DESCRI PTI ON METHOD FOR PRODUCI NG HI GH PURI TY PRASUGREL OR AN ACI D ADDI Tl ON

SALT THERECF Technical Field The present invention relates to a
nmet hod for producing high-purity prasuarel or an acid addition salt thereof

Background Art The conpound having the notfnula. H3 C K (I)

DESCRIPTION

METHOD FOR PRODUCING HIGH-PURITY PRASUGREL OR AN ACID
ADDITION SALT THEREQF

Technical Field

The present invention relates to a method for producing high-purity prasugrel

or an acid addition salt thereof.

Background Art

The compound having the formula:

(I)

1s known as prasugrel.  Prasugrel and pharmacologically acceptable salts thereof are
known te have a platelet aggregation-inhibiting action and are useful as an active
ingredient of a medicine (particularly, an antithrombotic or anti-embolic agent)
(JPOG6-41135 or JP2002-145883).  However, the use of prasugre] or a
pharmacologically acceptable salt thereof as a medicine has required 2 technique for
producing the prasugrel or & pharmacologically acceptable szalt thereof at a high

purity.



is 'Known as prasuarel. Prasugrel and pharmacol ogically acceptable salts

t hereof are known to have a platelet aggregation-inhibiting action and are
useful as an active ingredient of a nedicine(particularly, an
anti.thronbotic or anti-enbolic agent) (TP06-41139 or JP2002-145883).

However, the use of prasuarel or a pharmacol ogically acceptable salt
thereof as a Medicine has required a technique for producing the prasugrel
or a pharm acolozically acceptable salt thereof at a high purity. 2
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acid with free prasugrel. However, neither of these patent documents describes a

method for decreasing the by-product OXTP.

Patent Document 1: JP06-41136

Patent Document 2: JP2002-145883

Patent Document 3; W096/11203

Disclosure of the Invention
Problems to be Solved by the Invention

An object of the present invention is to provide a method for producing high-
purity prasugre! or an acid addition salt thereof by reducing the content of by-

products such as OXTP.

Means to Solve the Probiems

As a result of intensive studies on 2 method for producing hi gh-purity
prasugre] 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 prasugre! containing OXTP to make an acid addition salt to reduce
the content of the by-product OXTP in the resultant prasugre] hydrochloride to
preduce high-purity prasugrel hydrochloride.  The present inventors have also
found that the recrystallization of free prasugrel containming 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



Pat ent Docunent 3: W96/ 11203 Di scl osure of the Invention Problens to be
Sol ved by the Invention An object of the present inventionis to
provi de a nmethod for producing high-purity prasugrel or an acid addition
salt-thereof by reducing the content of byproducts such as OXTP. Means to
Sol ve' the Probl ens As a result of3intensive studies on a nethod for
produci ng high-purity prasugrel or the hydrochloride thereof in which the
content of inpurities such as the by- product OXTP is reduced, the present

inventors h d can reacted with free prasugrel
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enbol us) containing the high- purlty prasugreL‘or an acid addition salt
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addition salt thereof (particularly, free pras drochl ori de
thereof ). embolism)which involves administering to warm- blooaed ammals (pamcu;ar}y,
humans) a pharmaceutical composition containing a pharmacologically effective
amount of igh-purity prasugrel or an acid addition salt thereof (particularly, free
prasugrel or the hydrochloride thereof),

The present invention 1s as follows:

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



The present invention is as follows: (1)A nethod for producing prasugrel
hydrochl ori de represented by the formula: - 4 - with a reduced content
of OXTP, conprising dissolving free prasugrel containing OXTP in an inert
sol vent and addi ng hydrochloric acid optionally dropwi'se to the solution
for reaction; (2) A nethod for producing: prasugrel hydrochl oride as
described in item (1), wherein the inert solvent is acetone; (3) Prasugrel
hydr ochl ori de containing 0.7% or |ess of OXTP, produced by a production

met hod as described initem (1) or (2); (4) Prasugrel hydrochloride
containing 0.2%or |ess of OXTP, produced by\a production nethod as
described initem (1) or (2); (5) frasuu drochl ori de containing 0.09%

or | ess of OXTP, produced by a

(Ia)

/
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with a reduced content of OXTP, comprising dissolving free prasugre! containing
OXTP in an inert solvent and adding hydrochloric acid optionally dropwise to the
solution for reaction:

(2) A method for producmg prasugrel hydrochloride as described in item ( 1);
wherein the inert solvent is acetone;

{3)  Prasugrel hydrochloride co.ntaitm'ng 0.7% or less of OXTP, produced by a
produchion method as described in iterm (1) or (2);

(4)  Prasugrel hydrochloride containing 0.2% or less of OXTP, produced by a
production method as described in itern (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 iterm (1) or (2);

(7 Prasugrel hydrochloride containing ¢.05% or less of OXTP, produced bya
production method as described mn item (1) or (2);

(8] Prasugrel hydrochloride characterized by containing 0.7% or less of OXTP:
(9} Prasugrel hydrochloride characterized by containing 0.2% or less of OXTP:
(10)  Prasugrel hydrochioride characterized by containing 0.09% or }ess. of OXTP,
{11} Prasugrel hydrochloride characterized by containing 0.7% or less of OXTP;

(12)  Prasugrel hydrochloride characterized by containing 0.05% or less of QXTP;



production nmethod as described in item (1) or (2); (6) Prasugrel

hydr ochl ori de containing 0.07% or |ess of OXTP, produced by a production
nmet hod as described in item (1) or (2); (7) Prasugrel hydrochloride
cont.aining 0.05% or |ess of OXTP, produced by a production nethod as
described in item (1) or (2); (8) Prasugsel hydrochloride characterized by
containing 0.7%or less of OXTP, (9) Prasuarel hydrochloride characterized
by containing 0.2%or |ess of OXTP; (10) Prasuarel hydrochl oride
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Prasugrel hydroghbaride charasherhaed P eanakalng.0,95% or Less of O<TP
of 5.7, 4.4, 3.8., 3.5, and 3.3 angstroms in powder X-ray diffraction obtained by
iradiation with copper Ko radiation;
(14) A prasugrel hydrochloride as described in any ane of items (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 Ko radiation;
(15) A pharmaceutical composition comprising as an active ingredient a prasugrel
hydrochlonde as described in any one of items (3) to {14);
(16) A prophylactic or therapeutic agent for use in warm-blooded aﬁimals for
diseases caused by thrombus or embolus, comprising as an active ingredient a
prasugrel hydrochloride as described in any one of items (3) to (14);
(17) A prophyiactic or therapeutic agent for use in humans for thrombosis or
embolism, comprising as an active ingredient a prasugrel hydrochloride as described
in any one of items (3) to {14);
(18) A method for procucing free prasugrel with a reduced content of OXTP,
comprising recrystallizing free prasugre! containing OXTP;
(19) A production method as described in item (18), wherein the recrystallization
uses an ether or a nitrile as a solvent;
(20) A production method aé described in item (18), wherein the recrystallization
uses acetonitrile as z solvent;
(21)  Free prasugrel containing 0.7% or less of OXTP, produced by a production
method as described in any one of iterms (18) to (20);
(22)  Free prasugrel containing 0.2% or less of OXTP, produced by a production

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



(13) A prasugrel hydrochloride as described in any one of itenms (3) to
(12), wherein the prasugrel hydrochloride is a crystal show ng main peaks
at spacings (d) of 5.7, 4.4, 3.8, 3.5, and 3.3 angstrons in powder X-ray
diffraction obtained by irradiation with copper Ka radiation; (14) A
prasugrel hydrochloride as described in any one of itens (3) to (12),
wherein the prasugrel hydrochloride is a crystal showi ng nain peaks at
spacings (d) of 6.6, 6.1, 4.0, 3.5, and 3.4 angstrons in powder X-ray
diffraction obtajined by irradiation with copper Kcx radiation; (15) A
phar maceut i ¢al) cHRpaSFEIEh-EHWPHRE SilRG a8 1%?105@?41% prafgradilenprodugraasugr el
hydrochl oride as described in any one of itenms (3) to (14); (16) A

pr ophyl act i EEE&O%taﬁgF%‘EB%G‘?irb‘”ﬁ'gf%ﬁtdf%@%@é) °ri2#&i m bl ooded ani mal s for

di seases cauggd -y _thr s _or _.embol.us, conprj.si as,_an active ingredient
a prasugel Kzsﬁr o@%f %?aimggggg%onglé%%g? g)éd%ioﬁ?eﬁggg @rs‘u\érq%fmidf“é% YEBYOPEHTa) . (17)
A prophyl actj.,,ans therapeit 1. ﬁg%mteifx%r(égft% {b@)'humns for thrombosis or
enbolism conprising as an acCtive iIngredi‘ent a’ prasugel hydrochloride as
descri bed i (sanyrrongr0fcrbt @mBiid) 00026 1)ee oﬁ@@f%%ﬁ&%%yfagmmc%ﬁd ng
free prasuurel with a reduced content of OXTP, conprising’recrystallizing
free prasugrethedentiaicnbadin@{TRne of ¥9nsA1prodpct i on met hod as described in
item (18), wherein the recrystallization uses an ether or a nitrile as a
solvent; (820) Arprwdsiarilonametchod g coesoiidedi or ledsediO0I®);, wherein the
recrystallizatiaon uses acetonitrile as a solvent; (21) Free prasugrel
cont ai ni ng G/ 7% Pessr gichoxrprizyh b gertdinbe G2 Braodesl 6K et hod as

descri bed i@ngﬁ? one of i%gms (Elgg to (20); 22) Free grasugel cont ai ni ng
0.2% or | es$¥°of ORIBASYF JFaREaT By P Fodaeinsdh O Tt tiéws a5OddSeri bed in any
one Of. 'te”@9§ 1%)reet}%aéé%l’charkgterized by containing 0.05% or less of OXTP;

