll omwed by subjecting the aqueous |ayer

to back ‘gﬁkftfr‘%%fmdcpﬁ 1R fepetiong taythe Fesy|testt rescuorpsdiutmm, wadpdded the

' sre. combi ned and.
Condalr? Bpul' oS A b ook YRk Bar B GiCUR Epivt v adding didlisdnaser o
B%n : d.476 g of .
oot ot R KHRPOTE P08 ke e trF 08 Sl WP o RS e 958, whien

consenthedtidfediids fa ligaiERaraBhe %?H’E@orﬂ %I}CJWCH I?J?f sLESLAH e

reached a volune of 517 nmL. To the resultant regidu

wasagideesdag3 8 backfextraenonitt tid gof divklotdaethias Ul TROtesultant

m xture was then stirred at 30C for 30 m nutes.

Sub¥8gftie HYFs werpoommbingd st eomcontmtedduhder teeredtpoessaa Gintil the

t he rgsult nt, mxture. was then stirred at 0OC for 3
Hpecioh

hou 8 THETSF &ciopit ated Scry st Ahergigsasarifiedc Tce pfacetonitrile, and
fil ' - hed with 69.0 of . precoo| ed , .
ac et%lé ﬁéls%zl?%’t g}l\xﬂ%ﬁe dwgrt}%én dcodlﬁa%qat?cb%g&%ﬁ?egggﬁsgetl@m the residue
Pr a¥hdhed 434 1usheas 537 ?x{I%J.d ﬁ&f&k%égﬂhmorfesi&&ke id thg%a%%a of

conmpound. To 40.0 g o e crude material "was

25 Zacgronfirilagaidant tesiikai mMtufdwiBhen Strtdd £9oat (A6
10 m nutes and then cooled to 308? Subsequently,rﬁ®ngs

of Supatasenthiad 22d ¢é o atir spviadded therrt, andihe tdvalt&RM@xture was then
tenperature over a period of 30 mnutes, and the
r eSHEAAL O 50F &iheurias Thhpiscipiated ¢ryistrl 0@s eoltbcstibyrfdtatidn,

th L { f 3 h . .Th i pitated
PP TR o et B Btk s
of pp@ﬁ@@pjleéjopé:g.wpﬁlg{eyggofgtﬁggﬂ?Eégg?ﬁ) under reduced

pressure to provide 3 e compound. (3)

2- Acet 0Ty 46:0(fofaNe taBE ARYRAMROIYdeq25h | )ik
, 6, 7- tetrah;%?othieno[3,2-c]pyri59%3§§$§?§£§ﬂéﬁkdwwghwas

of sBredaP08E farckt mmuemshydricteoand t&538Q.g Rbsequently, 40 g of
acetonitrile was added dropwi se to the m xture of
22 V§1g Ve added drppwise theretp aethia pame kepiexat)reSvéma period of 30
minutes, and the resultant mixture was then cooled to 0°C and stirred at the same
temperature for 3 hours. The precipitated crystal was collected by filtration,
washed with 30 g of precooled acetonitrile, and dried under reduced pressure to
provide 37.6 g of the title compound.
(3) 2-Acetoxy-5-(a-cyclopropylcarbonyl-?.-ﬂudrobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine
A mixed solution of 6.20 g of acetic anhydride and 5.90 g of acetonitrile was
added dropwise to the mixture of 22.5 g of 2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-ﬂuorobenzyl)-4,5,6,7-tetrahydrothjeno[3,2-c]pyridine

