DESCRI PTI.ON METHCD FOR PRODUCI NG HI GH PURI TY PRASUGREL OR AN ACI D ADDI TI ON
SALT T™HERECF Technical Field . The present invention relates to a -

met hod for producing high-purity prasugrel or an acid ad

t.hereof . Background ‘Art The conpound having the fornul a: wmmm'mmmwwm%
prasuuel . Prasugrel and pharnacol ogi caldly- acceptabl e salts th grear are
known to have a pl atel et aggregation-inhibiting action- and—are_dsefulas

active inuedient of a nmedicine (particularly, an antithronbotic or
anti-enbolic agent) (W6-41139 or %ﬁg@@gﬁﬁﬁg@ﬁ) However, the use of
prasugrel or a

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

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

or an acid addition salt thereof.

Backgrouﬁd Art

The compound havihg the formula:

ey
O

H,C <

O

1s known as prasugrel. Prasugrel and pharmécologically acceptable salts thereof are
"known to have a platelet aggregation-inhibiting action and are useful as an active
ingredient of a medicine (panicularly; an antithrombotic or anti-embolic agent)
(JPO6-41139 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 z high

purity.
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phai macol ogi cal |y acceptable salt thereof as a nmedicine has required a
techni®ue for producing the prasugrel or a pharmacol ogically acceptabl e
salt thereof at a high purity. 111111100011101111121121111121111 *000002*
W)96/ 11203 descri bes a nethod for producing prasugrel or a

phar macol ogi cal | y ‘acceptabl e salt thereof. In addition, JP2002-145883
descri bes a method for. produci ng prasugrél hydrochloride or mal eate, which
i nvol ves reacting an acid with free prasugrel. However, neither of these
pat ent docunents_descri bes a nethod for decreasing the by-product OXTP

Pat ent Docunent ¥ O3®bb031desTritstaantthDdtenmenducing FRAGHA 0145883 Pat ent
Docunent 3:6£096/1 203 Di sclosure of the Invention Problens to be Sol ved by
the I nventi dgiiarmacologicallyaeqeptabis saldhegicat et addivient IP3A02-4 4588 3plesritde 2 a

met hod for producing high-purit rasugrel or an acid addition salt thereof
by reducingIP%@“%%H%&WP%BFPH?Bg%HBEI?C Bfie gsmedetto, WhishnsvalvesSeioreg ke
Probl ens -

~acid with free prasugrel. - However, neither of these patent documents describes a
method for decreasing the by-product OXTP. |
. Patent Document 1: JP06-41139
_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 prasugrel or an acid addition salt thereof by reducing the content of by-

products such as OXTP.

Means to Solve the Problems

As aresult of inténsive 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 p‘;asugrel hydrochloride. The present inventors havé also

found that the recrystallization of free prasugrel con'tainin_g OXTP can reduce the
content of the by-product OXTP in the resultant fre:e 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



As a result of intensive studies on a nethod for producing high-purity
prasug¥el or the hydrochloride thereof in which the content of inpurities
such as the by-product OXTP is reduced, the present inventors have found
that an acid can be reacted with free prasuuel containing OXTP to make an
aci-d addition salt to reduce the content;of the by-product OXTP in the
resul tant prasugrel hydrochloride to produce high-purity prasugrel

hydrochl ori de. The present inventors have al so found that the
Fecrystallizatio 7of free prasugrel containing OXTP can reduce the content °
of the by- prE¥uRit!2xi8on I3 -4 lhwinugsun Figare 6} wdiqmdcugmelogtaphpmas goetly

hi gh-purity E({uecgd gasuarelﬁ Th%(r etby,C t he prues_ssent i nvention has been

acconpl i shed: RRTEH i § PERC R1aclp rRleBRusi sHhEmGE oM prasHEeFadin gk idOXTP
(the substange:..w re tion ti of .13.02 or 13.76 mnutes in Figure 5
or the substrgl g%(t:l\gh\%\ng{ ﬁ’eéeO? PeRt e r%e’qF‘?' ﬁBa18¥°“féP§%“6F "3 retepioRbEs 9fn Figure
6) in |iquideaNr ograd ogr Y5 RS, G et | ¥ compared to the peak of
each anal ogous ’subst’g%c%p‘ig}nb pras%&%ﬁhgﬁ%qgﬁ%gg}e g%g?ﬁ%hs%%qetw &r eof

(for exanpl eectehittd @haboyoOUs, §l&§§ﬁ?§%r%hhrﬁnﬁ@%‘ﬁ{‘ﬁiioﬁx%'ét LgcOf 26.81,
36.79, 38.84 or 52.49 minutes in Figure 5 or the ana oggus substance with a’

retention tichwnofto@eph3, 35.52, 37.45 or 50.37 nminutes in Figure 6) in the
chr omat ogr aphy. The present invention provides a nethod for producing
hi gh-purity prastepresentanyeatpnipradiies iaonetsad fortpheivent gapidtoutantyl free
prasugel or the hydrochloride thereof) in each of which the content of OXTP
i s reduced; °hfyRpadfitign seladgrrel (Rerticatlarhys ifige paasigicber thahydrotisppdd

b aduct | on ESHT ACpALY R A0R PO BShBOL STetkccBaeh ounerpuaeel or
ool sy conr Srid-BEtBR S b A0 L8l0 S R RS T B ninpp G e
thereof (panbiagiehdylive prordﬁaio%rrﬁétﬂ&l;%'Lﬁr%nﬁ&%ti%%%l%%%é ﬁg%gg&ga&gpf) as an

active ingredient; "use of the high-purity prasugrelf or a ddi tion

sal t t her eobrophgratico @E}ayeutfcrﬁg@nt%ﬁ&ﬁgis‘%!; cAlsed B tl’ﬁé’rﬂﬁﬁ’scct}[e%tjogfs thereof)
for the purpose of producing a pharnaceutical conposition; an g

prophyl act i Gor(tainirtgehap'%htﬂlmtyrpﬁab@elf@rancﬁcﬁﬁﬁﬁﬁor(ﬁ&rtﬁérsdﬁéﬁéﬁiyﬁxlaﬁliﬂfﬁ%%bosi S
or enbolism which involves adm nistering to warm bl ooded ani nmal's
(parti cul ar Piasugieheariby hudrpptdemdectbertcb Dads anawposiristaaienc,aé af fhis M@ hBpurity
phar macol ogi cal |y effective amount of high-purity prasugrel or an acid
addi ti on saPPSYHEYUoR (ophrdditian sakt(tReredf @artisnasgivgired prasugtdier thedr ochl or i de
thereof). The xgﬁkﬁsent ipn‘vgn [ g}g is as follows: (1)A nethod for producing
. prasup-el hy?ﬁc} EHPRPS BETPEPR REERPSHY! PIduFIBE mAhgEmaceitical composition;

apd a prophylactic or therapeutic method for diseases (particularly, thrombosis or

embolism) which involves administering to warm-blooded animals (particulartly,

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 foliows:

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



with a reduced content of OXTP, conprising dissolving free prasug-rel
contaiming OXTP in an inert solvent and addi ng hydrochloric acid optionally
dropwi se to the solution for reaction; (2) A nmethod for producing

prasugrel hydrochloride as described in item (1), wherein the inért solvent
is acetone; (3) Prasugrel hydrochl orideg containing 0.7%or |ess of OXTP,
produced by a production nethod as described initem (1) or (2); (4)
Prasugrel hydrochloride containing 0.2% or |ess of OXTP, produced by a
production nmethod as described in item (1) or (2); (5) Prasuuel

hydr ochl ori de contai ning 0.09% or Iess of O P, produced by-a . production
met hod as described in item (1) or (2); g) ©rasu2rel hydrochlori de
containing 0.07%or less of OXTP, prodyced

described in item (1) or (2); (7) Prasuarel hydrochlori de cont aj ni ng 0.05%
or less of OXTP, produced by a productl on nethod as described in item (1)

or (2); (8) Prasuzrel hy r characterzed by Igptal ning 0. 7% or

| ess of OXTP;,  (9) Prasug ydrocNI oridefjcharatterized by containing 0.2%
or |ess of OXTP;  ( el hydrochl ofii de characterized by containing
0. 09% or Sf’izf?f OXTP; rel drechk®ri de characterized by

cont-ai ni ng Yo or\\l ess of OXTP; (12) oy asuuel hydr ochl ori de characterized
by containing 0.05%pr |ess of OXHE}

with a reduced cc_mteﬁt of OXTP, comprising dissolving free prasugrel containing
OXTP in an mert éolvent and adding hyydrochloric acid optionally dropWise to the
solution for reaction, |
(2) A method for producing prasugrel hydrochloride as describéd in item (1),
wherein the inert solvent is acetone; |
(3) rasugrel hydrochloride containing 0.7% or less of OXTP, produced by a
productlon method as described in item (1) or (2 )
(4)  Prasugrel hydrochloride containing 0.2% or less of OXTP, produced by a .
production method as described in item (1) or (2);
(5)  Prasugrel hydrochloride containing 0.09% or less of OXTP, produced bya

. production method as described 1n item (1) or (2);.
(6)  Prasugrel hydrochloride containing 0.07% or less of OXTP, produced bya
production method as described in item (1) or (2);
(7)  Prasugrel hydrochloride containing 0.05% or less of OXTP, produced bya
production method as described in item (1) or (2);
(8) Prasugrel hydrochloride ch'aracterized by containing 0.7% or less of OXTP;
(9)  Prasugrel hydrochioride characterized by containing 0.2% or less of OXTP;
(10)  Prasugrel hydrochloride characterized by containing 0.09% or less of OXTP;
(11)  Prasugrel ‘n&drochl_oride characterized by containing 0.7% or less of OXTP;

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



5 (13) A prasugrel hydrochloride as described in any one O items (3) to
(42), wherein the prasugrel hydrochloride is a crystal showi ng mai n 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 hydrochl oride as described in any one of itenms (3) to (12),

