- | - DESCRIPTION METHOD FOR PRODUCING HIGH-PURITY
PRASUGREL HYDROCHLORIDE Technical Field  The present
invention relates to a method for producing high-purity prasugrel
hydrochloride. Background Art The compound having the formula: is
well known as prasugrel. Prasugrel gnd 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-emboliclja%@%ﬁ?ﬁ@ﬂt Document | or 2). However,
the use of prasugrcl 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.

METHOD FOR PRODUCING HIGH-PURITY PRASUGREL HYDROCHLORIDE

Technical Field

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

hydrochloride.

Background Art

The compound having the formula:
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is well known as prasugrel. Prasugrel 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:



Prasugrel hydrochloride represented by the formula: HCI can be
produced by the following production method. Patent Document 3
discloses steps (i) to (iii), and Patent Document 2 discloses step (iv).
However, neither of these Patent Documents describes the by-product
CATP. In the formulae, R represents a protecting group for the hydroxyl
group. Patent Document 1: Japanes% Patent Laid-Open No. Hei 6-41139
Patent Document 2: Japanese Patent Laid-Open No. 2002-145883 Patent
Document 3: International Publication No. W096/11203 - 3 - Disclosure of
the Invent() Problems to be Solved by the Invention The present

[ scate production of prasugre,1

can be produced by the following production method. Patent Document 3 discloses
steps (i) 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



Means for Solving the Problems As a result of intensive studies on a
method for producing high-purity prasugrel hydrochloride with a reduced
content of impurities such as the by-product CATP, the present inventors
have found that the reaction temperature can be controlled in the
chlorination step as step (i) of the abpve production method to reduce the
content of the by-product CATP in prasuerel hydrochloride as the final
desired compound. Thereby, the present invention has been
accompli W‘E% For reaction conditions in the chlorination step as step
Dlﬁﬁﬂ?‘ﬁb&ﬁif Izjﬁvlgﬂgm%ation No. W096/11203 describes in Reference
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while the liquid temperature was maintained to be lower than 5C. After the
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mixture was allowed to react under stirring for 1.5 hours". Thus, the _
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compound prasugrel hydrochloride by controlling at low values the
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chlorinating agent as well as the temperature during the addition,

optionally dropwise, of the chlorinating agent. -4 -  The present
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CAd Bniherues tal FRrBiRrUsy b EeHB M-S HRA AR (eI Es Qb Rte for
th f duci i ition;

RPN (1 2004 RIS et omaRs odntits |
re@itpRalisBdmdie Binuobe sradminisianng bRwarniioedadAsiadise final

(particularly, humans) the above pharmaceutical composition containing a
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reacting the resultant compound (1V) with compound (V) or a salt

chneriaefiin agalveat inddedndasenice whidtaseiquid wipeesiyiating thentained
resultant compound (ll) by reacting an acetylating agent therewith in a

tasbivientantiias piesentBwithcrasadisthasr HeyiatiahBataridy, iaigd 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 hydrochloride by
controlling at low values the reaction temperature after the addition, optionally
dropwise, of the chlorinating agent as well as the temperature during the addition,

optionally dropwise, of the chlorinating agent.



(iv) 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 -20C to 5C and the reaction temperature after the
addition, optionally dropwise, of the gh_lorinating agent is -20C to 5C;

(2) A production method as described in item (I), characterized in that, in
step (i), the temperature during the addition optionally dropwise, of the

chloripating a ent is -10C to% actro temperature after the
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pharmacologically effective amount of high-purity prasugrel hydrochloride.

The present invention is:

(1) A method for producing prasugrel hydrochloride, comprising the steps of:

(i) chlorinating compound (III) by adding a chlorinating agent optionally
dropwise thereto in a solvent;

(ii) reacting the resultant compound (IV) with compound (V) or a salt thereof
in a solvent in the presence of a base;

(iii) 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

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

characterized in that, in step (1), 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



wherein RI. R2 and 113 independently represent an alkyl group haying 1
to 10 carbons or an aryl group; (9) A production method as described
in item (8), wherein R, R2 and R3 independently represent an alkyl group
having 1 to 5 carbons or a phenyl group; -6 - (10) A production
method as described in any one of items (1) to (7), wherein R is a
tert-butyldimethylsilyl group; (11) A production method as described
in any one of items (1) to (10), characterized in that the resultant
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production method as descri In any one or iems

drspRiacterizraindhaiihe seswitant gamppsind, (1) is recrystallized from
acetonitrile in step (ii); (13) A production method as described in any

‘one GHittmo{iytorf 12 flwhessinstiebadetyltting lagent istacetit iarthylridetep
.(14) A production method as described in any one of items (1) to (13),
(DeHrfrassEdn drapgaTesditon: 8@&%&@(@%@3@&%@} YRS

o RS I R (v
dropduced y amsepidation sestod as deseribed in items (1) to (14);

(4) A production method as described in any one of items (1) to (3),
characterized in that the temperature of post-treatment after the end of the reaction in
step (1) is -20°C to 15°C;

(5) A production method as described in any one of items (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 as described in any one of items (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 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:
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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;



(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) Prasug-rel hydrochloride characterized by containing 0.04% or less of
CA'I'P, produced by a production method as described in items (1) to (14);
(18) Prasugrel hydrochloride charactgrized 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

CAT roduc d b d ctlo as descrlb d in it ms 14)
(20) D relqiy gcr)lc (}?}H Cg?g% erized By O ‘ﬁ‘?&‘ﬁ) %ngl%fem

R%-Eg)r{ buti@ihBiRasgyebhygdrochloride characterized by contalnlng 0.1%
or less of (22) Prasug rel ydrochlorlde characterized by containing

0.04% orAgssdid@iail methq@3} Brastiped|ihydsochdaridechataatefifed by
containing 0.03% or less of CATP; (24) Prasugrel hydrochloride
héﬁ Eerd srizanig comaeapedd 4t tarsallizedinym ethers or
asct | composition comprising a prasuarel hydrochloride as
IH[}.) §|n |[%ms (15) to (24) as an active ingredient;

(12) A production method as described in any one of items (1) to (10),
characterized in that the resultant compound (II) is recrystallized from acetonitrile in
step (ii);

(13) A production method as described in any one of items (1) to (12),
wherein the acetylating agent is acetic anhydride;

(14) A production method as described in any one of items (1) to (13),
characterized in that the resultant compound (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 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) Prasugre] hydrochloride characterized by containing 0.1% or less of
CATP;



(26) A prophylactic or therapeutic agent for use in warm-blooded animals
for diseases caused by thrombus or embolus, comprising a prasuarel
hydrochloride described in items (15) to (24) as an active ingredient; or
(27) A prophylactic or therapeutic agent for use in humans for thrombosis
or embolism, comprising a prasugrel.hydrochloride as described in items
(15) to (24) as an active ingredient.  According to the present invention,
the 'protecting group for a hydroxyl group” is not particularly limited
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specifically refers to a protecting group capablé of being Cleaved by a
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an active ingredient.