.obtained in (2), 7.65 g of triethylamine, 62.0 mg of 4-dimethylaminopyndine, and



cyc

| opr opyl car bonyl - 2-f1 uor obenzyl )-4,5, 6, 7-t et rahydr ot hi
eno[ 3, 2-c]pvridine obtained in (2), 7.65 g of
triethylamne, 62.0 ng of 4-dinethylam nopyridi ne, and
- 23 113 g of acetonitrile, ang the reaction was
performed by stirring at -15C for one hour. After the
end of the reaction, 75.9 g of cold water was added to

the ([ esylkt, s han.sol ution, and the resultant

m Xt B i Rk 24 bR W Rerr ey S - for one
preaby tated crystal was collected by filtration,

washed with a m xture of 22.7 g of precool ed

acet oni t Afttrehaad dfth8regcidn, 79Jo; dﬁ%ﬁfwat@xndaﬁidd;é&i tHRE dsultant

reduced pressure to provide 16.4 g of the title

confaahen sofision, dahp resultaiPraparat ettheotirtadpii - i ¢°C OXFPminutes.
St aﬁgard OXTP can be produced, for exanple, by the

met hBEPERERE 8T sieh W shHstied 2y filmationapyashed eviraa mitture of 22.7 g
Lai . 06-41139. thod, for Measuring Prasugrel
Cont ST e R R 17 M BRI BB o e ey e ressure
or fFM8vidt R6YY Blinelie: & of prasugrel in free
prasurgs\éll or %hetheydroc%(raﬁg'e t hereof was neasured

as descrTeBxdglow. In an acetonitrile-water m xed
solution (7:3) was dissolved 150 ng of free prasugrel

or the MHrepanihefilgeutitysdd TP Stamdd@0 nl. 10 .iL of the

solution_was subjected to |iquid chromatography for
measur erf®hi? Gt Profecerofor ewimpje.dortlie trietel described in Example 20

Mea ement _Conditjans (Liguid Chromatography)
(NE%%P%"&%?}%%%S@H‘&BF\%&O[@q‘éklt%)r: ul travi ol et

absorpt i M@g%g(' vel engt h: ,

Anal y? [ cl\gfm%‘gfolﬂrm: ﬁ%ug%%ni??a?$ﬂéﬁgoﬁ%ﬂté‘wmug el
4. CHyaRochien@H &t Frddpatgreipar ticl e size; 3m Guard

Col utm: none
The content of prasugrel in free prasugrel or the hydrochloride thereof was

measured as described below.

In an acetonitrile-water mixed solution (7:3) was dissolved 150 mg of free
prasugrel or the hydrochloride thereof to 100 mL. 10 uL of the solution was
subjected to liquid chromatography for measurement under the following conditions.

Measurement Conditions (Liquid Chromatography)

(Measurement Conditions) Detector: ultraviolet absorptiometer (measuring
wavelength; 240 nm)

Analytical Column: Cadenza CD-C18, inner diameter; 4.6 mm, length; 15 cm,
particle size; 3 um

Guard Column: none

Column Temperature: 40°C

Mobile Phase: 0.01 mol/L potassium dihydrogenphosphate aqueous
solution:tetrahydrofuran:acetonitrile = 13:5:2 (VIV/IV)



Col utm Tenperature: 40C Mobile Phase: 0.01 noLilL

pot assi um di hydr ogenphosphat e aqueous

sol ution:tetrahydrofuran:acetonitrile = 13:5:2 (V/VN
-24- Flow Rate: 1.0 nmLimin. Table |I (Measurenents of
prasugrel and OXTP contents injpprasugrel hydrochloride
or free prasugrel) Purities in prasugrel

hydrochl ori de or free prasugrel Prasugrel content (%
OXTP cont en ‘g/io S;ﬁr.ti ng material of 99.513 0.095
Exanpl e OWE{E ed pPaftiBrel) Product of Exanple 1
99.690 0.032 (Prasugrel hydrochloride) Starting

mat eri al of 99.513 0.095 Exanple 2 (Free prasugrel)
Pr oganid 1 of Exanple 2 99.711 0.014 (Free prasugrel)
The prasugrel hydrochl oride of Exanple | produced by

t he(Me&aatmennts of pfasege! gnda3XDP edntews iraprabupgel QIR cilotiBe or free
hydrochl oric acid had a reduced content of OXTP,

i ndPreseraly t hat hi gh-purity prasugrel hydrochl oride

had been successt Ul Ty pORREUR Srsug By d-baTomley T Shaslirel
Exanpl e 2 produced by FLoRRarE (9 Zat T o1y

or . . [P content (%)
. 1 CURKIL
coﬁi‘gﬁn‘{‘%é‘f“%ﬁ, i ndi cating’tRat hi gh-purity f$'89e5

o) .
pr a(%y&rp?zsulgrae% been successful ly produced.

