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Background Art

The compound having the formula:

H3c~<0 S F

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 prasugre] or a pharmacologically acceptable salt thereof of a high purity.

Prasugrel hydrochloride represented by the formula:

llllllllllllllllllllllllll lllllllllllll

*G00002*




/'l NH ROC S F UStep (i) FO Step (ii) (111)
(1'V) O0 RON\ -~ ON s~\/ Step (iii) HBCSI | FF
(1) (1) O ON(la) Step (iv) HBC S F OHC In the

formul ae, R represents a protZecting group for the
hydroxyl group. Patent Docunent 1: Japanese Patent
Lai d- Open No. Hei 6-41139 Patent Docunent 2: Japanese
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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. W096/11203



CATP, the present inventors have found that the
reaction tenperature can be controlled in the
chlorination step as step (i) of the above production
method to reduce the contentd-of the by-product CATP
i n prasugrel hydrochloride as the final desired
conpound. Thereby, the present invention has been
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the production nethod; a pharmaceutical conposition
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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 lemperature after the addition, optionally
dropwise, of the chlorinating agent as well as the temperature during the addition,

optionally dropwise, of the chlorinating agent.



phar macol ogi cal |y effective anmount of high-purity
prasugrel hydrochl oride. The present invention is: (1)
A net hod for producing prasugrel hydrochl oride,
conprising the steps of: (i¥-chlorinating conpound
(I'1'1) by adding a chlorinating agent optionally
dropwi se thereto in a solvent; (ii) reacting the
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(i1) reacting the resultant compound (IV) with compound (V) or a salt thereof
in a solvent in the presence of a base;

(ii1) 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 (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) A production nethod as described in any one of
items (1) to (3), characterized in that the
tenperature of post-treatnment after the end of the
reaction in step (i) is -16€-to 15C, (6) A production
nmet hod as described in any one of itenms (1) to (3),
characterized in that the tenperature of
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(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 (1) 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:

R 1
|
RZ_ S||__
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;



wherein the acetylating agent is acetic anhydride;
(14) A production nethod as described in any one of
items (1) to (13), <characterized in that the

resul tant conpound (I) obtai+fted in step (iii) is used
in the next step (iv) without purification; (15)
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(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 hydrochioride 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;



(26) A prophylactic or therapeutic agent for use in
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benzoyl, a-naphthoyl, (3-naphthoyl. pyridovl, thienoyl
or furovl group, a hal ogenoarvl carbonyl group such as
a 2-bronobenzoyl or 4-chl orobenzovl group, an

aryl carbonyl group substitut&d with a |ower alkyl
group(s); such as a 2,4.6- trinethyl benzovl or

4-tol uoyl group, a | ower al koxyl ated aryl carbonyl

BB UE NrRRlorSackiy %F ﬁmﬂor cBHR W@‘g)u A ?E%PCQQH

group substituted Wit OoXy suc

FAERADONXERAREY broud s6EH &%wtawewlcﬁsoﬂlcarc%%@@d%&m

group, a nitrated aryl carbonyl dgroup such

chelobértplb@BEaVI, calokex¥idaftRRON 29¥bh&OKRIboAN or cyclooctylcarbonyl
arvl carbonvl™ group substituted with a | ower

abloxy ey bartynyl stoup sabstautdd witiet loxy akokpayupbarzay b
group, or an arylcarbonyl group substituted with an
ragtpdxyaceyicgrons, @ af-ymhanipkddenikyyarbgnpiigoumsuch as a (E)-2-methyl-
carbonvloxvalkyl group including a
ToRgenayk sTosRy fhBtomAticgepupoepitteldngan arylcarbonyl group such as a
(5-net hyl - 2- ox0- 1, 3-di oxol en-4-vl) et hvl or
RﬁBZ%éhwpléh@%oBtnthfépblxayr&M thieppik aryfirayt guapp. & hal f
er $3 resi due of suc acid; an ester salt

PR ot bBROLERGY St - Pimaseres) oo b ingo eeghduseoup. an
d; b

Y RaPRe Hour i tulibvin REHF Aot el ) Bionds rovies-

tﬁh&ﬂvl&:w&q dr 43oHAY ?E&Yxl ox%aleléér%%)%yfé?r bO X%rpg%}x ﬁ@@ﬂus%gh as

as a- pival oyl oxymne 8xyc

A -4Bo 3 léthpa ?ﬁrxtlédrg&{xhxl-o% sﬁbitltheﬁlvah{w %asrl) OSSR ﬁ)‘}fh as a

tripropyls tri1sopropvlsi ter
BEdridxyBEndoSl, t_) cRBbWHRhRRE BY b Rhibtky BERHDL o HID o egmtr?t@a?e

protecting groups, silvl® groups are pret

Pyledrdomye Group Quchra0upt-figPb&se it &t -hirdobe,H¢ 5‘1%519' an arylcarbonyl
formula: RL R2-Si- R3 -9- wherein RL. R2 and R3

groefepbaideted| vyith e poeseaitoxyrarhbkyll sugheia Zaving 1 to 10
carbons or an aryl group and are preferably
@rﬁ:&@pé%h@wlgbeamélgk@np g suarylashony! group sebsticaedwits anmryl,

hen% group; and still nore preferred is a
St“é}F X)) tPPF’éDflh%ItZWI gfoupy a @qﬂe@p loxyabion gravg indudinga

sent invention, th al kyl roup having 1 to 10
(&ﬁ)ﬁi%ﬂ aylmethyl group such as a (5-methyl-2-0x0-1,3-dioxolen- 4 -yl)methyl or
(5-phenyl-2-oxo0-1.3-dioxolen-4-yl)methyl group; a half ester salt residue of succinic
acid; an ester salt residue of phosphoric acid; an ester-forming residue such as an
amino acid; a carbamoyl group; a carbamoyl group substituted with one or two lower
alkyl groups; a carbonyloxyalkyloxycarbonyl 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:
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may be a straight-chain or branched al kyl group having
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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.
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Brief Description of the Drawings Figure 1 is a liquid
chromat ogr aphy of the prasugrel hydrochl ori de obtai ned
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t he prasugrel hydrocbloride obtained in Exanple 2;
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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.



