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*159159* DESCRI PTI ON METHOD FOR PRODUCI NG HI'GH PURITY
PRASUGREL HYDROCHLCORI DE Technical Field Th
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Background Art

The compound having the formula:

H3C‘<O S F

is well known as prasugrel. Praéugrel and pharmaceutically acceptable salts thereof
are each known to have a platelet aggregation-inhibiting activity and are useful as an
active ingredient of a medicine (particularly, an antithrombotic or anti-embolic
agent) (Patent Document 1 or 2). However, the use of prasugrel or a
pharmaceutically acceptable salt thereof as a medicine has required a technique for
producing prasugrel or a pharmacologically acceptable salt thereof of a high purity.

Prasugrel hydrochloride represented by the formula:
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O HC1 can be produced by the foll owi ng production

nmet hod. Patent Docunent 3 discloses steps (i) to
(ii1), and Patent Docunent 2 discloses step (iv).
However, neither of these Ratent Docunents descri bes
the by-product CATP. \H ROC S (V) \ Ul1ll F O Step

(i) FO Step (ii) [/ a(lll) (IV) OO NOON ROS-1
F Step (iii) H3CG~ S F (I1) O ON(la) Step
(iv) HBC S F OHC 1In thefolae, R represents a
protecting group for thg hyd | group. Patent
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can be produced by the following production method. Patent Document 3 discloses
steps (1) to (iii), and Patent Document 2 discloses step (iv). However, neither of

these Patent Documents describes the by-product CATP.
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In the formulae, R represents a protecting group for the hydroxyl group.

Patent Document 1: Japanese Patent Laid-Open No. Hei 6-41139
Patent Document 2: Japanese Patent Laid-Open No. 2002-145883
Patent Document 3: International Publication No. W(096/11203



Di scl osure of the Invention Problens to be Solved by
the I nvention The present inventors have found that
the, large-scal e production of prasugre
hydrochl ori de by the above mst-hod causes the final
product to be contam nated with the by-product CATP
whi ch has not previously been known. An object of the
resent i.nvention is to provide a nethod for producing
ﬁpﬁ yuﬁﬁf%FsﬂﬁFggﬁbrel hydrochl oride with a reduced

t, of - h CATP. Me f
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have found that the reaction tenperature can

Sl Rbihed CATH R8iddHae hbi el Rhs1§ beth Rovat.ep (i) of the
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final desired conpound. Thereby, the present

punitg prasogreh hgdroeldnride eithyal redived .cofient ofégeproducts such as CATP.

conditions in the chlorination step as step (i),

International Publication No. W96/ 11203 describes in

Ref erence Exanples 12-1 and 12-2 that a chlorinating
ﬂm§§hﬂﬁﬁ@@dﬁﬁméﬁﬁﬁse while the liquid tenperature
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contrast, the present 1nvention has ena
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the final desired conpound prasugrel hydrochl oride by
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after the addition, optionally dropw se, of the
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the addition, optionally dropw se, of the .
Bublinatinm Non §V @QR@h1 203 describes in Reference Examples 12-1 and 12-2 that a

chlorinating agent was "added dropwise while the liquid temperature was maintained
to be lower than 5°C.  After the liquid temperature was gradually raised to room
temperature (20°C), the mixture was allowed to react under stirring for 1.5 hours".
Thus, the reaction temperature after the addition, optionally dropwise, of the
chlorinating agent has previously been considered to be preferably room temperature
or higher. In contrast, the present invention has enabled a reduction of the content
of the by-product CATP in the final desired compound prasugrel hydrochloridé by
controlling at low values the reaction témperature after the addition, optionally
dropwise, of the chlorinating agent as well as the temperature during the addition,

optionally dropwise, of the chlorinating agent.



The present invention provides a nethod for producing
prasugrel hydrochl oride, characterized by controlling
the reaction tenperature in step (i) of the above
production steps (i) to (iv)s4high-purity prasugre
hydr ochl ori de obtai ned by the production nethod; a
phar maceuti cal conposition (particularly, a

or. di seases ?aused
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present invention is: (1) A nethod for producing
pragsgrgh leldréphtbrateHbothedeyrpase mp praiunig g ttieatsive phamiaceut{da)
chlorinating conpound (111) by adding a chlorinating
agfapesiiaqy iant apraphythctper theransutiemsthod for distaseniparticulayly,
reacting the resultant coppound (I1V) with conpound (V)
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prasugre rochl'oride characterized in that, in step
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optionally dropw se, of the chlorinating agent is -20
Hoopsase thenetoAingy sodheent;i on nmet hod as described in item
(1), characterized in that, in step (i), the
t enpe(ntreacéing the nesultane ceraphundgfY) wph comabind @F)apwisak thereof
of the chlaorinating
in a solvent in the presence of a base;

(ili) acetylating the resultant compound (II) by reacting an acetylating agent
therewith in a solvent in the presence of a base and an acylation catalyst; and

(1v) adding hydrochloric acid to the resultant compound (I) in a solvent,
thereby producing prasugrel hydrochloride

characterized in that, in step (i), the temperature during the addition,
optionally dropwise, of the chlorinating agent is -20°C to 5°C and the reaction
temperature after the addition, optionally dropwise, of the chlorinating agent is -20°C
to 5°C;

(2) A production method as described in item (1), characterized in that, in step

(1), the temperature during the addition, optionally dropwise, of the chlorinating



-5- agent is -10C to 5C and the reaction tenperature
after the addition, optionally dropw se, of the
chlorinating agent is -10C to 5C; (3) A production
met hod as described in item-(G%), characterized in
that, in step (i), the tenperature during the
addition, optionally dropw se, of the chlorinating
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carbons or a phenyl group;
characterized in that the temperature of post-treatment after the end of the reaction in

in step

step (1) 1s 0°C to 15°C;

(7) A production method as described in any one of items (1) to (6), wherein
the chlorinating agent is chlorine gas;

(8) A production method as described in any one of items (1) to (7), wherein

R is a group represented by the general formula:

R1
e di
R3
wherein R', R? and R? independently represent an alkyl group having 1 to 10 carbons
or an aryl group;
(9) A production method as described in item (8), wherein R', R* and R’

independently represent an alkyl group having 1 to 5 carbons or a phenyl group;



-6- (10) A production nethod as described in any one
of items (1) to (7), wherein R is a
tert-butyldinmethylsilyl group; (11) A production

met hod as described in any aoge of itenms (1) to (10),
characterized in that the resultant conpound (II) is
recrystallized fromethers or nitriles in step (ii);
(12) tion method as described in_any one of
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ﬁﬁﬁkggiﬁhp@g;in step (iii) is used in the next step
(iv) without purification; (15) Prasugre

hydr q¢b) argreguctionmeeh@ dszRecribedGR BhyRbR Sitdhs3%h &Y (108SS
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tharacterived (d yhat the(rd«hitant cbepodhad sUDis ebcristallioed r i ad€onitrile in
characterized by containing 0.1%or |ess of CATP
peodiced by a production nethod as described in itens

(1) to (14); (17) Prasugrel hydrochloride
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produced by a production nethod as described in itens
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(21) Prasugrel hydrochloride characterize
CanmPapridigedbyl #pRydut@siSmethod as described in items (1) to (14);

(16) Prasugrel hydrochloride characterized by containing 0.1% or less of
CATP, produced by a production method as described in items (1) to (14);

(17) Prasugrel hydrochloride characterized by containing 0.04% or less of
CATP, produced by a production method as described in items (1) to (14);