(30)  Free prasugrel characterized by containing 0.03% or less of OXTP;

(31)  Free prasugrel as described in any one of items (21) to (30), wherein the free
prasugrel 1s a crystal showing main peaks at spacings (d) 0£ 6.7, 4.7, 4.6, 4.2, and 3.8
angstroms in powder X-ray diffraction obtained by irradiation with copper Ko
radiation;

(32) A pharmaceutical composition comprising as an active ingredient free
prasugrel as described in any one of items (21) to (31};

(33) A prophylactic or therapeutic agent for use in warm-blooded animals for
diseases caused by thrombus or embolus, comprising as an active ingredient free
prasugrel as described in any one of items (21) to (31);

(34) A prophylactic or therapeutic agent for use in humans for thrombosis or
embolism, compnsing 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 ofitems (21) to {(31) 1s reacted with an

acid 1n an inert solvent or in the absence of a solvent:



(23) Free prasugrel containing 0.0994 or |ess of OXTP, produced by a
production nethod as described in any one of itens (18) to (20); (24) Free
prasugrel containing 0.05% or |ess of OXTP, produced by a production nethod
as described in any one of itens (18) to (20); (25) Free prasugrel
containing 0.03 (11/0 or less of OXTP, p%oduced by a production nethod as
described in any one of itens (18) to (20) (26) Free prasugrel
characterized by containing 0.7%or |ess of OXTP, (27) Free prasugrel
characteri zed by containing 0.2%or |ess of OXTP, (28) Free prasugrel
characteri zéd by%ﬁ‘#‘éﬁ“ﬁﬂrﬁ’@?f@mq@@iﬂbﬁégs itofn OXTRyherdi2 ) derdeeidproaasayr el

characterlzqghb¥ @f H 0 05% or |ess_of OXTP; (30) Free prasunel
char act er i z&0" By TSRTAR 6“@@%?@PEW§§§&ﬁF“€MTP (31) Free prasugrel as

descri bed i pygny,on 1 erein the free prasugrel is a
crystal sho&fﬁg ﬁ%ﬁgmﬁgg mns ég}%mﬁﬁg Tﬂ?u ‘%”Dﬁrﬁmh@%$mﬁsz and 3.8

angstrons |Hqggwg§&i§n§ﬁ%; Eﬁ§act|on obt ai ned by irradiation mnth copper
Ka radi ation 9 eutical conposition conprising as an active

i ngredient fige Rrpﬁi§h|ﬁfc@ﬁtlf%$ c&@ﬁ&ﬁti&ﬂe&%d’ﬁiﬁ@ymﬁ)gﬁd 0failiL$ gnft a(s caltbgﬁ( 31)

(33) A prophylactic or therapeutic agent use I n warim i mal s
for d|sease51@améﬁﬂabynhhn@nbgsd@ﬁtenbolus conprising as an actlve

i ngredient free prasugrel as described in any one of itenms (21) to (31);
(34) A propt¥l act prordylachiepafpeudivicagent fof ake liSeakns RuaBNS Hek &:hr onbosi s
or enbolism, conprising as an active inedient free prasuarel as described
in any one ﬁ8q8§seqa?§sqdm th{Qj’ﬂ}chP)f embolus, comprising as an active ingredient an acid

addition salt as described in item (37); and
(40)- A prophylactic or therapeutic agent for use in humans for thrombosis or

_ embolism, comprising as an active ingredient an acid addition salt as described in
item {37) as an active ingredient.

According to the present invéntion, the "acid addition salt” can be, for
example, an inorganic acid salt such as a sulfate, hydrochloride, nitrate or phosphate:
OT an organic acid salt such as a trifluoroacetate, maleate, methanesulfonate,
benzenesulfonate or p-toluenesulfonate. Prefefably, it is a_hydrochloride; maleate,
or benzenesutfonate, more preferably a bydrochioride.

The prasugrel] or an acid addition salt thereof according to the present
mnvention has an asymmetric carbon ztom in the molecule; there are sterecisomers
having R and S configurations. The stereoisomers and a compound containing
these in any proportion are both encompassed within the present invention,  The
stereolsomers, for example, can be synthesized by using optically resolved raw
material compounds or can be obtained by subj ecting synthesized prasugrel 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

mvention may be allowed to stand in the air or recrystallized to absorb water. thereby
e b g



(35) A nethod for producing an acid addition salt of prasugrel,
characterized in that free prasugrel as described in any one of itens (21)
to (31) is reacted with an acid in an inert solvent or in the absence of a
solvent; 7 (36) A production nmethod as described in item (35), wherein the
acid addition salt is the hydrochloride,grnaleate, or benzenesul fonate;
(37) An acid addition salt of prasup-el produced by a production nmethod as
described in item (35) or (36); (38) A pharmaceutical conposition
conprising an acid additjon salt as described in item (37) as an active

i ngr edi ent ; “A3GRIAISTBHhYFEEPT ecominmherEpet | dhagent-chorisecimpwaddl ooded
ani mal s foraqgseases 9$US§F gy t hrombus or enbol us, conprising as an active
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descri bed inyidiem (37) as an active ingredient. According to the
present invention, the "acid addition salt" can be, for exanple, an

i norgani c aci d saktorsugho @& desl hiab@ioydroehlande, ,Aktaate, oy Phosphat e;
or an organic acid salt such as a trifluoroacetate, nmaleate,

met hanesul f drated or benzedesel dronbtes ofn portiobwenesahf@natiemBraienably, it is
a hydrochl oride, naleate, or benzenesul fonate, nore preferably ‘a

hydr ochl or i d@lurality of diffpgerp e giredturos aath placicbchetdicti mopsaki, deparieefon
according to the present invention has an asymmetric carbon atomin the
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resol ution or separation ne
a specific erystal form according to the present invention is preferably 50% or more,

more preferably 80% or more, still more preferably 90% or more, particulariy
preferably 95% or more, most preferably 97% or mors.

According to the present invention, a crystal refers to a solid whose inner
structure is three-dimensionally composed of & regular repetition of constituent
atoms (or a group thereof), and is distinguished from an amorphous solid which doss
not have such a regular inner structure.  Whether or not z solid is a crystzl can be
examined by a crystallographically known method (for example, powder X-ray
crystaliography or differential scanning calorimetry). By way of example, a solid is
subjected to powder X-ray crystallography using X-rays obtained by irradiation with
copper Ko radiation. A solid is determined to be 2 crystal when distinet peaks are
observed in the X-ray diffraction patiern, while a solid is determined to he
amorphous when no distnct peaks are observed. A solid is determined to be a
crystal whose crystallinity 1s low when the peaks can be read but are not distinct {e.g.,
broad). A crystal whose crystaliinity is low is encompassed within a crystal of the

present mmvention.



The prasugrel or an acid addition salt thereof according to the present
invention may he allowed to stand in the air or recrystallized to absorb
water, thereby - 8 - having an adsorbed water or becom ng a hydrate. The
wat er.- cont ai ni ng conpounds are enconpassed within the present invention. In
addition, solvates thereof each containigg any anount of a solvent are also
enconpassed within the present invention. According to the present
invention, the prasugrel or an acid addition salt thereof or their hydrates
or solvates can formcrystals (crystal pol ynorphism having a plurality of
di fferent inner d&fPRUEERIFEs® s pIEIRIbCHeH wabepkopediniies 2 sdependi ng on
reaction and cr§ tal l.i zati.an condk&ioash The crystals and a m xture thereof
i P HITHO
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in any propo

and anor pho | th ) . present as _a, m xtuyre. m xture thereof
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the content Of.a:SP@Sih ¢l y;atraiﬁaﬁ@{,%glfagsgrgg)&ag@& Lhe, present. dnvention
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is preferably 50% or nore, nore prefera re, Y e

preferably Q0% ermne:] pardiewi@nloyt PHef @k alkYcOn800 HRLE, RSt
preferably 97% or nore. According to the present invention, a
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conposed of a regular repetition of constituent atons (or a group thereof),
and is di stidtgueshedrhdiamraritaior plotisnsotidpashisch daes diibicthavetstch a
regul ar inner structure. Wether or not a solid is a crystal can be

exam ned by RV IV APHSEPEEH STk deTike e hde: (4dosti coxanphél-rpowder  X- r ay

crystall ogr or differential scannin c%%%rinetry) By way of exanple, a
solid is suﬁﬁ?fi%%o& RAGd ?e&yr%fgf?f’é’%% 5198 F%ﬂh?e%ﬁr%nxl%@y%d@mnai ned by
irradi ation Wt . radiation. A solid is deternmned to be a crystal
~when di sti né%\ﬁ% e ot @%‘g&%‘}%ﬂ%&?e%?"é@n%‘? P¥ ¢ ﬁ%&‘p”é‘ﬂf?fé?‘ifﬂﬂ while a
solid is idetgizaihed 10.Re;anm0r phous when no distinct peaks are observed.
A solid is determned to be a crystal whose crystallinity is | ow when the

peaks can be reaGrbut A&ff@héﬁﬂﬁsx@&&tﬂyﬂﬁch(&édg@fti@ﬁ@g%xt ir@eﬁc}ﬁs&ﬁ‘ be"X‘ste

crystallinity is lowis enconpassed wthin a crystal o e presen
invention. ecxanple, acrystal showip@waten pXelsay sSdcystali] OO aphy: Using .copper Ka
radiation, a sanple is typically irradiated with copper Ka radiation (in
whi ch Kul ahBsRaRs radpa dans areiinotiosgpacatoddincdAry eatipyod i zagsd on
pattern can_be obtained by analyzing the diffraction derived from Ka
radi ation, SAJ*HRYS BFhENBIYZighEE bnly the diffracti on derived from Kul
radi ati on taken(gyh iéﬁn}&ﬁe difngc ion derived fromthe Ka radiation.
According to the Brasent’ PAVEREFShIYEORYNaeT o Mbe aesantfipyason om patezer n
obt ai ned by, di,ation w th Ka.radiation enc sses an X-ray diffraction
pattern obtgf%% ’6§n§ﬁ%f?§wﬁ6nFﬁ%p%%§ﬁfgﬁFF@ﬁ%§g§ﬁ¢géjﬁﬁéﬁﬁ%amFéﬁﬁation and
an X-ray di {f£AchL N PALILrNQ0E al.ned, By Zi the diffraction derived
from Kul radiation, and is p?gferéhﬁynanigggg%uﬁgggﬁﬁg?@%ﬁlWﬁ%?@ﬁﬁrobtained
by anal yzi nQctrh@aehaf £r.a64h @hrderd yved from Kul radiation.
Crystal B2 of the prasugre! hydrochioride of the present invention can be, for

example, & crystal showing main peaks at spacings (d) of 6.6, 6.1, 40,35 and 3.4

angstroms in a powder X-ray diffraction patiern obtained by irradiation with copper

