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TITULO SOLICITADO: METODO PARA LA PRODUCCION DE
CLORHIDRATO DE PRASUGREL DE ALTA PUREZA.

PUBLICACION: Gaceta 621 de 20/10/2010, N° de publicacion 821.

SOLICITANTE: DAIICHI SANKYO COMPANY LIMITED y UBE
INDUSTRIES LTDA.

PRIORIDAD: JP 2007-053093 de 10/12/2007
APODERADO: LUZ CLEMENCIA SUAREZ DE PAEZ.
TRAMITE: SUSTENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A. dentro del tramite de la referencia, en ejercicio
de lo dispuesto por el articulo 42 inciso 2° de la Decision 486 de 2000, por medio
del presente escrito, procedo a sustentar y complementar la oposiciéon presentada
el 27 de Septiembre de 2007, en los siguientes términos:

I. RATIFICACION

Comedidamente me permito insistir en que la solicitud de la referencia incumple
los requisitos de patentabilidad establecidos por los articulos 14, 16, 18 y 20 literal
d) de la Decision 486 de 2000, y que por ello no merece recibir el beneficio
patentario. Por tal raz6n me permito presentar los argumentos anunciados en el

escrito de oposicién presentado en su momento:



A

"REYES & REYES

»

En primer lugar es importante sefialar que la solicitud colombiana en cuestidn
incurre en una improcedencia de patentabilidad directa al mencionar en sus
reivindicaciones 26 y 27 un agente profilactico o terapéutico para usarse en
animales de sangre caliente y/o humanos para enfermedades causadas por
trombos o émbolos, ya que va en contra de los dispuesto por la Decisién 486 de
2000 que revela explicitamente en su articulo 20 literal d) que “No seran
patentables Los métodos terapéuticos o quirdrgicos para el tratamiento humano o
animal, asi como los métodos de diagnéstico aplicados a los seres humanos o a
animales”.

En el mismo sentido, debe llamarse la atencién sobre el hecho de que aunque
claramente las reivindicaciones describen un proceso de obtencion de clorhidrato
de prasugrel, en la reivindicacién 25 de la solicitud colombiana en cuestion se
involucra una composicion farmacéutica que comprende un clorhidrato de
prasugrel, lo que contraviene el articulo 25 de la decision 486 de 2000 ya que
dicha reivindicaciéon no conforma un mismo concepto inventivo en relacién con las
demas reivindicaciones enfocadas a un proceso de obtencién, mas aun si se tiene
en cuenta que dicha reivindicacion al ser tan amplia y no mencionar las
caracteristicas de dicha composicion farmacéutica, hace difusa la interpretacion
del alcance de la invencion, pudiendo restringir la formulacion de prasugrel en

cualquier forma farmacéutica.

Cambiando de aspecto, y esta vez refiriéndonos a las reacciones que se
involucran en el proceso reivindicado por la solicitud colombiana en tramite, para
cualquier persona medianamente versada en sintesis quimica, es facil reconocer
que dichas reacciones son reacciones sencillas y ampliamente reconocidas en el
estado de la técnica.

Es asi como la reaccién descrita en la reivindicacion 1 entre el compuesto Il y un
“agente de cloracion” para obtener el compuesto de férmula IV corresponde
claramente a una reaccién de sustitucion de un hidrégeno en posicién aifa por otro
grupo electréfilo en medio basico. Cualquier persona medianamente versada en la
sintesis quimica debe reconocer que en dicha sustitucion en alfa, un atomo de

hidrogeno del atomo de carbono alfa (carbono vecino al grupo carbonilo) se
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sustituye por otro grupo; la sustitucién en alfa generalmente se produce cuando el
compuesto carbonilico se transforma en su i6n enolato o en su enol (tautémero),
cuando la base abstrae al protén o, haciendo que ese carbono sea nucleofilico

que posteriormente atacara a un electréfilo y completara la reaccion de sustitucion:

Paso 1: desprotonacion. Paso 2: ataque a un electréfilo.
H~ o  ™E O O E
[ . b e < - 0L
C—C— == C—C— > C=C— —> C—C—
< o 7 7
i6n enolato

