DESCRI PTI ON  PROCESS FOR PRODUCI NG - H GH PURI TY PRASUGREL AND ACI D ADDI Tl ON

SALT THEREOF Technical Field The present invention relates to a

met hod for producing high-purityprasugrel or an acid addition salt thereof
Background Art The conpound having the formla: is Known as prasuErrel.
Prasugrel and pharnacol ogically acceptable salts thereof are known to have
a platelet aggregation-inhibiting action and are useful as an active :

i ngredi ent of a nedicine (particular N, .antithronmbotic or anti-enbolic
agent) (3P06-411 JP2002-145883). Fb@%%%??gﬁﬁg\use of prasugrel or a

PROCESS FOR PRODUCING HIGH-PURITY PRASUGREL AND ACID ADDITION
SALT THEREOF

Technical Fisld

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

or an acit addition salt thersof

Background Azt

The compound having the formula:

4y

Is known as prasugrel.  Prasugrel and pharmacologically acceptabie salts thersof are
gnown to have a platelet aggregation-inhibiting action and are useful as an active
mgredient of a medicine (particularly, an antithrombotic or anti-embolic agent)
(JPO6-41139 or TP2002-145883). However, the use of prasugrel or 2
pharmacologically acceptable salt thereof as & medicine has required & technigue for
producing the prasugrel or @ pharmacologically aceeptable salt thereof af 2 high

purity.



phar macol ogi cal | y acceptable salt thereof as a Medicine has required a
techni que for producing the Drasugrel or a pharm acol odcally acceptabl e
salt thereof at a high purity. 2 W96/ 11203 descri bes a nethod for
produci ng prasugrel or a pharnmacol ogically acceptable salt thereof In
addi t ion, JP2002- 145883 describes a nethed for producing prasugrel

hydr ochl ori de or nal eate, which involves reacting an acid with free
prasugrel. However, neither of these patent docunents descri bes a nethod

for decreasing t -product . OXTP. Patent Document 1: 1P06-41139 Patent
Docunent 2: J172W%2@§§§9’5ﬁb§ﬁﬁ“56%%‘51&%@%@“9@9@?51@2@3?E)i scl osure of the
| nvention Prg | ved by .the lnventi.on An_obj ect of the
present inv ﬁ%%rglgﬁoé{a?@’?%cr%gﬁégg ngrtr}ilaetr ot #%?5%?1878?&3%%2'91‘?%3&6%‘1@395a
prasugrel onrpa,daet Qroéggh%vg%u@@f Ly &Henes e(pr)élp%]%?tg,ﬁ%gighEnhv%.ixpeg?éa%ggg gg

byproducts such as OXTP. ans to ‘Sol ve the
acid with free prasugrel. However, neither of these patent documents describes a
method for decreasing the by-product OXTP.
Patent Document 1. JP05-41139
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 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 inventicn 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 nmethod for producing high-purity
prasugrel 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 prasugrel containing OXTP to nmake an
acid addition salt to reduce the content3 of the by-product OXTP in the
resul tant prasugrel hydrochloride to produce high-purity prasum -el

hydrochl ori de. The present inventors have also found that the
recrystallizat.l f f r rel cont.ai.ni ng  OXTP can reduce the content
of the by- pr%guoé? B'(%gﬂsllg'%eft‘ 1é&r%gglu*l1 Hiit VF P S8BT AR Y Broduesy

hi gh-puri ty di.ee RRASYAT Slime Jherely., Loyention has bee
acconpl i shed. ——° n‘?p%LAccorlEf‘%-g {0 the %?Cé%s’%(éggg%&ﬁé%ﬁ%Aﬁs,ugtr%eangggﬁmgf OXTP

(the subst angitim & Beket @Rtd:@pld MR Q{ah)]g%uggu@{ang@w%ﬁ a%t@%&o@?t'ljng.oﬁ gure 5
or the substance with a retention - 3 - tinme of 12.78 or .41 m nutes in

Fi gure 6) i RS.Biqui®, chromatdgs aphyenasFigueat byt adused s cempaed 10, t he peak
of each anal ogous substance in prasugrel and an acid addition salt thereof

(for exanpl &entihe taratidgolis 3&abstatfcer #.3 hmanuiet ierftigion 61 inne of  26. 81,

36.79, 38.84 or 52.49 mnutes in Figure 5 or the anal ogous substance with a
retention tFHET8PEPEIL3, 35.52, 37.45 or 50.37 minutes in Figure 6) in the
chr omat ogr aphy. resent .invention provides a nmethod for producing

The . ) } _
hi gh-purity pr as%r@é?sea?m&ﬁ“’e?&ipao"dé“cﬁ%%WO%&PWPH@%@%@W@H pabertly, free

prasugrel o : rochl ord de thereof) in each of ich the content of
OXTP is red({;fcage] ?Icﬂ%/c%ﬁiﬁ%usraﬁttﬂ§“r%()r a@%ré?%llah&g‘frp%ﬁqgﬂdé’a ethygﬁo Hrdet her eof

(particul ardhypeof)ri@@ao@lrm&?ihegﬁmts{ﬁeoMﬂ%@g{]l—e%ﬁg%gg}éﬂfepgugﬁ%ﬁ obt ai ned by the

production nmethod: a pham aceutical conposition aguety or

prophyl act i @ @fd idief@pautt&ausitichiarydi-6eaa8srCak g, R s
enbol us) containing the high-purity pPasugr el or an ac}i%dO ag%?dtl?[gﬁes | t

ther eof ( pasttiicul @r fhy préduesopmagivdy €pheatheidaydiaehlonigathengof ) as an
active ingredient; use of the high-purity prasugrel or an acid addition

sal t ther edfoRipdrctic cotieripgntié et for dsssgyelcanredtiyehhythupehbarside t her eof )
for the purpose of producing a pharmaceutical conposition; and a

prophyl act i CUGRhEE IpEUPEY PEasHBE! 90 eiid eddigs( pat theeuf @aticularht dabosi s or
enbolism which involves admnistering to warm bl ooded ani mal s

(parti cul arfy et %ﬁ%‘)‘l@f%#&?ﬁﬁ%{ﬁ%éﬁ ACESHIB S AP BentceRtodit gh-aurity

B 1 on sart ke Sar ST ATy o r adh Pty PSRy oeni or de
e Bl L ATl pt e
and a prophylactic or therapeutic method for diseases (particularly, thrombesis or
embolism) which involves administering to warm-blooded animals {particularly,
humans) a pharmaceutical compoéitian. containing a pharmacoclogically 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:



with a reduced content of OXTP, conprising dissolving free prasugrel
containing OXTP in an inert solvent and addi ng hydrochloric acid optionally
dropwi se to the solution for reaction; (2) A nethod for producing prasugrel
hydrochl ori de as described in item (1), wherein the inert solvent is
acetone; (3) Prasugrel hydrochloride 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 initem (1) or (2); (5) Prasuuel

hydr ochl ori de contai ning 0.09% or |ess of P, produced by a production
met hod as described in item (1) or {2); rasugrel hydrochl oride
containing 0.07% or |ess of OXTP, pr d by a production method as
described in item (1) or (2); (7) Prasugrel hydrochloride containing 0.05%
or | ess of OXTR, produced by a productijon method as described in item (1)

or (2); (la)
H3CA<

O

+ H(CH

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;