According to the present 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-methylpentadecanoyl, 13,1S-dimethyltétradecanoyl,
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,



benzoyl, a,-naphthoyl, p-naphthoyl, pyridoyl, thienoyt or furoyl group, a
halogenoarylcarbonyl group such as a 2-bromobenzoyl or 4-chlorobenzoyi
group, an arylearbonyl group substituted with a lower alkyl group(s), such
as a 2,4,6- trirnethylbenzoyl or 4-toluoyl group, a lower alkoxylated
arylcarbonyl group such as a 4-anise$l-group, an arylcarbonyl group
substituted with a carboxy group, such as a 2-carboxybenzoyl,
3-carboxybenzoy.il or 4-carboxybenzoyi group, a nitrated arylcarbonyl

FENRoaNEh a8 BrioriieRenge Ricdatcenanzay) greupstan aiicarbonyl
group substituted with a lower alkoxycarbonyl, such as a 2-
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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 @_hydrochloride ora
p-toluenesulfonate is more preferred.” - 10 - According to the present
invention, "CATP" is 2-acetoxy-545-chloro-1-(2-

fluoropheny11-2-gxopentyl1]-4,5,6,7-tetrallydrothieno [3 ,2 -c] p yridine
WheRrESRnBd By Re RSFRERAC T HERI S A R it St 38R inte orgarbons
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Invention According to the present invention, there can he provide

high-paeitydprasogire Ihgsimschicndewithed rBgii eedupdrteint df fonkduciibons"
such as the by-product CA 1P, In particular, the present invention enables
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thereof), a butyl group (including each isomer thereof), a pentyl group (including
each isomer thereof), a hexyl gfoup (including each isomer thereof), a heptyl group
(including each isomer thereof), an octyl group (including each isomer thereof), a
nonyl group (including each isomer thereof) or a decyl group (including each isomer
thereof). Preferably, it is an alkyl group having 1 to 5 carbons; more preferably a
methyl group, an ethyl group, a propy!l group (including an isomer thereof) or a butyl
group (including each isomer thereof); and still more preferably a methyl group or a
tert-butyl group.

According to the present invention, the "aryl group" is, for example, a phenyl
group, a tolyl group, a xylyl group, a biphenyi 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.



Figure | 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 prasuarel hydrochloride obtained in Reference
Example 1. Best Mode for Carrying Qut the Invention ~ Compound (l11)
used as the starting material in step (O of the present invention can be
produced by the method described in international Publication No.

W096/11203. ompound (V) used as the starting material in step (ii) of
the pReSERtREnt &%Sﬁrﬁé%ﬁ%d?ﬁﬂﬁe %%’tﬁ‘&?&o&é[é%ﬁﬁé}i‘f‘?ﬁ)r"l“&’
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theyldeaahtoride is as follows. Step (i)  This step is a step which involves
chlorinating compound (lI) by adding a chlorinating event optionally
dropwise thereto in a solvent to produce compound (IV).  The
chlorinating agent used in this step may be, for example, chlorine gas or

There 1s an asymmetric carbon in CATP according to the present invention and
optical isomers can be present based thereon; any of the isomers and mixtures thereof

are also encompassed by CATP according to the present invention.

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.



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-dichloroethané] an aromatic hydrocarbon solvent
such as benzene, toluene or xylene; a niarile solvent such as acetonitrile,
propionitriie or benzonitrile; or an amide solvent such as

dimethydformanidendimetindasesaigde or dirnethylimidazolidone.

Halogen solvents are preferred and dichloromethane is more preferred.
The arfompbofith@lChioedhatitite agebingseetéenzhis stap(is ¢ypiealty®:B to 3
moles, preferably 0.8 to 2 moles, more preferably 0.9 to 1.5 moles based
B enHBI&r oprpdinsd rifhe moiped drecdhrdrindnirgragentis dhitraton No.
%\pgg%l%%opwise, in this step, the temperature of the reaction solution
variés depending on the reagent, solvent, or the - 12 - like; however, it is

typically»2@6uie 5C) Riederally s:OGno Biermpre RisTerpbhyofrdanC.
The time to add the chlorinating agent optionally dropwise in this step
viaw i oe pen iy ahithe bypibcamdthord dercabtie fohlorimatingiadgentnational
However, it i3 typically 30 minutes to 24 hours, preferably 1 hour to 12
I%’b‘@?‘i%érﬁféfp@%é@%ur to 6 hours.  The reaction temperature

after th %d%%%r%%%@%%" LR ﬁt%&@&tﬁgeé :ﬁ(r%t&‘ﬁ%gwe%{géﬁﬁ%?ﬁ%&%ml

. €
varies depending on agent, solvent, or t e

typicadyl 026150 d EalRRgEerably -10C to 5C, more preferably -5C to 5C.
The reaction time after the addition optionally dropwise of the chlorinating

agent ifitdmgistep varies depending on the reagent, solvent, reaction
temperature, or the like. However, it is ty 30 minutes_ to_12 hours,

preferablyI ¥l %%m,%a_v&%&sﬁ?%&w%ﬁ@ by pffipe 2
B B R R ST PR

Tigyreaction liquid may also be directly used in the next step (ii) \Niithout
isolation of compound (IV).  The temperature of post-treatment after the
end of tRecrddotivatinghigestepdd ipplualyenoaytbel T eprefelalsijiotiocge or

151?@@?{:%1%{%‘? El%lc)il)lls %?e%greﬁg 'cgltoerQn(eii)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-dichioroethane; 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 (IIT).

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



This step is a step which involves producing compound (1) 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 compggr_ld (V). 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

lifioharieya Hialbgenettel sdiveripsich BSGiaRigroiddiane rmore preferably

5"&?9'0 Qé:thane; an aromatic hydrocarbon solvent such as benzene,

- 0 s i - .- .

toluene or xylene; a nitrile solvent such as acetonitrile, propionitrile or
benzopiftile: @5 andamideseiNemt SHethas HimRIny HsRARIdLhis step varies
dimethylacetamide or dimethylimidazolidone. Ether solvents, halogenated

dgeivéntsonitriegoivedtsponamitithsohientsiang pgeférredaneer, it is
tetrahydrofuran, dichloromethane, acetonitrile, or dimethylacetamide is

YRiGHL A EReS o PAdpuseniskgaN fHid Qe iad Adeprrieatamy iy, |

hc;l:f?r 'aé%&%nes are preferred, for example, trialkyl monoamines such as
triethylamine, tributylamine or diisopropylethylaminc; or trialkyl diamines

such s diazabicugionstane, diazatleydaioungecansliropwise of the

tetramethylethytdiamine, more preferably trialkyl monoamines, still more

- clestertbiyageathiyl AnsécrtriaoisA snnedoraiis ¢y opydettysalnimé. or thEHe.
amount of the base useg in thios step is typically 0.5 tOO 3 moles, pref rablgf0

Hgweyss s ie®ich Ve-%ﬁ’e‘?efa&f@?méﬂf@) -6%63&&%%%53&@&% ¢

tcesppound (V). In this step, a reaction-promoting effect is expected by
allowing an ammonium salt or a quaternary ammonium salt to be present
in theTieactionosysteenfter thaeddatiiooppemldtiag pdoitve tayhbeifating
example, quatemmy ammonium salts including te.traalkylammonium

agralide shhasiey vl gepapeinavine 1reenbHiueR, seashiestemperature, or

t I ' hloride, tet thyl i i
Gty PRGOS SHTGHAE, ST AR AT YRR Gl
hmwre@%ﬁ}y Phigirabytyiammonium bromide, or

trialkylmonobenzylarnmonium halides having alkyl groups having 1 to 20

carbofhfesuah Estimefhiythenzyanimbizistopchteniplend (TV) may be isolated
by & 1e2hmique ommOnly e i 6 ield of Organic symihehe dnemisiy, The
reaction liquid may also be directly used in the next step (ii) without isolation of
compound (IV).

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 (i1)

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 (I'V) 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).