Mas especificamente cuando se trata una cetona (como lo es el compuesto de
formula 1) con un halégeno (agente de cloracién — gas cloro en la solicitud) y una

base, se produce una reaccién de a-halogenacion de la siguiente manera:

+ X- 4+ HO

V=

l

cetona X, =Cl,,Br,0l,)

Ejemplo

+ C- + HO

ciclohexanona 2-clorociclohexanona

(Solicitud Colombiana en tramite)

De la misma manera, la reaccion siguiente, también mencionada en la
reivindicacién 1, entre el compuesto de formula 1V y el compuesto de formula V
para obtener el compuesto de férmula II, resulta ser una clasica reaccion de
sustitucion nucleofilica en donde el nitrégeno ataca un carbono que sustenta un

grupo nucledfilo saliente:
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(Solicitud Colombiana en tramite)

Del mismo modo se describe un grupo R sobre el compuesto de formula Il que
corresponde a un grupo protector que en las reivindicaciones 8 a 10 se define
como un compuesto de silicio, especificamente un grupo tercbutildimetilsililo;
cualquier persona medianamente versada en la sintesis debe reconocer que la
aplicacién mas importante de los compuestos de silicio en sintesis organica es su
uso como grupos protectores, fundamentalmente de grupos hidroxilo y amino. La
forma habitual de proceder a la proteccion de aicoholes y aminas es hacer
reaccionar estos grupos funcionales con un clorotrialquilsilano en presencia de

una base que facilita el ataque nucleéfilo sobre el silicio:

1
\\
Ri«si—Cl R

. Rollllll"_-si Cl

¥ 2

(Solicitud colombiana en tramite)

Siendo el tercbutildimetilsililo (TBS) uno de los grupos protectores de silicio mas
comunmente usados:
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CHg Et CHs
RO-SIi-CHg RO-b:i-Et RO-SIi—i-Pr
CHg Et CHg
Trimethylsilyl (TMS) Triethylsilyl (TES) Dimethylisopropylsilyl (IPDMS)
!IEt il:’h
RO-S.i—i-Pr RO-Sl.i—t-Bu
Et Ph

Diethylisopropylsilyl (DEIPS) t-Butyldiphenylsilyl (TBDPS)

"-Pr R
n O- [P
P Ry O S Pr Q, By
RO=Si=i-Pr (0] Si
! fi J M-Bu
I-Pr R O-S|I-,-pr O
i-Pt R

Triisopropylsilyl (TIPS)  Tetraisopropyldisilylene (TIPDS) Di-t-butyldimethylsilylene (DTBS)

Posteriormente se hace reaccionar el compuesto de formula Il con anhidrido
acético para obtener el compuesto de formula |; el anhidrido acético es un agente
acetilante y es ampliamente reconocido en el estado de la técnica que reacciona

con nucleofilos, como por ejemplo con grupos OH en alcoholes, para formar

ésteres:

(Solicitud Colombiana en tramite)

La anica variante de dicha reaccion es que la acilacién se lleva a cabo sobre un
grupo hidroxilo protegido con un compuesto de silicio, que como vimos también es
una estrategia sintética clasica. Posteriormente se obtiene el clorhidrato del
compuesto de formula | (prasugrel) a través de una sencilla reacciéon de acido

base entre 4cido clorhidrico y dicho compuesto de formula I.
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Para finalizar, existen documentos donde se evidencia con toda claridad que este
mismo tipo de reacciones sencillas, que aplicadas per se no pueden sustentar
nivel inventivo alguno, ya se habian aplicado para la obtencién de los
intermediarios que describe esta solicitud en cuestion, lo que para cualquier
persona medianamente versada en sintesis quimica resultarian ser una clara guia
para la aplicacién de las mismas.