Ko 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 Ko radiation

as shown in Figure 4,



Crystal A of the prasugrel hydrochloride of the present invention can be,
for exanple, a crystal show ng nmain peaks at spacings (d) of 5.7, 4.4; 3.8,
3.5, and 3.3 angstrons in a powder X-ray diffraction pattern obtained by
irradiation with copper Ka radiation as shown in Figure 1. Cryst al
B1 of the prasugrel hydrochloride of thegaresent invention can be, for
exanpl e, a crystal show ng mai n peaks at spacings (d) of 6.6, 6.1, 4.0,
3.5, and 3.4 angstrons in a powder X-ray diffraction pattern obtained by

irradiation with copper Ka radid tion as shown in Fi ?ure 2. CrE/staI B2
of the prasuarel %3‘5@83@%5?&% At prEgemt himvent {ohdeanbeebeldorihe

35 ot 3. 4 dngeryoneoiony (RelRAPUREly ARRRLAE bt e biabita by

and 3.4 angstrons r
crystal

irradiation W &fadiatien i-n. Figure 3. A
of the free apr%%ﬁ%g?{%%?e ﬁ%&g@g%ﬁi{ “ienag%? &lpS N gg%s%g{ng%éf‘n%?ﬁf?ﬁ? gan g

crystal showknrgiar@iyy ipgaks At $P_GLHIAS.L d B0, B : . 2¢.and 3.8
angstronms in a pOV\Ung X-ray di ffrggti or{l( pgtsgt?@r nn?dbtlgﬁt%%ecﬂ%go?’ﬁ?%%ﬁati on

Wi th copper rikhat@diatelontab ishoMndstofisgatdahd Ko -rakizfon waveleneth hNg t he
powder X-ray diffraction patterns of Figures 1 to 4 described bel ow, t he
ordi nat e axés’“répeswemnt dibkfidadity ofvr/atehent yhqobbnyslisecandt6ps)) and t he
hori zontal axes represent the diffraction angle 20 (degrees). The spacing d
(angst r ons) "EA{THE CalTHPAEEacBRT &t 15990 Ava whenlthe ppachves éguat sloghtly2d si nO
=n)c. Int equation, .the Ka radi ation wavelength Xis 1.54 angstrorns,
and the Kul %frg“&%gt% PSR SPENGE ﬁngf‘?gatfeéﬂtf“%i%@te%ﬁ%%aﬂm apf crystal

fow s shoul d.he . .gualifi f ing to the pattern of the whole
spectrum as H%ggg}d%é\fge%?gmﬁgyﬁn{%gﬁg%}géi ngs (d) are slightly different
because the posiiions;and, felatdlvenl Si hereof can change sqnewhat
dependi ng on measur enent cor?gl%stel{oﬁs&ttﬁ%’ (BXTgcf:So:‘r g‘f“ﬁﬁ&‘fpgoﬁf %gg?@ggﬁt
invention, f@Xobeyl)-1-6xb2 4k, 6y ChoRLAPMEGBIRONYL: P ridi

fl uorobenzyl) - 2-oxo- 2, 4,5, 6, 7, 7a- hexahydr otehi @%of%y%%}f B?rrlesgf}tﬁ:g blyeﬂber esent ed
by the fonnifmania:

or

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 f2l] within the OX TP according
to the present invention.
Effects of the Invention

According to the present invention, there can be provided hi gh-purity
prasugrel and an acid addition salt thereof (particularly, free prasugrel and the
hydrochlonde thereof) in each of which the content of impurities such as the by-

product OXTP is reduced.



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 isoners and a m xture thereof

al so.fall within the OXTP according to the present invention. Effects of
the'lnvention According to the present invention, there can be
provi ded high-purity prasugrel and an acid addition salt thereof
(particularly, free prasugrel and the hydreichioride thereof) in each of
whi ch the content of inpurities such as the by- product OXTP is reduced.
Best Mvde f oPeCaiedri fagCauring Pet thavevrditon Free prasugrel can be
produced as a starting material for the present invention by the production
net hod descri bed fiTf: Mp96rd r203¢ Pivdhestched? ertrodyhaigridltier thr eseat: ihnnent i on
for produci hi %h- urit éorasugr,gl hydrochl ori de, free prasugrel, and an
acid addition’ S5 fm{‘)lﬁté‘?ré%‘f’ npe dgsTipet PoWED96/1 1203, process for Produci ng

H gh-Purity Prasugrel. Hydrochl oride from Free Prasugrel ‘Thi s process
is a process whi¢ miekh\?gle\?lebg 8?%%@?%&91‘?‘@3“%‘?%@@? FIgqughPiRert sol vent

addi ng hydr oghl,Q¢d [ i Y. dr0pw se thereto, and, if necessary,
addi ng a seed cr ys%t(:};1 gﬁ%kgfggéég%? ?16%}{%7%1’6?1\? uce’ %éﬁzwﬁ@ﬂm a‘éﬁ@?‘éiows-

hydrochl oride.  Process for Producing High-Purity Prasugrel Hydrochloride from Free
Prasugrel |

This process is a process which involves dissolving free prasugrel in an inert
solvent, adding hydrochloric acid optionally dropwise thereto, and, if neceséary,
adding a seed crystal for reaction to produce hi gh-purity prasugrel hydrochioride.

In this process, the adding of hydrochloric acid optionally dropwise may be
carried out by adding the acid dropwise or adding the acid at one time or in two to
several divided portions.

The solvent used in this process is not particularly limited, provided that it
dissolves the starting material to a degree and does not inhibit the reaction. The
solvent can be, for example, an aliphatic hydrocarbon such as hexane, cyclohexane,
heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as benzene,
toluene, or xylene; a halogenated hydrocarbon such as dichloromethane, chloroform,

carbon tetrachloride, 1,2-dichlorocethane, chlorobenzene, or dichlorobenzénc; an
ether such as diethyl! ether, diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, or diethviene glycol dimethyi ether; a ketone such as acetone,
methyl ethyl ketone, or diethyl ketone; an ester such as ethyl acetate, propy! acetate,
or butyl acetate; a carboxylic acid such as acetic acid or propionic acid; or a nitrile
such as acetonitrile or propionitrile. Preferably, if is an ether, a ketone, an ester, a
carboxylic acid, or a nitrile, more preferably tetrahydro furan, dioxane, acetone,
ethyl ethyl ketone, ethyl acetate, acetic acid, or acetonitrile, particularly preferably

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



In this process, the adding of hydrochloric acid optionally dropw se may be
carried out by adding the acid dropwi se or adding the acid at one tine or
in two to several divided portions. The solvent used in this process
is not particularly limted, provided that it dissolves the starting
material to a degree and does not inhibij, the reaction. The solvent can be,
for exanple, an aliphatic hydrocarbon such as hexane, cycl ohexane, heptane,
ligroin, or petroleumether; an aromatic hydrocarbon such as benzene,

t ol uene, or xylegf; a hal ogenat ed . hydrocarbon such as dichl oronet hane,
carbon tetrachlo “ﬁ§?CTQQWHW€ﬁW6?6%%%%%@?%%Hmﬁﬁdbéﬁ%%m£Qn6mlﬂ%ﬁnt
dichlorobenégpehian‘ggher ﬁuch as. di et hyl Q;Qer, di i sopropyl et her,

t et rahydr of Gran'" 8i Gxahe, AP WeYRdkideREASY -3t Cdp dPRY ewelcwbic®iC i met hy|

ether; a ketg h. ¢ _’ hyl et hyl ketaqne, qr diethyl ketone; an
ester such asqgfﬁ§%pgggfgﬁggpgﬁgggﬁié%ﬁﬁé¥ﬁ,”%F“%hEVP5§d€tate; a carboxylic
aci d such as acethc @gish Qe Bf ORLAN:Cs aGidie i thile such as
acetonitrile or pro%ioﬁitrife. P?efgr%b f,df?&wgwg%l%?ﬁé%f“%s%é?ghe, an
ester, a carboxyl icgyaeithe, @thaiind t ridfevdiE & Preher abliy,deld o%(‘}js?furam

di oxane, acetone, nethyl ethyl ketone, ethyl acetate, acetic acid, or
acetoni tril erefgablyyil€uhaniey tpf bfwerabl y tetrahydrofuran, di oxane, acetic
acid, or acetone, nq§t@£referably acetone. - 12 - The reaction
tenperature in th@rproeessevariesprdependi ngtiod wiieh vagentisssoingént, or the
i ke. However, it is typically -20C to 100C, preferably 0C to 70C, nore
preferably BOEFH BOESOpefdipE dropral HelaoGhe sesBery amountTheisadlact i on ti me

torper af ur ec L0 B TR Ao o] Srr B TS it AceLiotbe 10 hour .