- 14 - lithimm bromide, sodium bromide, potassium bromide, or caesium
bromide; or alkali metal iodides including lithium iodide, sodium iodide,
potassium iodide, or caesium iodide. Tetraethylammonium bromide,
tctrabutylammonium bromide, or sodium iodide is preferred.  The
amount of the reaction-promoting addlive used in this step is typically

0.01 to 5 moles, preferably 0.1 to 2 moles, based on 1 mole of compound
(VI) for the quaternary ammonium salts and typically 0.001 to 0.6 mole,
preferahlyO:&htaRbimole shasethonphrtelerdf tompbpnd i) forthe
alkali metal bromides or alkali metal iodides. ~ The reaction temperature
disthivestip varisedeperiding omheteaigist desiish tnbiah dmisaHibeverie

it is typically -20C to 100C, ferably -10C to 7 ferab
BT e Ao e G S VA S RN SRS e
SONSDS E2H I I mReature, QLihs lienBiowenehdtds tyRigalb3Rthane; an

minutes to 24 hours, preferably 1 hour to 12 hours, more preferably 1 hour

iR hOnarocad gk cRemplatibnobiedeactivara dhisystep, comiposoidil)
may be isolated by a techniqgue commonly used in the field of organic

syeitheticestramistrprophentatie no MIRABLT Sy 138 Haidheetipustdiithe

ext step (iii) withoyt isolation of d (I1). However, it is preferred
el bR R R s AR
ﬁg&h%gh%%téﬁeﬁﬂz%‘?yzﬂfﬁﬂes&%&f@?&&cé&ﬁgE’oi@eﬁf@ﬁf@ﬁ?éf@%‘é%mmide as

product of the present invention, which can be expected to
RreMiderbiaher-plaityprastekhycroclittiider dimEtylsotventdsseddforethe
recrystallization of compound (I1) is not particularly limited provided that it
dissotrds compound (I1) to some extent and does not react with

conmound. (I). The solyent may be, for exam n ether soly chas
tetrahyﬂﬂﬁfé?&%?scﬁgw}l‘éstﬁtgp 6%/ 8%% A é?uaaﬁli Io%lﬁr? g?ed%é%%ﬁ%&%% as
chloromethane i L 2:4ighIgrosthangs A natis s peARIoaSRIYEN or
uch as benzene, toluene or xylene; a nitrile solvent such as acetonitrile,
Riopienitietoy heronittiellol dimmickessdiventistathcgslooctane,
dimethylformamid,.., dimethylacetamide or dimethylimidazolidone. Ether

shvehieyslonndre g\ e e HRe Hrd rEna S aRE S CRESHRFAE T NG Sr¥rerred.

The t ture during ¢ tallization.is tynically: 30C, to 80C,
SPRRHAB) ot oI FRorE e rabl DG & BOC ANeF desoluton, the

sgﬁlilgg%' gradually,cooled. It is preferred that a poor solvent (preferably
water added thereto at 30C, which is then cooled to -5C to 10C and stirred
for 1 holiidarbdumurs’ thedmee wrydbial thiaytenso tpiealtiet at rfemdéy. Briprably
i
(O.)S 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,
tetracthylammonium 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



This step is a step which involves acetylating compound (1) by reacting an
acetylating agent therewith in a solvent in the presence of a base and an
acylation catalyst to produce compound (I).  The acylation catalyst used
in this step may be, for example, a 4- dialkylarainopyridine such as
4-dimethylaminopyridine, 4-diethylanihopyrid e or
4-dipropylaminopyridine, and is preferably 4-dimethylaminopyridine,.

The amount of the acylation catalyst used in this step is typically 0.1 to 10
meleshased 3odumalecaficenpaissit hranddnay besisechimaniexceskkali
amount.  The acetyiating agent used in this step may be, for example,
mesiicodiveydricedonpbgmrinstide, et dssasipaaeEnd ety ddgacsium
The amount of acetic anhydride used in this step is typically | to 10 moles,
PR a8 R BB BH . F10R B COBOLNE 5 <58 Saon

oun he 'solvent

Mﬁ?&iﬂ is.sfep is not particularly limited provided that it dissolves the
starting material to some extent and does not inhibit the reaction. The

sqlvenrmeamb@mf@fmeanm@malprethems@Mﬁwumammtawgqumany
diethyl ether or dioxane; a halogenated solvent such as dichloromethane

601 2 ictisroethtael 1 drniane leydraiesipan SRt WrRRMEDENDRE the

toluene or xylene; a nitril lvent tonitrile, iQnitri

BRHSORA P AT O er 0 B R aLL D2 1o 03
methylageipmids ordimethylimidagalidanc, kihensalvapiRideslé alkali
alogenated solvents, nitrile solvents, or amide solvents are preferred and

tetrahyediidbgran, dichloromethane, acetonitrile, or dimethylacetamide is
more preferred.  The base used in this step is not particularly limited.

Tertiary zivaesoar empseitag 1ohe SFRpIFI 2 SRR RO S ressH dyent,
trie hygrunin tributylamine ar (i’is opyle ine, or, a triglkyl digraine
A o RO L e MO e ety - DR 1P
t&%@f}(ﬁé@é{lﬁﬁg{y@d@@%@p@ore preferably a trialkyl monoamine, still more
preferably triethylamine.  The amount of the base used in this step is
typicallyideca&iototase pretesably toiSsdetesdaseadtbartageie wivent,
compound (II). ‘

reaction temperature, or the like. However, it is typically 30 minutes to 24 hours,
~preferably 1 hour to 12 hours, more preferably 1 hour to 10 hours.

After completion of the reaction in this step, compound (II) 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 (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



The reaction temperature in this step varies depending on the reagent,
solvent, or the like. However, it is typically -50C to 50C, preferably -30C to
30C, more preferably -20C to 20C.  The reaction time in this step varies
depending on the reagent, solvent, reaction temperature, or the like.
However, it is typically 30 minutes te 124-hours, preferably 1 hour to 12
hours, more preferably | hour to 6 hours.  After completion of the
reaction in this step, compound (I) may be isolated by a technique
womReRly. used imthe finldof erganicsysaiheficehemistgimbkyeactiaride or
liquid may also be directly used in the next step (iv) without isolation of
doratytinddeyo Bdepe(iv) EtheT lnis vtets i aistlpsalkiersiavoReSBrediding
prasugrel hydrochloride by adding hydrochloric acid optionally dropwise to
%HB%EW%EQWQ@S%‘?L In this step, the adding of the hydrochloric

acid optionally dropwise. may,be.cared oy adding e eeid dggpwise

or adding It at one time or in two to’several divided portions. The solvent
piseckipithinstep ot RariguadimitedprovRe thatitdissoluesithtne
starting material to some extent and does not inhibit the reaction. The -
Wiutisolieatrdvallbeofladexainislaredprighatic MRRIrsa AR (PEeferply water) is
hexane, cyclohexane, heptanc or ligroin, or_pgtrol ether; an. aromatic
AU D B X aoh s PR &h ,efb‘fﬁ%}?é{] & Qyér{%;ﬁg%h@a%gesﬁiﬁa%%r ot o
racarbon.sych.as dishloramethane, Galroderm, carbon tetrachloride,
?,)éd?é?fghIoro%%anﬁ%hlo%enzene or dichlorobenzene; an ether such as
diethyl@thetiigliisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane
or diethylenc glycol dimethyl ether; a ketone such as acetone, methyl ethyl
ketoneovigiisthy ketoneyiphaar sefcrrey atng SueraeprEpyyaeatans ot
butyl acetate; a carboxylic amdAsuch.aﬁ acetic acid or propionic aad};lﬁo%

| ARFTRGRN A8ET SATERIT e D A SROpTBhit al 4c

€ Sence o
g. Eli ers, ketones, esters,

car {@ﬁg@&e%rom e84 preferred; tetrahydrofbran, dioxane,
tone,

ace ethyl ethyl ketone; ethyl acetate, acetic acid, or acetonitrile is
more prefestttetramytyolused, iditxasep acsticcadid orawelionets still
more preferred; and acetone is most preferred, ) . .
dialkylaminopyridine such as 4-dimethylaminopyridine, 4-diethylaminopyridine or
4-dipropylaminopyridine, and is preferably 4-dimethylaminopyridine.