(8) Prasugrel hydrochloride characterized by containing 0.7%or |ess of
OXTP; (9) Prasuarel hydrochloride characterized by containing 0.2% or | ess
of OXTP; (10) Prasuarel hydrochloride characterized by containing 0.09% or

| ess-of XI1); (11) Prasugrel hydrochloride characterized by containing 0.7%
or 1ess of OXTP;, (12) Prasugrel hydrochlopride characterized by containing
0.05%or less of OXTP; 5 (13) A prasugrel hydrochloride as described in
any one of itens (3) to (12), wherein the prasugrel hydrochloride is a

crystal show ng i n peaks at spacings (d), of 5.7, 4,4, 3.8, 3.5 and 3.3
angstrpns_imﬁ%bmgg?ﬂ§£#§§yﬂpf§¢§ﬁk?5 ﬁ%%g%bﬁéﬁyﬁﬁapfﬁ%&?é@ﬁ%hﬁﬂﬁth copper
tem (3) {03 e e S et S e RS & erLEal show ng
mai n peaks ak sspagi ngss 6d)i0f s 6,8k Bl : nApANgSLLOMS in
powder X-ray diffréction’obté%n r%ysi?Péﬁ?%fgggya??%jggﬁggﬁgﬁg?’radiation;
(15) A phar regeutdrcakh epPoBLLLARiGONMPri sing as an active ingredient a

prasugrel hydrochl oride as described in any one of itenms (3) to (14); (16)
A prophyl acti® or iriverapeutrbchlagenis daeribseniany wak 6F bieoded animal s for
di seases caused by thronmbus or enbol us, conprising as an active ingredient
a prasugel HRygroecHEerisderchbydeddrridrad a anysariyphowagahain berts af Factras(d4d) ; (17)
A prophylactic pr_therggeuéic age?t for use”in humans for thronbosis or
enbol i sm ¢ $ilrhUak > aAd dct INFETRRY LeRR ErY Sarpr dtagebn hydiredbiyor | de as
described i g"raac'i'?%io%r\]a%thocfopipér & ra(,d?gtiotn? (14)

(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);



(18) A nethod for producing free prasuurel with a reduced content of OXTP,
conprising recrystallizing free prasugrel containing OXTP, (19) A :
production nethod as described in item (18), wherein the recrystallization
uses-an ether or a nitrile as a solvent; (20) A production nethod as
described in item (18), wherein the recrystallization uses acetonitrile as
a solvent; (21) Free prasugrel containing 0.7%or |ess of OXTP, produced
by a production nethod as described in any one of itens (18) to (20); (22)
Free prasugel containing 0.2%or |ess of OXTP, produced by a production
met hod as destribéd Pfaﬁu@ﬁy“@i@?éméﬁ UiPétrer é@EB}Jf D3 P20y ducedby { PRYiuFrose
prasugrel cont aldnl gg b% or | ess of Broduced by a production
met hod as dB&EFHE4 RS V“‘Hﬁ’eon(?fo |tf’€?%(1§)lt8’)(ﬁ 5 (20); (24) Free prasugrel
cont ai ni ng 5% roduction nethod. as
descri bed i g 9;% gra(g?(’m en au(13‘IL“(§)OI%to %’)SS 8 29y ?’fogl«?c‘iﬁirbis%ﬁro@c@ént ai ni ng
0.03 (11/0 Weiﬂo@%§d9&fcmggqu r@r&g%@ﬁdng (18 Br9g) ot on et hod as descri bed | 1
[ 20

any one of itens (18) to ree prasugrel characterized by

contai ni ng @57%m@kc b@&sar@rfw%ﬁnoo(o@@)s Fl8€, PHRIWIR )i & by
containing 0.2%or |ess of OXTP; ¥ ; e A ABEAR
methed as described in any one of iterns (18) to (20);

(26) Free prasugrel characterized by containing 0.7% or less of OXTP;

(27)  Free prasugre! characterized by containing 0.2% or less of OXTP;

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

{(29)  Free prasugrel characterized by containing 0.05% or less of OXTP;

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

(31)  Free prasugrel 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:



Free prasugrel characterized by containing 0.09% or |ess of OXTPE
Eggg Free Brasugrel characterized by containing 0.05%or |ess of OXT!D,
(30) Free prasunel characterized by containing 0.03%or |ess of OXTP, (31)
Free prasugrel as described in any one of items (21) to (30), wherein the
free prasugrel is a crystal show ng main. peaks at spacings (d) of 6.7, 4.7,
4.6, 4.2, and 3.8 angstrons in powder X-ray diffraction obtained by
irradiation with copper Ka radiation; (32) A pharnmaceutical conposition
conprising as_an active ingredient free prasugrel as_descr!bed in any one
of itens (Z%S)t oA(FB"Q‘)‘UCU@BgI)etW%ﬁ&ﬁPFWWUh@tetﬁr(%h@ﬁ&p@mthemcﬁg@mnofnwa}tus_e in
war m bl ooded_animal s for di seases caused by thronbus or embol us, conprising
as an activé& 1%58?’ GPEARDIE rRe e 28 bgrzareadicteser i bed i n ?n]}/ one of |nt ﬁgsrrans
: A prophyl actic or, therapeutic agen or use i
1£ grl) t th?oﬁrﬁé?@ o%“?{él)%ioaldlgglr?]% Sc%ﬁ&”i& Bl Iggg‘é‘f‘?dg’é’tai Iifigli)‘%iair@ﬁod;aﬁ?e pr asuar el
scri beded : f, B (21) to (31); et ho or
gfogﬁci ng aﬁ”%??g@g‘&gﬁ?ﬁ%ﬁoﬁgwof prasugrel, characterized in that free

¢ : _ . , i ith an
rel as3sessrihhechdemiany @ E4eMBsiA20) 150 ( 3, LS feacted wit
gz:?zu?n an ?nggrt sploll ver;:t ér i%&ltaﬁﬂe gbserﬁ%gmo? aasolaverll%n;“Sa S 633%5 ng

i e fiiBni; i id addition salt
roducti on netdhwdass desaideiagedibnt t em (35), wherein the aci ( - S¢
Ps t he hydrochl oride, rnaleate, or benzenesul fonate; (37) An acid addition

salt of praip- et pprddlcedobyeapprioduycti on usetrhognasicdescdined fn i t em (35)

or (36); diseases caused by thrombus or 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. Preferably, 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

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



(38) A pharmaceutical conposition conprising an acid addition salt as
described in item (37) as an active ingredient; (39) A prophylactic or

t herapeutic agent for use in wa-bl ooded aninals for di seases caused by

t hrombus or enbol us, conprising as an active ingredient an acid addition
salt as described in item(37); and (403 _A prophylactic or therapeutic:
agent for use in humans for thronbosis or enbolism conprising as an active
ingredient an acid addition salt as described in item (37) as an active

i ngredi ent. : According to the present invention, the "acid addition
salt" can beé@vVF§RIELHIPIE™AEhOT YePHEE e habrd- sdbe wateroasibns airhptueds
hydrochloridzgg nitrate ohh%ggéphgte; or an organj¢ acid salt such as a
trifluoroacetat'& " RAIALE RERES AT oliatle, Ibatvitie stilvrishatceccdeach

- p-tol uenesul - referably, it is_a .hydrochloride, nualeate, or
benzenesulfggﬁgg%%%g éﬂﬁ?g 8?%B?§m%ﬁﬂ%ﬁﬁ%gﬁp8ﬁ?ﬁﬁg‘“ﬂﬂn‘efﬁgmﬁ?asugrel or
an aci d addijtigposalt thereof according to the present invention has an
asynmetric carbon atomin the nolecule; there are stereoisoners having R

and S confi gur at hongdinEhe uil RERe] S0MRES: and&ueATBPUNd.goREALALNY these in
any proportion are both enconpassed within the present 1 nvention. The

st er eoi sonetisyedior texdnpless @anlvbes synthasizedsiyvusi fdv@BREIHeah| Hvhesol ved
raw materi al conpounds or can be obtained by subjecting synthesized
prasuuel or Aahradly ¢f ddeireit omes aintctithe red phiscooptrnical propsakyticgmdinisfon
desired, using.a conventional optical resolution or separation nethod. The
prasugrel of*4ERTEIdFTEdHIE B afitiother Botcragtelorad agnitare thergf esent

i nvention na%)hg.aLlomed to stangﬁgn the air or_recg%staLlized to absorb
water, ther 8BYOTHONGIE CpRTIPAES A WML e cbinsFts. b&etHIGe ahydr ate. The

addi 11 on - o8 vareE TRy IR B R i e B o6 ant ar e al so

enconpassedpihbion if B8 oRFES&ALithin the present invention. Specifically, the content of
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 a 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 1s low is encompassed within a crystal of the

present mmvention.