Product of Example 1 99.690 0.032
(Prasugrel
_hydrochloride)

Starting material of 99.513 0.095
Example 2

(Free prasugrel)

Product of Example 2 99.711 0.014
(Free prasugrel)

The prasugrel hydrochloride of Example 1 produced by the reaction of free

prasugrel containing OXTP with hydrochloric acid had a reduced content of OXTP,
indicating that high-purity prasugrel hydrochloride had been successfully produced.
The free prasugrel of Example 2 produced by the recrystallization of free prasugrel
containing OXTP had a further reduced content of OXTP, indicating that high-purity

free présugTel had been successfully produced.

Industrial Applicability
According to the present invention, there are obtained high-purity prasugrel
and an acid addition salt (particularly, hydrochloride) thereof with a reduced content

of impurities such as the by-product OXTP.



Industrial Applicability According to the present

i nvention, there are obtained high-purity prasugrel
and an acid addition salt (particularly,

hydrochl ori de) thereof with a reduced content of
impurities such as the by-prodyct OXTP. -25- Brief
Description of the Drawings Figure 1 is a powder X-ray
diffraction pattern for crystal A of prasugrel

h 1 d tained by i di ati i th K

LA S Bty el BegeR e 1754 angstroms) . In the
df SR TR0 S , _ |

P opr ottt Frbhiet N R ookt B CUPELE shptRuere

( Pﬂﬁhro@ﬂﬁﬁﬁa%bm&dzl%nh@hiaﬁé’ﬂ With rc@@:_‘é? K@MadiatiBf (wavelength & =
diffraction angle 20 in degrees; Figure 2 is a powder

X- riaj4 dighttoragt i dnthppbtvdemX fray dicfrysioalpaterd, thé opimseiglie!
hydrochl ori de, obtained by irradiation with copper Ka

r adbrieseols dilizeedremgniity i counts/sdongdr{ges) rudrihe hotiporttileaxis
powder X-ray diffraction pattern, the ordinate axis

r epFRISERISShgdifi achiopaple 2Rt ASFESS i n count s/ second

d the. hori | .S . ts th
0 11 act 181 B e 00 KBl aeut RGN B Sobeh poetsyere
X- i ff. ' 1 eEN.: . . .
G ey P o b b B K R Bl o R O ARl -

r adi. Bt dr@BrdiMe)V e e ihg iobwher X-rdy 8dfradBa tpa@Erh) the biddi€ axis
powder X-ray diffraction pattern, the ordinate axis

r epergseentssliffiat fiormoténsny imdoansistyonidr(cps) and gledeeiontal axis
(cps) and the horizontal axis represents the

di ERTaeenisohe anrusion@ngls 2fandesses; Fi gure 4 is a powder

X-ray diffraction ttern faor a crystal of f

S oy or B ElBl BCa dh BiheSort oakern or Saabas okaresverc!
r agl i . . = . ngsteons). .. In th _
AR Rkt R SO Bl ek ne .-

r enreseipbordld)f T IAGE ip8Hded Xir@NSiftriction paRst! B SREQAG axis
(cps) and the horizontal axis represents the

di frépresehiscliffraatigl mtedBity in dbegrseesindRegsliand theibdritdial axis
result of the liquid chromatography of prasugrel
hy dersesentsrthe diffraction angle 26 in degrees;
Figure 4 is a powder X-ray diffraction pattern for a crystal of free prasugrel,
obtained by irradiation with copper Ko radiation (wavelength A = 1.54 angstroms).
In the powder X-ray diffraction pattern, the ordinate axis represents diffraction
intensity in counts/second (cps) and the horizontal axis represents the diffraction
angle 20 in degrees;
Figure 5 is the result of the liquid chromatography of prasugrel hydrochloride
obtained in Example 1; and