La patente americana US 5874581 publicada el 23 de Febrero revela por ejemplo
la aplicacion de los mismos grupos protectores de silicio en compuestos del mismo

tipo que el compuesto de la formula V de la solicitud Colombiana, veamos:

O

wherein

R, R? and R® each independently represent an alkyl

group having 1 to 10 carbon atoms or an aryl group;

which comprises allowing a 5,6,7,7a-tetrahydro-4H-thieno-
[3,2-clpyridin-2-one represented by the formula (1I):

)

NH

£ S
o/'\s/

or a tautomer thereof to react with a halogenated silane
represented by the formula (III):

R am
RZ—SIi—X

R3

Por su parte la patente espariola ES 2122984 publicada el 19 de Mayo de 1993
revela los mismos compuestos que los de formula IV, V y Il en la solicitud

Colombiana, veamos:

R?
R?
H
—Eﬁ*@ " =17
' R? S
Y R, (R|)n ‘-LV

y la patente americana US 2003/0134872 publicada 17 de Julio de 2003 revela la

misma sal de adicién (clorhidrato) del compuesto de formula (la) de la solicitud

colombiana en tramite:
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En conclusién, la solicitud Colombiana en tramite carece de todos los requisitos
para poder otorgarsele el privilegio de patente de invencion, en primer lugar
porque incurre en improcedencias directas para la patentabilidad tales como
reivindicar un método de tratamiento y por no conformar un Gnico concepto
inventivo en su capitulo reivindicatorio y finalmente porque utiliza reacciones
sencillas de comun uso en el estado de la técnica y por que dichas reacciones ya
habian sido aplicadas ademas en los diferentes compuestos que se mencionan
como intermediarios en esta solicitud, lo que evidencia la absoluta ausencia de

nivel inventivo.
Por todo lo anterior, ruego se analicen los argumentos expuestos con el rigor y
detenimiento habituales y que en consecuencia se decrete, ademas de la

negacion de la solicitud en comento, el archivo del expediente que la contiene.

Il. ANEXOS

» Capitulos reivindicatorios de todos los documentos mencionados en el acapite

de Ratificacion.

Sefor Superintendente

JOSE LUIS REYES VILLAMIZAR
C.C.79.152.473 de Usaquén
T.P. 44655 del C. Sdela J.
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[57] ABSTRACT

A 2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-cpyridine repre-
sented by the formula (I):

NH (Y]
i
|
R2—$i—0 s

R’, R? and R® each independently represent an alkyl
group having 1 to 10 carbon atoms or an aryl group,

wherein

and a salt thereof and a process for preparing the same, and
a 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]-
pyridine represented by the formula (IV):

R¢ W)

RS

wherein

R*, R? and R® represent the same meanings as described
above; R* represents a hydrogen atom, an alkoxycar-
bonyl group having 2 to 10 carbon atoms, an acyl group
having 2 to 10 carbon atoms or a cyclo-alkylcarbonyl
group having 4 to 10 carbon atoms; and

R? represents a halogen atom, an alkyl group having 1 to
4 carbon atoms or an alkoxy group having 1 to 4 carbon
atoms,

which is useful as a synthetic intermediate of an antiplatelet
medicine and an elastase inhibitor, etc., and a process for
preparing the same.

15 Claims, No Drawings
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1
2-SILYLOXY-
TETRAHYDROTHIENOPYRIDINE, SALT
THEREOF AND PROCESS FOR PREPARING
THE SAME

This application is the national phase of PCT/JP95/
02023, filed Oct. 4, 1995, published as WO 96/11203 on
Apr. 18, 1996.

1. Technical field

The present invention relates to a 2-silyloxy-4,5,6,7-
tetrahydrothieno[3,2-cJpyridine, a salt thereof and a process
for preparing the same.

2. Background art

2-Silyloxy-4,5,6,7-tetrahydrothieno 3,2-cJpyridines are
useful as an intermediate for synthesizing tetrahy-
drothienopyridines numerous compounds of which have
been developed as medicines, particularly an antiplatelet
medicine and an elastase inhibitor.

As such a medicine in which an oxygen atom is intro-
duced into 2-position of tetrahydrothienopyridine, there
have been known @ a 5-alkyl-5,6,7,7a-tetrahydro-4H-
thieno[3,2-c]pyridin-2-one derivative (see Japanese Patent
Publication No. 39517/1990 and Japancse Provisional
Patent Publication No. 246186/1986), (2). a 2-acyloxy-5-
alkyl-4,5,6,7-tetrahydro-thieno[ 3,2-c]pyridine derivative
(see Japanese Provisional Patent Publication No. 130289/
1991 and Japanese Provisional Patent Publication No.
41139/1994), etc.