i nvention. According to the present invention, the prasugrel or an
acid addition salt thereof or their hydrates or solvates can formcrystals
(crystal polynorphisn) having a plurality of different inner structures and
physi.cochem cal properties, depending on reaction and crystallization
conditions. The crystals and a mixture thereof in any proportion are
enconpassed within the present invention. Crystalline and anor phous solids
t hereof nay be present as a mxture. A mxture thereof in any proportion is
enconpassed within the present invention Specifically, the content of a
speci fic crystal XFapfifdceondimgel oty wesamet Rveadiaom, asappefier abl y 50%
or nore, nore .prfferabl / 8(}?/0 or re, still nore gref erab(gi/ 90% or nore,
particul arl y prételd }Ia§)¥9‘5}50 B PRorE, T2 HREPR PR atrabry 9idiaet radgHens are
According t ent, A ! : stal .refers to a solid whose inner
structure ignottﬁ eagi'r@-t |'m%§iﬁoﬁa§{]#lg§%8%% %éél of" &% ¢ tﬁ'megﬁayraé‘ @f“in@i“" of
constituent @ )L t.her ) i j.stingui shed.from an

anor phous sol %f%@ﬁvﬂi(%ﬂggg}?%ﬁ%? rﬁg\?g&{s’uagﬁgggrbggﬁfq%r%ﬁgn%é ﬁlgtd?%réfLWe. Whet her
or not a soldefivediranalystalaticanile o@xmnﬁgdlqym@ﬁ&;r&é&@@h%g{ aphical l'y known
met hod (for exanple, powder X-ray crystall ography or differenti al scanni ng
cal ori met r y)raBytimmy ‘otoeivamplies p@saokietntisn, subjvakt 804l FOWHR! pXehAY

crystal |l ography using X-rays obtained by irradiation with copper Ka

radi ati on. AbPFHdviisadietwr withEd: tdidenancrystisats anienagdiStidieh ppeaks are
observed in %he X-ray diffraction pattern, while a solid is ideteizained to
be anor phous’ W‘f@’ﬁbﬁ@‘%@ﬁﬁ&dlﬁ‘é@ﬁ@néiteé"%fiog@m\léfmad/ﬁatmzindahs'ﬁi—cheft ermined to

be a crystal,whose crystall.injty is | ow when the peaks can be read but are
not disti nctdlgé)%‘?t&n,paggﬁa%f‘?m% E&‘??f?ﬁf’glm%\% Fyt dr1vieaiftom Kellreiieti e,

enconpassed W t.hj L -al .. of e_present invention. . - 9 - .
- powder X-rafm(i:ﬁs é?fg g{ﬁﬁ?ﬁ)h%/y glé?%éghoéléﬂp%%?l PP Fféf‘?‘}gﬁ%m%ths“é‘fﬁla@]qns
typically iﬂéﬁ@diﬂﬁ-&ﬁl}{\g}trﬁdiﬁg er Ka radiation (in which Kul and Ka2
radi ati ons are not separate %}p An X-ray diffraction pattern can be obtai ned

by anal yzi ng t heCdihf nagtiosrasderivgdrddhemdiar nadiald,on. 404 al$o Ay
analyzing only the diffraction derived from Kul radiation takenout from
the di ffractiamlderdyed showmgtden KaalisadsgdcigR (JASCRT A 1 ¢ 6 4 hgs present
invention, a powder X-ray diffraction pattern obtained by irradiation wth
Ka radi ati oAt&hAeDApasBesdann-Xrdiraibhpatth obhtgatitierrrachtiah ned chypsanal yzi ng
the diffraction derived fromKa radiation and an X-ray diffraction pattern
obt ai ned byX&rnaf2emeg soRends Fieuaeti on derived from Kul radiation, and is

preferably an X-ra iffraction tern obtai ned by anal yzing the

di ffraction der ié/é%taﬂ%LH{‘%EIPWH%%E%YC@H?M"T@@ of tbp prisant ipvestion ke Ipx &sugr el
hydr ochl ori e present invention can. be, for exanple, a crystal

showi ng nai %%ggjgﬁi{;agﬁspaéB%Oc‘?lﬁagla(%ye%fg A Sppcings d) 0366866 31,80, 4l 278 34angst r ons
in a powder X«£ays & ff4.a6t hon Ratd.er ined. by.irradi ation with copper
Ka radiation-as showrt in Itrzltxglgir’y e 1.3%{181189&%5%%%@ YA U HEVHE SRS el
hydrochl or i de refiatde:sRreSEM Fighwent i on can be, for exanple, a crystal

showi ng mai n peaks at spacings (d) of 6.6, 6.1, 4.0, 3.5 and 3.4 angstrons
in a powder X-rdyvdilfBY atht prespatl Rfdroahb @ Nadndyrek Ll adi-at bR .t B copper
Ka radiation as shown in Figure 2. Crystal B2 of the prasuarel

hydr ochl or i dempfe, & heyspl @sentg imremtzkont gannbe(d)foor @xamples sa.cryst al

showi ng mai n peaks at spacings (d) of 6.6, 6.1, 4.0, 3.5, and 3.4 angstrons
in a powderdigsiFaass @isfrfordet fomy gaieeron pliteai oladinby biy i rradbain ik wégphr copper
Ka radi atici? as.shown in Figure 3. A crystal of the free prasuzel of
the present™§ MAHINGA st Bl 128613 exanpl e, a crystal showing main peaks at
spacings (d) of 6.7, 4.7, 4.6 4. 2, d 3.8 angstroms in a powder X-ray

di ffraction pat Cer i Gut dtniE Ibfﬁs%%frlé%’in%? POHIIWITRI éeper DK readhaki on as

shown in F'c%%ae; sﬁdwimg miain peaks at spacings (d) of 6.7, 4.7, 4.6, 4.2, and 3.8 anestroms in

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

as shown in Figure 4,



-1 0 - In the powder X-ray diffraction patterns of Figures 1 to 4
descri bed bel ow,t he ordi nate axes represent diffraction intensity
(counts/second (cps)) and the horizontal axes represent the diffraction
angl.e 20 (degrees). The spacing d (angstrons) can be calculated by letting
n--s) 1in the equation: 2d sin0 = n)c.igl.n the equation, the Ka radiation
wavel ength Xis 1.54 angstrorns, and the Kul radiation wavelength Xis 1.541
angstronsThe identity of crystal fows should be qualified by referring to
the pattern of t et“h°|§,s§$Ctﬁ m as needed even when the spacings (d) are
slightly differeft BalyisetHe E@%ﬂ%i’%‘ﬁ& YISy e 1q hisagbedbeltierenf can
change SorewhahaASREndLgomGRAR FIRAL PO ONS: ooyt eotN9 1O

t he present 1 nvention,
R;esented

{1 uor obenzy L 2rpxRed uf Biefacliof 3nhEXBMALOLNT el 3, 2- cloyrl dine, repr e e

by the fonnul a. There are keto-enol tautoners for T
the present darverdimNetthd naddit ieRqulther edkscah, Asy | G.carbon in the
OXTP and opti cal iggﬂers exi st basgd ?ﬁgrgS%BThgge ?@%%%Lgmgﬁégzﬂﬁixture
t her eof al scadiafidn witchingtit hes TR @aoasdinight 0 dthedRlesent i venti on.
Effects of the Invention According to the present invéention, there
can be provilded eghapur ilhy igmaisugl @) sanfdransiaci dbaddiliteo By saktrirther eof
(particularlgt?%EE freeiprasugrel and the hydreichioride thereof) in each of
whi ch the coftRETH hnparierpedraysmnessc] perpyhemhe ducinzOKNRr¢ sligleiduced.

different because the position and relative intensity thereof can change somewhat
depending on measurement conditions.

According to the present invention, "OXTP" is 5-(a-cyclopropylcarbonyl-2-
ﬂuorobenzyl)-Q—oxo»Z,ﬁi,S,6,7,7a-hexahydroﬂ1jeno[3,2-c}pyﬁdim represented by the

formula:

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.