hydrochloride is as follows. Step (i) This step is a
step which involves chlorinating conpound (111) by
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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 reaction tenperature after the addition optionally
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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 (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 (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).
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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,
tetracthylammonium chloride, tetraethylammonium bromide, tetrabutylammonium
chloride or tetrabutylammonium bromide, or trialkylmonobenzylammonium halides
having alky!l groups having 1 to 20 carbons, such as trimethylbenzylammonium

chloride or triethylbenzylammonium chloride; alkali metal bromides including
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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 (IT) 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 hvdrocarbon solvent such as

benzene, toluene or xylene; a nitrile solvent such as acetonitrile, propionitrile or
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The acetylating agent used in this step may be, for example, acetic anhvdride
or acetyl chioride, and is preferably acetic anhydride.

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

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,
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preferably 1 hour to 12 hours, more preferably 1 hour to 6 hours.

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 (1v) 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
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Howevige-redckioh $ jol WV to 10 hours, e
pr ef ergkgey 10 erﬁh%u%tggé itnothé %{éodl}?h tn%§ ISPEPE P & reagent, solven,

@TROTkITe N o WEv el h%sstgfﬁeal'hs e @fett)hgg decfprabﬂ 8d| € opore

di ssol ving conpound i n acetone, “dropw’se a

ot febeetll§ J(oﬂmetorwesmwpr@mt 40toRi s y. the
necessary anmount is equinolar to the thlenopyrldlne

f or mThefreatioo emier iatthid stepydiies dbgendmheasithe t@gtMesolvent,
solution at OC to 70C (preferably 35C to 60C) over a
Igeqtiondesperaurerion theddke, o Hoverientit ssypiediyi Ngimuise@d 0 hours,
crystal as needed. followed by reaction at the sane

Rr sl Qipdnytes to30hgkrut es to 2 hours, and further

dr Op‘x preferred embodiment of the step is a method which involves dissolving
compound () 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 hvdrochloric 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.



addi tion of the remaining necessary anount of
concentrated hydrochloric acid over a period of 30
mnutes to 2 hours, followed by reaction at 0C to 70C
(preferably 25C to 55C) fo¢i8-hour to 3 hours. -18-
After conpletion of the reaction in this step

pr asugr el hydrochloride of the present invention is

gglnl/:ﬁ%[?erg:ﬁﬁp?erp mg tfé’ee?le(étc)tboorg% E)eP%gl?%rsgl?\‘ﬁg%Cth?Oﬂde of the
GRERPHR Sy ARLALACE aBY, O lréa%ﬁgr R ythRCac BRSSP d &L hional

cryst 1 on er conplietiron o

REtdist FJ)rl LG fihd f&ired %ﬁﬁg&%ma%kﬁ{an g'mj c%tllggtﬂm ethe

reaction. The desrred co tal ne
precipasRa Yrystallby mi@trrat%rdffe'r 86mB1idn Bpﬂa\é%&dti%%'r de‘Em}eroff the

for exanpl'e, recrystallization, reprecipitation,

afvanahegioanistionRsfase gaelioy drieclk9éd Q&nﬁéulﬂ%tﬁﬁ&%m be, if
invention may be allowed to stand in the air or

neessyst alrtliez pdrified Bb a abhvenaivoes], méthed, gbyetia el Ge@istallization,
adsor bed water or beconrng a hydrate; the
RArespigoon, air chrignayogreplund i s al so enconpassed by a
prasugr el ¥Frochlor|de of the present invention. In
addi thrasgrel hydraghloside oé theafresepomvaitimyan hy adowerito send in
solvent is also enconpassed by a prasugre
GHAE RSy Ridzedb ethﬁ@rbp\r@@re derebyantngom adrpded ot or
the}%rasu rel drochle@%de i s nmeasured by
t5gvs

Rleqitee « bkt S GrR SRR o
th t t
%’a?\%’d&r‘/’éﬁf“ﬁn%l%%gﬁ 0 oS SRTR, Thadiibn gh- bRty %tﬁlereof
ti .
RRAHEE hy BHELACH Pl i %raeléoeerngﬁrrn?%%@‘i@e ot RydyBghiorice

o8t 8FAbln 4% or  less, still nore preferably 0.03%
or less, particularly preferably 0.02% or less. The

pur i tI/hleontdﬂeopCASlB’glﬁlQhe Eﬁﬁ%@@lm&fdcﬂ%rﬁehﬂneb%re& ﬁehqmd
prasugrel content, can measured as described f

ttrem@AERphyahé pkpredded ipperctyagd byaarbh (1) pUtetthy of the content of
Erasugrel hydrochl ori de according to the present

AV&Enniftea prasugsepi cal |y 95% or nore, preferably 97% or
nore, nore preferably 99% or