r ef er abl m e YW S o ferred a ¢t of the process
Ps a nethgd&gﬁg%ﬂﬂpngééeggj@?%é%%bﬁ%%C%?gg?gfggﬁéfﬁgPs$§2§€§W6h@ﬂOgdding
dropwi se hadfn@fs thgnNeCesSsany, 9%&&?{%}%} ﬁﬁ%l:giyn afqgeu%argt%lol%w %g%?ﬁﬁl. o at

t hi enopyridine forn) of concenfrate rochl oric aci

0C to 70C (preterabby 1ok, 1ol 806Gk M8h: 8roB8hdcQde Ay Lnill nLEs, L QM nut es,
np

adding, if necessary, a seed crystal for reaction at tHhe sane tenperature

for 30 m nwiesntatdtdidytschimnd atidravien padeld Bo: CroRMe:Se 2t herd SRi.RE DO
necessary anount of concentrated hydrochloric acid over a period of 30

m nut es to 2 Oowr 0T oprefemblyi WRCat S0TCE tor 70Guf preferabl y 25C to 55C) for 1
hour to 3 hours. _ After the end of the reaction process, the
prasug-rel hydr ddKrF &t 9é Bthamsecipnasentssithy prasion lisirgdldrattddhd r om t he
reaction nixé%re.ag%ordiqﬁ_tq) conventional , method. For exanple, the
desired cofPouRd™ & EBtar Ea“ﬁ?f%mee%“fﬁ?%@mﬁ@fﬁﬁw@mm edoreysemal by
filtration t daf . the.reaction or disti]ling off the solvent
after the engf%h%{' tﬂr%’g tr::r%e}g%}te i %ﬁﬁ“*ﬁg YEHYB 150%1%8?41@ B‘g{%}f‘ﬁ%@en&y be, if
necessary, Jfunkher QuEified Qnyentd onal nethod, for. exampk,
recrystallﬁ%aﬁ%on, rgpregipF?%F?g%?@%ggé Q@%ﬁ{%ﬁé%bwyﬁﬂdunbo e hi gh- purity
prasugrel RydeactHe0fi-08q0btaIi ek the JpLAce: sured for the
OXTP content using the follomﬁngmnethod. %ﬁ¥ﬁ§&%§§%g%?n%?ﬁfM$P in the
prasugrel hydrsechl fortheeuiisierbaswbadediboki @uihdd CRF ONRLAYrA Mﬂ@@Qkﬁxpfessed
in percentage by area (% in tenns of the content of ‘OXTP in free ~

prasugr el . reprecipitation, or chromatography.

The high-purity prasugrel hydrochloride obtained in the process can be
measured for the OXTP content using the following method,

The content of OXTP in the prasugrel hydrochlonide is measured by Lhquid
chromatography and expressed in percentage by area (%) In terms of the content of

OXTP in free prasugrel.



- 13 - The content of OXTP in the high-purity prasugrel hydrochloride
according to the present invention is typically 0.7% or |ess, preferably
0.2%or less, nore preferably 0.09% or less, still nore preferably 0.07% or
| ess, particularly preferably 0.05% or |ess. The purity of the
prasugrel hydrochloride, that is, the prgsugrel content, can be nmeasured as
described for the OXTP content. rH ‘purity of the high-purity
prasugrel hydrochl oride according to the present invention is typically 95%
or nore, preferably 97% or nore, nore preferably 99% or nore Process for
Produci ng Hi gh- Pikr# egpiErieé OPr B ughehi ghromtFpesuBrasugpeloride accThis; tpr ocess
is a process, which involves dissolving free prasugrel in a solvent,

fol | owed by FeXFyEE AMERYRLE GP1¢8Y B DUt deshi Rty O % pelesprasugel .

The sol vent U%gdbquﬁﬂis proceﬁs S n%l gartigylarly limted, provided that
it di ssol ve$ TRETStArt ¥ Ay Fracter i ™ PE F2aedt &7 & deHousti s v aikierdty t he
reaction. ngﬁggby@@; can be, for exanple, an aliphatic hydrocarbon such as
hexane, cycl ohexane, heptane, ligroin, or petroleumether; an aromatic
hydrocar bon suchras,bapaens. priolienesrdtiXul ane: . an0al-0genated. hydy ocar bon
such as dlchloronet%ane, chl’or of'or m carbon’tetrdchf ride, ’

1, 2- di chl or sethanesd glQe.ghanzemne O0rpdhephor obenzene an ether such as

di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,

di met hoxyet hane, Tior puditebhigicéngh-ghytg ot agicreebglocBoRaE acarkel ONGe SHEHas
acetone, nethyl ethyl ketone, or diethyl ketone; an ester such as ethyl
acetate, pr8pyriacetatellydt Yoot whreapmtianly 9496 ar hoxy hicce aetdalguehvas acetic
acid or propionic acid; or a nitrile such as acetonitrile or propionitrile.
Preferably, "if*is an ether, a ketone, an ester, a carboxylic acid, or a

nitric, nore preferabl et rahydr of uran,_ di oxane, acetone, nethyl ethyl
ket one, ethyl acePate! rfé%‘%qcbn gg'#%?fyﬁ‘?t%ﬁf‘%grr?ilIé?mﬁé‘?etﬁfé%‘lgé%lIy

oref erably Lt raludrolur an, pRcel L dcldy Aoetons or seelonl Ly, st

preferably acetonitri enpe

typically Zggeg@dgpg&xﬁﬁgﬁgﬁggHypggg%%§%§g£ﬁﬁf§%$pg%gfgfably 30C to 50C

After dissolution, the solution [ofe]o) s preferred that a

poor sol vent (prekesabhyuse@iei)s iscaddeththeare a@iyairimft%{,)ﬁra&v?deajf}gg’it whi ch is

t
then stirred for 10 mnutes to 3 hours. A seed crysta y al'so be added as
needed. dissDhes Hieglarpinig irfayerfat ®e: @Uzasugideloc0abainRag: thhrdhe,Pr agess can be

neasured for the OXTP content using the follow ng nethod.
solvent can be, for exampie, an aliphatic hydrocarbon such as hexane, cyclohexane,
heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as benzene,
toluene, or xylene; a halogenated hydrocarbon such as dichloromethane, chloroform,
carbon tetrachloride, 1,2-dichloroethane, chiorobenzene, 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 carboxvlic 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, acefone,
methyl ethyl ketone, ethyl acetate, acetic acid, or acetonitrile, particularly preferably

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



The content of OXTP in the free prasugrel can be neasured as described for
t he met hod of neasuring the content of OXTP in the prasugrel hydrochloride.
The content of OXTP in the high-purity free prasugrel according to the
present invention is typically 0.7%or less, preferably 0.2%or |ess, nore
preferably 0.09%or less, still nore preferably 0.05%or less, particularly
preferably 0.03% or |ess. The purity of the free prasugrel, that is,
the prasugrel content, can be neasured as described for the OXTP content.
The purity of the high-purity free prasugrel according to the present

i nvention is typildaldTyPo5YsoririETesTy P kizet ablsyy 9 7a8yar0° ue 60 °QTra:pEBS er abl y
99% or nore.., . Process for Prodgcin% Acid Addition Salt of Prasugrel
from Hi gh- Pufl ty° Br'ée mrasugrably 30°C tqpP & pr ddesdisicdtmnphecelssomhi ch

i nvol ves addj,ng. high-puri.ty fre rasugrel. to an_acid in an inert solvent
or in the abgé%‘%]ééoglﬁda §41 P\;’éﬁ?%?ﬁgﬂéﬁé%ﬂgbﬁ%)"?lﬁ (BIF T HBY tvaiss) WeAtgd Bercaddi ng

an aci d optipna d i t. iL.gh-pur.ity free prasuarel in an inert
sol vent or fﬁn?Lgxgbggﬁﬁgﬁg igﬁgégggﬁgﬂfﬁ%@?@W%ﬁﬂ9§§Wu§n Psfd cgdlevent) to

produce an agiyhladgh 1d4en .satdi-0f prasunel . The acid used in the
process can be, for exanple, an inorganic acid such as sulfuric acid,

hydrochloric aci @he highriweiragie praoiigrihasphed irpthe?mess%n B0 QLU0 6] d such
as trifluoroacetic acid, maleic acid, methanesulfonic acid, benzenesulfonic
ac - 15 - OXTP content using the following method.
The content of OXTP in the free prasugrel can be measured as described for
the method of measuring the content of OXTP in the prasugre! hydrochloride.
The content of OXTP in the high-purity free prasugrel according to the
present invention is typically 0.7% or less, preferably 0.2% or less, more preferably
0.09% or less, sull more preferably 0.05% or less, particularly preferably 0.03% or
less.
The purity of the free prasugrel, that is, the prasugrel content, can be
measured as described for the OXTP content.
The purity of the high-purity free prasugrel according to the pre"ént invention
18 typically 95% or moare, 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 prasugre! to
an acid in an inert sclvent or in the absence of 2 solvent (preferably in an inert
solvent) or adding an acid optionally dropwise to hi gh-purity free prasugrel in an
mnert solvent or in the absence of a solvent (preferably in an inert solvent) to produce
an acid addition salt of prasugrel.
The ac1d used in the process can be, for example, an inorganic acid such as
sulfuric acid, hydrochloric acid, nitric acid, or phosphoric acid; or an organic acid

such as trifluoroacetic acid, maleic acid, methanesulfonic acid, benzenesuifonic acid
el



or p-toluenesulfon c acid. Preferably, it is hydrochloric acid, ma e ¢
acid, or benzenesul fonic acid, nore preferably hydrochloric acid. I n
this process, the adding of the acid optionally dropwise may be carried out
by adding the acid dropwi se or adding it at one tinme or in tw to several