Best Mode for Carrying Qut the Invention Free prasugrel can be
produced as a starting material for the present invention by the production
nmet hod described in W96/11203. A nethod enbodying the present invention
for producing high-purity prasugrel hydrochloride, free prasugrel, and an
acid addition salt thereof is as foll ows Process for Producing
H gh-Purity Prasugrel Hydrochl oride froh%k?ee Prasugr el Thi s process
is a process which involves dissolving free prasugrel in an inert solvent,
addi ng hydrochloric acid optionally dropwi se thereto, and, if necessary,
addi ng a seeBetMysicdbr €oryingfet ihordntamtpmoduce hi gh-purity prasugrel
hydr ochl ori de. In this process, the adding of hydrochloric acid
optional |y dropwilde: Has ssd ceape Paduenst by staddigngaithe facthd petsapvib &8 0f
addi ng the ig at one tine gr in tw to several divided portions.
The sol vent UsBEPFHERPETHPEEE8SPE wotV Qi arly linited, provided that
it dissol ves thezég%ﬁ%h%g$ngterhal to a.degtee and does not inhibit the

Can Be’ e GI° RIS e SRR SATiPpHECIE Mgktpedar bon such as

reacti on. The sol'ven

hexane, cyclghexas ek LOQL N, Qr, petrol eum et her; ar tic
ycl& ﬁ?é@ﬂ%yd@@ﬂ%ﬁ@& fr Olrpga[sglnrél, Qg RSP afééz%ﬁagd%q{a%ga aﬁgzd

hydr ocar bon such as benzene, tofueng, “or Xyl'ene; Géar bon
such as di chl or oretdeaner PeALBAR i gt -pashl oL ~dichl oroet-hane,
chl or obenzene, or dichl orobenzene? aﬁgﬁ%ﬁ%?ggﬁ%%yégggﬁg%%éﬁgé%ﬁ%r,

di i sopropyl Xthersl tetrahydrofuran, dioxane, dinethoxyethane; or diethyl ene
gl ycol dinethyl ether; a ketone such as acetone, nethyl ethyl ketone, or

di ethyl ketone; ahisgst@ss sugho@ss ebhijl inacietatiesoinoBYE pACEEH3L 8;arQhePUt V!
acetate; a carboxylic acid such as acetic acid or propionic acid; or a
nitrile such°d§Mag&tishhrdpheorsracyt e omillyrdrbmeyisPriefes abllyif nkdesisyan et her,
a ketone, an.ester, carboxylic acid, or a nitrile, nore preferably

t et r ahydr of UFERE 2 EkanEs! HrErHe © REPEAC letihyhrikeronerel sydythlacet.at e,

acetic acid, or gcetonitrile, a{}i ukgrl referably tetrahydrofuran,

di oxane, acetic acid loradEt odﬁ&‘D Cﬁg‘é’t r?ﬁ%‘?rgfr 4 PPuiatip AEepwvise 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 tetrahydrofuran, dioxane, acetone,
methiyl ethyl ketone, ethyl acetate, acetic acid, or acetonitrile, particularly preferably

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



The reaction tenperature in the process varies depending on the reagent,
solvent, or the like. However, it is typically -20C to 100C, preferably 0OC
to 70C, nore preferably 30C to 60C, nost preferably 40C to 55C The
reaction time in the process varies depending on the reagent, solvent,
reaction tenperature, or the like. However, it is typically 5 mnutes to 10
hours, preferably 10 mnutes to 5 hours. A preferred aspect of the
process is a method which involves dissolving free prasug-rel in acetone,
addi ng dropw se gflf of. the necessary anount (tx@icaLly, equi nolar to the

t hi enopyri di ne f oPhjSa6FOt GRESH a et chiFarest Mtersi cepeisiiel tothetreassol ut i on at
0C to 70C (gg@f%rablxl 5C t,0 60C). over . a pe{Lod of 2 mnutes to 10 m nutes,
adding, if necsSsir® HCsedaVesrsit BOPorllY e4EEi o 081C trefcaahe) Ceaper at ur e

for 30 m nutes~t o f urt ddi st 0 o
or m NULES rHo:fZ. prflgf'élraﬁlv ﬁmge‘c{a%Ryd?%lg%pé%;f?r%bﬁy&?@@dggl‘gg%ep;relrrg:jmopg3o

necessary ampunt of “‘concentTa

mnutes to 2 houfs; heactt : . 10C ceferably 25C to 55C) for 1
hour to 3 hours. C;&wﬂﬁﬁﬁg%h?%g%gﬁgg%%gF%g' %@%ﬁ%ﬁﬁ%ﬁg%%ﬁggfmfﬂg
prasug-rel hydtioctthgctde-ofr thhpkpr %@ﬂftevérﬁivm%fegﬂyi/ 8 nhRLLe6! Rghgufsom the
reaction m xture according to a conventional ; nethod. For exanple, the
desired conpuigrdblys Cobtraicneds bywreol | ecting the precipitated crystal by
filtration after the end of the reaction or distilling off the solvent
after the end of AtFR{eTederiem! fhrodesils ethedorpatiridirobhat deeoimay, the, if
necessary, further purified by a conventional nethod, for exanpk,

recrystal | i PAETOR, T REPPEC FHTEALT B SoRaLE o braeergsaap hyrount (typicaTlie

hi gh-purity_pras el drochl.oride obtained in the process can be neasured
for the OXT 538@%%1mﬁ@%ﬁﬁx?ﬁgu?é?W%MP‘@nﬁﬁngﬁhYmDCMUH%%%%Wﬂb%t of OXTP

in the prasygr d i de | measur ed, i quid c¢chromatography and
expressgd_i%gﬁg%%gﬁtggghgﬁggfggmggé in Pgﬂn§¥gfﬁgﬁgﬂe ﬁf%ﬁ?nwgs@&ﬁé in free

prasugrel . minutd, adding, if nclB8aGORE &I Q8 AT R L1, | e b Isﬁ?eél*agzumrpleztaémgg asugrel
Yy .

hydrochl ori de according to thé present invention I's typi % or | ess,

pref erably B 2%uds tbesursTRiEphel /@R ¥roBwdQ%0f el £5S o nSLd [
preferably 0.07% or less, particularly 6Péferablf 0.05@@%%S%£ gaOQH The

purity of tdfeoprasegdelydtipdivochtdrdivde a pbhad of 30 mihgeb asugrelr cQREENt, can
be measured as described for the OXTP content. The purity of the
hi gh- puri t y2! pf @gugvél (thsfdrbiohl 36Eitd 65 aCt fr ditegr too3 héwes pr esent i nvention is
typically 95% or nore, preferably 97% or nore, nore preferably 99% or nore
After the end of the reaction process, the prasugre! hydrochloride of the
present invention is collected from the reaction mixture according to a conventional .
method.  For example, the desired compound is obtained by collecting the
precipitated crystal by filtration after the end of the reaction or distiliing 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 hydrochlonide is measured by Lhguid
chromatography and expressed in percentage by area (%) In terms of the content of

OXTP in free prasugrel.



Process for Producing Hi gh-Purity Free Prasugrel from Free Frasugrel

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

prasugel . The solvent used in this process is not particularly
limted, provided that it dissolves the Etarting material to a degree and
does not inhibit the reaction. The soIVé t can be, for exanple, an

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

xyl ene; a hal ogenat eahitnidy 6oakrborihe beh-msitdipcihgred pdrhariesid chk oriafoan m
carbon tetrachloride, 1,2-dichloroethane, chlorobenzene, or dichlorobenzene
an et her sudhf BESA BFRyIOndE Rericaliyil Sopr dpsyd prefenerly 028t pakissdmotar an,

di oxane, dinetmogﬁgiﬁﬁne, or d'ethﬁlene gl col dinethyl ether; a ketone
such as acetdneg’ YF OBy ISR S BN B S 1810 i (Y RyI0T ke oriticukr et israbsuch as
ethyl acetatesopropy! acetate, or butyl acetate; a carboxylic acid such as
acetic acid or propionic acid; or a nitrile such as acetonitrile or
propionitrile. Prefgtably e dradis 20, &Id8hriqd KSLONG. 180, 88t 8L, carboxylic
acid, or a nitric, nore preferably tetrahydrofuran, Bloxane, acetone,

met hyl et hybe ketone; aeidyhbaace: ate xBRebhen@ci d, or acetonitrile,
particularly preferably tetrahydrofuran, acetic acid, acetone, or
acetonitrile, nmoSiteprefef abliyzlagetioniidipted hydrochloridd Beck@APEY @t Uf8eAuri ng
recrystallizatio is typically 20C to 80C, preferably 30C to 70C, nore
preferably 30€#@ 5QE:Caliters oi mewl psifonhlytdiés sototd, atoré gresdra pogael ed. it
is preferred that a poor solvent (preferably water) is added thereto at
-20C to -10C°™which is then stirred for 10 minutes to 3 hours. A seed

crystal may al so, be add S.need : The high-purity free prasugrel
obtained in theopﬁP%eé%g%rq%%ﬁJ%eﬁh@E%Ma P epnerenen st iamustidi ng t he
fol |l ow ng net hodx,: The t . of TP.in.the free prasugrel can be
neasured as dengF é%x?%g‘iIggﬁésﬁgﬁ:%?D%é%gﬁﬁﬂﬁﬁbﬁ%?fﬁ Bt HFOTBRTP i n
the prasugrglichvdreech-Qrlide o1 in the high-purity free
pr asugr el accgrding toQ{he 5?§2§ﬁ§ﬂpégg%%§%%§?§£%96?%%%?y 0. 7% or | ess,
preferably 0.2%70k shess: uso@LEHR gheskakd Not%aﬁﬁ:%la@fy 8RS pﬁ)tviicield iRhe

preferably 0.05%or less, particularly preferably 0.03% or |ess.
dissolves the starting material to a degree and does not inhibit the reaction. The
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 purity of the free prasugrel, that is, the prasugrel content, can be
measured as described for the OXTP content. The purity of the

hi gh-purity free prasugrel according to the present invention is typically
95% or nore, preferably 97% or nore, nore preferably 99% or nore.