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



nore. Hi gh-purity prasugrel hydrochloride obtained in
the present invention is excellent in ora
absorbability and netabolismactivating and pl at el et
aggregation- inhibiting actividy and weak in toxicity
and further has good storage and handling stability,
and therefore is useful as a nedicine (preferably a

rophyl actice.or..-19- therapeutic agent for diseases
glaeﬁ g%llcb%}:epﬁfoa ABGESes 2 wtH gg’ug‘ﬂ(’rﬁgﬁ Preamalns/(pagicularly, a
e preferably a prophylactic or

| t
RSB B b B RLREL A L
s ot SRR LS BREE i) S, A0

medicine is prefe

BRERBeSs pRRE LI 1Bf §leARIWarC Lpoqumans. Wen ysed
as a the?apéutrc oreprop y3§5¥?%135 S*PHFePﬁ’maﬁyfbrwWIn

Husgases, a high- purity prasugrel hydrochl oride of
the present invention can be adm nistered per se or

i n a Whepesedisd thepwiticdbradrBhRY ITRGEM,| cept abl
exci pi ent, diluent,por th% |?Eggabré1F§ﬁ*ﬁ%?ﬂ%”%%rﬁg%§'
Pabl etaspgreapsdroelsiprige afithk @SescpOWHSfSon @a\ﬁr%%mif?i@te}éa%er se or
|ike or parenterally in the formof injections,
Suppesrtioiws with a pheariabdueic allp esecpabaebt @bit NS @0E or the [ike
Er@Quced by wel | - known net hods using additives '

TAY iiha o pf eblets. whpseiesnemanbles, povdeexanmipe, orakgRe &
fiIIerg'ge}%. su%an derivatives such as |actose,
RYegielly Iy e doEa of mrifgiions| suppesisiesi ardhe lik¢.ar ch
deriVﬂtiv§s §%%h as_ corn starch, potato starch,

a- st arth; | O URHARS £FE Predioet Rsweldkpp wamarkedsewirly additives

I di |1 ul ose; .qum Arabi c; dextran; or
%E%ﬁh °a¢11£e?seg§l%|ch Srgarnt goqﬁ“flﬁn@?"s ofganys fillerg (q.g.caueer derivatives
dRnh Y &l [ hydrous, silicjcg acid,

e e R b B LRH il e etV such

CRE BREINPHARS Asich i &: inat e; osphat es such as
calciun1ﬂ%ydrogéﬁﬁ%gggﬁg%g?%ggébgﬁg(§§e§ﬁbﬁ“%§“géﬁﬁium

agsthibinatelulode; sUhf AfB5; ath RS pGRhSHY fateN).
| ubricants (which may be, for éganp%Qfgé?%%fpgjygf%@*f=

stieae dohatives suvhtaallighpidhydeuugRilase £30 SyHR8! SRR Hicate
magnesi um stearate; talc; waxes such as beeswax or ’
iappyestlicate; obgraguesaan apetasdi it alagiittie, ThobHaeS sSUER Akium
sodi um sul f at e;

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 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 Jow-

substituted hydroxypropyl cellulose, carboxymethyl cellulose, carboxvmethyl



gl ycol; fumaric acid; sodium benzoate; D.L-Ieucine;
| auryl sul fates such as sodium |auryl sulfate or
magnesi um |l auryl sulfate; silicates such as silicic
anhydride or hydrated silicape; or a starch
derivative as defined above), binders (which may be,
for exanple hydroxypropyl cel | ul ose, hydroxypropyl

| d
OhDSE s E at ePipre T i’?vs'%ﬁélﬁﬁ@m CXENGBH SraaIo Bl ey
f [ 1 ul
QLRSI NP kS P Such & p EOER R P ropyr
&ﬁbéﬁh&%}?\d s tPQﬁ()HHEE h}ﬂ\ v n%?p%’rro%%(r)ni?eoﬁ{g atapc\f) derl\gtlve as

cellulose calcium or 1nt nally Cross

EATR@XYHRY hothulcElekLlhvas@ R8I NFor eQQxﬁng{ h@c*lllo}/c{afrglghs L8 o

starches/ cel | ul oses such as carboxy

sob it or &a¢ Ao yredh iy dretiad € BuchQs r§£0%§§urln'lﬂhﬁgude or aluminum

pol yvi nyl pyrrolidone; or a starch derivative as

defroxidd aaboveyrfemtsiuth es sodiohi @bryrevihor §-®ium stearate:

exanpl e, colloidal clays such as bentonite or

CAien G| snrfamnmlsumwbnnzdkmlﬂm hhlaﬁdd‘[&)g ABS b s el ek d6ch as

or alum num hydroxide; anionic surfactants such as

B‘dﬂ@ﬂ)’ﬁh‘éﬁ]’l@)ﬁllkﬁ l@ﬂfeaﬂ@lwv@@dv&&mmosﬁlmaIfat\edmd €adr, 6N Cucrose
urfactants such as benzal koni um chl ori de; or nonionic

éﬁi’ 'Reldicsier)s sehbend whrhi max petfay Bmlalm;al -hetrtrerbenzoic esters

h | ene sorbitan fatty acid ester, or a

g‘ﬁ 3%: éatrf‘?/e“a‘?flgfo@éwéiﬂ}en @Bplsisuel & C(}Wprlnammlybfbev
h

RO B 85U LD 2B e v, o

h leth .
T
SheN, coRimorty 852 swetetéh%r% ﬁng%pﬁg\ro(%ﬁégt LS gil dt of

sorbi ¢ acid), corrigents (

COMUIHeYanitSi86 of WREhERET fay @ﬁf\d&’é;féﬁ&ﬁg 9{1 s§ &1@%9{5' LS )and the
and diluents. The anpunt of use theré

llep endlit mgayoise sdnipistdrsd togeaduditein €onck n&s%\feﬁﬂglek | d'a%ram
be admi nistered to an adult human once to seven tine

af adgyelohmlltl of 0. atnggptederably |1i mizy pafdo@e dndvgh Wppeeligiady ])’O(ﬂ() mg
per dose and an upper limt of 1.000 ng
Qpﬁfrf@fabhamqusbgerrﬁ@)% p@mtrmuslr} at atlowerdimoivsf §.02tn@(preferably
ég t of 0.01 np preferably 0.1 ng) per dose
an:arpea pirand; 4 4ppet rea@f RE0 (s @keferablyy2 59502 mg) dpex,
ose ndln on th tons. Thus, the anount used
%&CDCBB%Q SN Pglén gP § #nount 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.