As processes for preparing these compounds, the follow-
ing preparation processes have been known.

(1) As a process for preparing the 2-acyloxy-5-alkyl-4,
5,6,7-tetrahydro-thieno[ 3,2-cJpyridine derivative, there has
been known, for example, a preparation process using a
method of acylating the 5-alkyl-5,6,7,7a-tetrahydro-4H-
thieno[3,2-c]pyridin-2-one derivative according to the
preparation process described in Japanese Provisional Patent
Publication No. 130289/1991 or Japanese Provisional Patent
Publication No. 41139/1994.

However, this preparation process is not an industrially
satisfactory process because the 5-alky!-5,6,7,7a-tetrahydro-
4H-thieno[3,2-c]pyridin-2-one derivative is unstable under
reaction conditions such that yield is low, and a process for
preparing the 5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[3,2-c]
pyridin-2-one derivative is difficult for a reason mentioned
in Preparation process (2) described below.

(2) As a process for preparing the 5-alkyl-5,6,7,7a-
tetrahydro-4H-thieno[3,2-c]pyridin-2-one derivative, pro-
cesses as shown below have been known.

(2) In Japanese Provisional Patent Publication No.
246186/1986, a process is disclosed for obtaining the
5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[ 3,2-c Jpyridin-2-
one derivative by subjecting a 5,6,7,7a-tetrahydro-4H-
thieno[3,2-c]pyridin-2-one derivative to a N-alkylation
reaction.

However, the above-mentioned process (a) is not an
industrially satisfactory process the stability of a starting
material and a product are poor under the described reaction
conditions, and yield is generally low.

(b) In Japanese Patent Publication No. 39517/1990, a
process is disclosed for obtaining the 5-alkyl-5,6,7,7a-
tetrahydro-4H-thieno[3,2-clpyridin-2-one derivative
by subjecting a S5-alkyl-4,5,6,7-tetrahydrothieno
[3,2-c]-pyridine derivative to an oxidation reaction.

However, the above-mentioned process (b) is not an
industrially satisfactory process because only a specific
stable alkyl group can be applied thereto.

(c) In Japanese Patent Publication No. 39517/1990, a
process is disclosed for obtaining the 5-alkyl-5,6,7,7a-
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tetrahydro-4H-thieno[3,2-cJpyridin-2-one derivative
by reacting a N-alkyl-3-alkoxycarbonylmethyl-
tetrahydropyridin-4-one derivative with hydrogen
chloride or hydrogen sulfide.

However, the above-mentioned process (c) is mot an
industrially satisfactory process because that harmful hydro-
gen chloride or hydrogen sulfide is used, and the preparation
yield of a starting material is also poor.

(d) In Japanese Patent Publication No. 39517/1990, a
process is disclosed for obtaining the 5-alkyl-5,6,7,7a-
tetrahydro-4H-thieno[3,2-c]pyridin-2-one derivative
by reacting a Grignard reagent of a 2-bromo-5-alkyl-
4,5,6,7-tetrahydrothieno[3,2-cJpyridine derivative with
tert-butyl perbenzoate.

However, the above-mentioned process (d) is not an
industrially satisfactory process because that numerous
stages of reactions such as bromination, preparation of the
Grignard reagent, the rcaction with tert-butyl perbenzoate
and acid decomposition are required, such that yield is low,
and a N-substituent, which can be used for preparation of the
Grignard reagent, is limited.

Therefore, the known preparation process (1) is not a
satisfactory industrial process for obtaining the 2-acyloxy-
5-alkyl-4,5,6,7-tetrahydro-thieno[3,2-clpyridine derivative,
and all of the known preparation processes (2) [(a) to (d)] are
not satisfactory industrial processes for obtaining the
5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[ 3,2-c]-pyridin-2-one
derivative.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of the present invention is to provide a
2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine repre-
sented by the formula (I), which is a novel compound, and
also to provide an efficient process for preparing said medi-
cine.