Process for Producing Acid Addition SaIH_of Prasugrel fromH gh-Purity Free
Prasugr el This process is a process mhlch i nvol ves addi ng high-purity
free prasugrel to an acid in an inert solvent or in the absence of a

sol vent (preferably in an inert solvent) or adding an acid optionally
dropwi se to hi gh-lparieyereiueedyigs oarehllizet anisitnerdLysB CenBoar, pidrethe
absence of a%gglvent (preferably in_an inert solvent) to produce an acid
addi tion salt’ of® PaéﬁWﬁFD“ﬁqab‘3ﬁﬁet9épd:usé@fiWﬁwhémpx@@e&smmam be, for
exanpl e, an jn rgar %g aci.d S sul furic acid, hydrochloric acid, nitric

acid, or phosph ¢ “aci 15%?‘aﬁﬂaﬁﬁﬁﬁ¥@ragVﬁﬁéﬁ@ﬁﬁﬁéyﬂ?ﬁ¥ | éfducéeict aci d,

mal ei ¢ aci d, met-hapesil-f g, nzenesul f oni c
p- t ol uenesul 1 on ?qgcﬁgb gLﬂqHQS?%EW HW%?h?é??Em %ﬂ?ehﬁﬁemh aci d,
or benzenesuh&pmypma&kg@ayp&em@referably hydrochlorlc aci d. In this

process, the adding of the acid optionally dropwi se may be carried out by

adding the acid dhepighgeriy SaddingillodtingN®: &l BRocols duf ot WRah 0o SRYRLA!
di vi ded portions. The inert solvent used in this process is not

parti cul ar | YXThiengeht upmgvidadomratmethodi ssol ves the starting material to a
degree and does not inhibit the reaction. The sol vent can be, for exanple,
an al i phatic hydFecertssn o8 GoH s thekaneraseyre] ohiexanssukept dneribbd gFoi n, o

petroleun1ether $%§menat|c hydrocarbon _such as benzene, tol uene, or
xyl ene; a haIGHERY HVHFB%aFﬁﬁﬁ“§U%hOé§TﬁPdh¢BW@%E@Hademnbhheroforn1

car bon tetrachl i de, or.0 . chl orobenzene, or dichl orobenze e
oG S ORI ARy

an et her such as’ di SEAV P WIE?Hﬁﬁug?%¥F%ﬁV@ﬂ@ﬁﬁTan

di oxane, I y. i et her; _.a ketone
such as ace EQQ&X%Eﬂ&P%tWﬁCFQVQ?%ﬁEq %r§ﬁ¥%$@y%zﬁﬁ %3lnah68%ﬁ%? bl¥uch as
et hyl acet aD@Q%FHTQ@S%' stACBLALG o foOfh] \b@'by‘% (ﬁ"qggsahzﬂﬁcxﬁaﬁf r%f bI 5 e) d such as
acetic acid or propionic acid; or ‘a nitrile's as ‘agetont

~propionaril &ss.For the hydrochlorlde, is it preferably an ether, a ketone,
an ester, a carboxylic acid, O a nitrile, nore preferably tetrahydrofuran,

d oxane, acetonéﬂmnemmef%mmybpkﬁu@Ietmﬂhhyme@@QL@E%om@ﬁﬁE&P@ﬁC'd or
acetonitrile, particularly preferably tetrahydrofuran, di oxane, acetic

acid, or ac@?@ﬁ@daﬁ@§ﬁﬁﬁﬁéﬁ@ﬁa90%3§cetmne For the mal eate, on the other
hand, it is preferabl an ether a ketone an ester, or a nitrile, nore
preferably tetr éWBfﬁ? Re hyhoRaei eﬁéeﬁéﬁ@‘a%@Fhmimehmyﬂskﬂhnmemmethyl

acetate, or; aceton g(J arti.c 5y greferably t et r ahydr of uran, di oxane,
or acetone,  nost Bﬁ A P@‘Eﬁ%ﬁ% 9°7% OF moreTRwTy pAKERIN Y erp@ature i n t he

< typical 1y - 200 t0 oot iprara LBSThia T4 SO0 u gop drbrbly (30C 1o
60C, nost preferably 40C to 55C
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
mert 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



- 16 - The reaction time in the process varies depending on the
reagent, solvent, reaction tenperature, or the |like. However, it is
typically 5 mnutes to 10 hours, preferably 10 mnutes to 5 hours. A
preferred enbodi nent of a method for producing prasugrel maleate from

hi gh-purity free prasugrel is a nmethod _which involves dissolving naleic
acid in acetone and addi ng high-purity free prasugrel thereto at 0C to 70C
for reaction at the sanme tenperature for 1 hour to 3 hours. A
preferred enbodi nent of a nethod for producing prasugrel hydrochloride from
hi gh- purity ¥rdeluspastigriercils Arareehlon twhiehorinugt yes, dilsisakid ng
high-purity free prasugre| in acetone, adding dropw se half the necessary
anmount (typibga?qﬁygi@&m%ﬁ’Wr?Brfqﬁg’qﬁ"myé%b&?ﬂc&icﬁe form) of concentrated
hydr ochl ori c aci heret o 0C.to C (preferably 35C to 60C) over a
period of 2 m nu?neéllstpgoieﬁs’gn%‘en% &8 Of;tgﬁiaélgz{)pflfjnﬂgc%gg‘é{’rsﬁ,maé’ <&t al for
reaction at pihe same éc?@%?@qsléro? a&cﬂﬁg%pat%lgﬂh%sort'g 8o Poosl‘ﬁlz';fgfa{ ging e]:durt her

addi ng dropw se the remal ni ng necessary anount of concentrate ydrochl oric
aci d over appgfdned of 30 minutes to 2 hours for reaction at 0C to 70C
(preferably 25C to 55C) for 1 hour to 3 hours. After the end of the

reaction processThd hertacivenaded ti i (makdss of npasugrel 9k ddhsroplRa et
invention is collected fromthe reaction m xture according to a

convent i onal! disehoedtheRortimxanistiel totavke stesind edecompohind thereahtai nade by
collecting the precipitated crystal by filtration after the end of the
reaction or SUVEEICH PhdobRmphe 18 shnEc ireartonsudnd lokanheyrlebothon. The
desired co 0{#&? gbt ai ned @X beﬂl i f necessary, further purified by a
convent i onal “THEThBEFOTF OF PESHRBT 60 dCrySPatq padipsasion feprebimserati on, or
chr omat ogr a The hi gh- puri.t rasuarel .or, an acid addition salt
t her eof obt gllr?%%l  TRIRE %rgégéé%tgmlgg] & Clagbﬁ) HPEC R EFHSt “(‘S‘rg} oroform,

absor babi | i ; I SM: i.vat.i.n el et.. . r.egati on-inhibiting
activity andMﬁ%tr?ﬁﬂ?z?%é{%@%&%%ﬁh ’%@%ﬁ%@%’%%&f g“fg'?g %bee%é??&’ flandl i ng
stability, ane subereleirgl bbellgrivkords ot ePRALLH AR ALRE iﬁ{&%l y a - 17 -

prophyl actic or therapeutic agent for di sease$S cause y thronbus or
enbol us ( paditiedutaethyne, ar tierapeyhico] agentyl «H¥Br:c 8RR Ye.aHr ophyl actic

or therapeutic agent for thronbosis or enbolism (particularly, a

t her apeut i cna@ahtthyl ketoneaddiitthpketdrize amediciunk ai sthpr ekerablop i aeiise in

war m bl ooded animals, nore preferably for use in humans.
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, methyl 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 preferably an ether, a
ketone, an ester, or a nitrile, more preferably tetrahydrofuran, dioxane, acetone,
methyl ethyl ketone, ethyl acetate, or acetonitrile, particularly preferably
tetrehydrofuran, dioxane, or acetoﬁe, most preferably acetone,

The reaction temperature in the process varies depending on the reagent,

solvent, or the like. However, it is typically -20°C to 100°C, preferably 0°C to

70°C, more preferably 30°C to 60°C, most preferably 40°C to 55°C.