wei ght is 0.0017 ng/kg (preferably 0.0 17 ng/kg) as a
lower Iimt and 17 ng/ kg (preferably 8.3 ng/kg) as an
upper limt for oral adm nistration and 0.000 17 ny/ kg
(preferably 0.0017 ng/kg) as® lower Iimt and 8.3
ng/ kg (preferably 4.2 ng/kg) as an upper limt for

i ntravenous adm ni stration. Exanples The present
invention is described belowin further detail wth
reference to Exanples. Reference Exanples, and a Test
Exanpl e. However, the invention is not intended to be
limted thereto. -21- Exanple 1 (1)
2-FIugggﬁﬁéqyclopropvlcarbonylbenzyl chloride (step
(i)) A mxXxture of 100 g of cyclopropvl 2-fl uorobenzvl
ket on@)andrEgR 8- Gblop i ALOMAbABIF BRSO BF while

cooling with ice fo provide a 'm xed so nt o

the rastixtaabs NKeos SWicHrbPR! MamoRIeNIY! BeQBe Ind gsé g of
equi val ent) of chl orine gas over a period of 2 =

dichiremethand @ad hieresobhitd @b iR Rk 46 Brodas I8N,
to be not higher than 5C, which was then stirred for

tnts treogsulent mivedsalmionevgsdslatwirieds ¢ FUT thavaled9 oBcllofide gas
equi val ent) of chlorine gas was blown thereinto over a-
P¥FT 20REIIOH of 20 Mnipittanvbde dte $hlstisaiteperne vats i dntameid 66 be not
reacted by stirring for one hour at the sane

mﬁ’éﬁhé{l arle. Wingh sias gegpstiseddiar 86 hobeattbastmormm@atus.
gf Bg §0§Hunyt i osul.f at e, aqueous  sol ution was added

P%E%r L8841 AW vrIga of SRoTine A Mo blsom ibFisintantera period of

AT ile the solution.tenperature was
25 FEAMEA N S B Rl i TS e i Sprripdor one hour at
9&@Qﬁk§8ﬂﬁ%§%¢gon’ the solution was stirred for 10
a

m nut es en subjected to a |iquid-separating

oper akift@pconq—;h@ticfnecﬁfl{g& ?él(:tigx?,g% Eof LYBI M@%& }S@%?S]splgf%e aqueous

sequentially wt 89 ¢ a precoole

boldtiog aas addeaiadRyiaite @y S MHatt Iie@aiomgluhgsﬁ WdePdtirrine while
precool ed water and then concentrated under re lced

freessbuion témp@aey wes hdmigned to botthidHee 1paNBeENd ACRUAE
content: 95.4 g, yield: 80% in an oily form During
tifpeyase 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, vield: 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-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-cyclopropylcarbonylbenzyl chloride obtained in (1), 70.8 g of



operations, the solution tenperature was kept at 0C to
15C. (2)
2-(tert-Butvldimethylsilyloxy)-5-(a-cycl opropyl car bony
| -2- fluorobenzvl)-4,5.6.7-t21fahvdrothieno
[3.2-c]pvridine (step (ii)) To a m xture of 115 g of
5 6 7. 7a-tetrahvdro-4Ht hi eno[ 3, 2-c] pyri di n- 2- one p-

ﬁé"l E}gqa%ﬁ(’r ggcfdzurg i&dide. V\thh e%ﬂi’le% regeted by stirring at

ter I mét hv orosi 1 ane,

413 @ﬁo%ﬁ’éﬁ?&\ﬂ%ﬁ@ fiRSerad9et 4Q-54, I'SOf triethyl am ne,

was then stirred at C or one hour to provide

a m X@ﬁer%@hﬂé‘lét% of TRe FA€ridH, XS the TOIKL] eréa%\?c{] o5l efjo%%vas added a

78.1 g of the 2-fluoro-a-cvclopropylcar nzvl
bl amiodsr cfth@pi@ahitd bufikr sol@ich grefdred bi %H@ﬁﬁb%@tﬂ%d v\%{é‘fj to

1.57 g of sodiumi odide. which were then reacted

360 grof KG1,R0, a48C. 9508 oHNe; HIy: 1 200 ity 4 bkl weicB2E *fa% Which
hours. After conpletlon of the reaction, to fhe

vasihen aurmeqt@a@thqmdscpamaurmmmmadﬁﬂdmd bly @najectammuhet

of the phosphate buffer solution prepared by addi ng
Hluepy lppd Qaedy extesction Sdthg 16fg w2 IGdremichr@. 95 hg rasfiliant
NaZHng 12H20 into a total weight of 358 g, which was
rgane Bjse‘ﬁ%fé&Ofnélr}qdcﬁqlidc?ﬁg@ﬁgﬁ@ﬁ|Umlg€rd,§éumd| moassure until the

fol.l owe ecti.ng the aqueous |aver to back
EREHEEE R an dliing 75,,96# di T &P St eReRb4 7TRet sceroniuile, and

nbi_ned
bE R B oo &?}E%ar“a%?@g@% AR Frore uptd ghagasidue
2 et f
S S e
c til
LRRHERI B Ixm*,]‘wmg @ggy&ng (PESEPIS %lr&{ﬂ?s{ an&{ubg%agﬁ%aheli%gof