(18) Prasugrel hydrochloride characterized by containing 0.03% or less of
CATP, produced by a production method as described in items (1) to (14);

(19) Prasugrel hydrochloride characterized by containing 0.02% or less of
CATP, produced by a production method as described in items (1) to (14);

(20) Prasugrel hydrochloride characterized by containing 0.3% or less of
CATP;

(21) Prasugrel hydrochloride characterized by containing 0.1% or less of

CATP;



CATP; -7- (22) Prasugrel hydrochloride characterized
by containing 0.04%or |less of CATP; (23) Prasugre
hydrochl ori de characterized by containing 0.03% or

| ess of CATP; (24) Prasugrel7 hydrochl oride
characterized by containing 0.02% or |ess of CATP
(25) A pharmaceutical conposition conprising a

prasugr, hydr och| ori de. ag described in ite 15) to
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ingredient. According to the present invention, the

‘Our.ecting group for a hydroxyl group" is not
particularly limted provided that it can stably.

pr ot e(@5) thghamydeamxiyal cogiposipion Botpesihga@rasaprel Bdiochloride as
specifically refers to a protecting group capabl e of
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&igepses saused by ﬁlgxp{nbgg af e;,rppolk}p,(ﬂgp@ﬁyqng amy@sygpql hydrochloride
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o8 bpaMadecanoyl , 13, 13- di net hyl t et radecanoyl ,
hept adecanoyl , 15-net hyl hexadecanoyl, octadecanoyl,

1- met Aykhapigad eapeydnt invention, the "protecting group for a hydroxyl
group” is not particularly limited provided that it can stably. protect the hydroxyl
group in the reaction, and specifically refers to a protecting group capable of being
cleaved by a chemical step such as hydrogenolysis, hydrolysis, electrolysis and
photolysis. The protecting group may be, for example, an aliphatic acyl group
including an alkanoyl group such as a formyl, acetyl, propionyl, butyryl, isobutyryl,
pentanoyl, pivaloyl, valeryl, isovaleryl, octanoyl, nonanoyl, decanoyl, 3-
methylnonanoyl, 8-methylnonanoyl, 3-ethyloctanoyl, 3,7-dimethyloctanoyl,
undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl, hexadecanoyl, 1-
methylpentadecanoyl, 14-ﬁ1ethylpentadecanoyl, 13,13-dimethyltetradecanoyl,
heptadecanoyl, 15;methylhexadecanoyl, octadecanoyl, 1-methylheptadecanoyl,
nonadecanoyl, eicosanoyl or henaicosanoyl group, an alkylcarbonyl group
substituted with a carboxy group, such as a succinoyl, glutaroyl or adipoyl group, an

alkylcarbonyl group substituted with a halogen atom(s), such as a chloroacetyl,



nonadecanoyl, ei cosanoyl or henai cosanoyl group, an

al kyl car bonyl group substituted with a carboxy group,
such as a succinoyl, glutaroyl or adipoyl group, an

al kyl car bonyl group substituged with a hal ogen
aton(s), such as a chloroacetyl, -8- dichloroacetyl,
trichloroacetyl or trifluoroacetyl group, a saturated
cyclic hydrocarbon-carbonyl up such as
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2- bronobenzoyl or 4-chl orobenzoyl group, an
Bénvbplataplthogl gumphtHost, ipytitey, tidnbyleorl fovsi grulyd
group(s), such as a 2,4,6- trinethyl benzoyl or
Halbgdnoanylcaghonypgroapsoskeas a2 -boomydtznedy] ar ¢abdarbloamgbyl group, an
group such as a 4-anisoyl group, an aryl carbonyl
grytrarbonybgroup substitwied with adawmoalgylgr@mﬁ@), supbipsas.h6-
2- car boxybenzoyl , 3-carboxybenzgyl or 4-carboxybenzoyl
tiraeihybenzayl erat-taduoyd gyeupan |alkpxglatedsaspiearhenil group such as
4-ni tropenzoyl or, 2-nitrobenzoyl.

alr‘*gfnbssv Ew an g YGHPERHSATPR ¢ aﬂ%EeIiﬁII@i B GPY group, such as a
, 2- b )b I
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gtrg?{)agbnoﬁg%?g? 1)1/(?1 %;%%gﬂﬁ?gﬁ%?ﬁg 2-gﬁtpcI’IJ%nzc%!l group, an arylcarbonyl

dis OBy LB Ny e S IRBRy BEORY B Sudh as a 2-
5- et hyl - 2- oxo- 1, 3-di oxol en-4-yl ) nmet hyl or

(fBetBb8 bRy 0Bz by Bord i) 02 laf Arvcarbo Ve btp sabQitixed &vithainfaryl,

ester salt residue of succinic acid;, an ester salt

secdi adwet-plenglvesnpdid graupaaicarboaylorwdtlley! starminolgdings due

such as an anmino acid; a carbanoyl group; a carbanoyl
grodipxderydmethyt gupisuth aree(Semethyo2-osnd s 3-dimixkigh-4gylpngbyl or
a_ car bonyl oxyal kyl oxycar bonyl group such as a o
03 -pheroy L oxprieddydxeigrcdybeeitly] gravmpa helf egersaltypsidiefisuccinic
such as a trinmethylsilyl,  triethylsilyl, .
??lFIb‘FIbW@?II( WSIdulerqf |p§gmh85§, peid) 31 gster-formlng residue such as an
tar%rilIo_ zIfI:IiIcI;IgI c(:IiIrbrarlIrerIoI;X tglscIqu},/Ia cgr%artrlg}rflt g_roup substituted with one or two lower
alkyl groups; a carbonyloxyalkyloxycarbony! group such as a
pivaloyloxymethyloxycarbonyl group; or a silyl group such as a trimethylsilyl,
triethylsilyl, tripropylsilyl, triisopropylsilyl, tert-butyldimethylsilyl or tert-
butyldiphenylsilyl group. Among these protecting groups, silyl groups are
preferred; more preferred is a group represented by the general formula:

R1
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R2_3|I_

R3



but yl di phenyl silyl group. Anbng these protecting
groups, silyl groups are preferred; nore preferred is
a group represented by the general fornula: RlL R2-Si-
R3 -9- wherein R, R2 and R39%i-ndependently represent
an al kyl group having 1 to 10 carbons or an aryl
group and are preferably independently an al kyl group
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(i ncluding each isomer thereof), a heptyl group
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arqhyror@qrdhgehﬁw hexyl grospginglndingreach isomer gresdad), ameptyégroup
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preferably a phenyl group.” The conpound t he present
ke Buty] @BupBy have an asymmetric carbon |n t he
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enconpassed by the conpound of the present invention.
group, a tolyl group, a xylyl group, a biphenyl group, a naphthyl group, an anthryl
group, or a phenanthryl group, and is preferably an aryl group having 6 to 8 carbons,
more preferably a phenyl group.

The compound of the present invention may have an asymmetric carbon in
the molecule; there may be optical isomers (including diastereomers) based thereon,
which are also encompassed by the compound of the present invention.

According to the present invention, a salt of the compound (V) may be, for
example, a mineral acid salt such as a hydrochloride or sulfate; an organic sulfonate
such as a p-toluenesulfonate or methanesulfonate; or an organic carboxylate such as

an acetate or propionate. Mineral acid salts or organic sulfonates are preferred and

a hydrochloride or a p-toluenesulfonate is more preferred.