- wherein the prasugrel hydrochloride is a’crystal showi ng mai n peaks at
spacings (d) of 6.6, 6.1, 4.0, 3.5, and 3.4 angstrons in powder X-ray -
diffraction obtained by irradiation with copper Ka radiation; (15) A

phar maceut i c@B) conpmsigreldrydoohiorids andeasibahiraatyione df igmeddavt13, pr asugr el
hydrochl ori de as described in any one of itens (3) to (14); (16) A

prophyl act i cweeremhks prpeugrél diyarpehlorifiors aiswstahshoaving blaoogalls anpadhsgs dor

di seases caused_ by thronbus or enbol us, conprising as an active ingredient
a prasuarel MydfdchPor P deais3 deBestiopsdnipevaay Xone diffragianebiyd o (14) ;
(17) A proph.¥rl gct.i C Oth ther%ro?euti c. agent for use in hunmans for thronbosis
or enbol i sm TEGREPT & AGOBRET K¢ BERPOR i ngredi ent a prasuuel hydrochl ori de as

descri bed i i : 14); ..(18) A nethod_ for_ producin

free pr asugp(é??%Agﬁﬁg%g&hygg%h%gg?tédér)l?gsbcp Wyz:o&ﬁﬁﬁgﬁnﬁg”rtgé@st al i z?ng
free prasugrehersi@itahmal < ; Ji t ; ribed in
item 5)18) , gvvher ein ﬁlewrgge(} ?ﬁ@a?lloflgg%si ﬁ?lﬁatgggﬁtédnl?%ﬁg@r&ggs g%ﬁgcﬁrﬁg%r@)as a

sol vent;  (2)6.6 6prr, adustsi o Tethetons: id9S6dbDR G al Bifrh&Bn( B inedier ei n the
‘recrystallization uses acetonitrile as a solvent; (21) Free prdsugrel

cont ai ni ng OrAétaoon Web somfer @¢Miadiapipmduced by a producti on net hod as

descri bed in _any one of items (18) to (20); (22) Free prasugrel containing
0.2V0 or | esd>bf Apmnagugeal cenrpbsition pempusng enamedtive dngrsdie sqirhdugekli N any

one of it en’lshy%:rl'o8 lotricc)ie gszggs;cribed in any one of items (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 as described in any one of items (3) to (14);
(17) A prophylactic 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) -t_o (14);

(18) A method for producing free présugrei with a reduced content of OXTP,
comprising recrystallizing free prasugrel containing OXTP;
(19) A production method as described in item (18), wherein the recrystaliization
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)

3



6 (23) Free prasuffrel containing 0.09% or |ess of OXTP, produced by a

pr oduction nmethod as described in any one of itenms (18) to (20); (24) Free
prasuuel containing 0.05%or |ess of OXTP, produced by a production mnethod
as described in any one of itens (18) to (20); (25) Free prasugrel
containing 0.03%or |ess of OXTP, produced by a production nethod as
described in any one of items (18) to (2@); (26) Free prasugrel
characterized by containing 0.7%or |ess of OXTP, .(27) Free prasuzrel
characterized by containing 0.2%or |ess of OXTP, (28) Free prasuczrel

char act eri zé@3 )by Foontaupiehgorl2i 8 009 VegSeRfof ONFR, dré@kek b8 pRIRSHE! €
characterized by containing 0.05%or |ess of OXTP; (30) Free prasugrel

char act er i zedethsd ssolssaibsidng ady 08%Grerhe€ls) of (20KTP;  (31) Free prasug,rel as
~described in_any one of items (21) to (30), wherein the free prasurzrel is
- a crystal sHOW n§resErrusEARNANNSIHR Hoy s )of OFXBR, Producd bta Grodéc@on and 3. 8
angstrons in QEQ er, X-ray .diffractjon obtained by irradiation with copper

Ka radi atiod" )T IR AL RS HdicRD D& Z0¥n conpri sing as an acti ve

i dient f , - i | fite 21) to (31);
(39) A propiyT ek 2 e L o B it O DR rods AT bttt mi <

for di seasesnGryBEARdiRY RN &@in%?I?Ll%Zto @@yPrising as an active

i ngredi ent free prasugel as describe ny ofie of itens (21) to (31);

(34) A prophgéacties pplsubReciapaib £d39ent difhg WS8R, bP1AUFBRSTHOr thronmbosi s
or enbolism conprising as an active in-edient free prasuarel as described
in any one .(27) Free prasugrel characterized by containing 0.2% or less of OXTP;

(28)  Free prasugrel characterized by containing 0.09% or less of OXTP:

3

>

(29)  Free prasugrel.characterized by containing 0.05% or less of OXTP; .
(30)  Free prasugrel characterized by containing 0.03% or léss of OXTP;
(31)  Free prasugrel as described in any one of items 2D to (30)., wherein the free

- . prasugrel is a crystal showing main peaks at spacings (d) of 6.7, 4.7,4.6,4.2, and 38
angstroms in powder X-ray diffraction obtained by irradiation with copper Ka :
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 tberapeutic agent for use in warm-blooded animals for
diseases caused by thrombus or embolus, comprising as an active ingredient free
prasugrel as described in an.y one of items (21) to (31);
(34) A prophylactic or therapeutic agent for use in humans for thrombosis or
embolism, compﬁsing as an active ingredient free -prasugrel as described in any one
ofitems (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 a solventi



of itens (21) to (31); (35) A nethod for producing_ an acid addition salt
of prasugrel, characterized in that free prasuarel as described in any one
of items (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, naleate, or
benzenesul fonate; (37) An.acid addition’salt of prasuel produced by a
production nethod as described in item(35) or (36); (38) A pharnaceutical
conposition conprising an acid addition salt as described in item (37) as
an active i rgéeditepbviuctioBIethodisafdyh Bed inG ek ﬁtsb,&md?é{%Eﬂecac?cgfdaﬁnénosranU5e in
war m bl ooded ani mal s for di seases caused by thronbus or enbolus, conprising
as an acti ves ihegryédicBiotidanmaleitd, @ddht domulsalate:as described in item (37);
and (40) A prophylactic or therapeutic agent for use in humans for

t hrombosi s ¢¢7enBél dcshgdditinmreitsif prpsasreipraiutéd/iey & podedi@nhetaad aci d addition
salt as descyibed.in it m_(37% as an active ingredient. According to
t he present ?ﬁfg’ﬁ?i”bﬁ?m&@ orde?d addition salt” can be, for exanple, an

i norganic a% 59&I t. such as a sulfate, hydrochloride, nitrate or phosphate;
or an organi e aci o LRI oUHeH cQUPESIHPT £PEBFsagan atid adgiipe stleas described

met hanesul fopats . (sPenzanesyl f9nale.or p-toluenesul fonate. Preferably, it is
a hydrochl oride, el eate, or BGenzeresul fonate, nore preferably a. -

hydrochl ori dg9) A propthh&tRIRMLEIulE 2 85361 & eadd bl A0 38k Lt her gof

according to the present invention has an asymmetric Larbsi 8o in the

mol ecul e; t Wiéseesearaussd by ehronibaooREBbAIAY, JdehpPRsARGs $n GO igbkakhos i he
st ereoi soners and a conpound containing these in any proportion are both

enconpassed adiitihn palt fredgocriis@nt itemv@ALiamd. The stereoi soners, for exanpl e,

can be synthesized by using optically resolved raw materi al conpounds or

- can be obtaif¥d Bypreribjlassicion iesipstiiesgom doprsesubehany foathraabskigstdi t i on sal t
t hereof to oEltbi gal resolution, if desired, using a conventional optical

resol uti on- §FMP8EF5r ELIPEH ISAS B ACU HaZpedagn| ge lacigraddiion silt andiditibagnns al t

thereof accqrdiBg) L0 8 PLEseih |

According tq th.e present invéntioh, thé “acid addition salt” can be, for
example, an morganic acid salt such as a sulfate, hydrochloride, nitrate or phosphate;
or an organic acid salt such as'a trifluorodacetate, maleate, methaﬁesulfonate,
benzenesulfonate or p-toluenesulfongte. Preferably, it is a hydrochloride, maleate,
or benzenesulfonate, more preferably a hydrochloride.

The prasugrel or an acid addition salt thereof according to the present
invention has an asymmetric carbon atom in the molecule; there are stersoisomers
having R and S configurations. The stereoisomers and a compdund 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 prasugrel or an
acid addition salt thereof to op;ical resolution, if desired, using a conventional optical
rgsolution 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



invention may be allowed to stand in the air or recrystallized to absorb
wdt er ,* thereby 8 having an adsorbed water or beconing a hydrate. The

wat er - cont'ai ni ng conpounds are enconpassed within the present invention. In
addi tion, solvates thereof each containing any anount of a solvent are al so
enconpassed within the present invention. According to the present

i nvention, the prasugrel or an acid additi-on salt thereof or their hydr at es
or solvates can formcrystals (crystal polynorphism having a plurality of
different inner structures and physi cochem cal properties, depending on
reacti on andhainsareddsorbat waeroohetichiin ga.hﬂihee_crmt\aitér-@maiamgiczs&%?ﬁd% her eof
in any proportion are enconpassed w thin the present invention. ystalline
and anor phoud< §atdrensssderdon thryredsat preseot. ds addinbx doivatesAhsreditdicle t her eof
in any proportion is enconpassed within the present invention.

Speci fi cal | ySOP{HRINE RY ampufofa selysel arealseropsempast ot withindbe piesgntt o t he
present inventiqQn is preferably. 50% or nore, nore preferably 80% or nore,

still nore p‘rné B8l y 90% or nore, particularly preferably 95% or nore,

nost preferably 9% or r .. According to the present invention, a
crystal refers tog%&g%?% t\%ﬁ geé“r}tﬁrhveepgs?fl Ttg“é?ﬁ’f‘égriﬂtsortaﬁ‘raé@-siﬂdﬁé‘ﬁ'ﬁagnal |y
conposed OF t@efe808H @ir he@atds bl AT r a group thereof),
and is distinauished from anbg%\r/%%o%gp%o icgﬁ%sl @hgﬁgépyr%%mﬁlivgggd% a -
regul ar i nnerplatalied idi ferehginbedtruefurdtOin fcb&hehs | scan;.