reached’ a vol une o Fesu

waer addedicd %&rgtoowmc\easqmﬁ §tlrlre% a1 WPE Gy ASus! he he,
stirred at 30C for 30 m nutes. Subsequently. 12 of

matipitatedisryadtieds tolisoeddby filttiatibn Waght DML ¢ & 8 r%tcocQ&l
for 3 hours. The precipitated crystal was coIIected

gptomitrite: and dmed waddh eetuaed hre6QurOtagprofideriet @odfatk title compound.
acetonitrile, and dried under reduced pressure to
provi@de 13é1cego‘bf-\1(ﬂe:vploprc@> bernpoyha-flued)benzyl)-4,5,6,7-
oxy-' - (a-cycl opropyl carbonyl - 2- fluorobenzyl) 4,5

wHPEWkW@FPQHdeBWWﬁﬁﬁngpQUQEpyrld|ne (step (iii)) To

)e(]i ure. of f g . -
>. (tert? MWT%‘? 1o P1(Frobyryldiugthylsilyloxy)-5-(a-

Ica | - ro

%\)éféé)?g ﬁ])c‘;%?o&\ fﬂ%or[aéer%vfé] g o0 %@qurothleno 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 {0

provide 10.8 g of the title compound.



obtained in (2), 5.10 g of triethylam ne, 41.3 ng of
4-di met hyl am nopyridine. and 75 C of acetonitrile
was added dropwi se 3.90 g of an acetonitrile solution
in which 4.13 g of acetic aphydride was dissol ved,
and the resultant m xture was reacted by stirring at
OC for one hour. After conpletion of the reaction,

Q1.6 .9 of . L.er was added to the resultant
Eggg%&gﬁnsggégﬁgﬁ;swhich was then stirred at -1 5C for
30 mpyt es e _precipitated cry: coll ected by
T B S B R e Rk A B T s e Pt T of
RESLRRbthicnbf 8ath ki r@pdihren dried under
reddbed preEgur 5%§H%Sg€3%ﬁ%ﬁ%§ﬁ§égq89ythe title
CONMPOIYBl00 w232 - ARy DD (R AbprobeR atRnd REG 1)-4.3,6.7-
2-Acetoxy-g-(a-cvcﬁgprgpv]ca?%%th-Z-%luo#8&§%%9H34ﬁ¥%7
teGaffedrdthienaByoHchiRideodaiRe CInRBY hild BES Ay BractN&d A8y was
(step (iv)) To 8.00 g of 2-acetoxy- i

addad é¥ glodpreput cadbivnresulint Miotuebeazeh sdmrdd £30°C.  The
tetrahydrot hieno[ 3,2-c]pyridine obtained in (3) and
Baglomgobiticacvasalterdd. theanesvias waaddehle U®ith 40l @efeicoae, and
and the resultant mxture was then stirred at 32C. The
them &2 @rrfstiaeprnenitaisd hiyiioehledic atliewasesidedisropassevasied

W th 4.41 of acetone, and then 1.12 g of 36%

OIS PAT e @VERAIPEEM Grane miBig: wabcmiteds aidepw 8 seddocrystal

| utj 52 i od of. I nut e.
TR N T

i ped th th descri.b inJ Pat ent
O R 3005 8 SURH Audls PRECEP RiEaaone hou

; f .. Ln ,addi t,i 1.07
BRREE T 0L 00, B LD .01
BERRINEE 2 JehiBl S BnOU&E:, dnREMW Rdnaf s'ﬂ'pegi EHQﬁx@ 0 o
d furt e

then stirred at 40C for 2 hours an er at
fuptherlat BORE forThBow, eainpipkaimtht&d il wieSIEOLN 86 1gidh:
filtration, washed mﬁgﬁ fg.S g of acetone, and hr?R%L

waded witadiic®d of resisty, @ndtiri&DGhded redicb@BfeSsurd & FPOMLES hours
8.03_3 of the title conmpound. Melting, point: 194 to
tpgrgyide 8.03 g of the title compound.

Melting point: 194 10 197°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 titie compound.



Exanple 2 (1)
2-(tert-Butvldinethylsilyl oxy)-5-(a-cvcl opropvl car bonv
| - 2-

fl uorobenzvl)-4,,6, 7-tetrahv@¢dot hi eno[ 3, 2-c] pvri di ne
(step (ii)) To 40.0 g of the conpound (I1) not
subjected to a recrystallization operation, obtained

E)?awlAeCe%ox(% &"%@ol@&%ﬁ%l%%@gg_?fﬂw el%gi r'J

ich was then s i'rre

ﬁgghggmhgnggc gHgﬁggdggég#Q)4o g of water was added

dropwi se th at th tenperature over a period

of 3QJsm1<f"°1’ﬁ @53,of\m{t&lilbﬁ@$dlrﬁaﬁ(f‘lsﬁ?8!(%d &cggo%ﬁvlcarbonvl-'l-

stirred at the sane tefperature our

PuecbgiziBtesl o, 7crnshalothasof OhLastedndybtinkd At
washed with 30 g of precooﬁed(ggetogltr”n ! dqggnw%fnd

pmstecameducert prssed acdood preoosiBiandle 6( t@f)rdvﬁkfe 164 & f the
conmpound. -24- (2)
@ﬂ¢@emwxyd5 (a-cycl opropyl car bonyl - 2-f | uor obenzyl )-4.5