According to the present invention, a salt of the
conpound (V) may be, for exanple, a mneral acid salt
such as a hydrochloride or sulfate; an organic

sul fonate such as a p-tol uengsul fonate or

nmet hanesul fonate; or an organi c carboxyl ate such as
an acetate or propionate M neral acid salts or

or gani c
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Effect of the Invention

According to the present invention, there can be provided high-purity
prasugrel hydrochloride with a reduced content of impurities such as the by-product
CATP. In particular, the present invention enables the by-product CATP to be

greatly reduced compared to other structurally similar by-products.

Brief Description of the Drawings

Figure 1 is a liquid chromatography of the prasugrel hydrochloride obtained
in Example 1;

Figure 2 is a liquid chromatography of the prasugrel hydrochloride obtained
in Example 2; and

Figure 3 is a liquid chromatography of the prasugrel hydrochloride obtained

in Reference Example 1.



in Exanple 2; and Figure 3 is a liquid chromatography
of the prasugrel hydrochl oride obtained in Reference
Exanple 1. -11 Best Mdde for Carrying Qut the

I nvention Conpound (l11) useghias the starting materia
instep (i) of the present invention can be produced
by the nethod described in International Publication
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The chlorinating agent used in this step may be, for example, chlorine gas or
sulfuryl chloride and is preferably chlorine gas.

The solvent used in this step is not particularly limited provided that it
dissolves the starting material to some extent and does not inhibit the reaction. The
solvent may be, for example, an ether solvent such as tetrahydrofuran, diethyl ether

- or dioxane; a halogenated solvent such as dichloromethane or 1,2-dichloroethane; an
aromatic hydrocarbon solvent such as benzene, toluene or xylene; a nitrile solvent
such as acetonitrile, propionitrile or benzonitrile; or an amide solvent such as
dimethylformamide, dimethylacetamide or dimethylimidazolidone. Halogen
solvents are preferred and dichloromethane is more preferred.

The amount of the chlorinating agent used in this step is typically 0.5 to 3
moles, preferably 0.8 to 2 moles, more preferably 0.9 to 1.5 moles based on 1 mole
of compound (III).

When the chlorinating agent is added, optionally dropwise, in this step, the

temperature of the reaction solution varies depending on the reagent, solvent, or the



The amount of the chlorinating agent used in this step
is typically 0.5 to 3 noles, preferably 0.8 to 2
nol es, nore preferably 0.9 to 1.5 noles based. on 1
nmole of conmpound (I111). Wiemtihe chlorinating agent
i s added, optionally dropwise, in this step, the
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After completion of the reaction in this step, compound (IV) may be isolated
by a technique commonly used in the field of organic synthetic chemistry. The
reaction liquid may also be directly used in the next step (ii) without isolation of
compound (I'V).

The temperature of post-treatment after the end of the reaction in this step is
typically -20°C to 15°C, preferably -10°C to 15°C, more preferably 0°C to 15°C.

Step (ii)

This step is a step which involves producing compound (II) by reacting
compound (IV) with compound (V) or a salt thereof in a solvent in the presence of a
base.

The amount of compound (IV) in this step is typically 0.5 to 3 moles,
preferably 0.8 to 2 moles, more preferably 0.9 to 1.2 moles based on 1 mole of

compound (V).



This step is a step which invol ves produci ng conpound
(I'l) by reacting conpound (IV) wth conpound (V) or a
salt thereof in a solvent in the presence of a base.
The amount of conpound (IV)-ih-this step is typically
0.5 to 3 noles, preferably 0.8 to 2 noles, nore
preferably 0.9 to 1. 2 nol es based on 1 nol e of

e i ke
}hssnol‘fJ eE ﬁgx%ing g&aﬁf%‘ﬁ to tﬁtﬁgg’ 8%%{1‘%9? 0%9 %Bﬁgﬁglae reaction. The
AP l-rfay RN eREh %oémvaﬂér DU ARnLRUEBAYHRIE ettt ether

et her i oxane; al ogenate

&Sdlgkaﬁx'al QBQHE&H&?&HGSOWen@S&h%S leh%rgﬁlteﬁﬂﬂ@or 0.4 & S 3Bthhfe; an

hydrocar bon Sol vent such as benzene, tol uerie or

¥phRAE hy@roBirbbh k&lvetsueis bendeht, BsludHetr XRchb] d fitrile solvent
propionitrile or benzonitrile; or an am de sol vent

sush s asetomltritef grypibaitiirror @enzoditibd; by baa@idriod@ndsuch as

di nmet hyl i m dazol i done. Ether sol vents, hal ogenated

dinlettertfosmamide; dineetbylhetarhide oodimethgiémRiakolaiohs. aEther solvents,
referred and tetrahydrofuran, dichloronethane,

gaiegamatedrsplventsomtrdc neltvmytrs,av@tnadt s@vergs amrpeefepecbﬁrcdr red.

The base used in this step is not particularly
qtrﬁhxdéafur%dtqh&wrg)mamanwcméltrlkgr@f rrxe&wlacmrm&ammre,

trial nonoam nes such as triethyl am ne,

pref ylan1ne or diisopropylethylanine or trialkyl

i ar oyt SrrraBAEn 6B Fe AR ioh d.mlmmws@re
?{e?grfeﬁy r%xﬁrﬁpl%l &/a%kaft 0'?18%&:@%1’1&855' tlrlleth ORhnd ebuqyl%glll € or

am ne,

l ed in
?%%s step *g&?%p?gg%??dgﬁgnﬁ%pgeﬁnfamkﬁﬁ?g %mgﬁy 0.5

tiRzabidRlRmdednt or RiahRI3NNMydiafhihe rlore p@éﬁﬁlyhﬁélwl on
1 nole of the conpound M In this st ep,
frRAacArhibss, Bl ifdre lpgefexfablszctheﬂhsla@ﬁn@ahsmyhmﬂd oW ng an
diisopropylethylamine.

The amount of the base used in this step is typically 0.5 to 3 moles, preferably
0.5 to 2 moles, more preferably 0.7 to 1.5 moles based on 1 mole of the compound
(V).

In this step, a reaction-promoting effect is expected by allowing an
ammonium salt or a quaternary ammonium salt to be present in the reaction system.

The reaction-promoting additive may be, for example, quaternary ammonium
salts including tetraalkylammonium halides having alkyl groups having 1 to 20
carbons, such as tetramethylammonium chloride, tetramethylammonium bromide,
tetraethylammonium chloride, tetraethylammonium bromide, tetrabutylammonium
chloride or tetrabutylammonium bromide, or trialkylmonobenzylammonium halides
having alkyl groups having 1 to 20 carbons, such as trimethylbenzylammonium

chloride or triethylbenzylammonium chloride; alkali metal bromides including



amoni um salt or a quaternary ammonium salt to be
present in the reaction system The

reacti on-pronoting additive may be, for exanple,

quat ernary ammoni um salts inghudi ng tetraal kyl ammoni um
hal i des havi ng al kyl groups having 1 to 20 carbons,
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chem stry. The reaction liquid may also be directly

s @dedhniquesomaxanly tsgd if ithe fieldiof hrpanicisyothati¢ drendftry. The
reaction liquid may also be directly used in the next step (iii) without isolation of
compound (II). However, it is preferred that compound (II) is isolated and purified
by recrystallization. This further reduces the content of the by-product CATP in
prasugrel hydrochloride as the final product of the present invention, which can be
expected to provide higher-purity prasugrel hydrochloride.