The amount of the acylation catalyst used in this step is typically 0.1 to 10
mole% based on 1 mole of compound (IT) 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 (ID).

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. ~Ether solvents,



The reaction temperature in this step varies depending on the reagent,
solvent, or the like. However, it is typically -20C to 100C, preferably OC to
70C, more preferably 30C to 60C, most preferably 40C to 55C. The
reaction time in this step varies depending on the reagent, solvent,
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,
h‘l[&?%é%’%&das%%% of it the, Becessay RN Ricallyrdhenagessary
amount is equimoiar to the thienopyridine form) of concentrated
thysioehiarieacid i tba sokitigncat Ofititicl 0Cpreterabby35C:ta 60@) over
a period of 2 minutes to 10 minutes, adding a seed crystal as needed,
destfowasd by reaction at the same temperature for 30 minutes to 2 hours,

and further dropwise addition of the remaining necessary amount of
concgﬁ P@&eﬁ%ﬁﬁg%%ﬁcs%egiég cr)l%rpg%léﬁ%g%%l Cterrainurt}lees to 2 hours, -~
%Pék%%&! By E%%EQ’ 3t PGito 706 dBrafasaliy 25Giterghemifer ke tende or

ours. -18 - ter completion of the reaction in tins step, prasugrel
tiydiachigets lafibe presentlinyeiitionis sollectelhidnviheeetiction
mixture according to a conventional method. For example, the desired
cismabELIRIPIDISIENSEY BTEBIRENRENHE BrUShHITAREHRERTSTAP By REHSh
after com Ie%tcimn of the r acgggltg&ﬁﬁillin off the solvent after completion
ior.

ORR L LIS 2T cOmpound obta

obtained may be, if necessary,

furtherpurified Ry & eanventionalimetiode. fas exacmame; recryskallisap@erably

reprecipitation, or chromatography.  Prasugrel hydrochloride of the
presenidirgebiiand nay belalldfwenhpostandln the air or recrystallized to
absorb water, thereby having an adsorbed water or becoming a hydrate;

the waldIcaBHEHNIEgRBFHEBUNE 81815t R NEDMPARERATH & HrasErfrel- sclvent,
RN afy aatrt b 8 SoREn 0 o8 Socormio e

§t?383%r§00§0°C more
0 vent'is also eéncompassed by a prasugrel

hygraghioride-ef thegeresent invention. The content of CATP in the
prasugrel hydrochloride is measured by liquid chromatography and
expresad faapércetitagebiyiaste (@4)ins tefasdoizie donterieat.GATAIN

free prasugrel.  The content of CATP in the high-purity prasugrel

Hy 8T BERIGHRS G tFe B‘féé%Hmveﬁ%ﬁ:}’sﬁ’iy’ﬁi@ﬁﬁé@%ﬁ%&&"gﬁe"féﬁa%?ﬁ“’

0.1% or e I 9 i erably 0.03%
R B e o S P the

prasugreliby dsachiatigeo thiad isathierpiashigratponient cal(Demeasisedted by
as described for the CAIP content.  The purity of a high-purity prasugrel

hythdehipkdemccontinged théhprégdminvettiosyribpbicalgrnsty or Mibre,
prrgcetrigglgq%% ng)aryr’ggroebén ﬁggcﬁg%%%t%l t%g()r/l%gtrsrge]g r(?\'f) 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 ﬁsed in this step is not particularly limited provided that it

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



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 - 19 -t 9rapeutic agent for seases caused
by thrombus or embolus (particularly, a therapeutic agent), more
preferably a prophylactic or therapeutic agent for thrombosis or embolism
articularly, a therapeutic agent)). In addition, the medicine is preferably

STOIEHEEH Rrarkel Sistude. aRimRRtE SR et ab RPBras 6 Tt AYaHhicxane,

nheD dspd a8 a heraneutic g prophyiactic agcnt fos he discases, 2
efjﬁgah-purl praSugPeIlhyc#oc% orida of the present Ifvention can pe >

t RGNS RA DS B8R RPHIRRI A . Withs & RRREMAeMtcalY 1 oroform,
acceptable excipient, diluent, or the like orally in the form of tablets,

carapsutesichieainialels 2 pbviders; teyngpshor thenlikecorr phckhtersdlyziméhen ether

form of‘ln'!ei:/tions, suppositories, or the like. ~ These formulations are

SUCH Bt 1 KRBT PRELES - Jeimf udraitvas Hexmnngimetaoyatbane
s R sl skl i GRS ISHT Heraitives HeNfihg! HeFs R
o@l%ﬁeﬁgr (%mg]l]%fgo A gep”a‘e[(s?t@ﬂg Sus(é)fllgdai'ragee’[g(\rilﬁ:[ Ivee Sgtg 9 ctone or

ose, sucrose, g , marinitol, or sorbitol; star erivatives such as
drag] Htewgh; patale siarehsaSiarehotaledBX P, Letilosewierivativas. such
as crystalline cellulose; gum Arabic; dextran; or pullulan); or inorganic
ciilhorsy (& goiditiectadarivatvad suptraistightcahhydrousikilivichasidgetonitrile
synthetic a%minu silicate, calcium silicate, or magnesium metasilicate
h

O RIRIORIE 5 h oS REE S 600 Sa S LI GRRON I HS ST BE PHEHES PSR
tHEN &S KRG ua@ogaﬁ%%@é&m@rlﬁuH@}F&ﬁg&%ﬁoﬁé{%ﬁlgmﬁf@%&zﬁc agid, or

lubricants (which may be, for example, stearic acid; stearic acid meta
asatiaistien v sl gt stdaratelordndgnesiiok sieaiada: il waxesHadehstill

as beeswax or spen-naceti; boric acid; adipic acid; sulfates such as
n¥ydipreieudteng gevhiamaristeieiestdium benzoate; D,L-leucine;

Iauryli Ifates such as sodium lguryi sulfate or ma%rlgesium lauryl sulfate;

silicatb®JGRR"SE SHRRS ARG AP d OF F) PR SRR e g ragent. solvent,
ogﬁ{évfﬂgé/.e %o@%%?qﬁgqgﬁ)ca %ﬂ%sd‘%@iﬁib‘&?é@f‘erﬁg{ﬁfa@@'%%, more
hydroxypropy! cellulose, hydroxypropyl methyl cellulose,

ppeihydislyl pgP©lid @0eC macsogelcarttomirauindsssimilar to an excipient as
defined above), disintegrators (which may be, for example, cellulose

derivatifeS i dEne W suis stREY Ky dokpeBp PRCERURSEENT, solvent,
rgaartbox?%meth cellulo €1 %r_boi%r&%tkyl - Cel%lﬁl se.ca](ciumwrhours’

=20 -
htema yméjr%ss- ifked ear oxymetth céﬁh’l%%]ep 56 ﬁmr;ntl: %ﬁ%ict:%l

preegifiad starches/cellylases such as carboxymethyl starch, sodium
carboxymethyl starch, or cross-linked polyvinylpyrrolidone; or a starch
derivaivecdsciefimebodbnve) o€ thelsifiers {wisiti drvely dheirforl exadipie ving
colloidal clays such as bentonite or veegum; metal hydroxides such as