7 tetrahvdrothieno [3.2-c]pyridine (step (iii))

itﬁ,@ epits 1 or124°C.
2- (ten but vl di met hvl si | yl oxy) - 5- (a- cycl opropyl car bonyl
-2- fPuorobesioNy-y=(a: cs(cts)pm‘ét:arhwdm%{mremzvl) 4,5.6,7-

phatd t@&p&&?%?@ﬁtﬂf Repahordb s 1o Bxampl o 1

3) t,0 |de of the . title co und. Meltin
|(OOI) nt[‘JS %2 (? (12‘4%9 FD -(a~cyclopropy carborrrg' -2- ﬂuorobenzvl)%f 5,6.7-

I b 2-f1 b -4.5
A e R B S O et i
2 .
3 2"?‘2‘?%%9%‘1#% t@%é?mg%p@‘? E3Ag5 89! prof Sioblinsymyads

Meltitrg gt 8ty &y pdhicenol 3, 2- c]pyrldlne obtained in (2),
reaction and post-treatnment were perforned according,

t o BExRufpleacdEdplea provide 8.01 g of the title
conmpound. Melting point: 192 to 196C. Reference
Exanplle BR- }(lmgnoza{%l\ dbpmpalcaybdmfﬂiremzyll churide itk g

chl oride (ste A m xture of 100 g of cyclopropyl
2-f1 u@ﬁ@ﬁeﬁqu 1<D<Qz>$ @ﬁ@'moeﬁ@ -fuombenzy! 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

Ann

hydrogencarbonate aqueous solution and 333 mL of water and then concentrated



di chl oronet hane was stirred while cooling with ice to
provide a m xed solution. Into the resultant m xed
solution was blown 3.98 g (0.1 equivalent) of chlorine
gas over a period of 20 m nRfes while the sol ution
tenperature was mai ntained to be not 'higher than 5C
whi ch was then stirred for 0.5 hour at the sane

|-t 3 (1 equival ent) of
SRIERALA Sresq ol Rl TR 2Bt ot i dontenc 96,1 ¢

ieRPeT Ab W & QWefo@ Period of 220 minutes, and the
solutioh tenperature was then gradually raised to

20C, (boblqued by StLdbbRGy f i on.
A Cer Lona ey on( p b L 30 2oL R 3% 1o e

teabierdrovienabded]pys aﬁféVM_\@ﬁ)ct}@orLcl&qstgsstSﬁ;gtt@m,?)r eacti on

solution while stirring, which was n stirred for
10 nmiUihe 08 (hisel bhraeheds Boy)a iy | , ,
operati on. T%g)resultant organic |§?§§R3§§B€%gﬁ8%“”mnai
ehéepideratitahéd/inil ), e 8BBnrhd pbstatr s eritate2e p&@SHnkA according 1o
hydr ogencar bonat e aqueous sol ution and 333 nlL of water
el of Eéﬁnpl@ﬁéélﬂt pdft e preBidednifeg of thetidedompessdir e t o
rovide 129 g of the title conmpound (pure content:

@Ght{lggzomtyl%’q @:1989C% in an oily form (2)

| opr opyl car bonyl - 2-f1 uor obenzvl ) -4

2- A -5-((Y. -
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t i t [ [ 105 tent: 78.3
0y oS tilesbd- GBS RRF B bensyl chi of i do

bt ai i 1 ' d {-t t . W
por r o) Bek SheioRERTL MaRICu AR Ght Ras Aok b ofage

i de, £t it d.Melti

AReanON R Pocki Kol et B SRRE RSt B st B nowss
Afted AP Y pYti6AS Preat @01 dh e achh) s_Ic_%jngﬂb:ng%‘oglted, to which 50 mL of

-(2-fl uorophenvl)pentan-2 -one

wytet apr Spyl F-didhiaoalenay wdieten @d&@%oaﬂéﬁfhu?éséﬂﬁra?ﬁlg

36% concentrated hydrochloric acid, which was then

qreratioad The 1G0TarftargshiSladyetives waifhke ivithhs €0 ek h@iedf
reaction, the reaction solution was cool ed, to which
Wdiuge hydrogensehonats dqBeousisobitiod; drtdorvidmeiHyarmswes@etiban
aﬂged for the Iiquid-separating
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



operation. The resultant organic |ayer was washed with
50 nL of a saturated sodium hvdrogencarbonate aqueous
solution, dried with anhydrous magnesi um sulfate, and
then concentrated under redutred pressure to provide
6.70 g of the title conpound in an oily form (2) 1.5
-Dichloro- | -(2-fluorophenyl)pentan-2-one To 9.44 a

2-f1 h b d
R R D R
119 h h bl
RSB A%e el L DRl ra b ST
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fhhieht RE9aSy a‘ﬁ@r?tbﬂ%t@m (qlE][ﬁ'Izﬁ‘foH gdétreag&dﬁﬁ%ure to \}Raowde 3.80

tenperature over "a perl od m nut es

& benfradonl@ddtink e &ANR é&ﬂmﬁﬁwwd Rr105°6/43q445 S In
for reaction. After conpl etion of the reaction, nmL

additéon3 the Sodtiomvay Iputified By Li¢iosSel ot b%rﬁ%ré’ﬂﬂe{gluh@n
the resultant reaction solution for the

$ailepuil: oh- xpae/athyhgeet@6 = 16pe(\&Vi) pro. prétide Nesjug b title compound.
organi c | aver was washed sequentially with 56 nL of an

8% sdd] Uichipdy ogencladptyonéd-Suagpboud)-3eixopempl)-drfids, 16 L

of water, dried with anhydrous magnesi um sul fate, and
Eehaby deghicaoltts e lridinger reduced pressure. The

resul tant residue_was subjected to djstillation under

r educlé%n I-8& Suite - 3§19BHue - tiogephegvigperdan-? gme obained in (2),
ta nlng t he desi ﬁed c ound &_OOC to 105C/ 48 Pa _
FRCI D 8&%%%%%{&% g TQOEWP%?SI § @y ape(3) to
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2- Acet ox or o- uor op oxopen
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1,5-dichloro-1-(2-f uoro pert an-

mb@atﬂﬁﬂ in (2), reactlon and post-treatnent were
perforned according to Exanples 1 (2) and (3) to
Mrasyspderndm 7CLgnal: 40dMi#H mat eri al containing the
fitle compound. In addition, the
H-NMR spectrum (400 MHz, CDCls) 8 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 uL of the

solution was subjected to liquid chromatography for measurement.