The solvent used for the recrystallization of compound (II) is not particularly
limited provided that it dissolves compound (II) to some extent and does not react
with compound (II). The solvent may be, for example, an ether solvent such as
tetrahydrofuran, diethyl ether or dioxane; a halogenated solvent such as

dichloromethane or 1,2-dichloroethane; an aromatic hydrocarbon solvent such as

benzene, toluene or xylene; a nitrile solvent such as acetonitrile, propionitrile or



compound (I1). However, it is preferred that conpound
(I'l') is isolated and purified by recrystallization.
This further reduces the content of the by-product
CATP in prasugrel hydrochl of§de as the final product
of the present invention, which can be expected to
provi de higher-purity prasugrel hydrochl oride. The
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mole% based on 1 mole of compound (II) and may be used in an excess amount.

The acetylating agent used in this step may be, for example, acetic anhydride
or acetyl chloride, and is preferably acetic anhydride.

The amount of acetic anhydride used in this step is typically 1 to 10 moles,
preferably 1 to 5 moles, based on 1 mole of compound (II).

The solvent used in this step is not particularly limited provided fhat it
dissolves the starting material to some extent and does not inhibit the reaction. The
solvent may be, for example, an ether solvent such as tetrahydrofuran, diethyl ether
or dioxane; a halogenated solvent such as dichloromethane or 1,2-dichloroethane; an
aromatic hydrocarbon solvent such as benzene, toluene or xylene; a nitrile solvent

such as acetonitrile, propionitrile or benzonitrile; or an amide solvent such as

dimethylformamide, dimethylacetamide or dimethylimidazolidone. Ether solvents,



nol e% based on 1 nole of conpound (I1) and may be used
in an excess anount. The acetylating agent used in
this step may be, for exanple, acetic anhydride or
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After completion of the reaction in this step, compound (I) may be isolated by
a technique commonly used in the field of organic synthetic chemistry. The
reaction liquid may also be directly used in the next step (iv) without isolation of
compound (I).

Step (iv)

This step is a step which involves producing prasugrel hydrochloride by
adding hydrochloric acid optionally dropwise to compound (I) in a solvent.

In this step, the adding of the hydrochloric 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 solvent used in this step is not particularly limited provided that it

dissolves the starting material to some extent and does not inhibit the reaction. The



‘reaction tenperature, or the like. However, it is
typically 30 mnutes to 24 hours, preferably 1 hour
to 12 hours, nore preferably 1 hour to 6 hours. After
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field of organic synthetic chem stry. The reaction
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reaction temperature, or the like. However, it is typically 5 minutes to 10 hours,
preferably 10 minutes to 5 hours.

A preferred embodiment of the step is a method which involves dissolving
compound (I) in acetone, dropwise addition of half the necessary amount (typically,
the necessary amount is equimolar to the thienopyridine form) of concentrated
hydrochloric acid to the solution at 0°C to 70°C (preferably 35°C to 60°C) over a
period of 2 minutes to-10 minutes, adding a seed crystal as needed, followed by
reaction at the same temperature for 30 minutes to 2 hours, and further dropwise
addition of the remaining necessary amount of concentrated hydrochloric acid over a

period of 30 minutes to 2 hours, followed by reaction at 0°C to 70°C (preferably

25°C to 55°C) for 1 hour to 3 hours.



The reaction tenperature in this step varies depending
on the reagent, solvent, or the Iike. However, it is
typically -20C to 100C, preferably 0OC to 70C, nore
preferably 30C to 60C, nost._pgeferably 40C to 55C. The
reaction tinme in this step varies depending on the
reagent, solvent, reaction tenperature or the |ike.
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adsorbed water or becom ng a hydrate; the

W HR incfoset @ranigngd. conpound i s al so enconpassed by a
prasugrel hydrochloride of the present invention. In

addi t Theconteolf Cat 8P inrtbe bigh-purity prasugrel hydrochloride of the present
invention is typically 0.3% or less, preferably 0.1% or less, more preferably 0.04% or
less, still more preferably 0.03% or less, particularly preferably 0.02% or less.

The purity of the prasugrel hydrochloride, that is, the prasugrel content, can
be measured as described for the CATP content.

The purity of a high-purity prasugrel hydrochloride according to the present
invention is typically 95% or more, preferably 97% or more, more preferably 99% or
more.

High-purity prasugrel hydrochloride 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 prophylactic or
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by a prasugrel hydrochloride of the present
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hydrochl oride is nmeasured byj4iquid chronmatography

and expressed in percentage by area (% in ternms of
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met abol i smactivating and pl atel et aggregati on-

imd pioiper miktaretwith 4 phandcewzklly acceptebleiexyipient, diluehder the like
has good storage and handling stability, and

oredlyen drecforrs ofi tablals, capsudesnrnelen @ofyderst syrapd, pr the like or
prophylactlc or -19- therapeutic agent for diseases
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t herapeuti c agent), nor a prophylactlc or
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siiohte tdsrivataes ihchSas. lgphaantydsqusBilisthedcid, sgithedsaludindnisilicate,
lcilllf:i?m? gilicate, or magnesium metasilicate aluminate; phosphates such as calcium
hydrogenphosphate; carbonates such as calcium carbonate; or sulfates such as
calcium sulfate.)), lubricants (which may be, for example, stearic acid; stearic acid
metal salts such as calcium stearate or magnesium stearate; talc; waxes such as
beeswax or spermaceti; boric acid; adipic acid; sulfates such as sodium sulfate;
glycol; fumaric acid; sodium benzoate; D,L-leucine; laurylsulfates such as sodium
lauryl sulfate or magnesium lauryl sulfate; silicates such as silicic anhydride or
hydrated silicate; or a starch derivative as defined above), binders (which may be, for
example, hydroxypropyl celluloée, hydroxypropyl methyl cellulose,
polyvinylpyrrolidone, macrogol, or compounds similar to an excipient as defined

above), disintegrators (which may be, for example, cellulose derivatives such as low-

substituted hydroxypropyl cellulose, carboxymethyl cellulose,l carboxymethyl



parenterally in the formof injections, suppositories,

or the like. These fornul ati ons are produced by

wel | - known net hods using additives including fillers

(which may be, for exanple,-pysganic fillers (e.qg.,

sugar derivatives such as |actose, sucrose, glucose,

mannitol, or sorbitol; starch derivatives such as
otato,,starc -starch
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fumari c aci d; sodium benzoate; D, L-Ieucine;
belvioxsethyildrstadlsyl stheh, pody sxydihylene Isenbityh fastyl deat estapyor a sucrose
magnesi um | auryl sulfate; silicates such as silicic.
EatinyAgid; agter)s stabHizgrs{mdirhanay batfer exgmple, parerhydroxybenzoic esters
deri vative as defined above), bjnders (which may be,
iephels 5
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cell'ul'ose caltium or internally cross-

car boxydmhbutt of akd theRSE maPdhtidepefIBEbE §%'Ih¥toﬂﬁgé'1§ei, sl the
starches/cel | ul oses such as carboxynet hyl starch,

Hikeliandnit raay boxdBlisyed 8¢ @ aiult limaGr@8s td $gvkLdmes a day orally

pol yvi nyl pyrrol i done; or a starch derivative as

def lomed linditoofe). | menipreferfablyrismgwbdrcloseranyd dreyppeotimit of 1,000 mg

exanpl e, colloidal clays such as bentonite or veegum

(e Erably 80 bmigd per dase lor a¥ravenprekyiay midwetrioxit d£0.6t mg (preferably

al umi num_ hydr oxi de; anioni c surfactants such as

Sddnghrer 4gssandsan ynpee ligit of 208 mgrpstletabht 50 mgkper dass

égrf ctants such as b%%zalkoniun1chlori e; 0or nonionic .
(el agéjﬁttge SYJRRtoHs. us, the amount used per dose in a person 60 kg in

weight is 0.0017 mg/kg (preferably 0.017 mg/kg) as a lower limit and 17 mg/kg
(preferably 8.3 mg/kg) as an upper limit for oral administration and 0.00017 mg/kg
(preferably 0.0017 mg/kg) as a lower limit and 8.3 mg/kg (preferably 4.2 mg/kg) as
an upper limit for intravenous administration.
Examples