A further object of the present invention is to provide @
a 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
represented by the following formula (IV) and a process for
preparing said compound, and @ an efficient process for
preparing a 2-acyloxy-5-alkyl-4,5,6,7-tetrahydrothieno-[3,
2-clpyridine represented by the following formula (V) or a
5-alkyl-5,6,7,7a-tetrahydrothienof 3,2-c]pyridin-2-one rep-
resented by the following formula (VI) from a 5-alkyl-2-
silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine repre-
sented by the following formula (IV), by providing the
2-silyloxy-4,5,6,7-tetrahydrothieno{ 3,2-c]pyridine.

In view of such circumstances, the present inventors have
found that a method of using the 2-silyloxy-4,5,6,7-
tetrahydrothieno[3,2-cJpyridine as an intermediate is the
most efficient as a process for preparing the 2-acyloxy-5-
alkyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine or the 5-alkyl-
5,6,7,7a-tetrahydrothienof 3,2-c]pyridin-2-one. As a result of
intensive investigation of a synthetic process thereof, the
present invention has been accomplished.

DETAILED DESCRIPTION OF THE
INVENTION

The first invention relates to a 2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine represented by the formula

D:
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wherein .
R', R* and R® each independently represent an alkyl ~ Wherein 4. s . .

group having 1 to 10 carbon atoms or an aryl group, X and R” to R” represent the same meanings as described

and a salt thereof.

The second invention relates to a process for preparing the
2-silyloxy-4,5,6,7-tctrahydrothieno[ 3,2-c]pyridine repre-
sented by the formula (I), which comprises allowing a
5,6,7,7a-tetrahydro-4H-thieno[3,2-c]-pyridin-2-one repre-
sented by the formula (II):

m

o s

or a tautomer thereof to react with a halogenated silane
represented by the formula (111):

R!

|
Rz—sli—x

R3

(un

wherein
X represents a halogen atom, and R? to R® represent the
same meanings as described above, in the presence of
a tertiary amine,
The third invention relates to a 5-alkyl-2-silyloxy-4,5,6,
7-tetrahydrothieno[3,2-c]pyridine represented by the for-
mula (IV):

R¢ ™

RS

wherein

R* represents a hydrogen atom, an alkoxycarbonyl group
having 2 to 10 carbon atoms, an acyl group having 2 to
10 carbon atoms or a cycloalkylcarbonyl group having
410 10 carbon atoms, R represents a halogen atom, an
alkyl group having 1 to 4 carbon atoms or an alkoxy
group having 1 to 4 carbon atoms, and R? to R?
represent the same meanings as described above.

The fourth invention relates to a process for preparing the
5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine
represented by the formula (IV), which comprises allowing
the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine rep-
resented by the formula (I):

o

wherein

R* to R? represent the same meanings as described above,
or a salt thereof to react with a halogenated alkyl represented
by the formula (VII):
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above,

in the presence of a tertiary amine.

Best mode for practicing the invention

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-cJpyridine
represented by the formula (I), which is the compound of the
present invention, is converted into the 5-alkyl-2-silyloxy-
4,5,6,7-tetrahydrothieno[3,2-c]pyridine represented by the
formula (IV):

R* a)

RS

wherein
R* represents a hydrogen atom, an alkoxycarbonyl group

having 2 to 10 carbon atoms, an acyl group having 2 to
10 carbon atoms or a cycloalkylcarbonyl group having
4 to 10 carbon atoms, R’ represents a halogen atom, an
alkyl group having 1 to 4 carbon atoms or an alkoxy
group having 1 to 4 carbon atoms, and R*, R? and R?
represent the same meanings as described above,

easily with a high yield.

The converted 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine represented by the formula
(IV) can be converted into a known 2-acyloxy-5-alkyl-4,5,
6,7-tetrahydrothieno[3,2-cJpyridine represented by the for-
mula (V):

R4

)
RS

RéCOO

wherein
R® represents an alkyl group having 1 to 10 carbon atoms,
and R* and R® represent the same meanings as
described above,
or a known S5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[3,2-c]-
pyridin-2-one represented by the formula (VI):

R* (VD
— N RS
o S
wherein
R* and R® represent the same meanings as described
above,

easily and efficiently with a high yield. A method thereof has
also been developed by the present inventors.