Measurement conditions (liquid chromatography)



material was purified by silica gel columm

chromat ography (elution solvent: n- hexane/ et hyl
acetate = 5/1 -4 3/1 (VIV)) to provide 0.77 g of the
title conpound in an oily f2frm Mass spectrum (Cl,
mz): 410 [MrH -. ' H NWR spectrum (400 MHz, CDC13) 6
ppn1 1.97-2.05 (m ZFD 2 26 (s, 3H), 2.66- 2.76 (m

3 43 t gor( n%traa@%et aﬁ)s%tl?rg teridfi_l‘?CUOél %%E%M:H_D’ﬁ@ nm)
7 - Z?GSCQE; g%g(fd%kb%ﬁ§gjﬁ n%%g%ﬁﬁﬁﬁbﬁ HPLg%13cm

|~ and CATP in Prasugrel Fydrochlorlde) The
é%ﬁ?g%%g og&prasugrel and CATP in prasugre
hydr qoltk@EddRIWASHe MEasured as described below. In an
acetonitrile-water m xed solution (7:3) was dissol ved
150 mplehn whpse@Eel4ohydrochl oride to 100 nL. Under
the follow ng conditions, 10 L of the solution was
subj edbtt prast:i i ﬂlot/nrpamamgr apMirdeefpHEB i SIRBhS
Measur ement conditions (liquid chromatography) -27-
Pétteottotrahydrdfunsan wkehitaksot piDEEAER) (det ect i on
wavel engt h: 240 nn) Anal ytical Columm: Cadenza CD-C
18. iMeeraldi hfwplemingd. 6 mm length; 15 cm particle
si.ze; 3 um Quard colum: none Colum tenperature: 40C
Tahds f e phase: 0.01 nol/L potassium di hvdrogenphosphat e

ueous, ution rofuran: acetonitrile =
n@éofﬂ}z@%\}'j‘%weﬁg 3YOC%Q514L%_/m n. Table |
(Content of CATP in Prasugrel Hydrochloride)

Example 1 0.031
Example 2 0.014
Reference Exampie 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
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chr omat ogr aphy of the prasugrel hydrochl oride obtained
in Exanples 1 and 2 and Reference Exanple 1 are shown
Indufttigus pslickbilidy and 3, respectively. The content of
CATP in the final product prasugrel hydrochl oride was
di st iAabtding oneér presehixianpties, highashridy plaBusbl girb&Boride with
addition of chlorine gas and the reaction thereafter
4 redyeaiconitgnt wé mepyaiek eneteas tie HyewodwenPArRR andes miettad fon
Ref erence Exanple 1 in which the reaction after
madueing hegrmerropbtamedas was carried out at room
tenperature. The content of CATP in the final product
prasugrel -28- hydrochloride was al so reduced nore in
Exanple 2. in which 2-(tert-
but yl di met hyl si |l vl oxy)-5-(a_-cvcl opropyl carbonvl -2-flu
orobenzyl)-4.5,6,7- tetrahvdrothieno[3 2-c]pvridine
obtained in step (ii) was purified by
recrystallization, than in Exanple 1 in which the
recrystallization was not performed. Industria
Applicability According to the present invention,
hi gh-purity prasugrel hydrochloride wwth a reduced
content of inpurities such as the by-product CATP and
a method for producing the sane are obtained. -29-



CLAIMS 1. A nethod for producing prasugre
hydr ochl ori de, conprising the steps of: (i)

chl orinating a conmpound represented by the formul a:
(1'11) OF by adding a chlopgnating agent optionally
dropwi se thereto in a solvent; (ii) reacting the
resul tant conpound represented by the fornmula: Cl
(I\') OF wth a conmpound represented by the genera
formula: NH RO/ (V) S wherein Rrepresents a

protecting group for a hy | .group; or a salt
thereof in a solvent in t%@ggﬁgéence of a base; (iii)

acetylating the resultant conmpound represented by the
general fornmula: -30- O/ N~ 11I) ROF wherein R

has th hef %o I%Ia'u&%g?)z%\s??%‘{ ﬁvdrgyhlgﬁ@eqtcito%ﬁi%{]nﬁ ethe steps of:

acetvl ating agent t n a solven
Pr eseRci®fadng RREABNL ABraeNtab] A BRhAlYSt: and

(111)

0O
F

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

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

(Iv)

O
F

with a compound represented by the general formula:

/ NH
RO ' (V)
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:



(iv) adding hydrochloric acid, optionally dropw se, to
the resultant conpound represented by the forrmula: O
OHCSFin a solvent, thereby produci ng prasugre
hydrochl ori de represented bysghe formula: 0 N (la)
OHCSF HA -31- characterized in that, in step
(i), the tenperature during the addition, optionally
dropwi se, of the chlorinating agent is -20C to 5C and
the reaction tenperature after the addition,
optionally drop", Ndse, the chlorinating agent is
-20C to 5C. 2. A prod jon nethod according to claim
1, characterize at, in step (i), the
tenperature during the addition, optionally dropw se,
iIs -10C to 5C and the

erxt he addiryi on, optionally

, M™=sStep (i), the tenperature
during the addition, optionally dropw se, of the

chl omviteadin Rohasgheibarhs mealifiy hoaldveand t he reacti on
tenperature after the addition, optionally dropw se,

of thyecashihgrnrativirginggeett thegewBIin @ s6l€ent4n ti presence of a
production nethod according to any one of clains 1 to

mpse antharpavdationedtalyst: atidat t he tenperature of
post-treatnent after the end of the reaction in step