exam ned by a crystalloE T.raphically kr?gpm}%@lﬁg%ﬁggq%Fg&giegh%%égdlgg%er
X-ray cryst acbtpnaphyrictalitiafibe centiiials. s darRivigEaldod miBireMhere&yinay Of
exanple, a solid is subjected to powder X-ray crystall oaraphy using X-rays
obt ai ned by R'PPHUHPRARIEERCQPHFsebyibin tia preachitanvannon A Epjsiatliiesandet er m ned to
be a crystal when distinct -peaks are observed in the X-ray diffraction
pattern, whi iR YBISPHAS GeFat BRKPHBEFSER 45é mkbphodsnivhen theoecdiistiynct  peaks
are observed.rb 0A.sol idis detcgrnh{‘l]eg to be a crystal whose crystallinity is
| ow when the PEAKS” BT CHRPHEEG™BUE 1t Brssent lBYLStiPhct Spesifipallyfhe aehtentAfl
crystal whosg, gk i R oS d: i.s_enconpassed wthin rystal of the
present i nv%ﬁstp i %%i'%tc?}lglal %&rya(%crglrdbrpcy\{ etge%ersg TRYSPEPAN Qf@#eéaphill}g@&éi%@‘%%pper Ka
radi ati on, an&ampderab s DLER i ' i tohocopper Ka radiation (in
whi ch Kal and Kggi rad?agt(?‘ggg%gkyéSﬂﬁlg?l%g!égge?%? %?b/%%p 9rrea9m8f”1?lﬂlécti on
pattern can fhefeebtygd39edr Biora sy glefGatbN® 78] §f gt i on derived from Ka

radi ati on, and al so by analyzing only fhe diffraction derived from Kal

radi ation taken dutofimgtotthepdidnt immettion adeydtaedrefsomsbhe Widst agiat i on.
According to the present invention, a powder X-ray diffraction pattern

obt ai ned by SITHFHH A thresrdmnansiokally ecmpaded of aesniapasaeionaf cdadtidyendi f fraction
pattern obtai ned by anal yzing the diffraction derived fromKa radiation and
an X-ray di faforr%%ﬁoirérﬁr%lé’t%@teﬁ oBddF Asdnpyiskatafrym jan grtohghouk B6lidiehicaroeter i ved
from Kal ra(‘YilioEafxfingn,u and%gi[u? preferably an X-ray diffraction pattern obtained
by anal yzi ng°t & “dif 7 Seei B Annga s °f r OHRekBIT o &E% aasqlighs a crystal car st al A of
t he prasugrel drechl or i of .the present :invention can be, for exanple, a-
cryst al sho%k?llg%ﬁgi%rﬁQpcg%gl@?ogapguﬁgg? ﬁﬁ%“’?é‘}etf&crd OrEXagipke, pgwger 318y and 3. 3

angstrons i Rra:PRWHSHy & ha¥%rdif .1 gn_patt tai ned by irradiation
with copper Ka radi ation asersng%cgﬁ‘%hﬁ%ﬁ%mrﬁ bR Sflex mple, a solid s

subjected to powder X-ray cryétallography using X-rays obtained by irradiation with
copper Ko 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 éolid is determined to be a

crystal whose crystallinity is low when the peaks can be read but are not distinct (

c.g.

3

broad). A crystal whese crystaliinity is low is encompassed within a crvstal of the

present invention.



Crystal Bl of the prasugrel hydrochloride of the present invention can be,
for exanple, a crystal showi ng main 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 radiation as shown in Figure 2. Crystal B2
of -the prasug.rel hydrochloride of the present 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
trradiation with copper Ka radiation as shown in Figure 3. A crystal
of the free prasuuoebwdér Xhey pyesbograpinyesitg csppeaRobediafion, oxamplie, a
crystal show ng main peaks at spacings (d) of 6.7, 4.7, 4.6, 4.2, and 3.8
angstroms i ntyaicpibywieadiaed wiyth doifier ot Tadlmtipat(inewin co Blodi aneld doy rddiatiagi ati on

w th copper Ka. radiation as shown in Figure 4. - 10 - In the .
powder X- r ay"disFraraed) ofrpatrefiigagonmagameen betobtanaddcaniabathelibd ow, t he
ordi nate axes_.represent diffraction intensity (counts/second (cps)) and the
hori zont al aélé ac Baé%veeﬁltdflr‘frﬂgao‘d?aflfaﬁlaﬁt AL e ringiey deesdiffraphen spaci ng d

t |_at. | et i =.1in the. tign: 2d sin0 =
ho S In the Cabarrshrk Pl ERE R et P il on 05 SR B o s,

and the Kal fradtati ORcMRNRL BNGE BrafehiSnlemibl, APOSELCH aypaa_i?i?acitigg nttit%rﬁ eOf

crystal forms should be qualified by referring to the ern of whol e

spectrum as ctesdederemiate williTex $RALH AO8cofhha &k s kLAY i & Srent
because the position and relative intensity thereof cah change sonewhat

dependi ng onomasilibeaehtzigphdidtfiranson derived HAGCHiothdgtib® atdigh Rugpent
invention, "OXTP" is 5-(a-cyclopropylcarbonyl-2-
f | uor obenzy 14iffpactigp pattetn §b@ined y-ahalvamgdnodifiraniohAcdved frymi ki hedrephesent ed
by the for rmzlin%:is preferably an X-fay diffraction pattern obtained by analyzing the diffraction
_ g
derived from Kol radiation. |
Crystal A of the prasugrel hydrochloride of the present invemioﬁ can be, for
example, a crystal showing main peaks at spacings (d) of 5..7, 4.4,3.8,3.5,and 3.3
angstroms in a powder X-ray diffraction pattern obtained by irradiation with c.:opper
Ko radiation as shown in Figure 1.
Crystal Bl 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 copper
Ko 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 copper
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 patiern obtained by irradiation with copper Ka radiation

as shown in Figure 4.



There are keto-enol tautomers for the OXTP according to. the present
ifventton. In addition, there is an asymmetric carbon in the OXTP and
optical isomers exist based thereon. These isomers and a m xture thereof
also fall within the OXTP according to the present invention. Effects of

t he I nvention 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

whi ch the content of inpurities such as the by- product OXTP is reduced.
Best Mode for Carnliampvder Xtag diffineendn patterns of Figleee tp4 dskgbal baan, the _
produced as a starting material for the present invention by the production
met hod descr{TBE@!e ¥ WrpBseatzEraciomintersity éemvodyienena (ups) pareistbahodimnent i on
for producing high-purjt .Brasugrel hydrochl ori de, free prasuthel, and an
aci d additi oh 8K es?ﬂéb%ﬁ‘ff piogangs 1% (gserees).  The ppasinegk(ahgitrorrsyducieng

Hi gh-Purity t h-el drochl gride f.rom Free Prasugrel _ Thi s
process is éggﬁﬁﬁ%g?’ﬁﬁFy T 0835@?“1?9%2%ﬁ?§5?“£reQ‘%F§§&@P@NhFﬁ$an i nert
sol vent, addipg:;bhyd bG. aGi [ I opwi se thereto, and, if
necessary, gﬁ%@%gygaggggﬂg#§§?§?qP%%%?%gc %%ﬁq{%Pﬁﬁgﬁﬁﬁgﬁﬁgaﬁ¥B3ﬂfty
prasugel hydr.®chimeidi8s. The idehtlty bhES R Q588 [ fred hloric
acid optionally é?bpmﬁse may be garr?ed out E?mgggfﬁgg¥E%tggfg%%&g%mﬁse or
addi ng: t he abé¢ patatn ofithe twirte grecinmm tawhetdeds@¥ehtkn tevdpa8SsTar 1 QN Shiyv

The solvent used in this process is not particularly limted, provided that
it di ssol vedifftrenisicgpusetiye pestitéon ald rtletiae degrsery tiemebfdae shangt skttt he
reaction. The so]vent can be, for exanple, an aliphatic hydrocarbon such as
hexane, cycl%H 0N mEpTUATrRSnt ICPRGiPRS. or petrol eum et her; an aromatic

hydr ocar bon such enzene, tol uene, . a hal ogenated hydrocarbon

as g or xylene;
such as di chl or oEFHEHE ©OLRT Brr%?“b?'rfﬁen%%ﬁsbgﬁﬂfpetlﬁ adRtoriogewpylcarbonyl-2-
1, 2-di chl or | Qr or.dichl.orgbenzene; an ether such as
“diethyl et hgﬁ@?ﬁ%ﬁ% '?ﬁg‘y?fg’?tz??;?d'P%&aPéﬁngﬁ?ﬂfgr?ﬁpmdér%ﬁ@zesented by the
di met hoxyet hggula-or di et hyl ene gl ycol dinmethyl ether; a ketone such as
acetone, nethyl ethyl ketone, or diethyl ketone; an ester such as ethyl
acetate, propyl acetate, or butyl racetate; a carboxylic acid such

acid or propionic acid; or.a nityile such as acetonitrile , itrile
Preferably, it is an ether, ~a,keétone, an ester, a carboxyl it d, or a
nitrile, nore preferably tetrahydrofuran, dioxane, acetone,

nmet hyl et hyl

ket one, ethyl acetate, eticlacid,__or aoetonitrile, p i cul &
preferably tetra ur ann”di oxa acetic acidv/o cet ONE
pref erably L/J\\\//J HO o

S F ' s F

There are keto-enol tautomers for the OXTP according to. the present inveﬁtion. In
addition, there is an asymumetric 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 pres_eﬁt invention, thers can be provided high-purity
prasugrel and an acid addition salt thereof (particularly, free prasugre] and the
hydrochioride thereof) in each of which the content.of impurities such as the by-

product OXTP is reduced.



- 12 - The reaction tenperature in the process varies depending on
tthe reagent, solvent, or the |like. However, it is typically -20C to 100C,
preferably OC to 70C, nore preferably 30C to 60C, nost preferably 40C to

55C. The reaction tine in the process varies depending on the
reagent, solvent; reaction tenperature, or the |like. However, it is
typically 5 minutes to 10 hours, preferably 10 minutes to 5 hours. . A

preferred aspect of the process is a nmethod which involves dissolving free
prasugrel in acetone, adding dropw se half of the necessary anount

(typically, BegsiMadeaor Carfine CubiRNeRH:i ne form of concentrated
hydrochloric acid to the solution at OC to 70C (preferably 35C to 60C) over

a period of 2 nirfutegrabigrdGanbaptcdacediddh BgringmNEEBISALY prederfeednfhy St al
for reaction at the sane tenperature for 30 mnutes to 2 Rours, and further
addi ng dr opwhsiéephaiuceemingthed dascibsd ar W@ddunz03of concentrated hydrochloric
acid over a period of 30 mnutes to 2 hours for reaction at 0C to 70C
(preferably 25C toM581f ohodyingdha presers itnsntien for producifattegh-pinetyend of t he
reaction process, .th syuel hydrochloride of the present invention is
col | ect ed fr%?ﬁligﬁ“elthl} g’ggh%gﬁwrﬁ%%?sg@g cHARTRY ¢ ol diti woveltehereefiaks fadtomsd.  For
exanpl e, the desiy; i sr-obtai ned by collecting the precipitated
crystal by fi Itratrlg%ﬁgaﬁtgé&glr?é’%{elﬁg (L)lpt}/%éas?ﬁ%ragh’r"%ﬁdbw@? e freRg of f the
sol vent aft eprafifpeciend of the reaction. The desired conpound obtained may
be, if necessary; further purified by a conventional nethod, for exanple,

recrystal li zati orfhid @PERE isd $rotds® i@ inBRANBLOAYAR Y i ine
“high-purity. prasugrel hydrochl oride obEtnai nVed in tlﬁg p?géaesggre%:;agrﬁh 8 easur ed

for the OXTPobont eddingsydgchlge bal bpubngly@bpRte thereto, aning n@@é}gﬁgt ~of OXTP
in the prasugrel hydrochloride is nmeasured by |iquid chronatography and
expr essed i rRdgeEcetsedgesiy faareati¢nfo iroduer igh-ghrityheaaend eptroehiocBIP in free
prasug,rel. - 13’6- , The content of OXTP in the high-purity prasuarel
hydr ochl ori de acc®fHi Hgeess Pradgpeebhydiophlent red opsonajlyidtapwiye fhaybd or

| ess, preferably O. %% . less, . mpre preferably 0.09% or |ess, still nore
preferably 0075 3¢ ?&g(i’,ng ﬁ?raﬂfﬂﬁ'f’%‘?' S§ % rRddiBg A aridatometisre grag §wo to  The
purity of t ! drochloride, that is, the prasugrel content, can
be measur edaggé}élg@glrg‘?%g%@gsr t he OXTP content. The purity of the