CRTBRPEAIIM RyRiIRRfe GORRIIIRGR HRRIPE RIS thererfEsatr RRRits (Srurel.
odi uryl sulfate or calcium stearate; cationic surfactants such as
B e S T O e
hatkdatbat Relyxyethylensnsarbianfaty@gicestely O acsHERRSE faliyr a
acid ester), stabilizers (which may be, for example, para-hydroxybenzoie
pestats Sdchingtendthlipaiaiien edgrepyisafabesabicototeduchlawed by
chlgrobutanol, benzyl alcohol, or henyleth¥l Icohol; benzalkonium
“GHibRAG HEHRS SURRERHRARDT P ERUGS GBS AN LRy T HEB e

A6 A PRI ACID:CATHAS B, (NG MRY BR e L RAMRIS LMW o ver
used sweeteners, acidulants or flavorings), and diluents.  The amount

pefivde frgredghmeyvaryicepehdingedrbsyaiptams: age tandthedikerasid it
may be administered to an adult human once to seven times a day orally

2af & tewér fimieot baumg 3pkedErably | mg) per dose and an upper limit of
1,000 mg (preferably 500 ma) per dose or intravenously at a lower limit of
0.01 mg (preferably 0.1 mg) per dose and an upper limit of 500 mg
(preferably 250 mg) per dose, depending on the symptoms. Thus, 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

ma/lka) ac an rinnear limit faor oral adminictration and O 00017 mal/lka



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. Example 1
(1) 2-Fluoro-a-cyclopropylearbonylbenzyl chloride (step (i)) A mixture
of 100 g of cyclopropyl 2-fluorobenzyl &etone and 886 g of
dichloromethane was stirred while cooling with ice to provide a mixed
solution. Into the resultant mixed solution was blown 3.98 g (0.1 ‘
equivalgt) ohehllatieogds: ovartmparitdset20 prisuges Wgite dhiersds et d
temperature was maintained to be not Higher than 5C, which was then

Btivesd foraiohdueaiatiedsime fnipRTaalrBlEUFRACOIOIBR £ StHERORD
of chlarine gas was blown thereinto over riod of 220 minutes at the

WsHie%e ﬁ%rﬁfﬁ?@@v HWAS ?é%é%@%‘%@%‘?ﬁﬁ%“r%‘% %%8 mgﬁl‘:‘%ﬁ e same
%%@ {ﬁ%rgrystaﬂgﬁﬁl?ﬁmeﬂ%@ QidherRACHOM: 238 & 3% St the

hiosultate aqueous solution was added dropwise to the resultant reaction
selvdianfindensiletiog wiie thecsotutiohitedepieed tuvernas dneittiarten 2p e if
not higher than 15C. After the dropwise addition, the solution was stirred
feceBaninieeanurifen By pjeetsanieraalqurthed plrRRR S e tafBR T HE O
resultant organic Igger was Wgshed sequentially with 589 g of a precooled

BRSOy GF S ?1%3? i g'aqueous solution and 168 a of precooled

water andithen GoRcRAlRIed smdenreducad iassura o Provdedtd stgnafin

the title compound (pure content: 95.4 g, yield: 80%) in an oily form.
Bueriig dheseyspdiatibtisather'soationthernipe rating wasdsepieat 9Tt 5C.
(2) 2-(tert-Butylciimethylsilyloxy)-5-(a-cyciopropylearbony1-2-

TRaeroba AR ATE, FOHARY EFORRG BTSRRIy sse e

ixture of 115 g of 5,6, 7,7 a-tetrahydro-4H-thi _clpyridin 2-
b S S ot S o

gt ne Yas So0eshAQ: 4 rbteietbylaaise bwhishwagethetdrochloride

stirred at 25C [or one hour to provide a mixed solution. To the mixed

sofuhiopragere adeleib8.1 g of the 2-fluoro-a-cyclopropylcarbonylbenzyl

Chloridengtggggtigf%%&lzlg'i%' (e)fprasugrel hydrochloride is measured by liquid
chromatography and expressed in percentage by area (%) in terms of the content of
CATP in free prasugrel.

The content of CATP in the high-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



triethylamine, and 1.57 g of sodium iodide, which were then reacted by
stirring at 45C for one hour and further at 52C for 5 hours.  After
completion of the reaction, to the resultant reaction solution was added a
total amount of the phosphate buffer solution prepared by adding distilled
water to 9.50 g of 1(1-11PO4 and 0.9% g of Na4-IPO4.12H20 into a total
weight of 358 2, which was then subjected to liquid-separating operation,
followed by subjecting the aqueous layer to back extraction with 116 g of

dighioromethane, The Jesyltant PEIARIC IaNEr s IBtAMBIReE.ARY, 2

concentrated under reduced pressure until the residue reached a volume
BE2PSuI aTheretaoneasraidaedydy fronbfyaeetonitrileaamdithegpes titant
mixture was then concentrated under reduced pressure until the residue

feastedacvemheions P inularty tAdhednnain feeidue wadddHes 338 g of

acetonitrile, which was then stirred at 30C, for. 30.minutes. Subsequently,.
S SRS SOhERT PR R A S S BE Tog g ein
hayLs The precipitated crystal was collected by filtration, washed with

69.0 g of precooled acetonitile, and dried under reduced pressure to
provid&vhad w«f ibe titkeapemjpornttophylé8)ic agent for the diseases, a high-
2-Acetoxy-5-(a-cyclopropylcarbony1-2-fluorobenzy1)-4,5,6,17-
mﬁééﬁyeaﬁ@mréﬁafh@%ﬁwﬁ e REgsauhinventigcanae AdBinigyed Ber se or
2-(tert-butyldimethylsilyioxy)-5-(acyclopropylcarbonyl-2-fluoyobenzyl)-4 -
BB A Gt A AR A T o iy it e
413901 dsHimethyRminapyiidingranty S Sefacataniisle was added
dropwise 3.90 g of an acetonitrile solution in which 4.13 g of acetic
anteytsidiyiashdifsaivetingndthe sepplisitimmixurtiwakereacted by stirring
at OC for one hour. After completion of the reaction, 50.6 g of cold

water WASSBARIHH P RISUITARRSEACHOHCSORMION, WA b2 tAEA LHFFd
AR RA IR ES, I L RIRIER CrRIRl AR Oles o B HUERUAD

washe IXe tion o &f acetonitrile and11. g of water,

anenthendried unpderretcad RiassHse 9 Riide d@:8ioiefithailleuch as
compound. -23 - Melting point: 122 to 124C.

com starch, potato starch, o-starch, or dextrin; cellulose derivatives such as
crystalline cellulose; gum Arabic; dextran; or pullulan); or inorganic fillers (e.g.,
silicate derivatives such as light anhydrous silicic acid, synthetic aluminum silicate,
calcium silicate, or magnesium metasilicate aluminate; phosphates such as calcium
hydrogenphosphate; carbonafes. 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), b’inders (which may be, for
example, hydroxypropyl cellulose, 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, carboxymethyl