(i) i(y) ag@ipe hydrochloric acid, optionally dropwise, to the resultant compound

represented by the formula:

O
N 0
—~(1
H3C4< S F
@)

in a solvent, thereby producing prasugrel hydrochloride represented by the

formula:;

o)
N (la)
—~C
H3CA—< S F
0 » HCI



to 15C. 5. A production nethod according to any one of
clains 1 to 3, characterized in that the tenperature
of post-treatment after the end of the reaction in
step (i) is -10C to 15C. 6.3A production method
according, to any one of clainms 1 to 3, characterized
in that the tenperature of post-treatnent after the

d t he . tion. i i) is OCt 5C.. 7. A
o od R b i e gk g augne BRaddRion t o
) [ - h hl i.nat i ' | i .. 8.
i gH O EoPuih et 8 6Tk BRI iP5 2ns e Conddfe Pgtiqn
' b ) [ d th ral . .
$OpT DSEE Aol e R SRR AL e I AN Rl oo

tbrdependent|ly represent an al kyl group having 1 to 10
carbons or an aryl group. 9. A production nethod

Accordpi@uctioh fktoMaorde 8 ik 1, chRac@®yeR3n that. in step (i),
i ndependently represent an al kyl group having 1 to 5 "~

thardngresatare durflgehy hddiiaypptioddly dopkREWTithOMIMBANRE acent is
according to any one of clains 1 to 7. wherein Ris &

181 tbSAG 4retl tivetrémetion kewl pegatemafiet he aldproadesidrany MBS of

according to any one of clainms 1 to 10, characterized

thpchlptinatingwgenes ul §°4ho 56Gnpound represented by the

general fornula (I1) is recrystallized fromethers or

Fi t ri4 ppduptien @st&eﬁ aycording taclaim ducharanerivet o that, in step (i),
ccording to any one of claims 1 to 10, characterized

P emRest ftetfgméém pdgione gRPORALY drepvise afttecicigrinadiimg agent is

_gqgergl fq{gyla i]l) i S recr%%tiglized from _
CefOni PRy EheiTRacdioR ferppsrgturerdfier hapddfine: pepnsly Meepwise, of

AEERALARAh g QoMY -9 ocS 1 MB 1 T0 12, wherein the

4. 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 -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 (1) 1s -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 (1) 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:



acetvl ating agent is acetic anhvdride. 14. A
production nmet hod according to any one of clains 1 to
13, characterized in that the resultant conpound
represented by the fornula (3)-obtained in step (iii)
iIs used in the next step (iv) wthout purification.
15. Prasugrel hydrochloride characterized by
containing 0.3%or |ess of CATP, produced by a
producti on nethod according to any one of clains | to
14. 16. Prasugrel hydrochloride characterized by
containing 0.1 %or |ess of CATP, produced by a
ﬁp ction nethod according to any one of clainms | to
4. 17. Prasugrel hydrochloride characterized by
cont@éning 0.04% or | ess of CATP. produced by a
production nmethod according to any one of clainms 1 to
14. Weherdn @SR £ld Ry ahdesdildent @ e pediakias e 1286uPNaving 1 to 10
containing 0.03%or |less of CATP. produced by a
qurioohs ot aoaryirgtdvpd according to any one of clainms 1 to
14. 19. Prasugrel hydrochloride characterized by
Gont i piodgetior0Rethod ab@sdingfto CATR,S, wheetR &R yndR
production nmethod according to any one of clainms 1 to
indepepdentiprrapiggane hn lkdt ershipdiavthe Ichedr cachamsioz agbheyyl group.
containing 0.3%or |ess of CATP. 21. Prasugre
H dr gt RTOSEs R BERPA BEEFHiRd0 BYY eBhellzimig ©. 7L Whesein R is a

| ess of. CATP.. 22. Prasugrel hydrochloride
%ﬂg?gﬁéggﬁﬁgﬂbﬁﬁn3@ntaining 0.04% or |ess of CATP.

3. Prasugrel hydrochl oride characteri.zed by o )
%10 nt af Hf"ﬁg“b%‘@é%ﬁ apeQrdingdo apy-pne O%A?mﬁ(rjla@u]d% gharacterized in

RO O R SR PR AE DX A BaBes O Eerysuaizes
GOHRHeSd Miéﬂ&ﬁﬁ%&%f@b. hydr ochl ori de according to any
51t0

one of clainms 15t 4 as an active ingredient. 26. A

1. ophy basgut GorPhethBe he@Rink Go 28€Bhe §1NaiHRE 10N 0, characterized in
war m bl ooded ani mal s for “di seases caused by thron%us

that teerbshiliant comppindiepe:santpd &5 W Snehy eUrokdd AN id@ecrystallized
according to any one of clainms 15 to 24 as an active

frory rrectprittile iR Ftep Air ophyl actic or therapeutic agent

for use in humans for thronbosis or enbolism

bonprA sradgctaorpmeaidiog retorfingrtoehy ond ofecl@osdr i 1y wheremthe
one of clains 15 to 24 as an active ingredient.

acetylating agent 1s 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.



18.  Prasugrel hydrochloride characterized by containing 0.03% or less of CATP,
produced by a production 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 production 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, Prasugre] 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 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.