di vi ded portions. The inert solyggy used in this process is not
particularly limted, provided that it dissolves the starting material to a
degree and does not inhibit the reaction. The solvent can be, for exanple,
an al i phatic hydrocarbon such as hexane, cycl ohexane, heptane, ligroin, or
pet r ol eum etHértolugpesatowarrid. hygeiphens subhclieibengendsictaolduene, or

xyl ene; a hg;oggga ed. hyd ocarbo? s%c as di chl or onet hane, chl orof orm
carbon t et r SERFOFTHEM A FiEhPGrost HanetocBkIrGrebenzene, or di chl or obenze e
an et her such ashgkethx&mgg er diuﬁgﬁr tetrah:Y r of uran

opy!l .ether
. & ?’%8115@. TR HiFF carmpdigst one

. . ¢ agding o
di oxane, di met hoxyethane, »of® i Ethyl
such as acetbQQﬁding%ahé’clid&to Whsckehang e 106 L %mydri#%gpeéevg‘rgl §31&N such as
et hyl acetate, propyl acetate, or u?yi acetate; a carboxylic acrd such as
acetic aci dpeftigasopionic acid;, or a nitrile such as acetonitrile or
propionarile. For the hydrochloride, is it preferably an ether, a ketone,
an ester, a car bOxyinet sabiet us@t irathidigrotdse is mRperRGRESNRBk, bekrahyedk of uran,
d oxane, acetone, nethyl ethyl ketone, ethyl acetate, acetic acid, or
acet oni t ri | & diggahves Gwlssarliyg priefiertabldestet andhipds oftuniabit (e exane, Jgetic
acid, or acetone, nost preferably acetone For the mal eate, on the other
hand, it isSYVerérabryonskasriean abphadicdnerocarboastar s lorane, mivtiohdxene, nor e
preferably ketrahﬁdrofupan, di oxane, acetone, nethyl ethyl ketone, ethyl
acetate, or "HUEORFOM 0L PERATER ERFRAR A rat ehybspsarbar sishyaberagran, di oxane,

or acetone, r raply ac ne, The reaction tenperature in the

process vang%%'Egéﬁésﬁgggﬁﬂf%ghgé%%gﬁ?#xgéFgéWVﬁggPKPﬁﬁhFFk@ﬂor er, it

is typicall yap@0Cth&idQ0C: pEehierablne O moe, preferably 30C to

60C, nost prderf erably 40C'to BBC. = ?lla}lllé’ C-%lérgbJIggml'ﬁredlr%g%?e?e&ﬁWi’ in the

process var Re: Sepengi-ng! Ofed Hﬁsdb?ﬁ%@@&ezﬁ%éﬁ%ﬁofu{aﬁacﬁ&&% tenperature, or
y

the like. However, it is typicall m nutes to 10 hour's, preferably 10

M nutes to &nhtdukgethane, or dichyphebbrbbdinenbodimntiffnaurpthodd@r produci ng
prasugrel maleate fromhigh-purity free prasugrel is a method which

i nvol ves di msdiithy hetdrei or dethgl Ketorec et oster okl aastlliyng-chi@hrgut kdoyad r ee
prasugrel thereto at OC to 70C for reaction at the sane tenperature for 1
hour to 3 hURE! acetate; a cabppdicaeideycla mbaehtitentd wirepiost hod; bor nipileduci ng
prasugrel hydrochl oride fromhigh-purity free prasugrel is a method which

i nvol ves di%%%F%Wﬁ&qﬁ%%ﬁ%ﬁP?@9g$keeyﬁ?é@ﬁ@ﬂ%ﬁgbﬁd&d@ﬂdﬁ@@“@ﬁd$hgh@ropmﬁse

hal f the necgssary anount (typical equi nol ar tq the fnienopyridine form
of concentréaztlfEﬁo Yt 57 %ngﬁutﬁgﬁgﬁghhﬁmﬁﬁgF YT YRR EBEy 35C to

200 ed?zéngggiorl8 : oret < (t |
| over ay; 0 . mnutes, adding, if necessary, a see
crystal fo???%%%iigﬁigi‘?ﬁgHégﬂéfgg%bérifﬁ%%%?%gggﬁcﬁ%ﬂh%@ngBﬁ? hours, and
further adding.ulfQmiEeHNELOIRALAY NBGES Sy ATPUDL.Of Cangent rat ed

hydrochl oric acid over a period of 30 mnutes to ours reaction at 0C
to 70C (prefrefablyac2biiet OFS5G} nfalfatel cBAY oth® BnBOMISoreferabiy an égx&rer the end
of the reaction process, the acid addition salt of prasugrel o t he pr esent
i nvention ikstape] drestedorfaomlt, heore eatiably Birkiydi EuRGCOHALNY a1t BoR
conventional nethod. For exanple, the desired conpound is obtained by

col | ect i ng tdikylpifat kpicnatetyy eessitalr doytonithiter pariioriadf peretble end of the
reaction or distilling off the solvent after the end of the reaction. The
desired conpimerodhta Hewngey as8ons fopioedyably actant.her purified by a
conventi onal ne%hod for exanple, recrystallization, reprecipitation, or

chr omat ogr aphy. ' 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.



The high-purity prasuarel or an acid addition salt thereof obtained in the
present invention is excellent in oral absorbability and

nmet abol i smactivating and pl atel et aggregati on-inhibiting activity and weak
in toxicity and further has good storage and handling stability, and
therefore is useful as a nmedicine (pref.ggably a - 17 - prophylactic or

t herapeutic agent for diseases caused by thronbus or enbolus (particularly,
a therapeutic agent) nor e preferably a prophylactic or therapeutic agent

for thronbosis orlgrem]m tlcularl¥ g‘t erapeutic agent)). In
addition, the nmedieife i’s r&%é?éﬁ%§gf6 nieg SEP P IR il Feve sailiTral s, nore
preferably f.or.use sed as Lhera eutjc or
prophyIactlé aEEntaé ngégk@théxﬁ%9f pﬂ?ﬁ ﬁYaéﬁaP FubLO%%i%Cld

addi tion sal g&h@nephn@gpgﬁggggu&o t he present |nvent|on can be orally
adm nistered per se or in the foiin of tablets, capsules, granules,

powders, syrups, AofrefpRE@BEBSEey aﬁnmtt@tteaeﬂoa@aﬁ@gm%@?ﬁ&lett@lﬁ%ﬁt' ons,
suppositories, or the like in which a pharnacologlca | 'y~ accept abl e

exci pi ent, dm@UEMﬁYOBSDh@u$Ekeaﬂsﬁth@dmﬁﬁnﬂﬁeﬂﬁﬁsxjvmarndéﬁﬁﬁ@ul

formul ations are produced by well-known nethods using additives including
an exci pi entC ok BN @ans hech-porty Seamphsegrehheorigani € exviopi fenteadterGy, a
saccharide derivative such as | actose, sucrose, glucose, mannitol, or

sorbi tol ; §F§F€h“ﬁ%??@%ﬁ¢%é heWC Ha%%drn starch, potato starch, a
pregelatlnlzed st ar tr| ose derlvatlve such as

r n
crystalline cell qu(rjﬁsefre i rnﬁﬁ?t dfad%ﬁ@?%ﬁ’ T pgpd Lﬁﬂﬂﬂ rA2EHY e haroghlorider gani ¢

exci pi ent ( o |d or ilicat erivative such
as synthetlgbgf%h$huntslI?%%%gyéié4%53%§s 5?8“@6 “ﬁﬁéﬁ@i?éhﬁ”n}
al um nonet agkt bealL:l iR PROSPhALS: %%%@éha@?t‘h lég@sg%gra%% OSpa. at € a

car bonate such as caIC|un1carbonate or a sulfate s

sul fate)), egdintblar cant tHimvpeldea o, Qﬁc@ﬁc&&%mltﬁfdr&rhﬁﬁ'fc £ & ﬁLrgtooz{t a net al
stearate such as cal cium stearate or magnesi um stearate; talc; a wax such

as beeswax BIC spHXifideefdrabipasiEa®i’a:) onet b @I, mansdild ab %nﬁ&t@@ as sodi um
sul fate; 213/col; fumaric acid; sodium benzoate; D, LlIeucine; a
| auryl sal f atdeling, deaessyyal chmtﬂ}lfmeﬁtatoe a@thmm&esmpma{mfoylmul fate; a
silicic acid. such silicic anhydrlde or silicic acid hydrate; or a starch
derivative REUFSAP nzlaufé rihef Bl HgetopYie S reaniTbey néwmEsaexanple of

| cel | ul ose,

Bg?;erxg{ 85{ lrn%fen: l g~ﬁ§15"%{338%dr OX p%vgpgmeat? Q%/ %Q mé_nutes tf§ hours for reaction at
0°C 10 70°C (preferably 25°C to 55°C) for 1 hour to 3 hours.

After the end of the reaction process, the acid addition salt of prasugrel of the
present invention is collected from the reaction mixture according to a conventional
methiod.  For example, the desired cornpound 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 mathod, for example, recrystallization,
reprecipitation, or chromatography.