(4) 2-Acetoxy-5-(a-eyclopropylearbonyl-2-fluorobenzyl)-4,5,6,7-
tetralaydrothieno[3,2-c]pyridine hydrochloride (step (iv))  To 8.00 g of
2-acetoxy-5-(a-cyclopropylcarbony1-2-fluorobenzy1)-4,5,6,7-
tetrahydrothieno[3,2-elpyridine obtained in (3) and 398 mg of activated
clay was added 43 g of acetone, ap%r_le resultant mixture was then
stirred at 32C. The reaction solution"was filtered, the residue was washed
with 4.41 g o acetone, and then 1.12 g of 36% concentrated hydrochloric
acid was added dropwise to the solution at 52C over a ?eriod of one

celiinstecattisrat O WAS RS 9852 1Lsd ey s GIrLpssaEem:
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ch was then stirred at the same temperaturé for one
caesilyiiaddisianhl Qo el B8%dcenseniatee seipshiprc el was agdet
dropwise thereto over a period of one hour, which was then stirred at 40C
defonel hbavs Janth flsifiers4n300 foryl Heoler Thamplecipitaidd! clystaduwhgs
collected by filtration, washed with 15,8 g of acetone, and dried under.

beriftedTYESEHTE BEEIEIIOSIABLILD ProvigReBon pygramesife aluminum
. It] int. t : .
R e e S AP e g Gl s
cAluprokeraykht, ublY ateteahytiaihientibAdchwridine (stepritants T@ehQO
g of the compound (Il) not subjected to a recrystallization operation,

rdbtaiysbyilemxaling lether2palrexaedets 26 foghofadetoriaifecsighich faEsThEN
stirred at 50C for 10 minutes and cooled to 30C. Subsequently, 40 g of
L WL BT STEC HIaRAS B KPR R e o A e
@30 mines, whichwasihen:cealed ok 0t SHEaS Aidhe RAMEnzy]
temperature for 3 hours. The precipitated crystal was collected by
alibation, phaskhrdhwith b ¢ dfeprationteanadetoidtich aott duddasndernol, or
reduced pressure to provide 37.6 g of the title compound. -24 -  (2)

SNk dHRIS e ARHBHIPRaRBISH T SHRiG FSibng g7 eansse bich may be, for
e%%%%? J%&%ﬁﬁﬁgﬁlE%QgggléengStgtg(%ﬂlpnts oyﬁg]\%r%r%%}]aga diluents.

Silyloxy urcyclopropyicarbon
fluoropenzyl:the9 (stetiakydrethiensl3sslemiding aiaingd Rd1dnd the

reaction and post-treatment were performed accordina to Exampfe 1(3)to
lipeowideitlfiay o dnaditeedmpouadiiMelting poirttdl @R do 1D4€Ca day orally

at a lower limit of 0.1 mg (preferably 1 mg) per dose and an upper limit of 1,000 mg
(preferably 500 mg) per dose or intravenously at a lower limit of 0.01 mg (preferably
0.1 mg) per dose and an upper limit of 500 mg (preferably 250 mg) per dose,
depending on the symptoms. Thus, 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.



(3) 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine hydrochloride (step (iv))  Using 8.00 a of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyi)-4,5,6 7-
tetrahydrothieno[3,2-c]pyridine obtained in (2), reaction and
post-treatment were performed accorfing to Example 1 (4) to provide 8.01
a of the title compound. Melting point: 192 to 196C. Reference Example 1
(1) 2-Fluoro-a-cyclopropylcarbonylbenzyl chloride (step (i)) A mixture of
100 g of cyclopropyl 2-fluorobenzyl ketone and 886 g of dichloromethane
was stirred while cooling with ice to provide a mixed solution. Into the
resultant mixed solution was blown 3.98 g (0.) equivalent) of chlorine gas
over ag erio %f 20 minutes while the solution temperature was

maint § be not higher than 5C, which was then stirred for 0.5 hour at
the pithy t@!ﬁ&%@&ﬂ%@%g@?%%%rﬁy@&éﬁg&w@ﬁet@@@c@prlne gas
was blown thereinto af the same temperature over a period of 220

minutes ranadihefSdltiiat teriperatybatasthemgyhtiemiy rais8dtqg 20C,
followed EE%gltirring for one hour for reaction.  After completion of the

Jishlerom ST i a6 FHFeCO BRIl VR R A Y HA ded AR PYIHSeA B s el Bt et
' luti hile stirri ich tirred for. 10.mj
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separating operation. resuitant organic layer

washed seaLeyaly wihB3% MHe QbaiBBHAaHRE8RAUMRS maintained to be not

hydroaencarbonate aqueous solution and 333 mL of water and then
hipheertisatetC untieh reauted priessdiferto.piavidet 1R9sgnof thmpitteture.
compound (pure content: 96.1 g, yield: 81%) in an oily form.

: ) 2) .
Purthtosy e (cyeIS S CArbRATNS SRIcHEbAIAA 8B over period of
hydrothi 3.2- idine hyd ' ii i '
pruglniabgteas b Rt e o

g (pure con -lluoro-a-cyclopropylear enzy
ahleride ebinedin (1), reaction and post-treatment were performed

according to each of Examples | (2) to (4) to provide 8.10 u of the title
compodtfigr completion of the reaction, 236 g of a 3% sodium thiosulfate aqueous
solution was added dropwise to the resultant reaction solution under stirring while
the solution temperature was maintained to be not higher 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 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-¢]pyridine (step (i1))
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-butyldimethylchlorosilane, 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-cyclopropylearbonylbenzyl chloride obtained in (1), 70.8 g of



Melting point: 194 to 196C. Reference Example 2: (Production of Impurity
CATP Standard) (1) 5-Chloro-1-(2-fluorophenyl)pentan-2-one  To 5.00
g of cyclopropy! 2-fluorobenzyl ketone was added 25 mL of 36%
concentrated hydrochloric acid, which was then stirred at 100C for 2.5
hours. After the completion of reactio?i the reaction solution was cooled,
to which 50 mL of water and 50 mL of dichloromethane were then added
for the liquid-separating operation. The resultant organic layer was

Washeshwith 5Q mi7of arsatucated saelwhi by dragencarbanat®d aee st
solution, dried with anhydrous magnesium sulfate, and then concentrated
4fiideforethededipressuréhto providelerZohgust.the title compound in an oily

form. (2) 1,5-Dichloro-1-(2-fluorophenyl)pentan-2-one . To0 9.44 g of
o chiofohF: COGUTOP R DB B R ot S clsgL ke V1 e =

%an%g?éﬁn@& a&i&%p%'sg{%ﬂ%ﬂ%?sémefﬁ'ﬂ%yeﬁ R 0fehlarng gasMas,

Oown over a pe of one minute while the solution temperature

was mairtaires) ahd 50sfelkved iy GLimpyGithe.samevieigperatgtesforhich

0.5 hour. hi addition, 1.19 L of chlorine gas was blown thereinto at the
vamidde vl ¢odieta-pantiog DoiiieRe Nomeh Wastinshatithed at

th t for 1.5 hours f tion.  Aft letion of th
FASEREN 8 06 & FORCLT ol AEL O SBH S Bt o
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tant organic layer was washed sequentially with 56 mL, of an 8%
sefinnbydraueneakendte |dqueousTsetuiionandda Hils gfofateromtidd, and
with anhydrous magnesium sulfate, and then concentrated under reduced
e seursan eixsialtu thesidoacrrisasebiacrsdadrarstinesow aina@y the residue

reduced pressure ovjde 3.80 g of a fraction,containin esired
A RIS LoBras Do AR e AT R o S ed by
%@%ﬁ%ﬁ?%‘&%&’%@ﬁ%{ﬁ%&(%ﬂ@f&r 30 minutes. Subsequently, 122 g of

water was added thereto, which was then stirred at 0°C for 3 hours. The
precipitated crystal was collected by filtration, washed with 69.0 g of precooled
acetonitrile, and dried under reduced pressure to provide 131 g of the title compound.