PSP B soua kBl e RO S ot B PUERE T LRETS o0 L
dissolves the starting material to a degree and does not inhibit the reaction. The
solvent can be, for example, an aliphatic hydrocarblon such as 'hexane, cyclohexane,
heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as benzene,
toluene, or xylene; a halogenated hydrocarbon such as dichloron"xcthane, chloroform,
carbon tetrachloride, 1,2-dichloroethane, ghlorobenzene, or dichlorobenzene; an
ether such as diethy! ether, diisopropyl ether, tetrahydrofuran, dioxane,

_ dimgthoxyethane, 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 pfopionié acid; or a nitrile
such as acetonitrile or pfopionjtrile. 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, paniculafly preferabiy

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



Process for Producing Hi gh-Purity Free Prasugel from Free Prasugrel ,

This process is a process which involves dissolving free prasugrel in a
solvent, followed by rearystallization to produce high-purity free

prasuuel . The solvent 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 solvéﬁr can be, for exanple, an

al i phati c hydrocarbon such as hexane, cycl ohexane, heptane, liuoin, or
petrol eum et her; an aromati c hydrocarbon such as benzene, tol uene, or

xyl ene; a haIogeﬁh@GQChmdwucanbuﬁ1$UEhma&mdwaﬂkaﬁpﬁﬁﬁmﬁ@@ﬁwqah@ﬂ@forn1
carbon tetrachloride, 1,2-dichloroethane, chlorobenzene or

di chl or bbenzehent, anthetifker Hawhvasit g tyipimally e2di€rtp 1d0iG pefopyly ECher
tetrahydrofuran di oxane; dimet hoxyet hane, or diethylene glycol dinethyl
ether; a ketdne @Bﬁﬁ“é@ﬁﬁbeﬂbﬁéo6Qe5hvwﬂevﬁ?hbbeﬁﬁﬁepSGFCdlethyl ket one; an
ester such as etq%l acet at e, 0@% acetate or butyl acetate; a carboxylic
aci d such as aceti'c"%él %f”é?’ebrf NS dend; eB?“dé“%ﬁrt?lFIf@a%UbﬁOIa@'lt

acetonitril r efgr n_ether, a ketone, an
ester, a ca?%%%ﬂ%pﬂfg%}g}e b e hglgtrl?I Weve/r Ités %’P@a@\f amlpu&eéfor %WWUV an,

di oxane, acei&BRbi ymt{trgmmpett@glhoggt one, ethyl acetate, acetic acid, or
acetonitrile, particularly preferably tetrahydrofuran, acetic aci d

acetone, or acet enirtferlee asp¥osdt the SiRE Ak Y nd@IORhith il B ivesd; %étvmo The
tenperature duri ng recrystallization is typically 20Cto 80 pre r abl y

30C to 70cCprapem! pratenabiddingGitoneiss Galf oAffeatecehs &5 abiduhOfypitNE, Sol ution is
slowy cooled. It is preferred that a poor solvent (preferably ‘water) is
added t her eteguigtolarzo the thienamcidinghiorn) jof cervenraed hydeocHledic 404 /6 faut es to 3
hours. A seed crystal may al so be added as needed. The high-purity
free prasugrél ““8%?%(? Theld Onct(H’fef%"%hébé%scéfaWC’Eé oprereespared off @rminhes @XIP cont ent

using the foql.l M rztigdmo 12 d.. %’ , ag tent of OXTP in the free
prasugrel can be easar ¢4 A FeLFFHET R forrpsting ehiba sepe tasmpsnatinedor he

content of T, ochl ori.de, . The content of OXTP
in the hi gh@gﬁft‘& #"??ég‘[rrgzagﬁmf&% ég%&dif?@vt%mfﬁ%mﬁlweﬁsﬁvéﬁﬂ“&h is

typically 0of%menkfSSh &5@1&5@&8 4 fer 09% or
less, still “rore rrl)r eferably O. 05(}/(3,8?erzae@sés?{0d|§g\§t§ﬁlfgﬁtreg 4 g?‘érfztratgw% 03% or

| ess. affOReC PUIDPC Y pRferidi 26 ¥R HIRIUSN Ehourls r_];to the prasugr el
content, can be nmeasured as descri bed for the O content The

purity of the hi ghepieiehy of theecqprias ygs®ks, akGREMINY hl/@otRBHRE 65608t 1 nvention
is typically 95% or nore, preferably 97% or nore, nore preferably 99% or
nor e. present invention is collected from the reaction mixture according to a conventional .
| method. For example, the desired compound 1s obtained by collectmo 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 process can be
measured for the OXTP content using the following method. |
The content of OXTP in the prasugrel hvdrochlorids is measured by liquid
chromato graphy and expressed in percentage by area (%) in terms of the content of

OXTP in free prasugrel.



Process for Producing Acid Addition Salt of Prasugel fromH gh-Purity' Free
Prasuarel . This process is a process which involves addi ng high-purity
free prasuarel to an acid in an inert solvent or in the absence of a
solvent (preferably in an inert solvent) or adding an acid optionally
dropwi se to high-purity free prasugrel in an inert solvent or in the
absence of a solvent (preferably in an-ildert solvent) to produce an acid
addition salt of prasugrel. The acid used in the process can be, for
exanpl e, an inorganic acid such as sulfuric acid, hydrochloric acid, nitric
aci d, or phosphorTihe cagiest;of@XBP 1Phe ANFIC p@&ty r e Fe] A5dlbALARL Q2681 Erpaci d,
mal ei ¢ aci d, nethanesul fonic acid, benzeneSulfonic acid, - 15 - or
p- t ol uenesul thopiescradiventi&r sftgriadilyg. 7%4 or Issshy@drastll @rice oacissd mdyal ei ¢ aci d,
or benzenesul fonic acid, nore preferably hydrochloric acid. In thi's
process, t hePralgebhg0.69%tondesacitidl ropreipoattdbyy A0Bpwrdessnpartibidataprtesbiout by
adding the acjd dropwi se or adding it at one time or in tw to several
di vi ded portq'%?‘(g.orles.s- The inert solvent used in this process is not
particularly limted .pravided that it dissolves the starting material to a
degree and does n t’plhﬂg(iqgit}f“ ?rﬁ@“%'rgat’éflf ﬁOnﬁﬁe‘héb‘lsv@ﬁtpr%féﬁfeb@%m%:rcaéxarrpl e,
an al | phat | G diALeERLDANENAIIEX MM EYF] ohexane, heptane, |igroin, or
ydrocar

petrol eum et her; an aromati c on such as benzene, toluene, or
xyl ene; a hal ogenat g@- Ry LRAN j t . .¢hl.or of or m
carbon tetrachlori dgf,;n ,’dg-ﬂgl)}&%ﬁﬁg)? gétkhaﬁ‘gg,?elg‘hvﬁgl}cgl{)oce}%é%‘g&ﬁgﬁo hR'sL 2k
di chl or obenzenewioais ©pidelly $1% br asorelippéfaydb1 LR Ior nthirk SABTMRY kBl ot o
t et rahydrof uran, di oxane, dinethoxyethane, or diethylene glycol dinethyl
ether; a ketroere. such as acetone, nethyl ethyl ketone, or diethyl ketone; an
ester such as ethyl acetate, propyl acetate, or butyl acetate; a carboxylic
aci d such as acefiecsdouPwdupingfiiphPueriscFe Porsugrehifond Free Bricierals :
acetonitrile or ,Pr.opi onitrile. For the hydrochloride, is it preferably an
ether, a ketone, [ HRPEOSERSIS 2@recsphwkigh ilavalvgsdlissofving fee piabegrelnioreopret er abl y
t et r ahydr of ULAn, o i oxane, ..acet one et hé,lféketone, et hyl acetate,

f

: . VTECT lyzatio I mtgﬁl e
acetic acid, Co7"ScBt ST PIHZAIOn G AP ifeAP R PR o eSS et r ahydr of ur an,
di oxane, acetic L : , t. preferahl cetqne. For the
mal e-ate, on thquf 4y télncf&liqﬁﬁipé(g%gse%‘séngB@C@ﬁﬁ%?%Ye,’EOK’QF Hettan ester,
or a nitril gisshREeemPLeHARLYLLELT, of lrap, - di-ox acet one,. net hyl
et hyl ketone,lsset hytl gcet ate, gélecgg?{%%ﬂ{e% frnlhldg,“S %%r@g{l}?%errle?/&ﬁpef gP%bl y

t et r ahydr of ubbmnt dh OXf0E ex Bfipl 8GRt DiPBati R0 LSS ELRR1Y h&EHE WMElohexane The
reaction tenperature in the process varies depending on the reagent’

- sol vent, or hepient,iligenin Howewelenmi dthdrsart Yot hydro2@Goh QudRGenpief erably 0C
to 70C, nore preferably 30C to 60C, nost preferably 40Cto 55C. - 16 -
The react i orfolipmee of ¥ylette 2 privgesaed/ aydresarbeperntian dicibrbhetheeageltofosR] vent
reaction tenperature, or the |ike. However, it is typically 5 mnutes to 10
hours, pref éﬁg’BPFtTGhIWﬁﬁt%sdt%l%oﬁmPhlofobenzenA prééidombehzenhadi ment of a
met hod for producin rasugrel ..mal eate from high-purity free prasugrel is a
ot hod whi R PRy e e Sice Higorrapyi g cieanyira Rt foand add ng
hi gh-purity fr rasutzrel ereto at . .0C.t 0C for reaction at the Sane
t e?rp elp at ur )é dfugf?tﬁiP eg'lﬁpe,to(gedéetmﬁ?esglyco? dlmethyPetZer; a ketone such as acetone,

methy] 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 acetoﬁitrile, particulariy preferably