Figure 6 is the result of the liquid chromatography of free prasugrel obtained

in Example 2.



de obtained in Exanple 1; and Figure 6 is the result
of the |iquid chromatography of free prasugre

obtained in Exanple 2. -26- CLAIMS 1. A nethod for
produci ng prasugrel hydrochl oride represented by the
formula: 0/ N (la) OHIC Sf_ HA wth a reduced
content of OXTP, conprising dissolving free prasugre
represented by the formula: ON o H3C S F contai ning
OXTP in an inert solvent anqggﬁ@kgg hydrochl oric acid
optionally dropw se to the on for reaction. 2.
A nmet hod for produci ng prasugrel hydrochloride
according to clai n m1, wherein the inert solvent is

acet oneA rdeth&df B% Pa¥aatinp Yeds0ed] Wd@&l&ﬂi@tr@;sr%e%d%vﬂ?{e ®rmula:
| ess of OXTP, produced by a production nethod

according to claiml or 2. -27- 4. Prasugre
hydrochl ori de containing 0.2% or |ess of OXTP,

produced by a
H3 ‘< S

with a reduced content of OXTP, comprising dissolving free prasugrel represented

by the formula:

H3c~<o S F

containing OXTP in an inert solvent and adding hydrochloric acid optionally
dropwise to the solution for reaction.

2. A method for producing prasugrel hydrochloride according to claim 1,
wherein the inert solvent is acetone.

3. Prasugrel hydrochloride containing 0.7% or less of OXTP, produced by a

production method according to claim 1 or 2.



production nethod according to claiml or 2. 5.
Prasugrel hydrochl oride containing 0.09% or |ess of
OXTP, produced by a production nethod according to
claiml or 2. 6. Prasugrel hydrochl oride containing
0.07% or less of OXTP, produced;by a production
nmet hod according to claim1 or 2. 7. Prasugre

hydr ochl ori de contai ning 0.05% or |ess of OXTP,

roduced,_ by a oduct i on net.ho cording to claiml

b %8G Pl PPN rinaE 2 et B BB asfaued by =
cong kil 9 TR, 9. Prasugrel
hyd%%g{l}ul[g?in%égocé)hag%%ljgtﬁ%??gread-g)éyﬁczmt aining 0.2%or |ess

of OXTP.Prash@re] Ryst136:8de dearuqa)(@rb.@eim@r 16RO P | 6B by a
cont ai ni ng 0.09% or |ess of OXTP. 11 Prasugr el

hy dprodintion inthehaeihsac @rdingrio zdmkyor@ont ai ni ng 0. 07% or

| ess of OXTP. 12. Prasugrel hydrochl oride

chaf-act dirtspert! hydredrerideniomtpiind 897 ¥ o lessof X X Produced by a
13. A prasugrel hydrochloride according to any one of

cl aPRducsiop giethod agfrdimgrio clatm Iprdsugrel  hydr ochl ori de

57" 4 4R ol e RELE B RS DL pragesy by o
di ?&@@&ibﬁ%&%%@&%@%h qiabion with copper Ka
radi ati on. 14. A prasugr eT {xﬁy rochl ori de according to

anys.one Pedsuglelh ydochléridelcharadReib€d By EdiRainPgdS149 e ess of OXTP.
hydrochloride is a crystal show ng main peaks at

spati ngPrasdgrebhydsodhlortdelcharadtefizeBb beommding. 042% 10g $ds§ 6NGXTP.

in powder X-ray diffraction obtained by irradiation

wi tH- cSpsesrekiydradilendesharasBrized hihegniziningtd.Q946 or less of OXTP.
It | Si t] i ngredi ent a

e S PR S5aB eodrRenEher ss roxre

cl ajoms 3 .10 - fr i ¢ or t.her i C

agent for ué%ﬂ?yr?} g%#ﬁ‘%lcglo é%gg%fil Taratgigng Of s}églrsléeis of OXTP.