The lugh-purity prasugrel or an acid addition salt thereof obtained in the
present Invention is excellent in oral ebsorbability and metabohsm-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



compound simlar to an excipient as defined above), a disintegrant (which
can be, for exanple, a cellulose derivative such as | ow substituted

hydr oxypr opyl cel | ul ose, carboxynet hyl cel | ul ose, carboxynet hyl cel | ul ose
calcium or internally cross-linked carboxynethylcellul ose sodium a

chem cally nodified starch/cellul ose sucly as carboxynethyl starch, sodium
car boxynet hyl starch, or cross-Ilinked polyvinylpyrrolidone; or a starch
derivative as defined above), an enulsifier (which can be, for exanple, a

col loidal clay such as_bentonite or bee gum a netal hydroxide such as
nagnesiun1hﬁﬁgg%&ﬁéc8Fﬁﬁﬁ@ﬁ%ﬁﬁﬁ?@%?&&%@%?C&H“&ﬁﬁﬁﬂ%@%ﬁﬂWﬁ@@éﬁ@ such as

sodi um | aury, 1-Iﬁ L cal.ci um st ear at e; cationi ¢ surfactant such as

benzal koni u '%E#g?ﬁﬁgfgéFp%hﬁgﬁfg”fgogﬂ¥?%ggﬁ%?pgﬁ@ﬁ&ﬁgc@“B@P?@%VethyIene

al kyl et her, agandol wexysisvd g sionbbhar, Lat Ly sacid gster,, or, a .sucrose

fatty acid e§t%r), a stabilizer (mﬁkch %gﬁgﬁi?%%gF“%%%ﬁﬁpé,1§ada”0&

p- hydr Oxyber’tZ@in@die'ﬁ}teeé’pz@&@ﬁblfi%rmé Yk Ran AR Qlanif; 9%&&?@?@%{&%@% gl.cohol
al cohol’;

such as chl orobutanol, benzyl alcohol, or phenylethy benzal koni um

chl ori de; aiphemals. such as phenol, or cresol; thinerosal; dehydroacetic

acid; or sorbic acid), a flavoring agent (such as, for exanple, a comonly

used sweetener, ddicdubains oheperfime)progndscalcdigktiedt diseases, thelheh gosage of

the high-purity prasugrel or an acid addition salt thereof according to the

pr esent inv@ﬁﬁgﬁﬁhﬁéﬁ*Wé?%kﬁ§§€ﬁﬁﬁhﬁe@ﬁMVQﬁﬂuy@tb@ndﬁ@h@m&mﬁumhwa@:the

activity of(}gp agent aadmthe sgnﬁténs, qgﬁ and wei ght of a patient. For

oral admi ni StYarF OIS EHE Piosayel hhioredr [edflsperaden crappissapdwdens, 01

ng/ day/ adul nref I - [adult).as the lower limt and 200

g/ day/ adul {S‘"%g{’ o ggrfg%ﬁ%ﬁl%gg{r’r‘%%‘é?@%c&%ﬁ) B TR pRPPPSRTES, oEREND es

The present ji.puent; hsdesehi an further detail with reference

to Exanpl es, Re?gtrugﬁ?:ghExan%%g%cgggé&ggga}gh érﬁﬁr“etz glll—\be\ﬂgg’/r:t:h? hpﬁﬁég TH¢®ntion is

not intendedsts@dhe |imted thereto. - 19 - Exanple 1 Exanpl e of

Production of High-purity Prasugrel Hydrochloride from Free Prasuurel

To 8.00 g of 2- dbetofymbifiancyelpphepy beardiomblrmblinies ehenzyld ¢4, 5, 6, 7-

t et rahydrot hi eno[ 3, 2-c] pyri dine and 398 ng of activated cllay was added 43 ¢

of'acetone,H@h@H@W@Bﬁ@@&hﬁﬁM@CHtanmmébmasntmenmskgﬁﬁﬁﬁmqﬁmﬁzgg”Ihe reaction

solution was filtered, the residue was washed with 4.41 g of acetone, and

then 1.12 g¥6fhesgoslenricivaerel sdatiper setbes: Blicasd, thaatitG26 westcaddedslr opwi se

to the soluéjon.ovgr a geriod of one mnute Thereto was added as a seed

crystal 23857y 20¥ L) &t SpmBRToh A 2By # P crBtinGed desar orbkdrim

TP2002- 1458 he.resultant m.xture. was then stirred at the sane
HuiAD 8, SR A it ClIgY Gpreieugenree At peiien

tenperature for one hour. Tn"a

hydrochl ori & a6l 84.1as ﬁg% r.ORW ereto.over. .a period of one hour, and
the resultant mxture wa %?ﬂgﬁwgﬁ%?ggéﬁgﬁwfg 1?8Pd§rﬁﬁﬁf§5§ﬁﬂvﬁﬂﬁther at
30C for 1 hauk as Shenpt ekirBhtatad.6r YStal, was.collected by filtration,
washed with 15.8 g of acetonef aﬁd’dried undggc%e &%g%mﬁressure at 50C for

5 hours to fproinboetz8iliddiega phosbhe kidnl & GOARAURGro genphos AW A onaee
chromat ography of the resultant high-purity prasugrel ydfochforlée is
shown in Fisgtr & Glcivbastrenent: contlistduohss talchngil fud), anexasnf Ahlgus.
can be, for example, stearic acid or a metal stearate such as calcium stearate or
magnesium stearate; tale; a wax such as beeswax or spermacetl; boric acid; adipic
acid; a sulfate such as sodium sulfate; glyeol, fumaric acid; sodium benzoate: D 1-
leucing; a lauryisulfate such as sodium laurylsulfate or magnesium lauryisuifate; a
stlicic acid such as silicic anhvdride or silicic acid hydrate; or a starch derivative as

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

hydroxypropyl methylcellulose, polyvinylpyrrolidone, polyethylene glyeol, or a



(Measurienent Conditions) Detector. ultraviolet absorptioneter (nmeasuring

wavel engt h; 240 nm Anal ytical Colum: Cadenza CD-Cl18, inner
dianeter; 4.6 nm length; 15 cm particle size; 3 um Guard Col um: none
Col um Tenperature: 40C Mobi | e Phase: 0.01 nol/L potassium

di hydr ogenphospha e aqueous sol ution:tetrahydrofuran:acetonitrile = 13:5:2
(MV1V) Flow Rate: 1.0 nmrnin. Exanpl e;g _Exanple of Production of
Hi gh-purity Free Prasugrel from Free Prasugrel To 7.00 g of the
conpound (1) was added 46.3 g of acetonitrile, and the resultant mxture
was then stirred at 40C for 10 mnutes, followed by cooling the reaction
sol ution to OPpeundrHByler ¥ aRerxcidReds @‘?ﬂiﬁﬂna@@v@ga dlsgl‘f@ﬁ‘ralwé ichgeebedbed to
the sane te ture period of 35 nutes, and the resultant m xture
was then sti ?Iégl et ¢l O%Qﬁﬂv%t@ﬁﬁé‘?tbﬁ}f?"éf %?Utﬁ@drﬁyﬁiﬁxéﬁfowﬁ@l Idpgeei pi t at ed
crystal was coll ect filtr t|on h 10.5 a pr

R S R v ol R g@lw@égﬁwg Lt Casc

acetonitril

for 5 hours %‘%O%%‘Qé{thgg?}glslg tsg%%rhtarlﬁexjﬁ &%I (% i éecy {){?,rgg/ﬁslrhg?se Sélglgﬁ%wn in

chr omat ogr ap

Figure 6. N%awﬁﬂaw s@sﬁaﬂlsgaﬁ&scawbxﬁhﬁtﬁﬁ st%rcfhr, 8r Bds-Rhilgns-
polyvinylpyrrolidone; or a starch derivative as defined above), an emulsifier (which
can be, for example, a colloidal clay such as bentonite or bee gum; a metal hydroxide
such as magnesium hydroxide or aluminum hydroxide; an anionic surfactant such as
sodium lauryl sulfate or calcium stearate; a cationic surfactant such as benzalkonium
chloride; or a nonionic surfactant such as a polyoxyethylene alky! ether, a
polyoxyethylene sorbitan fatty acid ester, or a sucrose fatty acid ester), a stabilizer
(which can be, for example, a p-hydroxybenzoic ester such as methylparaben or
propylparaben; an alcohol such as chiorobutanol, benzyl alcohol, or phenylethyl
alcohol; benzalkonium chlioride; a phenol such as phenol, or cresol; thimerosal;
dehydroacetic acid; or sorbic acid), a flavoring agent (such as, for example, a
commonly used sweetener, acidulant or perfume), and a diluent.

The dosage of the high-purity prasugre! or an acid addition salt thereof _
according to the present invention can 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.

Exampies

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 himited thereto.



(Measurenent Conditions) Detector: ultraviolet absorptioneter (neasuring

wavel ength; 240 rinm Anal ytical Colum: Cadenza CD-Cl8, inner
dianeter; 4.6 nm length; 15 cm particle size; 3 um Guard Col um: none
Col uim Tenper ature 40C Mobi | e Phase: 0.01 nol/L potassium

di hydr ogenphosphaaqueous sol uti on:tetrahydrofuran:acetonitrile = 13:5:2
(VMVN) Flow Rate: 1.0 nDmin. Reference EXanple 1

2- Acet oxy-5-(a-cycl opropyl earbonyl-2-fl uorobenzyl )45 7 tetrah ydro tin
eno[3 ,2 -0] pyri dine (1) 2-Fluoro-a-cyclopropyl carbonyl benzyl chloride
A m xture of 100 Exawbleclycl opropyl 2-fl uorobenzyl ketone and 886 g of

di chl oronet hane was stirred while cooling wwth ice to provide a m xed

sol ution. Into tHheargsulitfariiciyxedtsd) meiedromershHovimcBi@Bledron0l ke
equi val ent) ,of chlorine gas over a period of 20 m nutes whil e keeping the
sol ution terpérsflUre at 0C, and the resultant mixture was then stirred for

0 S s el @ DL RO LAG SOl U 0L STRSIALNL 8 AL, 0G, T LNer, 39-8 0
tetrahydrothieno[3,2-c]pyridine and 398 mg of activated clay was added 43 g of
acetone, and the resulting mixture was then stirred at 32°C.  The reaction solution
was filtered, the residue was washed with 4.41 g of acetone, and then 1.12 g of 36%
concentrated hydrochloric acid at 52°C was added dropwise to the solufion over a
period of one minute.  Thereto was added as a seed crystal 238 mg of crystal B2
obtained by the method deseribed in JP2002-145883, and the resultant rﬁixmre was
then stirred at the same temperature for one hour.  In addition, 1.07 g of 36%
concentrated hydrochloric acid was added dropwise thereto over a period of one hour,
and the resultant mixture was then stirred at 40°C for 2 hours and further at 30°C for
thour. The precipitated crystal was collected by filtration, washed with 15.8 gof
acetone, and dried under reduced pressure at 50°C for 5 hours to provida.&(}l gof
the title compound.