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



A preferred enbodi nent of a nethod for producing prasugrel hydrochloride
fromhigh-purity free prasugrel is a nethod which involves dissol ving
hi gh-purity free prasugrel in acetone, adding dropw se half the necessary
anount (typically, equinolar to the thienopridine form of concentrated
hydrochloric acid thereto at 0OC to 70C (preferably 35C to 60C) over a )
period of 2 minutes to 10 minutes, adding' if necessary, a seed crystal for
reaction at the same tenperature for 30 minutes to 2 hours, and further
addi ng dropwi se the remai ni ng necessary anount of concentrated hydrochloric
aci d over a peri dtheaémp@antndiresy recryaltipration fsafpic@ac1i°0no 80°OGré@rapfC
(preferably 25C to 55C) for 1 hour to 3 hours. After the end of the
reaction prode&ssto 70He macicarefduibty TCIalX0°Gf Pifas tRsolutedn, tfe sbheiopriesent
invention is collected fromthe reaction mxture according to a
convent i onal SIAEEHEAledFoft ieREcApT . thatthep eps spvent (Eorierply wader) & addedthredd by
collecting the cipitated crystal by filtration after the end of the
reaction or %fl%(ﬁqe "%Otcgf“f%‘?}h‘é A HERH f9F t @MIRes AdyFs: t Hessedabrstadn. The
desired conpg#ggﬁggggé&%ddsg@gdﬁ%e, if necessary, further purified by a

t hod, e

conventi onal or exanple, recrystallization, reprecipitation, or
chromat ography. The highlB&)isHR-pPAG by o PfaBRUGE ﬂleéﬂf) R0 AG] Gy 8 g}eﬁlfgrnthgal t

t hereof obtained in the présent invention Is exce T8RN oFa

absor babi I i t gXardofehehd Sevadvivatistgband pl atel et aggregati on-inhibiting
activity and weak in toxicity and further has good storage and handling
stability, and tHéeebotest ofONTBfiutheds egpravndirdicas bé pleefuesdaddl des@ibed fa7 -
prophyl actic or therapeutic agent for diseases caused by thronmbus or

enbol us ( par ®F &wthad of megstrives hp eontews cfd@KTY in thermeasppet bydbthiomwddr ophyl acti ¢
or therapeutic agent for thronbosis or enbolism(particularly, a

t her apeuti c agent)Pf COPEEfdPEITBAT theresbraun v five nrasugradpenoading tf be use in
-war m bl ooded _ani mal s... nor referably,.for use . in_humans. When used as
a therapeutic or pr %rBhoy?llég‘fp?%aﬁéfg)eﬁf’ 0?/8?35’09% 5@@502%@ IessgmopsRTERe)abAY asugr el
or an acid ol | . er o5&i,ng.to the present inv i on can be
oral ly adm ﬁ?j'g%%roggb S%Zsklhsr%a&&p ?Ef%%ra?ﬁ/g)'(?%{"rﬂg &TSST%H‘%IF%S %&%@F%@'Bg%’%nul es,
powders, syrgfs, or parenterally admnistered in the form of injections,
suppositories, or the like in which a pharmacol ogi cally acceptabl e

exci pi ent, dil uerhe@urityhsf thé kee psibrdethA%s, MREAHcre] content IR fOrnul ati ons
are produced by wel | -known net hods using additives including an excipi ent
(whi ch can begashied agdestpbed fanhoO¥aRiconexei pi ent (e.g., a saccharide
derivative such as |actose, sucrose, glucose, mannitol, or sorbitol; a
starch deri vati védhspohtyas tbohighgtuairciice potsagrel stcardaty, toahgpregek atveniiged
starch, or dextrin, a cellulose derivative such as crystalline cellulose;
gum ar abi c; ‘A&PIGEHN 8y orguPIeuPLeRRrably P 7 ¥nor meregmerepreecibhy 89t of enagye, | i ght
anhydrous silici %{aci d o% & sili caéggderi vative such:as synthetig¢ al um num
silicate, calciuff&y Rafedugingnd edriarataln ifsrmigteh Som drahePuriy Bressphat e
such as cal cp um p\fdr ogenphosphate; a carbonate such as cal ci um carbonat e;
or a sulfate such as calciumsulfate)), a lubricant (which can be, for
exanpl e, stearic @i doqr Lear s .as, cal ci.um stearate or
magnesi um st e, ar g?l %1;19? alsf:?s Jﬁgissgwg %tsvggégg@/\%%%l ?ﬁgfy%%%?ria?u%grt?c aci d;
adi pi ¢ aci d; anaacginfatige L SHL X ok i.c_acid;, sodium
benzoate; D, Ll eucine; f#ggerﬁ;l%gﬁfﬂgt%egpégcﬁgégdggfg%er%&#y sulflfﬁte or
magnesi um | adstoehg bk hédigg am asidlopGbsal R Crepwite o Jukibh e aRydLider or

silicic acid hyd?at e; or a st adrpch dgri \g/%ti ve gﬁ"‘h él%j:t\;r:lgﬁe %%%l,lggnbi nder
(which can begrt f@rerexaipthe abieyde oy piomyl(selirttiosean HyAROX ¥R @P¥oduce

met hyl cel | ul ose, pol yvinyl pyrrolidone, polyethylene glycol, or a - 18 -
conpound si ranlagid adgitanm sekeif prasngreas def i ned above), a disintegrant (which
can be, for exanple, a cellulose derivative such as |ow substituted

hydr oxypr opyl cel ITiF 88 usehinds prasessyrradehfdr ssenple aarbossganic gidcekh ut ose
calcium or | &I_‘er nalilsql crcg1 s- | i nked .car boxymet hyl cel | ul ose sodi um a
chemical Iy nBdFET &dOt4reaRf e dcif S 6idn OaRMERRGHAFHB ORI oxaaIccsid sodi um
car boxynet hy, h r_cross-1inked .pol yvin rrolidOne; or.a starch
derivative agélC%t“é | ﬁ%}ar"% Ve C,Kiéifﬁalélﬁﬁfgi ]fnieé\mf%/ﬂlln{g’éﬁ aﬁ‘élng%?n?sé}ho’é‘k&ﬁ‘éke, a
col l oidal clay such as bentonite or bee gum a netal hydroxide such as
magnesi um hydr oxi de or al um num hydroxi de; an anionic surfactant such as. .
sodium lauryl sulfate or calciumstearate; a cationic surfactant such as
benzal koni um chl ori de; or a nonionic surfactant such as a pol yoxyet hyl ene

al kyl ether, a polyoxyethylene sorbitan fatty acid ester, or a sucrose
fatty acid ester), a stabilizer (which can be, for exanple, a

p- hydr oxybenzoi c ester such as net hyl paraben or propyl paraben; an al cohol



The dosage of the high-purity prasugel. 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 synptons, age and wei ght of a
patient. For oral admnistration, the dosages thereof can be each typically
0.01 ny/day/adult (preferably 1 ng/day/adult) as the lower limt and 200
ng/ day/ adult (preferably 100 ny/ day/ adul ]ﬂ‘ as the upper limt. -18a- The
present invention also provides any one of the enbodinents disclosed bel ow
and indicated with the nunbers 1 to 40. 1. A nethod for producing prasuErrel
hydr ochl ori de p-ereaserfoad doyd. t feeferbinyliais hydrochlotib agidl @dlesedti€ont ent  of
OXTP, conprising dissolving free prasugrel represented . by the fornul a:
benzenesulfonic acid, more preferably hydrochloric acid.
In this process, the adding of the acid optionally dropwise may be carried out
by adding the acid dropwise or adding it at one time or in two to several divided
portions.
The inert 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-dichloroethane, chlorobenzene, or dichlorobenzene; an
ether such as diethyl! ether, diisopropyl ether, tetrahydrdfuran, 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.  For the hydrochloride, is it preferably an ether,
a ketone, an ester, a carboxylic acid, or a nitrile, more preferably tetrahydrofuran,
dioxane, acetone, methy! ethyl ketone, ethyl 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 preferébly an ether, a
Vkstone, an ester, or a nitrile, more preferably tetrahydrofuran, dioxane, acetone,
methyl ethyl ketone, ethyl 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 prefe_rébly 30°C to 60°C, most preferably 40°C to 35°C.



contai ning OXTP in an inert solvent and adding hydrochloric acid optionally
dropwise to the solution for reaction. - . A met hod for producing .
prasuErrel hydrochloride according to claim1. wherein the inert solvent is
acetone. 3.Prasugrel hydrochloride containing 0.7%or |ess of OXTP,
produced by a production nethod accordi_ri% toclaiml or 2. -18b- 4.
Prasugrel hydrochloride containing 0.2%or |ess of OXTP, produced by a
production nmethod according to claim1 or 2. 5. Prasugrel hydrochloride
contai ning 0.09%or |ess of OXTP, produced by a production nethod according
to claim1 or 2. Thereaphestigeesn thamipessiivarssdiepcmhio@pnitegefied %oloent| ess of
OXTP, produced by a production method according to claiml or 2. 7.
Prasugrel hy8?SCRI'GFP IR0 AT BiedikAg HooSYsoit 1t Boicaly SaXTRtes pr bilbeed by a

preferably 10 minutes to 5 hours.

A preferred embodimeﬁt of a method for producing prasugrel maleate from
high-purity free prasugrel is a method which involves -dissolving maleic acid in
acetone and adding high-purity free f)_rasugrel thereto at 0°C to 70°C for reaction at
the same temperature for 1 hour to 3 hours.

A preferred embodiment of a method for producing prasugrel hydrochloride

~ from high-purity free prasugrel is a method which involves dissolving high-purity
free prasugrel in acetone, adding dropwise half the necessary amount (typically,
equimolar to the thienopyridine form) of concentrated hydrochloric acid thereto at
0°C to 70°C (preferably 35°C to 60°C) over a period of 2 minutes to 10 minutes,
adding, if necessary, a seed crystal for reaction at the same temperature for 30
minutes to 2 hours, and further adding dropwise the remaining necessary amount of
concentrated hydrochloric acid over a peridd of 30 minutes to 2 hours for reaction at
0°C to 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
method.  For example, the desired cormpound 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 a;:id 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



production nethod according to claiml or 2. 8. Prasugrel hydrochlorid
characterized by containing 0. 7% or |less of OXTP. 9. Prasugrel -
hydrochl ori de characterized by containing 0.2% or |ess of OXTP. 10.
Prasugrel hydrochloride characterized by containing 0.09% or |ess of OXTP.
11. Prasugrel hydrochloride characteri z_eld] by containing 0.07% or |ess of -
OXTP. P.Prasugrel hydrochloride characterized by containing 0.05%or |ess
of OXTP. 13. A prasuarel hydrochloride according to any one of clains 3 to
12, wherein the prasugrel hydrochloride is a crystal show ng main peaks at -
spaci ngs ( d)PT@H’hV%C?I,C ofthgrapgugs a@nkfor ghgta@sansegStyrtormntivg opemblains X- r ay
diffraction obtained by irradiation with copper Ka radiation. 14. A
prasugr el h%ﬂ?‘?ﬁ‘&‘h‘?g-‘r|%%erééﬁ%fccﬁgﬁ@t)straowe@ﬁ@lbﬁ prdpavhesti@ornt therdPeutisher ei n t he

prasugrel hydrochloride is a crystal show ng main peaks at spacings (d) of
A0 Brp FrdnaTtitn 4