caused byprhfirgedriay8roeklofld Q&dé%in%%{yi oHetq cBImas t@?i,ivyferein the

i ngredient a prasugr-el hydrochloride according to
anyprasugrebhiydrbetilomdeds h@rykéal shddbing hain Pedls @QPERakREE () o857, 4.4,
therapeutic agent for use in humans for thronbosis or
3.8,3.5, and 3.3 angstroms in powder X-ray diffraction obtained by irradiation with
copper Ka radiation.
14. A prasugrel hydrochloride according to any one of claims 3 to 12, wherein the
prasugrel hydrochloride is a crystal showing main peaks at spacings (d) of 6.6, 6.1,
4.0,3.5, and 3.4 angstroms in powder X-ray diffraction obtained by irradiation with -
copper Ka radiation.
15. A pharmaceutical composition comprising as an active ingredient a prasugrel
hydrochloride according to any one of claims 3 to 14.
16. A prophylactic or therapeutic agent for use in warm-blooded animals for

diseases caused by thrombus or embolus, comprising as an active ingredient a

prasugrel hydrochloride according to any one of claims 3 to 14.



enbolism conprising as an active ingredient a
prasugrel hydrochl oride according to any one of
claims 3 to 14. 18. A nethod for producing free
prasugrel with a reduced content of OXTP, conprising
recrystallizing free prasugrel-28ontai ning OXTP. 19. A
production nmethod according to claim 18, wherein the
recrystallization uses an ether or a nitrile as a

sol ygnt . 5 B%ph@lapﬁ@&qﬁ&ja}g’eﬁtiigg 80%AGE A ARG tﬁo?riﬂ?rgéis or

18, wherein'the recrystallization uses aceton

as embalswEBbmpAding Y 8Cadiv @ fisPédRént @ Pdsabml Qe .
| ess of OXTP, produced by iai\*ggr oduc?i onb%ng?iﬁoc according 1o

accontimpichiany tohe of clains 18 to 20. 22. Free
prasugrel containing 0.2%or |ess of OXTP, produced by
a phdduch msthodrfer preducies beapragpard vetiya mdecedfcooieai affOXBP,

to 20. 23. Free prasugrel containing 0.09% or |ess of
OXT??m’B}SHiﬁIE%‘EStB@ZH’g SRREESheoRBERE PXER or di ng t o

any;one ' 20.. 24. Free prasugrel .

cont ai ni'ﬁgrog!l%gog:%%&?&eg%%%%ﬁfﬁmpﬁog’lﬁ‘&’?brg thy regrystallization uses
pr ogiisthdr@n a nitBidA AReRr ding to any one of clainms 18

to 20. 25. Free prasugrel containing 0.03%or |ess of

OXTH. priopitsdectidaymehfd SLURERDOR o4 180 U heetPihd k&gt Mization uses
any one of clainms 18 to 20. 26. Free prasugrel
chatcsneriezed sbivestont ai ni ng 0. 7% or | ess of OXTP. 27.

Free pr %sugr el characterized bi/ cont ai ni ng 0. 2% or

| esS' of Fesempasugpes contaisingt W ngiass of OXTRe perdugwichybayproduction

co inikng 0..09% or | ess of OXTP. 29. Free prasugrel
c:h;aHlFl g%?%?‘i%?éddn%g? a&’é’rﬂngioﬁflﬁ’éﬂsofgo@%oor | ess of OXTP.

30.22Fr egrfyr ;ﬁ%ﬁge@ %ﬁrﬁgﬁgﬁg‘d?’% l7ed B %’I o33t 8| ghge%tbg' a%?%gy/%uction

r
or less of O ree prasugrel ~accoldl

oneméthodhadbfnth 4n9 080 of VhR{CigNotie free prasugrel is
a crystal show ng nain peaks at spacings (d) of 6.7,