Liquid chromatography of the resultant high-purity prasugre! hydrochloride is
shown n Figure 3.

Measurement conditions in Figure 5 are as follows.

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

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

Guard Column: nons

Column Temperature: 40°C

Mobile Phase: 0.01 mol/L potassium dihydrogenphosphate aqueous

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



thereinto over a period of 220 m nutes while keeping the solution
tenperature at 0C, which was reacted by stirring for one hour while

mai ntai ni ng the solution tenperature at 0OC. After the end of the
reaction, 236 g of a 3% sodi umthiosul fate aqueous sol ution was added
dropwi se to the resultant reaction solggbgn under stirring while keeping
the solution tenperature at not nore than 15C. After the dropw se addition,
the solution was stirred for 10 m nutes and then subjected to a

| i qui d-separating operation. The resultant organic |ayer was washed w th
589 a of a precog%éﬂig@bk%éﬁuﬁ¥Mydrogencarbonate aqueous sol ution and then
with 168 g of precooheq wat er and concentrated under reduced pressure to
provi de 145 g of E¥&EFt | e conmpound in an oily form (pure content: 95.4 g,
yield: 809% . ) : : .

J (tert- But I di nRURT P S8 e R e bpF 5By e B iy Bt Piiskabbnzy )

4,5,6,7-tetrahy henel3. 2; % idi.ne 0 a mxture of 115 g of
56,7,7 a-tetraﬁ?g?g?igﬁfﬁ”%ﬁ%‘%%gfgfgﬁﬁfl?d36§ﬁ€%ﬁyf%Pﬁ%ﬁegﬁﬁ%%nate, 60. 7

a of tert- butyldi BEEhY Gh BEOSIkANE 4 7 . ¢ chlgnonet hane was added
40.7 g of triethylam ne, anthﬁEQ?ﬁsSf?gﬁfl%?%?ﬁ%gqﬁggﬂﬁﬁgﬁﬁé1.?§%d at 25C
for one houesat@orpi@idodao al FCXed 1sRkdikiadBddHQirbP@isaxad SOl Mt 9o.gere added
78.1 g of the 2-fluoro-a-cycl opropyl carbonyl benzyl chloride obtained in
(1), 70.8 atwhesamethykamneycanekrbd 57 3¢ ofiusadindht edide mikivehwwas t hen
reacted by stiiiina at 45C for one hour and further at 52C for 5 hours. -
27 - thap s A éherren o mprgire futiloninute. t Ade pesiditadicrysed ctdson

sol ution was added the entire anount of a phosphate buffer solution

pr epar ed byC%{ﬁea*ie%Y@#%%fmm BashRatat 10 ¢ 8o rjesolsdaePorikriviter B5eg of

Na2ELTO4. 12H20 into .a t ot al ight of 358 g, i_ch was then subjected to a
Iiquid-sepaw)Y?%émgSEF%F?%ﬁF&$8%$BW§HHB§t%%6}%@éﬁﬁ@ﬁﬂﬂénﬁﬁﬁéﬁﬂ%gpéﬁﬁr to
back extraction, w.th;116 g of dichloronethane. The resultant organic |ayers
wer e conbi ned and concentrated under reduced pressure until the residue
reached a vol une;gfia SBnfikos IR/ dtR: WaniAdled. 476, 6 0L-ALALONILLI) 6, and
the resultant mixture was then concentrated under"reduced pressure until

t he residueriggached a vol une of 517 nL To the resultant residue was added
238 g of acetonitrile, and the resultant m xture was then stirred at 30C
for 30 m nutes. Noubseguentdng;tidh2 20 Bizafe fvateers fvlaswadded t hereto, and the-
resultant m xture was then stirred at 0OC for 3 hours. The precipitated
crystal was col (detsederbynt iangditan dpctevias hédaww iehal6orfiogieat (peaacdo} ed.
acetonitrile, and dried under reduced pressure to provide 131 g of a crude
material of VEfEDER PE eBpound. To 40.0 g of the crude material was

added 252 g of acetonitrile, which was irred at 50C for 10 m nutes and
then cooled to gﬁ%éggﬂ WiEn F@?m%é@ﬁcgg’ﬂﬁ?é?aﬁﬁ@ﬂﬁdﬁﬁﬁhH@@B&ﬁééﬁhhereto
at the sangmbﬁgpg&g%ugﬁ over a period of 30 mnutes, and the resultant

m xture wa en 00184 to OC and stirred at the same tenperature for 3
hours. The precipLiated.crystal was collected by filtration, washed with 30
2 of precooled acetonitrile, and dried under reduced pressure to provide
37.6 a of the titleuncomeintre: 40°c  (3)

2- Acet oxy-5-(a-cycl opropyl carbonyl-2-fl uorobenzyl)-4,5,6, 7- ,

t et rahydr ot hi end{d3i12 Pakfy vicdidE/L potassiurA difivéeskesahathhap .0f-08, 20 g of acetic
anhydride and 5.90 g of acetonitrile was a de&:dropmﬁse to the m xture of
22.5 g of solution:tetrahydrofuran:acetonitrile = 13:5:2 (V/V/V)

2-(te, n-butyl di nethyl silyloxy)-5-(acycl opropyl earbonyl- 2-f norobenzyl)-4,5, 6
, 7- t et r ahydr ot hferof-@c 2L pyritdi ne obtained in (2), 7.65 ss of

triethylarnine, 62.0 of 4-di met hyl am nopyri di ne, and
Reierence Example |

Z-Avetoxy-5-(c-cyclopropyicarbonyl-2-fluorobenzyi}-4,5,6,7-
tetrahydrothieno[3,2-cjpyridine

(1} 2-Flucro-a-cyclopropylecarbonylbenzyl chloride



_ 'tt3 113 g of acetonitrile, and the reaction was perfoinied by stirring
at -15C for one hour. After the end of the reaction, 75.9 g of cold
wat er was added to the resultant reaction solution, and the resultant

m xture was then stirred at -10C for 30 m nutes. The precipitated crystal
was collected by filtration, washed with,a m xture of 22.7 g of precool ed
acetonitrile and 17.8 g of cold water, “&hd dried under reduced pressure to
provide 16.4 g of the title conpound. Test Exanple 1 Preparation of

| mpurity OXTP Standard OXTP can be produced, for exanple, by the

met hod descri bed4 mo@xamglle0 201 ofcidaparies 8 ubabenty! kefod: GpettaNpof 06- 41139.
Met hod for Measuring Prasugrel Content and OXTP Content in Prasugrel

Hydr ochl or i d%c%?”ﬁpﬁ%énﬂ"@é G while LOOEIHEWG%%@M@MOVM‘C gnasdgolelionn free

prasugrel or, th rochl.or t hereQf was neasured as descri bed bel ow
In an aceto&f&ﬁﬁ?5¥&ﬁF%P“ﬁ?&%§ﬂ§ﬁPﬁ? PVE7:73) ¢ (ks e sdelvelriSamgsof free

prasugrel or the hydr | ori ereof. to nL. 10 ulL of the solution was
subj ect ed to %raoe gcgﬁgﬁﬁﬁégégkq &cqu a§88§ﬁﬁﬁ?nﬁﬁa@Fi%ﬁb Ct 319 66 ng

condi tions. r%ﬁ%rﬁqﬁﬁl& w@@'ﬂ%tshf?g'@f& I ayid vﬁlﬂ Pdgm Qme)soi

(Measurenent Condi tions) Detector: uItraV| sorp SrRet 8 (measur i ng

wavel engt h; 124€riti)ar 0°C.  Fual ytd € &QLM%) og@qgﬂﬁégag%gltﬁowﬁnner
dianeter; 4.6 ram length 5 cm par?lcle si ze;
thersinto over a period of 220 minutes while keeping the solution temperature at 0°C,

which was reacted by stirring for one hour while maintaining the solution
temperature at 0°C.

After the end of the reaction, 236 g of a 3% sodium thiosulfate aqueous
solution was added dropwise to the resultant reaction solution under stirring while
.keeping the solution temperature at not more than 15°C.  After the dropwise
addition, the solution was stirred for 10 minutes and then subjected to a liquid-
separating operation.  The resultant organic layer was washed with 589 gofa
precooled 8% sodium hydrogencarbonate aqueous solution and then with 168 g of
precooled water and concentrated under reduced pressure to provide 145 g of the tutle
compeund in an oily form (pure content: 95.4 g, vield: 80%).

{2) 2-(tert-Butyldimethylsityloxy)-5-{c-cyclopropylcarbonyl-2-fluorobenzyl)-
4,5,6,7-tetrahydrothieno[3,2-c]pyridine

Toa mixtu:re of 115 g of 5,6,7,7a-tetrahydro-4H-thieno[ 3,2-cJpyridine-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 fhe mixed
solution were added 78.1 g of the 2-fluoro-a-cyclopropylearbonylbenzy! chioride
obtamed 1n (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.