6.6, 6.1, 4.0, B U Ichlapgwel dierapepagagent) - detadéionbt ai ned

by irradiati . Y iation. ..15 A pharnmaceutical conposition
conpri si ng atggg\r%hltgglte;;gg@?gﬁaéﬁgé%enf 1%W6P?1'sbd%?%eld aﬂ@@&dﬂ‘?f&@ﬁf@a@w@? #eng to
any one of Ghaufens3 to 14. 16. A prophylactic or therapeutic agent for use.

in warm bl ooded aninmals for
When used as a therapeutic or prophylactic agent for diseases, the high-purity

prasugrel or an acid addition salt thereof according to the present invention can be
orally administered per se or in the form of tablets, capsules, granules, powders, -
syrups, or parenterally administered in the form of injections, suppositories, or the |
like in which a phannacologiéally acceptable excipient, diluent or the Iike.is mixed
as needed. |
These formulations are produced by well-known methods using additives

- including an excipient (which can bg, for example, an organic excipient (e.g., a
saccharide derivative such as lactose, sucrose, glucose, mannitol, or sorbitol; a starch
derivative such as corn starch, potato starch, a pregelatinized starch, or dextrin; a
cellulose derivative such as crystalline cellulose; gum arabic; dextran; or pullulan); |
or an inorganic excipient (e.g., light anhydrous silicic acid or a silicate derivative
such as synthetic aluminum silicate, calcium silicate, or magnesium
aluminometasilicate; a phosphate such as éalcium 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 anhvdride or silicic acid hydrate; or a starch derivative as
defined above), a binder (which can be, for example, hydroxyprc')pylcellulose,

hydroxypropyl methylcelluiose, polyvinyipyrrolidone, polyethylene glycol, or a



di seases caused by thronbus or enbolus, conprising as an active ingredient
a~prasug.rel hydrochloride according to any one of clainms 3 to 14. - 18c-
17. A prophylactic or therapeutic agent for use in humans for thronbosis or
enbol i sm conprising as an- active ingredient a prasugrel hydrochloride
according to any one of clains 3 to 14.ﬂ818. A nmethod for producing free

prasugrel with a reduced content of OXTP,” conprising recrystallizing free

prasup-el containing OXTP. 19. A production method according to claim 18,
wherein the recrystallization uses an ether or a nitrile as a solvent. 20.
A product i orfomRCHBE sigu o talimeciend laadefiag] atwive), eidisintbganteohyst@hlbezfat i on
uses acetonitrile as a solvent. 21. Free prasugrel containing 0.7%or |ess
of OXTP, proddeat: weléula%mnd@mw%@ﬁwz'Oa/@kg?rlfﬂid:gdg?%rggmag?kgzig|e aau g; ; 8
(020,22 s, pLpsyatel comallon DRl hes of O produeed
prasugr el CO&E‘@X%@%}'?C@%%?@SQ EodliL(lar%;Sa 81ferr9>cqllla}? m%[i&x%g %Fagch?c)éllfallogg gu%lflxce}sl_on

carboxymethyl starch, sodium carboxymethyl starch, or cross-linked

polyvinylpyrrolidone; or a starch derivative as defined above), an emulsifier (whick

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 surfac;tant such as benzalkonium

chloride; or a nonionic surfactant such as a polyoxyethylene alkyl ether, a

polyoxyethylene sorbitan fatty acid ester, or a sucrose fatty acid estef), a stabilizer

(which can be, for example, a p;hydroxybenzoic ester such as methyliaaraben or

propylparaben; an alcohol such as chiorobutanol, benzyl alcohol, or phenylethyl

alcohol; benzalkonium chloride; a phenol such as phenol, or cresol; thimerosal;

dehydroacetic acid; or sorbic acid), a flavoring agent (such as, for examﬁle, a

commonly used sweetener, acidulant or perfume), and a diluent.

The dosage of the high-purity prasugrel 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

(prgferably 1 mg/’dayl’adulf) as the lower limit and 200 mg/day/adult (preferably 100

mg/day/adult) as the upper limit.



met hod according to any one of clains 18 to 20. 24. Free prasuarel
containing 0.05% or | ess of OXTP, produced by a production nethod accordi ng
to any one of clains 18 to 20. 25. Free prasugrel containi.ng 0.03% or |ess
of OXTP, produced by a production nethod according to any one of clains 18
to 20. 26. Free prasugrel characterized by containing 0.7%or |ess of :
OXTP. 27. Free prasugrel characterized!8% containing 0.2% or |ess of OXTP.
28. Free pr7seipekestiarentibe bisd @ebvities oy tomiertt i dhmib@fimerts ldRehsed belsWRind 29.
Free prasuarel characterized by containing 0.05%or |ess of OXTP. 30. Free
prasum el cindicaetaviinzrd nombeent @i40i ng 0. 03% or | ess of OXTP. 31. Free
prasugrel according to any one of clains 21 to 30, wherein the free
prasugrel id.a crystbd$ironmdginygrmsuygeaksdaichipide reargssea @i ofth6fofmudk: 7, 4. 6,
4.2, and 3.8 :

. ' 0O
N (Ia)
atCPDOR
H3C—< S F
: 5 - -Ha |

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

- by the formula: -

ey

N
T
H3C—< S F

0

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

2. A method for produc'ing prasugrel hydrochlonde according.to claim 1,
whereln the inert solvent is acetone. |

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

production method according to claim 1 or 2.



- 18d- ahgstrons in powder X-ray diffraction obtained by irradiation wth
copper- Ka radiation. 32. A pharmaceutical conposition conprising as an
active ingredient free prasugrel according to any one of clainms 21 to 31.
33. A prophylactic or therapeutic agent for use in warm bl ooded animals for
di seases caused by thronbus or enbolus, conprising as an active ingredient
free prasugxel according to any one of'HﬂhlnB 21 to 31. 34. A prophylactic

th tiyc a I in hu ns .fo ol i sm
ggnpr?g?ﬁguagcangg %%%kﬁn“¥e FeREOP PRI, aéﬁ 8¥‘§3§%&é1mgHW8 d&M# one of

clainms 21 toﬁﬁimcnéﬁmaﬁb@EkBRﬂ ;g;dg%qugbng an acid addition salt of

prasugrel, aracterized In free prasugrel according to any one of

clainms 21 tos31 i Braﬁ@@@%gﬂro‘éhﬁohd@@o%hgné 5,089, dNEds ofgﬂk’ﬁg%o ce!i
absence of a sol vent A production nethod according to c 5

wherein the acidicéadhtthodasatding & diken hywdpochl ori de, nal eate, or
benzenesul fonate. 37. An acid addition salt of prasup-el produced by a

producti on néthodP@sQ@dedgmhbndbaommﬁﬁnp®03%cxlaﬁofﬁnpma&ﬁag@gabga
conposition conprising an acid addition salt according to claim37 as an
active ingreBf¥Heton mghogagspesling loaddeine 1oF 2t her apeuti ¢ agent for use in

bl ooded - anl Is f seas s caused b }hronbus or enbol us, conpri sing
;fr?rl agt(:) i ve'i ngr Gf‘boﬁ% hélgm&EIPH S AORIEIERE %émoaé@:smo&%m oredusedbB8Z. 40. A

rophyl acti c er apeu f.or use.in humans for thronbosis or
gnngstl co gpféﬁﬁrnggm%ncgég?% ?ﬁ%?gﬁfént an acid addition salt

according togcl ai Wagtl?grel hydB€hloride 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 b} containing 0.07% or less of OXTP.
12. Prasugrel hydrochloride characterized by containing 0.05% or less of OXTP.
13. A prasugrel hydrochloride according to any one of claims 3 to 12, wherein the
prasugrel hydrochloride is a crystal showing rﬁain peaks at spacings (d) of 5.7, 4.4,
3.8, 3.5, and 3.3 angstroms in powder X-ray diffraction obtained by trradiation with
copper Ko radiation.
14. A prasugrel hydrochloride according to any one of claims 3 to 12, wherein the
prasugrel hydrochloﬂde is a crystal showing main peaks at spacings (d) of 6.6, 6.1,
4.0, 3.5, and 3.4 angstroms in pbwder 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 hydrochioride according to any one of claims 3 to 14.



Exanpl es The present invention is descri bed below in further detail with -
reference to Exanpl es, Reference Exanple, and Test Exanple. However, the

invention is not intended to be linmted thereto. - 19 - Exanple 1
Exanpl e of Production of Hi gh-purity Prasugrel Hydrochloride from Free
Prasugr el To 8.00 g of

2-acet oXy- 5- (a-cycl opropyl car bony1- 2-f tifsr obenzyl)-4,5,6, 7-
t et rahydr ot hl'ﬁno[fgp%pﬁ;lllﬁ?lz't'fd &H A6 pAHic328nt®; Ble AGLIYAL € ﬂogf%&mfllhadded 43 g

of acetone, and the resulting m xture ™ was then stirre ét e reaction
sol uti on waserhbdliser, esmpridife hEsd Sie Wosred@sEskaM &8 - adbknBral aa5e4igpg, and
then 1.12 g of 36% concentrated hydrochloric acid at 52C was added”dr opw se
to the sol utamyronevwérlaamperd b6l of one minute. Thereto was added as a seed
crystal 238 ng of crystal B2 obtained by the nethod described in

JP2002- 145888 ardmeHwdriespriotiaring fiexprasegrabwith headigtd comehtat EP,sanme
tenperature for one hour. In addition, 1.07 g of 36% concentrated

hydr ochl or i cCORTEIREIECHRIabid ngy e eTH spreing/OX . peri od of one hour, and
the resultant, m xture was then stirred at, 40C for 2 hours and further at

30C for 1 hofugr. Therfreiangnehed accordjas & clas TR ovhaeinghe myrFiallizaten ases

washed with J]5. .ace ; d dried under reduced preskire at 50C for
5 hours to pro?/?eéergfn&%%g S(%PS%%%EH tl e conpound. Li quid

chr omat ogr apjyy of I~gh= pur | l,, hydraochl gride is
shown in Fi gitR/ e & ﬁr%gggﬁghn%tg?& ééc?r?gclhltl‘i’cltgl!élta?ﬁ}\ﬁ)ﬁ’la‘gﬁ%réﬁgh%%gyé?h?%{l?%%%e.s
( Measur enmentaccendilcilonsplviegt ect or: ul travi ol et absorptioneter (nmeasuring
wavel engt h; 24Q nm

21.  Free prasugrel containing 0.7% or less of OXTP, produced by a production

method according to any one of claims 1§ to 20.