4. 23 4. Breesr@ugrmhdoBaiBingIN9%angkety GMBXITR, HOWERE bé‘aﬁﬁ&duction
diffraction obtained by irradiation with copper Ka
method according to any one of claims 18 to 20.
24, Free prasugrel containing 0.05% or less of OXTP, produced by a production
method according to any one of claims 18 to 20.
25.  Free prasugrel containing 0.03% or less of OXTP, produced by a production
method according to any one of claims 18 to 20.
26.  Free prasugrel characterized by containing 0.7% or less of OXTP.
27.  Free prasugrel characterized by containing 0.2% or less of OXTP. _
28.  Free prasugrel characterized by containing 0.09% or less of OXTP. -
29.  Free prasugrel characterized by containing 0.05% or less of OXTP.
30.  Free prasugrel characterized by containing 0.03% or less of OXTP.

31.  Free prasugrel according to any one of claims 21 to 30, wherein the free

prasugrel is a crystal showing main peaks at spacings (d) 0f 6.7, 4.7,4.6, 4.2, and 3.8



radi ation. 32. A pharmaceutical conposition conprising
as an active ingredient free prasugrel according to
any one of claims 21 to 3 1. 33. A prophylactic or

t herapeutic agent for use in warm bl ooded ani mals for
di seases caused by thronbus or jenbol us, conprising as
an active ingredient free prasugrel according to any
one of clainms 21 to 31. 34. A prophylactic or

th ' ent +f or e in humans for thronbosis or
enbe%%%gﬁg lcdn‘prdl?%c, o gg% gﬁtloé]c‘fq%“%}ge hyirediaupe witheggpper Ka
pr asgdgtieh. according to any one of clains 21 to 31.

35. A nmethod for producing an acid addition salt of

pr asugr el phaviacacit &rco@@8sition céhplisifif S€aPIASY Hobld;
according to any one g? cl ai s gﬁ t% 3l is re§§t5§tﬁee

wi tRiagigred e¢q@rding teaamyi anerolf ckhv2nto ®r. i n t he absence of

a ;ﬁ%%ent. 36. A production nethod according to claim
35, wher BPTRPRYECtig T dheagRelutic agens firtuse &n waimeblooded animals for
hydy.ochl ori de, nal eate, or henzenesul fonate. 37. An

ac?% °§5a"éi°?‘i““8§ b%é’i“f’mgfls Br E8W e COPPBEIIE 88ahictiye ingredient free
Pr oRMGHIP R kng. to claim35 or 36. 38. A

Cb(;l E}C _cEth H%%ﬂ%g%%‘é g'fclg.xms 2 & ﬁ

1 . s
phar maceut 1 ca sition conprising an acid addition

sal3. aceosrebiygadiie or Glemd - i ient ..
30 A prapry At o o Rer At FR EEk RSB osis o

Vvaremugli;:k&xﬂn;ﬁfsin’gpis&nfa@!ﬁve idkﬁcﬁikﬁ?ﬁe&ﬁx%@élel%c&rﬁfn%qp Yy one of
or enbolus, conprising as an active Ingredient an acid

addtdmpR! &bt according to claim37. 40. A

prgophyl act i r. therapeutic agent for use in humans
f gt hr g‘rﬂﬁ%‘g?‘g fog Produstng|an2aid additioniseit g prasugael, dotracterized in

'7n9{a‘? @eg B;as@geﬁzgclcgrd?ndg Iotaln)9 IgneS g glai%:s%olrtglﬂ (‘?s xt-egctgcli eJit? an3acid in

an inert solvent or in the absence of a solvent.

36. A production method according to claim 35, wherein the acid addition salt is
the hydrochloride, maleate, or benzenesulfonate.

37.  Anacid addition salt of prasugrel produced by a production method according
to claim 35 or 36.

38. A pharmaceutical composition comprising an acid addition salt according to
claim 37 as an active ingredient.

39. A prophylactic or therapeutic agent for use in warm-blooded animals for
diseases caused by thrombus or emboius, comprising as an active ingredient an acid
addition salt according to claim 37.

40. A prophylactic or therapeutic agent for use in humans for thrombosis or

embolism, comprising as an active ingredient an acid addition salt according to claim

a-
2/,