When used as a therapeutic or prophylactic agent for diseases, the

hi gh-purity prasugrel or an acid addition salt thereof according to the
present invention can be orally adm nistered per se or in the foiin of
tablets, capsules, granules, powders, syrups, or parenterally adm nistered
in the formof injections, suppositoriegg.or the like in which a

phar macol ogi cal |y acceptable excipient, diluent or the like is m xed as
needed. These formnul ati ons are produced by wel |l -known nethods using
addi tives including an excipignt (which.can be, for exanple, an organic
exci pi ent (e.g.,qgeg%%F%hé?r&éﬁﬁé?&VﬁfV@Eﬁgﬁﬁﬁ“%%gP%8F6§§¥n§é@ﬁﬁ§e,

gl ucose, manpital . oitoli,a s derivative _such as corn starch,
potato starch, a perng{;eé atiﬁ@egkgt allriélﬁfw%‘rﬁ&qewlﬁdﬁfi’ “FVCBIEF I ﬁ%%oud%ri vative

such as crystakibRe cehlitkesen,gum arabi c; dextran; or pullulan); or an

i norganic excipient (e.g., light anhydrous silicic acid or a silicate
derivative such asprsgnthenbedialedim umeiolif6a@duGal M si bicat ¢.onOr

magnesi um al um nonet asi | i cate; a phosphate such as cal ci um

hydr ogenphodptiarsity &ec arbaralt ie asughodshoalicidlmCaEROAAE i@l 2@ Ul fate such
as calciumsulfate)), a lubricant (which can be, for exanple, stearic acid
or a netal $t¥arETE Wdieh hag-eulizifiempstegrhtieror anBighesiamm st earate; talc; a
wax such as beeswax or spepna eti; boric acid; adipic acid; a sulfate such
as sodi um sUfFEIE: CBABIRE Pf?%ﬁﬁ?‘ic’é %8 sodi um benzoate; D, Ll eucine; a

| auryl sal fate sugh _as sodium.| auryl sul fate or maanesium | aurylsul fate;, a
silicic acid suc% pégéré?(%%?ocrg H&ﬁrﬁﬂ/ydjrair’d‘é&i}‘% ?C’sfiﬂr?@icélé’aléﬁaﬁflaﬁ?ldw&foéhloﬁﬂﬁ a starch
derivative et [ i.ch. can be, for exanple,

yclr oxypr opy A6l il 508 Ry ar SRR oL et o roa g issolPhe HARSy

pol yvi nyl pyreebi-g0n&.in pohiyel hytig &Obair AL : - ound sinilar
to an exci pi en% as defined ébovggér%kﬁ?ﬂzﬁtggpgﬁﬁissa(r%h%fngﬁnggﬁ}%b@,y’ for

exanpl e, a celinalosehedefiénativgesuel) dzohiownatRslitdheic acid thereto at

hydr oxypr opyl cel | ul ose, carboxynet hyl cel | ul ose, carboxynethy ce}lulose

cal ci um or 0ilntosti@l(pryfecatog 8510 nk@tCoarbaxysrridhyf2cal 08 €0 sagiim  a
chemically npodified starch/cellul ose such as carboxynethyl starch, sodium
car boxynet h§dding Hmehessay, ciasd sristalkeadrepaiopvt thel pyrertemhbaane: fenrca st arch
derivative as defi g%d above), an emulsifier (which can be, for exanple, a
col | oi dal cPHY"SuL h "9¥spEr BHPFedginepEaryiuathearematans hyadraxy deosuch as
magnesi um hydr o>§_iag an ani oni c surfactant such as

C le .or._al um num hydr oxi.de; . , .
sodi um | aur i Sul %thé’ RS h@&lccﬁc{?rﬁvéf %é’tﬁﬁ?“g?* F TAY NS kU BErH@atostich as

benzal koni ym-chl-Qsdde. - %ﬁzm&moég ?o%rlih:o(:t ant ., such as a pol yoxyet hyl ene

al kyl ether, "a pol yoxye ene sorbita Y \° A8P¥Sester, or a sucrose

fatty acid esterdfier theShabickizehcoWigh ofxamte, a he
p- hydr oxybenzoi ¢ ester such as Cne%‘?pggg%egg%?&%rlg%ﬁggggr%%wdgﬁmal cohol

such as chlpeehtihantion ibeneyled @GOl readion RXGAYL LYk 2L 0Dl penzal koni um

chloride; a phenol such as phenol, or cresol; thinerosal; de y%roacetic
aci d; or songhed adiod}yarapit|tay dedirg cageotnd Buskeids: bf afuLxampLe, a commonly
used sweet ener, acidulant or perfune), and a diluent. " The dosage of

the hi gh- pireesitydasyryr dly Draam dtir thaddi dfitbaresafién bhareohe ageer ding to the
present invention can var¥ dependi ng_on various conditions such as the
activity of°PRe AGeire cARAl acayinpt ofBe derged andipmeidbbtainkd aapati @nt . For
oral admnistration,. the .go ages thereof can be each typically 0.01
ng/ day/ adulnr"f‘(sffﬁéf@?%%wﬁ 135@% Q&Y EHCRY BEheheor ewernit.irpirystaliidat200
g/ day/ ad“'répréé? efer ablc%mloageglg/ day/adult) as the upper limt. Exanples

S i

r
The present ‘i nv%l(r?]athio%nori B@d below in further detail wth reference

to Exanples, Refgrence E %}lﬁﬁr and. Test, .Exampl e.. However, the invention is
not intended to belFr R ggﬂ;tg Srelor HE@I%L adaEf%lon Yaf? thwrc,c}w,}eoctamed 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



- 19 - Exanple 1 Exanpl e of Production of High-purity Prasugrel
Hydr ochl ori de from Free Prasuurel To 8.00 g of _

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

t et rahydrot hi eno[ 3, 2-c] pyri dine and 398 ng of activated clay was added 43 ¢
of acetone, and the resulting m xture was; then stirred at 32C. 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 52C was added dropw se

to the sol utiron%?vgr akgreri od of OEPe"diﬁ nute Thereto was added as a seed
crystal 238 Hg” 0F “CF Y5t A PES OBIH! HE 55 B RavRs 8 gaye or paliolun

TP2002- 145883, ..and,t esul.tant mxture was then stjrred at the sanme

t enper at ur e '%‘?i%%!%el}’%gﬁ%ap? N addi tion. pf?ﬁ?lsbéy BPY%{%@ SEOhEERERATEY

hydrochl ori c,.agi: wasnadded AnORpW,SE.LRGLAL O, QVer a. per i f .ane hour, and
the resultant mxture was then s%viniﬁgglragltaﬁ%’oaca’fggaf egﬁ adﬂ?}lggagl& agai*’f)ﬁ’er at

30C for 1 haut medibgeps geipitiatad:ss iy st.ah-vnas qal | est iy ation,
washed with 15.8 g of acetong, and dried undgr re ud%%%é%gﬁgrﬂgaféw%oc for

5 hours to prnovingte. 8.01 g of the title conpound. Li qui d
chromat ography of the resultant high-purity prasugrel hydrochloride is
shown in Figure i\v}{hem@ﬁsex@map@gwdjrmmMIimicl-?iggmn’fer Bisadses, &% High-boMs . )
(Measurement Condj tions) Detector. ultraviolet absorptiometer (neasuring
wavel engt h; PEABERIGT an acid addnmysaytdhbgre cicgpadin Cadbn pees@DuGES ion oansire
diameter; 4.6 .mm, | engt Q; 12 cm  part icle size; 3 um Guard Col um: none
Col urm Ter’rpéjltaaltyljlpgl?méf j@C 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 pharmacologically acceptable excipient, diluent or the like is mixed
as needed.
These formulations are produced by well-known methods using additives
~including an excipient (which can be, for example, an organic excipient (e.g., a
sacchande derivative such as lactose, sucrose, glucose, marmitol, or sorbitol; & siarch
derivative such as corn starch, potato starch, a pregelatinized starch, or dextrin; a
cellulose derivative such as crystaliine 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 calcium hydro genphosphate; 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; tale; a wax such as besswax 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