The present invention is described below in further detail with reference to
Examples, Reference Examples, and a Test Example. However, the invention is not

intended to be limited thereto.



pol yoxyet hyl ene al kyl ether, polyoxyethyl ene sorbitan
fatty acid ester, or a sucrose fatty acid ester),
stabilizers (which nmay be, for exanple,

par a- hydr oxybenzoi c esters _such as nethyl paraben or
propyl paraben; al cohols such as chl orobutanol, benzyl
al cohol, or phenylethyl alcohol; benzal koni um

chl ori de; phenols such as phenol, or cresol;

t hi nerosal ; dehydroacetic acid; or sorbic acid),
corrigents (which may be, for exanple, commonly used
sweet eners, acidulants or flavorings), and diluents.
The f use thereof may vary dependi ng on
synp?%%B tlage and the Ilike, and it may be
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ketone and 886 g of dichloronmethane was stirred
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the resultant m xed solution was blow 3.98 g (0.1

egpivisel additionpthe cblutivn mes gaged fordl mainpes aadithed s@tected to a
m nutes while the solution tenperature was mai ntai ned
liguibesepeasating operation.  The resultant organic layer was washed sequentially
with 589 g of a precooled 8% sodium hydrogencarbonate aqueous solution and 168 g
of precooled water and then concentrated under reduced pressure to provide 145 g of
the title compound (pure content: 95.4 g, yield: 80%) in an oily form. During these
operations, the solution temperature was kept at 0°C to 15°C.

(2) 2-(tert-Butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine (step (ii))

To a mixture of 115 g of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c}pyridin-2-one p-
toluenesulfonate, 60.7 g of tert-butyldimethyichlorosilane, and 277 g of
dichloromethane was added 40.7 g of triethylamine, which 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



hi gher than 5C, which was then stirred for 0.5 hour at
the sane tenperature. Further, 39.8 g (1 equival ent)
of chlorine gas was bl own thereinto over a period of
220 m nutes at the sane tenpesature, which was reacted
by stirring for one hour at the sane tenperature.
After conpletion of the reaction, 236 g of a 3% sodi um

t hi osul fate aqueous g%olut on was added dropw se to
tprghylamme; 2k 1-p 2.8 of segudpdide omhigh sere BeR Feacted byrstiéng at
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2-(tert-Butyl di nmethyl silyl oxy)-5-((x-cycl opropyl carbon

ykgadic layers were combined and concentrated under reduced pressure until the

fluorobenzyl)-4,5,6, 7-tetrahydrothi eno[ 3, 2-c] pyri di ne

@gsﬁd;p réachyd a volumendHid1§rmeLl.of Tharstogvasfadded 476 g of acetonitrile, and
7 7a-tetrahydro-4H-thi eno JB 2-c] pyridin-2-one p-

ttléq 6 SHBsUIdAretwas then qongerffated under reduced pressure until the residue

ter utyldlneth | chl orosil ane, and 27
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hen reacted by stirring at 45C for one

fabdtbiigile aind 2gfed udlerre el reshiire @5 poRTHR! 1811 LY tBE ihid @ompound
reaction, to the resultant reactlon sol ution was added

a totyl mAoewkyOf(d- hﬁlm@@pbaab@ymfﬂwrowww%6 7-
prepared by adding distilled water to 9.50 g of
keHB@Arodneno)3 .95 | pyradindNGRgROY)) 12H20 i nto a tot al wei ght
of 358 g, which was then subjected to

| i qui dogeparue phid.0 gt (tohbutyblimethebilplpxglibi(act i ng
tcl;glopropylcarbonyl_-2-ﬂuorobenzyl)-4,5,6,7-’cetrahydrothieno[3,2-c]pyridine
obtained in (2), 5.10 g of triethylamine, 41.3 mg of 4-dimethylaminopyridine, and 75
g of acetonitrile was added dropwise 3.90 g of an acetonitrile solution in which 4.13
g of acetic anhydride was dissolved, and the resultant mixture was reacted by stirring
at 0°C for one hour.

After completion of the reaction, 50.6 g of cold water was added to the
resultant reaction solution, which was then stirred at -15°C for 30 minutes. The
precipitated crystal was collected by filtration, washed with a mixed solution of 15.1
g of acetonitrile and 11.9 g of water, and then dried under reduced pressure to

provide 10.8 g of the title compound.



aqueous | ayer to back extraction with 116 g of

di chl oronet hane. The resultant organic |ayers were
conmbi ned and concentrated under reduced pressure until
the residue reached a vol umg of 218 ni. Thereto was
added 476 g of acetonitrile, and the resultant

m xture was then concentrated under reduced pressure

il the residue_ reached a volune of 517 nL. To the
etRoift: P asiodtd " as added 238 g of acetonitrile
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75 g of acetonitrile was added dropw se 3.90 g of an
sdutiomiit2PC evend periaskofione whingth. 4 Theretogwarf adsded s & seed crystal
anhydri de was di ssol ved, and the resultant m xture was
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B/@tine point: 194 to 197°C.

Example 2

(1) 2-(tert-Butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (step (ii))

To 40.0 g of the compound (II) not subjected to a recrystallization operation,
obtained in Example 1-(2) was added 252 g of acetonitrile, which was then stirred at
50°C for 10 minutes and cooled to 30°C. Subsequently, 40 g of water was added
dropwise thereto at the same temperature over a period of 30 minutes, which was
then cooled to 0°C and stirred at the same temperature for 3 hours. The precipitated

crystal was collected by filtration, washed with 30 g of precooled acetonitrile, and

dried under reduced pressure to provide 37.6 g of the title compound.



t et rahydr ot hi eno[ 3, 2-c] pyri di ne obtained in (3) and
398 ng of activated clay was added 43 g of acetone,
and the resultant m xture was then stirred at 32C. The
reaction solution was filtereq, the resi due was washed
with 4.41 g of acetone, and then 1.12 g of 36%
concentrated hydrochloric acid was added dropw se to

Ther B8 v anas ac BbopuGRipsb SomSe g 5 oty st a
Eegﬂa@yf’ ARk BB ARSI Tt chowas then ot rrod ot
oot “O8Fe 2R RERE b AR o L PERI S B eArb 612
ALoRWESS1) 4§%r’)e¥e‘9ra@’cﬁ6ﬂ1?enﬁﬁ% b Qehyefdi RN tARM in (3 réﬂtiwﬁlénd

then strrréd at 40 urs and further
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iltration, washed with 15.8 g of acetone, and dried

tiﬂdEdjmp@didlCed pressure at 50C for 5 hours to provide

8.03 g of the title conpound. Melting point: 194 to

Meeltihg pdanp? eo 224°0)