22, Free prasugrel containing 0.2% or less of OXTP, produced by a production
method according to any one of claims 18 to 20.

23, Free prasugrel coniaiﬁing 0.09% or less of OXTP, produced by a production
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. .Freé 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 présugrel 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 s a crystal showing main peaks at spacings (d) of 6.7, 4.7, 4.6, 4.2, and 3.8



Anal ytical Columm: Cadenza CD-C18, inner dianeter; 4.6 mm |ength; 15 cm
particle size; 31.1m Guard Col umm: none Col um Tenperature: 40C
Mobi I'e Phase: 0.01 nol/L potassiurn di hydrogenphosphat e aqueous

sol ution:tetrahydrofuran:acetonitrile = 13:5:2 (VIVN) - 20 - Flow Rate:
1.0 nm n. Exanple 2 Exanple of Production of Hi gh-purity Free Prasuuel
from Free Prasugrel To 7.00 g of -18Ae conpound (1) was added 46.3 g of

acetonitril Ehngﬁfﬂi'nstih%omyb(tlaa i X A4 SoMBRRd bYSRa AL B p 40%0]: ol
{ 5 iy ey

m nutes, followed by cooling the reaction solution ereto was
added dropwirs#iaizéh.4 g of water precooled to the same tenperature over a
period of 35 mnutes, and the resultant m xture was then stirred at the
same t enper &2ur e Af grard@catinaitcesmpoditien pospiipingalk @ actiwshaldwasseo!l | ected by
filtration, washed with 10.5 g of a precool ed acetonitrile-water m xed

sol vent, and®raupEdacneddng teguces gfckssuré taBl45C for 5 hours to provide.
6.50 g of the title conpound. . Liquid chromatography of the resultant
hi gh-purity Pr ee“praByrelc erdhegprangic iaﬁeqﬁifgw%;eayimdéqc;@gzmmflmrﬁm tions in
Figure 6 are.as follows. . = Me rement Conditions) Detector:

ul ? ravi ol et SHEES? 6%‘?58\@#&”(’}%‘5@&??%1”&@%?&%&1%&5 apAQtiY§ ppgredient free

prasugrel according to-any one of claims 21 to 31.
34. A prophylactic or therapeutic agent for use in humans for thrombosis or
embolism, comprising as an active ingredient free prasugrel according to any one of
claims 21 to 31.
35. A method for producing an acid addition salt of prasugrel, characterized in

- that free prasﬁgrel according to any one of claims 21 to 31 is reacted with an acid in
an inert solvent or in the absence of a solvent.
36. A production method éccording 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 pharmaceﬁtical 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 embolus, 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 -

37.



Anal ytical Columm: Cadenza CD-C18, inner dianeter; 4.6 mm |ength; 15 cm
particle size; 3 um Guard Col um: none Col unmm Tenperature: 40C Mobi | e
Phase: 0.01 nol/L petassium di hydrogenphosphat e aqueous

sol ution:tetrahydrofuran:acetonitrile = 13:5:2 (VNV) Flow Rate: 1.0

mLi m n. Ref erence Exanple 1

2- Acet oxy-5- (a-cycl opropyl car bonyl- 2- fﬂ@érobenzyl) 4.5,6,7-
tetrahydrothleno[s 2-cj pyridine (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 dichloronethane was stirred while cooling wwth ice to
provide a mpgegpeQl ution. Into the resultant mxed solution was bl own 3.98
g (0.1 eqU|vaIent) of chlorine gas over a period of 20 minutes while

keepi ng t he SOlUEh@ﬁrt@ﬁp@%ﬁh@ﬁ%cﬁgIﬂg;j@ﬂguqﬁﬁ esul m xture was then
stirred for 0.5 hour while maintaining the sol u{?oigféﬁpgprﬁhfgcaf 0C.

Further, 39I8agplel. Refaranat Brinipiofana o EREmIRS ma,pbl:.pm lghg{tglrlqt %)tover a
peri od of 220 ninutes while keepi ng the solution tenpérature at whi ch
was react ed 'B§ndseite bE tignifedrthaete. hour whil e mai ntai ni ng the sol ution
tenperature at OC. After the end of the reaction, 236 g of a 3%
sodi um t hi osul fat e aqueous sol ution was added dropwi se to the resultant
reaction solution under stirring while keeping the solution tenperature at
not nore than 15C. After the dropw se addition, the solution was stirred
for 10 mnutes and then subjected to-a |iquid-separating operation. The
resultant organic |ayer was washed with 589 g of a precool ed 8% sodi um
hydr ogencar bonat e agueous solution and then with 168 2 of precool ed water
and concentrated under reduced pressure to provide 145 g of the title
conpound in an oily form (pure content: 95.4 g, yield: 80%. (2)
2-(tert-Butyl di methyl silyl oxy)-5-(a-cycl opropyl carbonyl- 2- quorobenzyl)
4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-c] pyri di ne



To a m xture of 115 g of 5,6,7, 7a-tetrahydro-4Hthi eno[ 3, 2-cl pyri di ne- 2- one
p«t ol venesul fonate, 60.7 g of tert-butyldi nmethylchlorosilane, and 277 2 of
di chl oronet hane was added 40.7 g of triethylam ne, and the resultant-

m xture was then stirred at 25C for one hour to provide a m xed sol ution.
To the m xed solution were added 78.1 g of the

2-fluoro-a-cyclopropyl carbonylbenzyl chil '8 de obtained in (1), 70.8 a of
triethylamne, and 1.57 g of sodium i odide, which was then reacted by
stirring at 45C for one hour and further at 52C for 5 hours. After
the end of the réaetipén, to the resultant reaction solution was added the
entire anmount of a phosphate buffer solution prepared by adding distilled
water to 9.50 g dixaRERROPreddtion 96Hagh-phrity\Hrasug)edHFRMoch2hR fidi Brea t ot al
wei ght of 358 g, which was then subjected to a |iquid-separating operation,
fol lowed by Habj®eti ng the aqueous | ayer to back extraction with 116 g of
di chl or onet hane. Tk%e esul tant organic |ayers were conbi ned and

concentrat ed under '%(51%8 ﬁabeﬁ%‘@é'&'?%'wqplmﬁ)ﬁ@r?%?ﬁd@qf@mkéld‘ié,&/,EH une of

218 nL. Ther »d.+,476..9. of tonitril nd-the resultant mxture
was t hen contgtté%%))rég@}é%g %He"r}p}rrgddg%g%d %?grs%uorf C‘Eﬁﬁ?‘%dl g%%a? adisdde &¥¥ached a

vol ume of Sktefthe, @ iideaTiEsHbiAN. [£ShEye:Yas,added 238 g of agetonitrile,

and the resultant mxture was then stirre iRt ogution
Subsequent | ywasl@2Zrei, e read @S wibs 2 2Ad it NeY eloPacABitl LAE HESUlt AOE 3 4Y) Xt ur e
was then stirred at OC for 3 hours. The preCipitated crystal was cof | ect ed
by filtrati copcomstethydiochlofid 26idgit 62° Qe a0ltiraseiso W tHeisbButioR 80y | ed
under reduced pressure to provide 131 g of a crude material of the title
conpound.  period of gnappingtey dhhetete wes adéedvateetdtrywab2 Fi8ed f 262120 Bof
ac,etonitrile, which was stirred at 50C for 10 m nutes and then cooled to
30C. Subs edﬁéﬁ”\’f’?dyt,’y thpmgthef drgrrded wadP et 588 dnid ske teveltat oistird s same

t enperature é/nesrmad%?&lipod 01; 30 m nut es, End the resultant m xture was then
cool ed to 0C and sti¥ FEFHRE ' THRETEUIFOF ARPEP YL ulbaddiiiors 1dug of 36Phe
precipitate I .l ect.ed by, fil.tration, washed with 30 of
precool ed agggé%lﬁa?eﬁhg@%?aﬁgna%lg auc'n%éifé flg&%ﬁfcfgﬁte@s%vﬁf 8 PEBOBPLRAOUB7. 6 g

of the titlengePRWNHnt mixture wabWen sti o ' o
2- Acet oxy- 5- (a- CyCl opr opy| Car bony 1- o T i obe T AAPLYs gpdgfusther at 30°C for

t et r ahydr ot hitene| 3TRe mbayitite &8stal was colfclBPHRGIEH I Ly : g 9f acetic
anhydride and 5.90 g of acetonitrile was added grcljpv’vi gdgh?%“?ﬁégé‘ﬁ? ure of

22.5 g of acetone, and dried under reduced pressure at 50°C for 5 hours to provide 8.01 g of
2-(tert-butyldinethylsilyloxy)-5-(acycl opropyl car bonyl-%-f [ uor obenzyl) -4, 5,
6, 7- t et r ahy dirotith eama®n@- c] pyri di ne obtained in (2), 7.65 g of
triethylamne, 62,0, of 4-di met hyl am nopyridine, and _ ?3 . 113 g of
acetonitrile, an#'d ngF‘é‘&é‘PE@ﬁhV\ﬁ?ff?éﬁﬂdiﬂnb}dgb?us'tyi presurgeldtydecthloritiets one
hour . fter the end of the reaction, 75.9 g of cold water was added
to the resuft@nt ™t €4LEi%on solution, and the resultant mxture was then
stirred at -10C fpor _30 m.nutes. The.precipitated crystal was collected by
filtration, vvashigp W ERH Ccr’ﬁlxlflﬂ?sem%g‘ff. 9 a%%o(?lﬁﬁ'écool ed acetonitrile and

17.8 g of cold ' r_redugced. pressure to provide 16.4 g of
the title corrpounég.&%egtmizggf}r&}; %&?q%r%cﬁ%rr% |a5}?ﬁ)%fag?%ﬂ?lin?§&wl§ andard

OXTP can bemwggggﬁgmofrgﬁ) exanpl e, by the nethod described in Exanple 20 of
Japanese Patent Laid-Open No. 06-41139.