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

To a mixture of 15.0 g of 2-(tert-butyldimethylsilyloxy)-5-(o-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[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 cbmpound.



solvent: n-hexanelethyl acetate = 19/1 (WV)) to provide 1.21 g of the title
compound.  (3)
2-Acetoxy-5-(5-chloro-1-(2-fluorophenyl)-2-oxopenty1)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine  Using 1.21 g of
1,5-dichloro-1-(2-fluorophenyl)pentajkr2-one obtained in (2), reaction and
post-treatment were performed according to Examples 1 (2) and (3) to
provide 1.71 g of a crude material containing the title compound. In

dition, th terial yas purified by silica gel column chromatography
M?gh%%ogrgﬁe%i%égﬁgﬁe/ethyl acetate = 5/1 --> 3/1 (V/V)) to provide 0.77

g of tige j S MiZ):-410
L D R . 21

teRA26 At Bl o PBB-2pFbiding bid)ohrRife (tSndik, 21-1), 2.85-2.90 (in, IH),
3.43-3.59 ﬁm, 4H), 4.74 (s, 1H), 6.25 (s, 1H), 7.10-7.20 (m, 2H), 7.31-7.36
(in, 1F $PU 2 la7asatopay Tiest Estamhpy e arbopyiethBroror suesbting . 7-

tegﬁ{y&%}ﬁ‘é{ﬁg@%‘%‘ﬁjﬁﬁ%ﬁgPAQdFiﬁa@%r&* ;&%ﬂ Frrcl?%::c]} arlé 1%21ted ;rlgze was

contents o sug In prasugrel hy oride was measured
aRRdleseibedbelawand o REAESIOMIIBWAe e St 7 3 yas

dissolved 150 ME of prasugrel hydrochloride to 100 mL Under the
refoiipwisgusomdition8ltaed, theofshdus oatioreshad wtlbjée%_é_@ 08 Hq@ﬁfqhe, and
sEIpTRLography for meacuremen, Measurement condiions (lauid,
solution at 52°C over a period of one minute. Thereto was added as a seed crystal
238 mg of crystal B2 obtained by the method described in Japanese Patent Laid-
Open No. 2002-145883, which was then stirred at the same temperature for one hour.
In addition, 1.07 g of 36% concentrated hydrochloric acid was added dropwise
thereto over a period of one hour, which was then stirred at 40°C for 2 hours and
further at 30°C for 1 hour.  The precipitated crystal was collected by filtration,
washed with 15.8 g of acetone, and dried under reduced pressure at 50°C for 5 hours
to provide 8.03 g of the title compound.
Melting point: 194 to 197°C.

Example 2

(1) 2-(tert-Butyldimethylsilyloxy)-5-(c-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.



Detector: ultraviolet absorptiometer (detection wavelength: 240 rim)
Analytical Column: Cadenza CD-C18, inner diameter; 4.6 mm, length; 15
cm, particle size; 3 pm Guard column: none Column temperature: 40C
Mobile phase: 0.01 moUL potassium dihydrogenphosphate aqueous
solutionftetrahydrofuran:acetonitriie~243:5:2 (\INN) Flow rate: 1.0 mL/min.

Table 1 (Content of CATE in Prasugrel Hydrochloride) Content (%) of CA
EP in Prasugrel Hydrochloride

(2) 2-Acetoxy-5-{a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine (step (111))

Using 22.5 g of 2-(tert-butyldimethylsilyloxy)-5-(a-cyclopropylecarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine obtained in (1), reaction and
post-treatment were performed according to Example 1 (3) to provide 16.4 g of the
title compound.

Melting point: 122 to 124°C.

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

Using 8.00 g of 2-acetoxy-5-(c-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine obtained in (2), reaction and post-treatment were
performed according to Example 1 (4) to provide 8.01 g of the title compound.
Melting point: 192 to 196°C.

Reference Example 1

(1) 2-Fluoro-a-cyclopropylcarbonyibenzyl chloride (step (i))

A mixture of 100 g of cyclopropyl 2-fluorobenzyl ketone and 886 g of
dichloromethane was stirred while cooling with ice to provide a mixed solution.
Into the resultant mixed solution was blown 3.98 g (0.1 equivalent) of chlorine gas
over a period of 20 minutes while 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



Example 1 0.031 Example 2 0.014 Reference Example 1 0.042 The
content of prasugtel and CATP are expressed in percentage by area (VD)
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 $hown 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
additied et chaine gaspanddbedeactivndhiekeaftep iusiep i) werent: 96.1 g,
performed at low temperature, than in Reference Example 1 in which the
yesadtiblVafteeadditiéeros chlorine gas was carried out at room

T oy S ey Slorony Iearhoay A I bR SHIIE - 28 -
tetrahydrothieno[3,2-c]pyridine hydrochloride (steps (ii) to (iv))

Using 105 g (pure content: 78.3 g) of 2-fluoro-a-cyclopropylcarbonylbenzyl
chloride obtained in (1), reaction and post-treatment were performed according to
each of Examplesn 1 (2)to (4) to provide 8.10 g of the title compound.

Melting point: 194 to 196°C.

Reference Example 2: (Production of Impurity CATP Standard)

(1) 5-Chloro-1-(2-fluorophenyl)pentan-2-one

To 5.00 g of cyclopropyl 2-fluorobenzyl ketone was added 25 mL of 36%
concentrated hydrochloric acid, which was then stirred at 100°C for 2.5 hours.
After the completion of reaction, the reaction solution was cooled, to which 50 mL of
water and 50 mL of dichloromethane were then added for the liquid-separating
operation. The resultant organic layer was washed with 50 mL of a saturated
sodium hydrogencarbonate aqueous solution, 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



hydrochloride was also reduced more in Example 2, in which
2-(tertbutyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl1-2-fluorobenzy1)-4,5,
6,7- tetrahydrothieno[3,2-clpyridine obtained in step (ii) was purified by
reerystallization, than in Example | in which the recrystallization was not
performed. Industrial Applicability ~ gﬁ&:cording to the present invention,
high-purity prasugrel hydrochloride with a reduced content of impurities
such as the by-product CATP and a method for producing the same are
oppraiinad. Tizoresgitameszanie fsers svrior LA pFatyghath 56 mL of an
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represented by the formula:
resultant residue was subjected to distillation under reduced pressure to provide 3.80

g of a fraction containing the desired compound (100°C to 105°C/48 Pa). In
addition, the fraction was purified by silica gel column chromatography (elution
solvent: n-hexane/ethyl acetate = 19/1 (V/V)) to provide 1.21 g of the title compound.

(3) 2-Acetoxy-5-(5-chloro-1-(2-fluorophenyl)-2-oxopentyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine

Using 1.21 g of 1,5-dichloro-1-(2-flucrophenyl)pentan-2-one obtained in (2),
reaction and post-treatment were performed according to Examples 1 (2) and (3) to
provide 1.71 g of a crude material containing the title compound. In addition, the
material was purified by silica gel column chromatography (elution solvent: n-

hexane/ethyl acetate = 5/1 — 3/1 (V/V)) to provide 0.77 g of the title compound in

an oily form.
Mass spectrum (CI, m/z): 410 [M~+H]".
'H-NMR spectrum (400 MHz, CDCl3) & 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 puL of the
solution was subjected to liquid chromatography for measurement.