Mobi | e :Phas

sol ution: tetrahydrofuran: acetonitrile = 13:5:2 (V/V1V) Flow Rate: 1.

e: 0.01 nol/L potassium di hydr ogenphospha e aqueous

0

mJrnin. Exanple 2 Exanple of Production of H gh-purity Free Prasugrel

Free Prasugrel

acetonitri

e, and the resultant m xture was then stirred at 40C for

10

from

To 7.00 g of the conpound (1) was added 46.3 g of

m nutes, followed by cooling the reactlg solution to -15C. Thereto was
t

added dropwi se 29.4 g of water precoole
period of 35 m nutes,

sanme tenper
filtration,

o the sane tenperature over a
and the resultant m xture was then stirred at the

ature for, 30 m nutes. The pregégltated crystal was collected by

cREPRe Hinlar poansexgipimt as diime

e¥c)ae étsgmgrmtl(éfhv:htcem berifred

sol vent and dried uagﬁﬁ reduced pressure at 45C for 5 hours to provi de
APPIE) BCLNTE

6.50 g of t

yé

g Yative stich g5 1 YORHHERAY SE-APIYYSFIEA%. r esul t ant

hi gh- f h Me
DO A Ao LB Bl ST oGP ™

RPN Shoe TR o ARG s8R e sryen; 15 om

ul traviol et
Anal yti cal
particle si

£8bos T URNth CRAUA ar iR RFRN Wil nT EMRGEaEN 40C

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.



Mobi | e Phase: 0.01 nol/L potassi um di hydrogenphosphaaqueous
sol ution:tetrahydrofuran: acetonitrile = 13:5:2 (V/VN Flow Rate: 1.0 nDm n.
Ref erence Exanple 1 2-Acetoxy-5-(a-cycl opropyl earbonyl-2-fl uorobenzyl)45 7
tetrah ydro tin eno[3 ,2 -0] pyri dine (1)
2- Fl uor o- a- cycl opr opyl car bonyl benzyl chl.gri de A m xture of 100 g of
cycl opropyl 2-fluorobenzyl ketone and 886 g of dichl oromethane was stirred
while cooling with ice to provide a m xed solution. Into the resultant
m xed sol ution was blown 3.98 a (0.1 equivalent) of chlorine gas over a
period of 20 mi ndt*esplkhi | e keeping the solution tenperature at 0C, and the
resultant m xture was then stirred for 0.5 hour while maintaining the
sol uti on t enper atuR@P&C G iuFtet AeklisiBoumgy gresu sy Bivduaicehtr)dedforcRteor i ne gas
was bl own thereinto over a period of 220 m nutes while keeping the solution
tenper at ur e ‘at°6E which was reacted by stirring for one hour while
mai nt ai ni ng the lution.tenperature at 0C. , ter the end of the
reaction, 236 g ?%g;é%%/g%% i“uorﬁ}ﬁff*%"scaflciogfoé)yacﬁﬂ@%’gz%oﬂ?heﬁﬁylﬁééﬁa&ded
dropwi se to i Ml b 410 i nder Lrrin Ll e keeping
the sol ution t?%r}r/ggﬁgt 1}1(1;{‘!2, apﬁ%ﬁﬂeﬁg}dﬁ%%%%@%ﬁ tczéry Yﬁgéacgire\é\%%bsoék addi ti on,
the sol uti onc¥ase, shil i-86kuf0fe AR ni Rsa8:AnG N8R &ub] 861 D19 Brution
| i qui d-separating operation.  The resultant organic |ayer was washed with
589 a of a predictedi8Y%sodivumvntedgencas bonate @RISR 50 1utd amrsand t hen
with 168 g of precool ed water and concentrated under reduced pressure to
provi de 145 cgnaghtratee hydrptleocoapdantl iChwanadickyirfroriee (e eoleont endra 95. 4 g,
yield: 80%. . (2).
2- (tert - But PFAPHEE PABIIY oXPyren- Ve addE opecpy] casthloigimg of byerbB2nzy1) -
4,5, 6, 7-tetr?h dr,qt hi eno%iSdé-c{’iggéiﬁPr’nﬁe To a m xture of 115 g of
5,6,7,7 a-t St PHRY AP UEEPRT BREPSCOIT PP difS 88 red Prersrilenewin s vase, 60. 7
a of tert-bytyldinmethylchlorosilane, and .277 g of, di chl oronet hane was added
2077 g ot ¢ EeRTE e e G Pra e o Bt St ks | RGP SO T e at 250
for one hou QY1 ' ! i ON . m xed_ sol utj re added
78.1 g of t%%{%??{hﬁ%?%-ﬁ%@éﬁ%%g% %%%/F%%r %ﬁéﬁgﬁéﬁeﬁ “ Ehtof P%Odo%?%\éﬁ‘gﬂr‘i n
(1), 70.8 aadf thkki@tyhaninexa o b WAL gl | s then
reacted by stiiiina at 45C for@ﬂgﬁ%%ﬁi}é?%aﬁg%?%%g?ﬂsggh%%{r% ours.
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 provide 8.01 g of
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)



- 2? - After the end of the reaction, to the resultant reaction

sol ution was added the entire anmount of a phosphate buffer solution
prepared by adding distilled water to 9.50 g of |ICH2ZPO4 and 0.95 g of
Na2ELTO04. 12H20 into a total weight of 358 g, which was then subjected to a
| i qui-d-separating operation, followed by,subjecting the aqueous |ayer to
back extraction with 116 g of dichloronﬁ?hane. The resul tant organic |ayers
wer e conbi ned and concentrated under reduced pressure until the residue
reached a volunme_of 218 nL. Thereto was added 476 g of acetonitrile, and
the resul tant m XeuriateelsC etHémisoncentrat ed under reduced pressure unti

t he residue reached a vol une of 517 nL To the resultant residue was added
238 g of acet oni £F47HREE 2and the resultant mixture was then stirred at 30C

for 30 m nutes. Subsequentl .12 f ter s added thereto, and the
resul tant mixtur & W g?ﬁ%ﬁ%@f%%&gﬁﬁ'w\éﬁf g‘feeg%ﬂ%ﬁfég%o?h@%?@éil%‘ﬂ at ed

crystal was coll o | QN S Lth 69.0 9. of precool ed.
acetonitrile, aﬁggzﬁﬁé G%H%%ﬂﬁéﬁgg%aM%ﬁgggﬂgggﬁﬁﬁg%gﬁglgefgftgeof a crude

material of &Nk bfik@rLCOMPAUNGirred at 40°C T ADn0n 8. Of the JBgerial was
added 252 g of %cefonftrile, mﬁ?%ﬁiwas stirrgﬁla?”@g%ﬁgg%§%gg%ﬁgﬁges and

then cool edrds6t@0GiutBuhs enirent I TheredDwas 0l dafalrehwna2cadoedy dEopWi &4t her et o
at the same tenperature over a period of 30 mnutes, and the resultant

m Xt ur e was ta the parcoetedraioe 0Canperstli afi’ednattdshendsthresst enp etieduty €af or 3
hours. The precipitated crystal was collected by filtration, washed with 30
2 of precooled sacet Bl A cetempadtiide fasd (umdaitesr edile etecpriessurettiovasr ovi de
37.6 a of th% title conpound (3 ] o