2- (t ert-Butyl di met hyl sil yl oxy)-5-(a-cycl opropyl car bony
3) 2- Acetoxy 5 (a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-

fI uor obenzylgr 6, 7-tetrahydrot hi eng[ 3, 2-c] pyri di ne

tegrabpdrofiigno[ 3:8- Cdmvrcsﬁ@e fyrd r@%or&ﬁﬁé@mﬁw))(l 1) not

subjected to a recrystallizatjon oi)er ation, obta
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Mglﬁﬁ%ﬁolﬁ{ 155% §§6’ﬂ% tenperature for 3 hours The

pr eci ated” crystal was collected by filtration,

washefeftdride 3kashphf1 precool ed acetonitrile, and dri ed
under reduced pressure to provide 37.6 g of the title

conpoWnd.2-FRéro-o29yclopropylcarbonylbenzyl chloride (step (i)
2- Acet oxy-5- (a-cycl opropyl car bonyl - 2-fl uorobenzyl )-4,5
, 6,7 Aenixalhydxf 000 g 0y§lBpRpyl] finomberezy( ketepe {ridi §86)g of

gfﬂcg@égm@ wab gired, while gaoding with ice tapronise ropixed selbbeny
IInto the resultant mixed solution was blown 3.98 g (0.1 equivalent) of chlorine gas
over a period of 20 minutes while the solution temperature was maintained to be not
higher than 5°C, which was then stirred for 0.5 hour at the same temperature. In
addition, 39.8 g (1 equivalent) of chlorine gas was blown thereinto at the same
temperature over a period of 220 minutes, and the solution temperature was then
gradually raised to 20°C, followed by stirring for one hour for reaction.

After completion of the reaction, 500 mL of precooled water was added
dropwise to the resultant reaction solution while stirring, which was then stirred for
10 minutes and subjected to a liquid-separating operation. The resultant organic

layer was washed sequentially with 833 mL of a saturated sodium

hydrogencarbonate aqueous solution and 333 mL of water and then concentrated



fl uor obenzyl)-4,5,6, 7-tetrahydrot hi eno[ 3, 2-c] pyri di ne
obtained in (1), reaction and post-treatnent were
performed according to Exanple 1 (3) to provide 16.4 ¢
of the title conpound. Meli2fg point: 122 to 124C.

(3)
2- Acet oxy-5- (a-cycl opropyl car bonyl - 2-f | uorobenzyl )-4,5
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2-fl uorobenzyl ketone and g of dichl ororet hané
videridd dvtaiaed whill), eeaohiand pobttdeataenttvier perdordedactdrdiag to
solution. Into the resultant m xed sol uti on was bl own
SchdfExamples doR) toalptat provide nl log ke ¢itls compeunda peri od
of 20 m nutes while the solution tenperature was
Meltntgpaiatd 190tbP686t  hi gher than 5C, which was then
stirred for 0.5 hour at the sane tenperature. In

addi tRefarengoEgample 2: gyadyctoapf)mpurig{iaFY stangarl) was

bl own thereinto at the sa t enperature over a period
of 22@5 ﬁTQ\kﬁ?r@Sl,'(%ihHOQOHEG%V PGRRBH-¥nper at ure was t hen
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500 ni . . i
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[ 1 qui d-separating operation. The resultant organic

haee and8s miRshaehi SRR e b dry thntadd&BRr Me 1Rfuid@ separating
saturated sodi um hydrogencarbonate aqueous sol ution

apetatddd Mheatsulahesrgadid 1dyee was onstexdtwiat S0m] 25f-a sangsed
reduced pressure to provide 129 g of the title
sahwolrydrogencaebanate apueoust®ltiog, dried with anhydrous magnesium
sulfate, and then concentrated under reduced pressure to provide 6.70 g of the title
compound in an oily form.

(2) 1,5-Dichloro-1-(2-fluorophenyl)pentan-2-one

To 9.44 g of 5-chloro-1-(2-fluorophenyl)pentan-2-one obtained as described
in (1) was added 63 mL of dichloromethane, into which 119 mL of chlorine gas was
then blown over a period of one minute while the solution temperature was
maintained at 15°C, followed by stirring at the same temperature for 0.5 hour. In
addition, 1.19 L of chlorine gas was blown thereinto at the same temperature over a
period of 10 minutes, which was then stirred at the same temperature for 1.5 hours
for reaction.

After completion of the reaction, 22 mL of a 3% sodium sulfite aqueous

solution was added to the resultant reaction solution for the liquid-separating



yield: 81% in an oily form (2)

2- Acet oxy-5- (a-cycl opropyl car bonyl - 2-f| uor obenzyl )-4,5
, 6, 7- tetrahydrothieno[ 3, 2-c] pyridi ne hydrochl ori de
(steps (ii) to (iv)) Using 18%-9g (pure content: 78.3
g) of 2-fluoro-a-cycl opropyl carbonyl benzyl chloride
obtained in (1), reaction and post-treatnent were

BT S B AR Fa ol
g‘?' at l%%f'cy;g g{l&&? gé&e{&))%g cs:%lT on gf?& F6 &L éfP weﬁe ug}lecP with
l'o% aigpé%lsﬂﬁﬁt% pg}l%r%{aﬂ E&{%St?atgd QiMfer Ied&x%%cgprﬁgsug? The

o o uor obenzy ne was add

?é@tff{an?%ﬁﬁl@tv&agtsﬁ%e&)égrt@& hl‘?ﬁtio?uﬁl EOre ddUaGHes tB fdVide, 3.80

stirred at 10 or 2 ours ter the ‘conpl etion of

£@ag ffxla@ﬁbn édﬁ?mﬁlﬁa%é QRire@LhpOAhd¥ae0¢oR BeCl} P’éﬂj‘
50 wat er and 50 nL of di chl or onet hane weré t

ﬁdﬂi‘@@h fﬂw frédiien a3 pueifiee PeisHica el codifh ahiodiito gﬂ}ﬂl (elutlon
resul t ant organi c | ayer was washed with 50 g
saventai-bekans/fethyl avduyte oI CUNDD rapre vide UeDiug oﬁthle title @ mpound.
dried with anhydrous magnesium sul fate, and then

concef@) Retastbxyrtér-chlothit €2 fwoepbend)- Roxppentylid, %6,70 g

of the title conpound in an oily form (2)

tetrghyyrethiesp .2 C]F(yzldmeuor ophenyl ) pent an-2-one To 9.44 g

of b5- chloro I-(2 f rophe I)pentan 2-one_obt ai ned as
descrVueg -2l g qfll)Sﬂgiﬂ%de -Baoraphegypgia-droaaebinse 1n (2),

o B e BRATRRIES RAAPTBSd Aaouha o SRR O a0 )

BBk PLE g%y eSrdelegwsmng ﬁ?ﬁsaaﬁnmwg h o e
%#g%lrgt%u over %ix@a r1 %Eﬁ#&&%n%)ﬁ][ap ﬁy% RS B

ha&ae/%myr 5&@“@& syhes sangy ?mg%wla@ 677 %roflfhe‘inﬁ@w@o&nd in

for reaCtion. After conpletion of the reaction
@il oy 88msodi um sul fite aqueous sol ution was added to
the resultant reaction solution for the

Magysispbcsemnd Chtmmy 410 [M+H]™.
'H-NMR spectrum (400 MHz, CDCl3) 6 ppm: 1.97-2.05 (m, 2H), 2.26 (s, 3H), 2.66-
2.76 (m, 3H), 2.79 (t, J=5.4 Hz, 2H), 2..85-2.90 (m, 1H), 3.43-3.59 (m, 4H), 4.74 (s,
1H), 6.25 (s, 1H), 7.10-7.20 (m, 2H), 7.31-7.36 (m, 1H), 7.42-7.47 (m, 1H).

Test Example 1

(Method for Measuring Content of Prasugrel and CATP in Prasugrel
Hydrochloride)

The contents of prasugrel and CATP in prasugrel hydrochloride was
measured as described below.