Measurement conditions (liquid chromatography)



with a compound represented by the general formula: 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:27 -

Detector: ultraviolet absorptiometer (detection wavelength: 240 nm)

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

Guard column: none

Column temperature: 40°C

Mobile phase: 0.01 mol/L potassium dihydro genphosphate aqueous
solution:tetrahydrofuran:acetonitrile = 13:5:2 (V/V/V)

Flow rate: 1.0 mL/min.
Table 1

(Content of CATP in Prasugrel Hydrochloride)

Content (%) of CATP in Prasugrel Hydrochloride

Example 1 0.031
Example 2 : 0.014
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 after addition of chlorine gas was carried out at

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



SL.LP -30-wherein R has the same meaning as above, 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: in a solvent, thereby pigducing prasugrel hydrochloride
represented by the formula: TR

hydrochloride was also reduced more in Example 2, in which 2-(tert-
butyldimethylsilyloxy)-5-(c-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine obtained in step (ii) was purified by recrystallization,

than in Example 1 in which the recrystallization was not performed.

Industrial Applicability
According to the present invention, high-purity prasugrel hydrochloride with
a reduced content of impurities such as the by-product CATP and a method for

producing the same are obtained.



-31- characterized in that, in step (i), the temperature during the
addition, optionally dropwise, of the chlorinating agent is -20C to 5C and
the reaction temperature after the addition, optionally dropwise, of the
chlorinating agent is -20C to 5C. 2. A method according to claim 1,MCSLLP
characterized in that, in step (i), the temperature during the addition,
optionally dropwise, of the chIorinatTr?@ agentis - 10C to 5C and the
reaction temperature after the addition, optionally dropwise, of the
chlorinating agent is -10C to 5C. @LAMm®thod according to claim 1,
characterized in that, in step (i), the temperature during the addition,
1optioratyedropdsprafidiegchiginading éaenlds ¢ddmpiABdHO sEpastoN
temperature after the addition, optionally dropwisc, of the chlorinating
agentipctiQriimbitg dAcotmprrihdetpesontio jalanyengef claims Ito 3,
characterized in that the temperature of post-treatment after the end of the
reaction in step (i) is -20C to I5C. 5. A method according to any one of
claims Ito 3, characterized in that the temperature of post-treatment after

the end of the ren in step (i) is -10C to 15C. 6. A method according

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

(ii) reacting the resultant compound represented by the formula:

Cl

Iv)

O
F

with a compound represented by the general formula:

. / l NH

S

V)

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:



-32- 7. A method according to any one of claims Ito 6, wherein the
chlorinating agent is chlorine gas. 8. A method according to any one of
claims | to 7, wherein R is a group represented by the general formula: R1
R2-Si- R3 wherein RI, R2 and R3 independently represent an alkyl MCSLLEF
group having Ito 10 carbons or an aryl group. 9. A method according to
claim 8, wherein RI, R2 and R3 indé thently represent an alkyl group
having Ito 5 carbons or a phenyl group. 10. A method according to any
one of claims Ito 7, wherein R is a tertbutyldimethy Is i lyl group. 11. A
method according to any one of claims 1 to 10, characterized in that the
resultant compound representéd by the general formula (11) is
recrystallized from egers or A-ﬁt- in step (ii). 12. A method according to

an

wherein R has the same meaning as above,

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:

H3c—<O S F

in a solvent, thereby producing prasugrel hydrochloride represented by the

formula;



13. A method according to any one of claims 1 to 12, wherein the
aeetylating agent is acetic anhydride. 14. A method according to any one
of claims Ito 13, characterized in that the resultant compound represented
by the formula (I) obtained in step (iii) is used in the next step (iv) withotit; p
purification. 15. Prasugrel hydrochloride characterized by containing 0.3%
or less of CATP, produced by a methdd according to any one of claims Ito
14. 16. Prasugrel hydrochloride characterized by containing 0.1% or less
of CATP, produced by a method according\to any one of claims 1 to 14.

17. Prasugrel hydrochloride ch acterize containing 0.04% or less of
CATP, produced by a method accaggh

H3C—<
+ HCI

characterized in that, in step (i), the temperature during the addition, optionally

y one of claims 1 to 14.

(Ia)

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 method according to claim 1, characterized in that, in step (i), the
temperature during the addition, optionally dropwise, of the chlorinating agent is -
10°C to 5°C and the reaction temperature after the addition, optionally dropwise, of
the chlorinating agent is -10°C to 5°C.

3. A method according to claim 1, characterized in that, in step (i), the
temperature during the addition, optionally dropwise, of the chlorinating agent is -5°C
to 5°C and the reaction temperature after the addition, optionally dropwise, of the
chlorinating agent is -5°C to 5°C.

4. A 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 -20°C to 15°C.
5. A 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 (1) is -10°C to 15°C.
6. A 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.



19. Prasugrel hydrochloride characterized by containing 0.02% or less of
CATP, produced by a method according to any one of claims 1 to 14. 20.
Prasugrel hydrochloride characterized by containing 0.3% or less of
CATP. 21. Prasugrel hydrochloride characterized by containing G11%.6F
less of CATP. 27. Prasugrel hydrochloride characterized by containing
0.04% or less of CATP. 23. Prasugré? hydrochloride characterized by
containing 0.03% or less of CATP. 24. Prasugrel hydrochloride

7charagtarizrshbi caatabin R Ga%optigsssaf 8 TRheAan AmPRAGRGaH Cal
composition comprising a prasugrel hydrochloride according to any one of

agdatMchbimggads an active ingredient. 26. A pharmaceutical composition
comprising a prasugrel hydrochloride according to any one of claims IS to

824 aspamadiddeatiRgradiens ayuse reiRoPRY XIS QllERNE Ry dp
warm-blooded animals of a disease caused by thrombus or embolus.

represented by the general formula:

R1
b

RS

wherein R!, R? and R® independently represent an alkyl group having 1 to 10

carbons or an aryl group.
9. A method according to claim 8, wherein R', R? and R® independently
represent an alkyl group having 1 to 5 carbons or a phenyl group.
10. A method according to any one of claims 1 to 7, wherein R is a tert-
butyldimethylsilyl group.
11. A 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
ethers or nitriles in step (ii).
12 A 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 method according to any one of claims 1 to 12, wherein the acetylating

agent is acetic anhydride.



MCSLLP -34- 27. A pharmaceutical composition comprising a prasugrel
hydrochloride according to any one of claims 15 to 24 as an active
ingredient for use in the prophylaxis or tre u ent in humans of thrombosis

or embolism. MOSLLP

-33.

14. A 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 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 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 method according to any one of claims 1 to 14.

18.  Prasugrel hydrochloride characterized by containing 0.03% or less of CATP,
produced by a method according to any one of claims 1 to 14.

19.  Prasugrel hydrochloride characterized by containing 0.02% or less of CATP,
produced by a method according to any one of claims 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.
22, Prasugrel hydrochloride characterized by containing 0.04% or less of CATP.
23.  Prasugrel hydrochloride characterized by containing 0.03% or less of CATP.
24, Prasugrel hydrochloride characterized by containing 0.02% or less of CATP.
25. A pharmaceutical composition comprising a prasugrel hydrochloride
according to any one of claims 15 to 24 as an active ingredient.

26. A pharmaceutical composition comprising a prasugrel hydrochloride
according to any one of claims 15 to 24 as an active ingredient for use in the
prophylaxis or treatment in warm-blooded animals of a disease caused by thrombus or

embolus.



MCSLLP
-34 -

27. A pharmaceutical composition comprising a prasugrel hydrochloride
according to any one of claims 15 to 24 as an active ingredient for use in the

prophylaxis or treatment in humans of thrombosis or embolism.