: [ : 1 nolt
Guard Col um: none Col um Tenperature: 40C Mobi | e Phase.l0.0 ol t
pot assi um di hydr ogenphosphat e aqueous sol uti on: tetrahydrofuran: acetonitrile
= 13:5:2 (MVIV) Flow Rate O mlinmm Table 1 (Measurenents of prasugrel and
OXTP. contents in prasugrel hydrochloride or free prasugrel) Purities in

prasuarel hydrochloride or free prasugrg&z_

After the end of the reaction, to the resultant reaction solution was added the
entire amount of a phosphate buffer solution prepared by adding distilied water to
9.50 g of KH,POy and 0.95 g of NazHPO,-121H,0 into a total weight of 358 g, which
was then subjected to a liquid-separating operation, followed by subjecting the
aqueous layer to back extraction with 116 g of dichloromethane. The resultant
organic layers were combined and concentrated under reduced pressure until the
residue reached a volume of 218 mL.  Thereto was added 476 g of acetonitrile, and
the resultant mixture was then concentrated under reduced pressure until the residue
reached a volume of 517 mL.  To the resultant residue was added 238 gof
acetonitrile, and the resultant mixture was then stirred at 30°C for 30 minutes.
Subsequently, 122 g of water was added thereto, and the resultant nuxture was then
stirred at 0°C for 3 hours.  The precipitated crystal was collected by filtration,
washed with 69.0 g of precooled acetontrile, and dried under reduced pressure to
provide 131 g of a crude material of the title compbund.

T0 40.0 g of the crude material was added 252 g of acetonitrile, which was
sfirre:d at 50°C for 10 minutes and then cooled to 30°C. Subsequently, 40 g of
water was added dropwise thereto at the same temperature over a penod 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 precooied acetonitrile, and dried under reduced pressure to
provide 37.6 g of the title compound.

(3) Z—Acetoxy-i—(a—cycéopmpylcarbony‘i~2—ﬂucjrobenzyi)~4,5,6,7-«
tetrahydrothienol3,2-c}pyridine

A mixed solution of 6.20 g of acetic anhvdride and 5.90 g of acetonitrile was
added dropwise to the mixture of 22.3 g of 2-(tert-butyldimethylsilyloxy)-5-(o-
cyclopropyicarbonyl-2-flucrobenzyli-4, 5 ,6,7—tetrahydrothjeﬁo [3,2-c]pyndine

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



Prasugrel content (% OXTP content (% Starting material of Exanple 1 (Free
prasugrel) Product of Exanple 1 (Prasugrel hydrochloride) 99.513 99. 690
0.095 0.032 Starting material of Exanple 2 (Free prasugrel)

-23.

113 gof acetonitrile, and the reaction was performed by stirring at -15°C for one
hour,

After the end of the reaction, 75.9 g of cold water was added to the resultant
reaction solution, and the resultant mixtare was then stirred at -10°C for 30 migutes.
The precipitated crystal was collected by filtration, washed with a mixture of 227 g
of precooied acetonttrile and 17.8 g of cold water, and dried under reduced pressure
to provide 16.4 g of the title compound.

Test Example 1

Preparation of Impurity OXTP Standard

OXTp can be produced, for example, by the method described in Example 20
of Japanese Patent Laid-Open No. 06-41139.

Method for Measuring Prasugre] Content and OXTP Content in Prasugrel
Hydrochloride or Free Prasugrel

The content of prasugrel in free prasugrel or the hydrochloride thereof was
measured as described balow,

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 Hguid chromatography for measurement under the following conditions.

Measurement Conditions (Liquid Chromatography)

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

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

Guard Colurnn: none

Column Temperature: 40°C

Mobile Phase: 0.01 mol/L potassium dihydrogenphosphate aquecus

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



Product of Exanple 2 (Free prasugrel) 99.513 99.711 0.095 0.014 The
prasuzrel hydrochl oride of Exanple 1 produced by the reaction of free
prasugrel containing OXTP with hydrochloric acid had a reduced content of

OXTP, indicating that high-purity prasuare

hydr ochl ori de had been

successful Iy produced. The free prasugrel, of Exanple 2 produced by the

recrystallization of free prasugrel

contai ning OXTP had a further reduced

content of OXTP, indicating that high-purity free prasugrel had been

successful ly proﬁ ced. Industrial
lovg hedFel-4re8BFai ned hi gh-purity prasuarel and an acid
hydr ochl ori de) thereof with a reduced content

present inventio
addition salt (particularly,

Applicability

of inmpurities such as the by-product OXTP. -
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According to the
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{(Measurements of prasugrel and OXTP contents in prasugrei hydrochloride or fres

prasugrel)

Purities in prasugrel hydrochionide or free prasugret

Prasugrel content (%)

OXTP content (%)

Starting material of
Example |

(Free prasugrel)
Product of Example 1
(Prasugre!
hydrochloride)

99513

95.690

0.095

0.032

Starting material of
Example 2

{(Free prasugrel)
Product of Example 2
{Free prasugrel)

96,513

99.711

0.095

0.014

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 recrystaliization of free prasugrel

containing OXTP had a further reduced content of OXTP, indicating that high-purity

free prasugrel 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.



Figure 1 is a powder X-ray dif'action pattern for crystal A of prasugrel
hydr ochl ori de, obtained by irradiation with copper Ka radiation (wavel ength
2. = 1.54 angstrons). In the powder X-ray diffraction pattern, the ordinate
axi s represents diffraction intensity in counts/second (cps) and the
horizontal axis represents the diffracti,qn angle 20 in degrees;

Figure 2 is a powder X-ray diffraction pattern for crystal 81 of prasugrel
hydr ochl ori de, obtained by irradiation with copper Ka radiation (wavel ength
X -- 1.54 angstrons). In the powder X-ray diffraction pattern, the

ordi nat e axif¥ief &ppesunnodis Pragerdson intensity in counts/second (cps) and
the horizontal axis represents _the diffraction angle 20 in degrees;

Figure 3 is a powddFe XiTap vdis fr ReCHERCHAT PRTHLA YT yist af Peouse! prasugr el
hydrochl oride,. obtained by irradiation with copper Ka radiation (wavelength
X -- 1.54 aﬁ‘gf@?ﬁ@ﬁgﬁ% e byp%"\ix‘ﬂéf““k—"?ﬁ&“éf*ﬁ’?rf R SR Hatr SERENRE o di nat o
axi s repres S....dl cti i LY. J econd. (cp and the

hori zont al gg%ngg%%égéngga?ﬁ@&gﬁ$¥%% F?gﬁggﬁgfé%gbﬂﬁﬁxégﬁg%ﬁ%%

Figure 4 is a-powdesrXelisy iy achhanyRALLEIDsT O B Shyshah .o free
prasugrel, obtained by irradiation with copper Kcx radiation (wavel ength X
= 1. 54 angstéeeshis thadifhecpawdee 2Xuf ayg@def.fracti on pattern, the ordinate
axis represents diffraction intensity in counts/second (cps) and the

hori zontal axis FepresentudreXdif firfctiionpangh éor20ysia) Bdegreasigre!

Figure 5 is the result of the liquid chromatography of prasugrel

hydr ochl or i dedrepitianfedbiamnEdarphéatien il copper KErguaten (Gavgetdie iresul t  of
the liquid ﬁgronatogrﬁph of frgedgrasg rel obtained in Exanple 2. MCSLLP
- 26 - CLAI M3*FRATREhod [ §F PRFEduEThY %ﬁé@ﬁﬁﬂé*m%yaﬁdﬁﬁpéﬁﬁd@ repr esent ed

by the for rrye!p?ésents diffraction intenstty in counts/second (cps) and the horizontal axis

represents the diffraction angle 26 in degrees;

Figure 3 is a powder X-ray diffraction pattemn for crystal B2 of prasugrel
hydrochioride, 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 (¢ps) and the horizontal axis
represents the diffraction angle 20 in degrees;

Figure 4 is a powder X-ray diffraction pattem for a crystal of free prasugrel,
obtained by irradiation with copper Kcx radiation (wavelength A = 1.54 angstroms).
In the powder X-ray diffraction patterry, 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 iquid chromatography of free prasugrel obtained

in Example 2,



with a reduced content of OXTP, conprising: preparing free prasugrel

represented by the formul a: contai ning OXTP from a

2-silyl oxy-5-(a-cycl opropyl car bonyl - 2-f | uor obenzyl)-4,5, 6, 7-

t et rahydrot hi eno[ 3, 2-c] pyri di ne by reaction of the MCSLLP

2-silyl oxy-5-(acycl opropyl carbonyl-2-f] uorobenzyl)-4,5, 6, 7-tetrahydrot hi eno

[3,2-c]pyridine with acetic anhydri de" th- t he presence of a base and an

acyl ating catalyst; dissolving the free prasugrel represented by the

formula (1) in an inert solvent and addi ng hydrochloric acid optionally

dropw se t @ligSsol ution for reaction. 2. A nethod for producing prasugrel

hydr ochl ori de according to claim1l, wherein the inert solvent is acetone.
1. A method for producing prasugrel hydrochloride represented by the formula:

0
N (la)
—~(1
H3C—< S F
0) + HCI

with a reduced content of OXTP, comprising:

preparing free prasugrel represented by the formula:

O
H3c——<o S F

containing OXTP from a 2-silyloxy-5-(a-cyclopropylcarbonyi-2-fluorobenzyl)-4,5,8,7-
tetrahydrothieno[3,2-c]pyridine by reaction of the 2-silyloxy-5-(a-
cyclopropylcarbonyi-2-fluorobenzyl)-4,5 6, 7-tetrahydrothieno[3,2-c]pyridine with
acetic anhydride in the presence of a base and an acylating catalyst:

dissolving the free prasugrel represented by the formula (1) in an inert solvent: and

adding hydrochioric acid optionally dropwise to the solution for reaction.

2. A method for producing prasugrel hydrochioride according to claim 1,

wherein the inert solvent is acetone.