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

Measurement conditions (liquid chromatography)



-26- operation. The resultant organic |ayer was washed
sequentially with 56 nL of an 8% sodi um

hydr ogencar bonat e agqueous sol ution and 16 nL of water,
dried with anhydrous magnespfm sul fate, and then
concentrated under reduced pressure. The resultant
resi due was subjected to distillation under reduced
pressure to provi de 3. 80 of ~a fraction containing

the de2SiEstel %%h%bsem’@@% (@l%g@owq:vajengmq 240 nm)
22?:1%0@}5}1%2} flgfglg:) %}P (ZPP@Lé fulérteﬁg\gib t.as’tcl,rI 4.6 mr%elength 15 cm,

ane/ eth acetate = 19/1 (V/V)) to provide 1.21 g
g?‘%ﬁ et ? conpound. (3) 2- Acet oxy-5-(5-chl oro-|
-(2-f %a A -%-oxopentyl)-4,5,6,7-
t et rahydrot hi'eno P ,2-c] pyridine Using 1.21 g of
1, 5- dCSMt@ tpei(a%irgzl gophenyl ) pent an- 2- one obt ai ned
in , reaction and post-treatnent were perforned
aCCOfMoBQe bRaseX@0P hesy/L1p c(t%)sm%ﬂglhggﬁogﬁl‘ibho?ﬁ}%‘(é Qﬁleaus“ g
of a crude material containing the title conpound
acldiitn:@rahydrefurai@timiriiovad 3 (Vivew) by silica gel
col um chr omat ogr aphy (el ution solvent: n-
hexankElosttate: 1dcmbatim. = 5/1 3/1 (V/V)) to provide 0.77
gof the title compound in an oily form Mass
peletlrum (A, mz): 410 [I\/H—|] +. H- NVR spectrum (400

m 1.97- ( 2.26 (s, 3H),
E%@nt?.fﬁeg?l’mn %@ug@l Phgirmhlor 4 Hz 2H), 2.85-2.90
(m 1H), 3.43-3.59 (m 4H), 474(s 1H), 6.25 (s,
THY 710720 (M 2ZH), 7. 31736 (M " 1F), 7742747
(m 1H). Tes aml e thad for suying Content
of Prasugrel b&ﬁﬁen%boﬁgg?éggbﬁs%ml ﬁ@@%@ﬂrlgﬁ de) The
contents of prasugrel and CATP in prasugrel
hydrochl ori de was nmeasured as described below. In an
agehpRitrile-water mxed solgpgpn (7:3) was dissol ved
150 mg of prasugrel hydrochloride to 100 nL. Under
Ekempleld ow ng conditions, 100bj#of the

Reference Example 1 0.042

The content of prasugrel and CATP are expressed in percentage by area (%)
measured using the above liquid chromatography. The results of liquid
chromatography of the prasugrel hydrochloride obtained in Examples 1 and 2 and
Reference Example 1 are shown in Figures 1, 2 and 3, respectively.

The content of CATP in the final product prasugrel hydrochloride was
distinctly lower in Examples 1 and 2, in which the addition of chlorine gas and the
reaction thereafter in step (i) were performed at low temperature, than in Reference
Example 1 in which the reaction aftér addition of chlorine gas was carried out at

room temperature. The content of CATP in the final product prasugrel



solution was subjected to |liquid chromatography for
nmeasur enent. Measurenent conditions (liquid

chr omat ogr aphy) -27- Detector: ultraviol et
absorptioneter (detection way®length: 240 nm

Anal yti cal Colum: Cadenza CD-C 18, inner dianeter;
4.6 mm |length; 15 cm particle size; 3 mQard

B R s R Ty o SgarBle 48‘??&4%2‘%{? hase:
R T b AT 358UV

@ﬁm&ﬁleng%‘qf-gﬂ}lrlafde%%}ained in step (i1) was purified by recrystallization,

----- Aeccording to the-presentinvention; high-purity prasugrel-hydrochloride with
Ref erence Exanple 1 0.042

a reduced content of impurities such as-the by-product CATP.and.a-method for-
--------------- Seseseeeeeieeeei------------- The
podheing thersapease gbiainednd CATP are expressed in
percentage by area (% neasured using the above

l'i quid chromatography. The results of liquid

chr omat ogr aphy of the prasugrel hydrochl ori de obtai ned
in Exanples 1 and 2 and Reference Exanple 1 are shown
in Figures 1, 2 and 3, respectively. The content of
CATP in the final product prasugrel hydrochl ori de was
distinctly lower in Exanples 1 and 2, in which the
addi tion of chlorine gas and the



reaction thereafter in step (i) were perfornmed at | ow
tenperature, than in Reference Exanple 1 in which the
reaction after addition of chlorine gas was carried
out at roomtenperature. Thggcontent of CATP in the
final product prasugrel -28- hydrochloride was al so
reduced nore in Exanple 2, in which 2-(tert-

but yI di met hyl si |l yl oxy) -5-(a-cycl opropyl carbonyl -2-fl uo
robenzyl)-4,5,6, 7- tetrahydrothieno[3 2-c] pyridine

obtained in step (ii) was ed by
recrystallization, than ﬁﬁﬁéyg in which the
recrystallization was not perforned. Industria

Applicability According to the present invention,

i gh- R%éﬂ?cyd R)E’?%Eﬁll PEERG AL GLEAS M B ﬁs{n%i P@cg%s dof

cont ent r|t|e such as "the by- pro

a met érﬁraun RQAHPoNAd FpeesSARE bR Phhalaned. - 29-

CLAI : method for producing prasugre

hydrochlorlde, conprising the steps of- (i)

chlorinating a gonpound represented by the fornul a:

(III) di ng a chlorinating agent optionally

her€toin a & lvent; (ii) reacting the

presented by the formula: C1 (I1V)

by adding a chlorinating agent optionally dropwise thereto in a solvent;

(1i) reacting the resultant compound represented by the formula:

Cl

av)

0O
F

with a compound represented by the general formula:

/ NH
RO | )
S
wherein R represents a protecting group for a hydroxyl group,

or a salt thereof in a solvent in the presence of a base;

(iii) acetylating the resultant compound represented by the general formula:



RO1 (V) S wherein Rrepresents a protecting group
for a hydroxyl group, or a salt thereof in a solvent
in the presence of a base; (iii) acetylating the
resul tant conpound representgy. by the general fornula:
-30- O~ 111) RO/ N:1 S F wherein R has the sane
nmeani ng as above, by reacting an acetyl ati ng agent
therewith in a solvent in the presence of a base and
an acylation catalyst; and (iv) addi ng hydrochloric
acid, optionally dropw g, to the resultant conpound
represented by the for O OHCSF Oina

sol vent, therebyom\pe10|ng prasugrel hydrochl oride
represented by the jfornmula: 0 N (la) CH3CSF

HC1
X
S F

wherein R has the same meaning as above,

y

by reacting an acetylating agent therewith in a solvent in the presence of a
base and an acylation catalyst; and
(iv) adding hydrochloric acid, optionally dropwise, to the resultant compound

represented by the formula:

ey
H3C‘<O S F

in a solvent, thereby producing prasugrel hydrochloride represented by the

formula:

O
N (I2)
—~(I
H3C‘< S F
o) + HCI



-31- characterized in that, in step (i), the
tenperature during the addition, optionally dropw se,
of the chlorinating agent is -20C to 5C and the
reaction tenperature after_4jhe addition, optionally
dropwi se, of the chlorinating agent is -20C to 5C 2.
A production nmethod according to claim1,
characterized in that, in step (i), the tenperature
dur i SBarReiErigRiintthainin i Do H EyPEfRBERAYENE B addison,

chl or|n ting agent js . -10C to 5C and the reaction

Qpélﬁﬁ'fél YatraPRisss elethe chloriagine 285At isopt iColea Cyandrthpispetion

SPBefaies SHerot AOUUOESBRaTHY ToPEiSk: o he Silpdiutieaerds20°C

{ hat, in step (i), the tenperature during the
adltion optionally dropw se, of the chlorinating

Agenty gl%d.uéé& hehsfa dlh % LAY 8{5{5&&%‘%&% e iRbEE ),

the addition, optionall ropw se,

168 b fehafietHirRg R adcﬁtlon5 GptiSnals- drépw@e R‘foHJéJ&ﬂd)%tmg agent is

nmet hod according to any one of "clains 1t

Q0ET aci €y akelhe réhctibh &impeRButcamiee ﬂi&tddﬁﬁm%f optlonally dropwise, of
post-treatnment after the end of the reaction in step

the rhlosinat?fpGgehnis L5EC 10.5°8. product i on met hod accordi ng

to any one of clains 1 to 3, characterized in that

ihe tleppducion metibd posirding éatimemtl, cidraterided iethdt, of stehé),

reaction in step (@3 is -10C to 15C. 6. A productlon

the temensratursohuingghe edditign, epéorsllycdrapwise.loftthe Gilorinating agent is

characterized in _that the tenperature of

poste p e andritgreaption terpraatarep iy thewdditions ppidenally dsapsyise, of
s 0Cto 15C roducti on method according to

éﬁﬁhIBHEatéﬁg agen} isd f?fooégo wherein the chl ori nati ng

agggtr desodu{:]tlon me&g%%gc%rgmg '%‘o Rh oiquflef tfl c,(;mmnel IQ o ﬁhaﬁaﬁt%nzgd in
@h0HP tern'?ﬂ%'iftﬁleergf%%spﬁfeattﬁ@nt%m? bl enl YTy I%actlo%%n step (i) is -20°C
to 15°C.

5. A production method according to any one of claims 1 to 3, characterized in
that the temperature of post-treatment after the end of the reaction in step (i) is -10°C
to 15°C.

6. A production method according to any one of claims 1 to 3, characterized in
that the temperature of post-treatment after the end of the reaction in step (i) is 0°C to
15°C.

7. A production method according to any one of claims 1 to 6, wherein the
chlorinating agent is chlorine gas.

8. A production method according to any one of claims 1 to 7, wherein R is a

group represented by the general formula:



Rl R2-Si- I R3 wherein Rl, R2 and R3 independently
represent an al kyl group having 1 to 10 carbons or an
aryl group. 9. A production nmethod according to claim
8, wherein Rl, R2 and R3 imglependently represent an
al kyl group having 1 to 5 carbons or a phenyl group.
10." A production nethod according to any one of
claims 1 to 7, wherein Ris a tert-butyldinethylsilyl
group. 11. A production nmethod according to any one of
claigp | to 10, characterized in that the resultant
co und represented by the general fornmula (Il) is
%ggy._Lgllized fromethers or nitriles in step (ii).

. producti on nethod according to any one of clains
1 tged0, characterized in that the resultant conpound
represented by the general formula (I11) is
recr Yoeddih RZER? add RMnAcKinaBhY tepfoséh aﬁtaﬂdg/l Qdu}a-ha%%-g o 10
production nethod according to any one of Clains 1to
dﬁ%odybeﬁﬁbﬁd§hﬁl,acetylating agent is acetic
anhydri de. 14. X production met hod according to any
ane of peldacticn thethod hdcordingtaclain i8z etlerein RY, Rgfandi Ré
resul tant conpound represented by the formula (1)
inBendendly rapesay afiialky) giosip hasieg li to Stdagbome wt a pheyy! group.
W thout purification. 15. Prasugrel hydrochloride
Hhar gt peadugiéen ythod acedraing go engoncwef dlaims 1gp 7Caiprein R is a
produced by a production nethod according to any one
tert-tutddimethylsilyl groupi 6. Prasugrel hydrochi ori de

haracterjzed by cqntaining 0.1 %or |ess of CATP, . .
f)lr odfe BEPAHGP w@&ﬁe&w IngP ABY OBCUFHAMA] 10 d Oathprasigized in

AL ST L R A—
%@g%ﬁ%?%%g¥uggg%ﬁgagébpn nmet hod according to any one

12. A production method according to any one of claims 1 to 10, characterized in
that the resultant compound represented by the general formula (II) is recrystallized
from acetonitrile in step (ii).

13. A produétion method according to any one of claims 1 to 12, wherein the
acetylating agent is acetic anhydride.

14. A production method according to any one of claims 1 to 13, characterized in
that the resultant compound represented by the formula (I) obtained in step (iii) is
used in the next step (iv) without purification.

15.  Prasugrel hydrochloride characterized by containing 0.3% or less of CATP,
produced by a production method according to any one of claims 1 to 14.

16.  Prasugrel hydrochloride characterized by containing 0.1% or less of CATP,
produced by a production method according to any one of claims 1 to 14.

17.  Prasugrel hydrochloride characterized by containing 0.04% or less of CATP,

produced by a production method according to any one of claims 1 to 14.



-33- 18. Prasugrel hydrochloride characterized by
containing 0.03%or |ess of CATP, produced by a
producti on nethod according to any one of clains 1 to
14. 19. Prasugrel hydrochl org3zle characterized by
containing 0.02% or |ess of CATP, produced by a
production et hod according to any one of clains 1 to

Et s B S blom i B sy opin g GG e ess of CATP,
rocghlorid haracteri zed,.by, contai ni.ng.0. 1% Qr | ess
BedLOEly B Ogsfﬂegflﬁgﬁﬁ awfa?*a% KB e SR 1 b b by
) % QL. .CAT, 3.. P
100 A IR S5O TR s R B BB eor e
beagclby @ PrBducth méthad ¥k E%@%ﬁcﬂe%&" | B8ms 1 .
8. 2% S oF éﬁfé.

charact érized by contal ni ng or les

20. /PiOafdagerichibMde CRARORTEIOBY CRMRAIng 004 r less of CATP.
prasugrel hydrochl oride according to any one of clalns

16 t (Prashgrd hydroahloride chnngee i@ty coafuinifig 0T 0RbY i3S bf CATP.
or therapeutic agent for use in warm bl ooded ani nmal s

25r Rinseaddydoshbeide bfiambtenndiisy @ntanibglOuB% or less of CATP.
conprising a prasugrel hydrochloride according to any
dhe diragigaélhydioshloside 4harectarizealdyy contdimige @dl38hdr le87of @ATP.
gropq%]actic or therapeutic agent for use in humans
br tipoiesd divdrashloridaisbinaeiarizedomnpontdinige 4. @Yaoulgsedf CATP.
droch| oride according.to any one of clains 15 to 24
2 a* ® @rirqp@eqltfg@], eQInpesition comprising a prasugrel hydrochloride

according to any one of claims 15 to 24 as an active ingredient.

26. A prophylactic or therapeutic agent for use in warm-blooded animals for
diseases caused by thrombus or embolus, comprising a prasugrel hydrochloride
according to any one of claims 15 to 24 as an active ingredient.

27. A prophylactic or therapeutic agent for use in humans for thrombosis or
embolism, comprising a prasugrel hydrochloride according to any one of claims 15

to 24 as an active ingredient.