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

Guard Column: none

Column Temperature: 40°C

Mobile Phase: 0.01 moV/L potassiumn dihydrogenphosphate aqueous

solution:terrahydrofuran:acetonitrile = 13:5:2 (V NIV)



Met hod for Measuring Prasugrel Content and OXTP Content in Prasugrel
Hydr ochl ori de or Free Prasugrel The content of prasugel in free
prasugrel or the hydrochloride thereof was nmeasured.as descri bed bel ow.
In an acetonitrile-water m xed solution (7:3) was dissolved 150 ng of .free
prasugrel or the hydrochloride thereof to 100 nL. 10 41- of the solution
was subjected to liquid chronatography-£26r nmeasurenent under the foll ow ng
conditions. Measurenent Conditions (Liquid Chronatography)
¢ Measurenent Conditions) Detector: ultraviolet absorptioneter (neasurlng
wavel engt h; 240 a@w Rate: 1.0A4@yhEI cal Col um: cadenza CD-Cl18, inner
dianeter; 4.6 mm lenath; 15 cm particle size; 3.tun Guard Columm: none
Col umm Tenper at UERimAIRC Mobi | e Phase: 0.01 non potassium
di hydr ogenphosphat e aqueous sol ution:tetrahydrofuran: acetonitrile 13:5:2
(VINN) - Fl ow Rat Exartipl@ offPraduatio abHeghlpyrive &sewr aeunrsl fafm prea Puadugtel and OXTP
contents in prasuarel hydr ochl ori de or free
To07.00 g of the compound (I) was added 46.3 g of acetonitrile, and the
resultant mixture was then stirred at 40°C for 10 minutes, followed by cooling the
reaction solution to -15°C.  Thereto was added dropwise 29.4 g of water precooled
to the same temperature over a period '.of 35 minutes, and the resultant mixture was
then stirred at the same temperature for 30 minutes. The precipitated crystal was
collected by filtration, washed with 10.5 g of a precooled acetonitrile-water mixed
solvent, and dried under reduced pressure at 45°C for 5 hours to provide 6.50 g of the
title compound.
Liquid chromatography of the resultant hi gh—p.urity 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; 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 (V/V/V)
Flow Rate: 1.0 mL/min.
Reference Example ]
2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4.3,6,7-

- tetrahvdrothieno[3.2-c]jpyridine

(1) 2-Fluoro-a-cyclopropyicarbonylbenzyl chloride



prasuarel) Purities in prasugrel hydrochloride or free prasuarel
Prasugrel content (9% OXTP content (% Starting nmaterial of Exanple 1 (Free
prasugrel) Product of Exanple 1 (Prasugrel hydrochloride) 99.513 99. 690

.91

A mixture of 100 g of cyclopropyl 2—ﬂuorobenzy1_ketoﬁe and 886 g of
dichloromethane was stirred while cooling with ice to provide a mixed solution.

Into the resultant mixed solution was blown 3.98 g (0.1 equivalent) of chlorine gas
over a period of 20 minutes while keeping the solution temperature at 0°C, and the
resultant mixture was then stirred for 0.5 hour while maintaining the solution
temperature at 0°C.  Further, 39.8 g (1 equivalent) of chlorine gas was blown
thereinto 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 solutilon under stirring while
keeping th-e solution temperature at not more than 15°C.  Afier 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 title
compound in an oily foﬁn (pure content: 95.4 g, yield: 80%).

(2) 2-(tert-Butyldimethylsilyloxy)-S-(a-cyclopropylca.rbonyl-2—ﬂuorobenzyl)-
4,5,6,7-tetrahydrothieno[3,2-clpyridine

To amixture of 115 ¢ of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyn'dine—2—one
p-toluenesulfonate, 60.7 g of tert-butyldimethylchlorosilane, and 277 g of
dichloromethane was added 40.7 g of tristhylamine, and the reéultant 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-cyclopropylcarbonylbenzyl chloride

- obtained in (1), 70.8 g of Lriethylaminé, and 1.57 g of sodium iodide, which was then

reacted by stirring at 43°C for one hour and further at 32°C for 5 hours.



0.095 0.032 Starting material of Exanple 2 (Free prasugrel) Product of
Exanplte 2 (Free prasumel) 99.513 99.711 0.095 0.014 The prasuuel
hydrochl ori de of Exanple 1 produced by the reaction of free prasugrel
contai ning OXTP wi th hydrochloric acid had a reduced content of OXTP,

indi cating that high-purity prasugel hydrochloride had been successfully
produced. The free prasuuel of Exanple 22produced by the recrystallization
of free prasugrel containing OXTP had a further reduced content of OXTP,
tndicating that high-purity free prasuarel had been successfully produced.

ndustri al Apnl | calll g of e AGEQEIRG Bl PLERSILbANeOL o (here are

obt ai ned hi ah-purity prasuarel an acl ion° s

hydrochl ori dejtirt hefoesf o phBsphatelslife® d B patdd H}nﬂ’d{ﬂotd ?t?lle%l%ﬂerats the

~ by- product OXTP.
9.50 g of KH,POy and 0.95 g of Na,HPO;-12H,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 énd concentrated under reduced pressure until the
residue reached a volume of 218 mL.  Thereto was added 476 g of acetonitrile, and

. the resultant mixturé 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 mixture was then
stirred at O°C for 3 hours. The precipitated crystal was collected by filtration,
washed with 69.0 gof pfecooled acetonitrile, and dried under reduced pressure to
provide 131 g of'a crude material of the title compound.

To 40.0 g of the crude material was added 252 g of acetonitrile, which was
stired at 50°C for 10 minutes and then cooled to 30°C. - Subsequcntly, 40 g of
water was added dropwise thereto at the same tefnperature over a period of 30
minutes, and the resultant mixture was then cooled to 0°C and stirred at the same
temperature for 3 hoﬁrs. 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- Acetom 5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno|3,2-c]pyridine

A mixed solution.of6.20 g of acetic anhydride and 5.90 g of acetonitrile was
added dropu 1se to the mixture of 22.5 ¢ of2—(tert-butyldimethylsilyloxy)—b'-—(OL-
c_yclopropylcarbonyl-?.-ﬂuorobenzyl)-4,5,6,7-tetrahydrothjeno[3,2-c]pyn'dine

obtained in (2), 7.63 g of triethylamine, 62.0 mg of 4-dimethy1aminopyridine, and



_").5 _ Brief Description of the Draw ngs Figure 1 is a powder
X=ray *diffraction pattern for crystal A of prasugrel hydrochloride,
obtained by irradiation with copper Ka radiation (wavel ength =- 1.54
angstro' ns). 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 2028 n degr ees; Figure 2 is a
powder X-ray diffraction pattern for crystal Bl of prasugrel hydrochl oride,
obtained by irradiation with copper Ka radiation (wavelength k =- 1.54

angstromns). 103 he apmmieiic, Xnd & @hdtfonawhd RRfoPAkE BY Brirrtrdet Of PNBE SndXi S
represents diffraction intensity in counts/second (cps) and the horizontal

axis represempsr.the diffraction angle 20 in degrees; Figure 3 is a
powder X-ray diffraction pattern for crystal B2 of prasugrel hydrochl oride,
obt ai ned by i rradideitbnend ofthe opastipn KES.9 gof atlid ovet¢rweaselddadytdth? resuktarl . 54
angstroms). In the powder X-ray diffraction pattern, the ordinate axis
represents drFacrgR f‘ilbthonr ARbihs |r?5§fllt?’?f RH{HESY S é}éﬁﬂrﬁe‘ﬂ(eé ps)1 Oéﬁcfom Iffemhmmsz ont al
axi s represeq%g % ffra ion gure 4 is a

powder X-ray |68r(1:r5|'5a 6 §5° ﬁaflil%’ edag%pb?flﬁfl 9‘675%16‘111 e‘ethp?rrét‘sf‘lﬁ‘ﬁr@éfz 4Bt ai ned
by irradiati 99&%&&]6&%&%mﬁcﬁldr@% §r0'f(35'1d(v]\f|%é/ Odq efd urgi}?f ged}.l% 4pé-§'§ﬂ8t rons).

In the powder ray diffraction Pattern
diffraction tmp@mﬁﬂetlworbﬁﬁyﬂﬁéé&ﬁg&ﬁfh(CpS) and the horizontal axis’

represents the diffraction angle 20 in degrees;
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 Prasugrel Content and OXTP Content in Prasugrel

Hydrochloride or Free Prasugrel

The content of prasugre! 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 (V/V/V)



Figure 5 is the result of the |iquid chromatography of prasugrel
hydrochl ori de obtained in Exanple 1; and Figure 6 is the result of the
l'iquid chronatography of free prasucrrel obtained in Exanple 2. -26-
CLAI M5 A net hod for prodUC|ng prasugrel hydrochl oride represented by the
fornula H3C (la) 5 04 - .

Fl.ow Rate: 1.0 mL/min.

Table 1

(Measurements of prasugrel and OXTP contents in prasugrel h_ydrochléride or free

prasugrel)
Purities in prasugrel hydrochloride or free prasugrel
Prasugrel content (%) OXTP content (%)
Starting material of 99.513 0.095
Example 1
(Free prasugrel)
Product of Example 1 99.690 0.032
(Prasugre! '
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 fhe reaction of free
‘prasugrel containing OXTP with ﬁydrochl'oric acid had a reduced content of OXTP,
indicating that high-purity prasugrei hydrochloride had been successfully produced.
The free prasugrel of Example 2 ﬁroduced by the recrystallization 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, hydrochioride) thereof with a reduced content

of impurities such as the>by-product OXTP.



with a reduced content of OXTP, conprising! preparing free prasugrel
repriesented by the fornul a: 10contai ni ng OXTP from a _

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

te, trahydrothieno [3,2-c]pyridine; dissolving the free prasugrel _
represented by the formula (1) in an inert solvent; and adding hydrochloric
aci'd optionally dropwi se to the sol utioi5for reaction, 152. A et hod for
produci ng prasugrel hydrochloride according to claim1, wherein

Brief Description of the Drawings

Figure 1 is a powder X-ray diffiraction pattemn for crystal A of prasugrel
hydrochloride, 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 26 in degrees;

Figure 2 is a powder X-ray diffraction pattern for crystal Bl of prasugrel
hydrochlornide, obfained'by 1rradiation with copper Ko radiation (wavelength A=
1.54 angstrorﬁs). In the powder X-rayy diffraction pattern, the ordinate axis
represents diffraction intensity in counts/second (cps) and the horizontal axis
represents the diffraction angle 20 in degrees;

Figure 3 is a powder X-ray diffraction pattern for crystal B2 of prasugrel
hydrochloride, 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 26 in degrees;

Figure 4 1s a powder X-ray diffraction pattern for a crystal of free prasugrel,
obtained by irradiation with copper Kox radiation (wavelength 2 = 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 praéugrel obtained

in Example 2.



the inert solvent is acetone.
« T :

-26-
CLAIMS
1. A method for producing prasugrel hydrochloride represented by the formula:
- (la)
O
H;C .<
- HCl

5 0

with a reduced content of OXTP, comprising:

preparing free prasugrel represented by the formula:

. | o A |
ey
H3c——<O S | T _

10 containing OXTP from a 2-5ilyloxy-5-(a—cycloprqpy!carbonyl—Z—ﬂuorobe_nzyl)-4,5,6,7-
tetrahydrothieno [3,2-¢]pyridins;
dissolving the free prasugrel represented by the formula (1) in an inert solvent; and

adding hydrochloric acid optionally dropwise to the solution for reaction.

15 2. A method for producing prasugrs} hydrochloride according to ¢laim 1, wherein -

the inert solvent is acetone.