2- Acet oxy- 5SUECEY EF SPF B varisgnyi il BL P iedrgBesnsyed) acgtoginglewater mixed

t etrahydrot hi.eno[ 3, 2-.c i di ne A m xed solution of 6,20 g of acetic
anhydri de aﬁocﬁv%lagqﬁﬂ 5”84 Bg\‘iﬁ"étr %‘ﬂ'lc?‘il P& WA gt g%gje%’r ég@t}ﬁ e @rgvere hel Fokigre of
22.5 g of
2-(te,n-but§¥%?ﬁgpﬁ§?siIyIoxy)-5-(acyc|opropylearbony1-2-fnnrobenzyl)-4,5,6
, 7-t et rahydr ot hitengh s idi ined: jin o Qf S
triethyl arnine, 6%?0gﬁén%%ﬂ%%gﬁkg?%§$%§$ﬁggv%?%%%%ﬁh%ﬁgguéél@f%oﬁéfﬁ3 g of
acetonitril@guamd the reaction was perfoinied by stirring at -15C for one
hour . After the end of the reaction, 75.9 g of cold water was added
to the result antMeeaeticoncosdbtutns anfigands tfeesrieBakyé.ant m xture was t hen
stirred at -10C for 30 mnutes. The precipitated crystal was collected by
filtration, washédaswrerherd Grnditione) [dfte@pr Tilgaoélepatmonolcedicacataniihgi | e and
17.8 g of cold water, and dried under reduced pressure to provide 16.4 g of
the title CORpEREM 24280) Exanpl e 1 -

Analytical Colummn: Cadenza CD-CI8, inner diameter; 4.6 mm, length; 15 cm,
particle size; 3 pm

Guard Column: none

Column Temperature: 40°C

Mobile Phase: (.01 mol/L potassium dihydrogenphosphate agusous
solution:tetrabydroﬁiran:acetonitriie = 13:5:2 (V/V/V)

Fiow Rate: 1.0 mL/min.

Reference Example 1

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

(1} 2-Flucro-a-cyclopropylecarbonylbenzyl chloride



Preparation of Inpurity OXTP Standard OXTP can be produced, for
exanpl e, by the nethod described in Exanple 20 of Japanese Patent Lai d- Qpen

No. 06-41139. Met hod for Measuring Prasugrel Content and OXTP

Content in Prasugrel Hydrochloride or Free Prasugrel The content of

prasugrel in free prasugrel or the hydrgthoride t her eof was nmeasured as
._.l ~

descri bed bel ow. In an acetonitrile-water m xed solution (7:3) was

di ssol ved 150 ng of free prasugrel or the hydrochloride thereof to 100 ni.
10 uL of the solution was subjected to |iquid chromatography for

measur ement undei mhéufeaif]1o0igreg cxordbpyloh§notbasut éaent aesidi ¢ bons (Li qui d
Chr omat ogr aphy) (Measurenent Conditions) Detector: ultraviol et
absorpti or ey P RERSDF e WAV EY BHgowiing 40ty iga Yo provide 2 mAvall yolugah. Col unm:
Cadenza CD-Cl18,.inner dianeter; 4.6 ram l|length 5 cm particle size; 3 urn
Guard Col u _W%%@S@bﬁnam%%%%%watwé%imzmé-%g(O-f WBBY 4 & Phigeeriie. 92 nol t
o L o PRAROPRNALE A E RS P L A AL LA oL LR ArgLomi tri T e

resultant mixture was then stimed for 0.5 hour while maintaining the solution

temperature at 0°C.  Further, 39.8 g (1 equivalent) of chlorine gas was blown
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 utle
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.



Flow Rate O mMimm Table 1 (Measurenents of prasugrel and OXTP contents

. I : I
rasugrel hydrochloride or free prasugrel) Purities in prasuare
ﬁydroghloride or free prasugrel Prasugrel content (% OXTP content (%

Starting material of Exanple 1 (Free prasuarel)
o S22

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

in



Product of Exanple 1 (Prasugrel hydrochloride) 99.513 99.690 0.095 0.032
Starting material of Exanple 2 (Free prasugrel) Product of Exanple 2 (Free

prasugrel) 99.513 99.711 0.095 -

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)



0.014 The prasuzrel hydrochloride 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 prasuarel

hydr.ochl ori de had been successfully produced. The free prasugrel of Exanple
2 produced by the recrystallization of fyee prasugrel containing OXTP had a
further reduced content of OXTP, indicating that high-purity free prasugrel
had been successfully produced. Industrial Applicability According to
t he present invegﬁaitwon, there are obtained high-purity prasuarel and an acid
addi tion salt (pafti&ufarfyi’Aytrochl oride) thereof with a reduced content
of inpurities such as the by-product OXTP. - 75 _ Brief Description of the
Drawings Figure 1 is a powder X-ray dif'action pattern for crystal A of
prasugrel hydgachl oride, obtained by irradiation with copper Ka radiation
(wavel ength 2. = 1.54 angstrons). In the powder X-ray diffraction pattern,
the ordi nat evexiusert GBS SISy diahl CACHD Ol LR %90%%%%%9%@9 (cps)
and the horizontal axis represents the diffraction anal e i n-degr ees;
Figure 2 ispaspgwelder X-ray diffraction pattern for crystal 81 of prasugrel
hydr ochl or i-de;—ebt-at ned—-by—i - He%W—trhme@-;petnKa_Ladj.aunn_héMavel ength
X_ -- 1.54 angstrons). | nﬁm&w‘é@@m?”@%wwfﬁm@mmgh he

ordi nat e axiwg represents di f f r aPTAP R WMI{%}) iLn CMTE#%@UN%)(CDS) and

t he hori zontErigacidmiesents the d?P$fiacti on angle 20 §.n9degr ees;

Figure 3 istaappwder X-ray diffraction pattern for crystal 82 of prasugrel
hydr ochl ori (ee miatuigipd by irradiation with copper Ka radiation (wavel ength
X -- 1.54 ahgstctafE)kamble t he powder 96.6@&y diffraction patgern, the ordinate
axis represéntmgghiiffraction intensity in counts/second (cps) and the

hori zontal Baxdrschi@pi=psents the diffraction angle 20 in degrees;

Starting material of 99.513 0.095
Example 2

{(Free prasugrel)

Product of Example 2 99.711 0.014
{(Free prasugrel)

The prasugrel hydrochloride of Example 1 produced by the reaction of free
prasugrel containing OXTP with hydrochloric acid had a reduced content of OXTP,
indicating that high-purity prasugrel hydrochloride had been successfully produced.
The free prasugrel of Example 2 produced by the 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 hi gh-purity prasugrel
and an acid addition salt (particularly, hydrochloride) thereof with a reduced content

of impurities such as the by-product OXTP.



Figure 4 is a powder X-ray diffraction pattern for a crystal of free
prasugrel, obtained by irradiation with copper Kcx radiation (wavel ength X
= 1.54 angstrons). In the powder X-ray diffraction pattern, the ordinate
axi s represents diffraction intensity in counts/second (cps) and the

hori zontal axis represents the diffracti,qn angle 20 in degrees;

Figure 5 is the result of the liquid chromatography of prasugrel

hydrochl ori de obtained in Exanple 1; and Figure- 6 is the result of
the liquid chromatography of free prasugrel obtained in Exanple 2. MCSLLP
- 26 - CLAI Nsief Dasomettvad (fior Dpvareiiici ng prasugrel hydrochl oride represent ed
by the formula: . with a reduced content of OXTP, conprising: preparing

f )r/ee prasugrel r 8BSt BB HYFT t ey PgERAsHAR pattemn for crystal A of prasugrel

hydrochleride, obtained by irradiation with copper Ko radiation (wavelength ) =
1.54 angstroms). In the powder X-ray diffraction pattern, the ordinate axis
represents diffraction intensity in courrts/second (cps) and the horizontal axis
represents the diffraction angle 26 in degrees;

Figure 2 1s a powder X-ray diffraction pattern for crystal Bl 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 mtensity 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
hydrochicride, obtained by irradiation with copper Ko radiation {(wavelength ) =
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,



contai ning OXTP from a

2-si |yl oxy-5-(a-cycl opropyl carbonyl - 2-fl uor obenzyl)-4,5, 6, 7-

t et rahydrot hi eno[ 3, 2-c] pyri di ne by reaction of the
2-siIonxy-5-(acycIopropylcarbony1-2-fluorobenzyl)-4,5,6,7-@%@$Qﬁ§drothieno
[3,2-c]pyridine with acetic anhydride |n the presence of a base and an

acyl ating catal yst; dissolving the fre@sprasugrel represented by the
formula (1) in an inert solvent and addi ng hydrochloric acid optionally
dropwi se to the solution for reaction. 2. A nethod for producing prasugrel
hydr ochl or icddaigcording to claim 1, 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.