As a result, it has been found that the 2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine represented by the formula
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(I) is an extremely uscful precursor of the 2-acyloxy-5-alkyl-
4,5,6,7-tetrahydrothieno[3,2-c]pyridine represented by the
formula (V) and the 5-alkyl-5,6,7,7a-tetrahydro-4H-thieno
[3,2-c]pyridin-2-one represented by the formula (VI).

Also, the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-
cJpyridine represented by the formula (IV) is not only a
useful intermediate of the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine and the 5-alkyl-5,6,7,7a-
tetrahydro-4H-thieno[ 3,2-c]pyridin-2-one, but also a novel
compound which can be an antiplatelet medicine and an
clastase inhibitor.

As a result, by using the 2-silyloxy-4,5,6,7-
tetrahydrothieno[3,2-¢Jpyridine represented by the formula
(D) as an intermediate, N-alkylation is carried out by simple
operation. Through the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine represented by the formula
(IV), the 2-acyloxy-5-alkyl-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine represented by the formula (V) or the 5-alkyl-5,6,
7,7a-tetrahydro-4H-thieno[ 3,2-c]pyridin-2-one represented
by the formula (VI) can be obtained with a high yield. Thus,
a preparation process in which yield is much higher than
those of the conventional processes for preparing the
2-acyloxy-5-alkyl-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine
and the 5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[3,2-c]
pyridin-2-one, is rendered possible.

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
represented by the formula (I) and the 5-alkyl-2-silyloxy-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine represented by the
formula (IV) are novel compounds.

In the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
represented by the formula (I) and the 5-alkyl-2-silyloxy-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine represented by the
formula (I'V) in the compounds of the present invention, R*,
R? and R® cach independently represent an alkyl group
having 1 to 10 carbon atoms or an aryl group.

The alkyl group having 1 to 10 carbon atoms represented
by RY, R? and R® may include, for example, straight or
branched alkyl groups such as a methy! group, an ethyl
group, a propyl group (including an isomer), a butyl group
(including the respective isomers), a penty! group (including
the respective isomers), a hexyl group (including the respec-
tive isomers), a heptyl group (including the respective
isomers), an octyl group (including the respective isomers),
a nonyl group (including the respective isomers) and a decyl
group (including the respective isomers), etc. Alkyl groups
having 1 to 5 carbon atoms are preferred, and a methyl
group, an ethyl group, a propyl group (including an isomer)
and a butyl group (including the respective isomers) are
more preferred.

In the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]Jpyridine
represented by the formula (I) in the compounds of the
present invention, the aryl group represented by R?, R? and
R? may include, for example, a pheny! group, a tolyl group,
a xylyl group, a biphenyl group, a naphthyl group, an anthryl
group and a phenanthryl group, etc. An aryl group having 6
to 8 carbon atoms is preferred, and a phenyl group is more
preferred.

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
represented by the formula (I) in the compounds of the
present invention can be converted into a salt, if necessary.
Such a salt may include, for example, a salt of a mineral acid
such as hydrochloric acid, sulfuric acid, etc., a salt of an
organic sulfonic acid such as p-toluenesulfonic acid, meth-
anesulfonic acid, etc., and a salt of an organic acid such as
acetic acid, propionic acid, etc. Hydrochloric acid, sulfuric
acid, p-toluenesulfonic acid and methanesulfonic acid are
preferred, and hydrochloric acid and p-toluenesulfonic acid
are more preferred.

s

10

15

20

25

30

35

40

45

50

55

60

65

6

In the compounds of the present invention, the 2-silyloxy-
4,5,6,7-tetrahydrothieno[3,2-clpyridine represented by the
formula (I) is preferably 2-(tert-butyldimethylsilyloxy)-4,5,
6,7-tetrahydrothieno[3,2-c]pyridine and a salt thereof,
2-triisopropylsilyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]
pyridine and a salt thereof, and 2-(tert-
butyldiphenylsilyloxy)- 4,5,6,7-tetrahydrothieno[3,2-¢c]
pyridine and a salt thereof.

A specific example of the 2-silyloxy-4,5,6,7-
tetrahydrothieno[3,2-cJpyridine having the formula (1) in the
compounds of the present invention may include, for
example, compounds in the following Table 1.

TABLE 1
o
NH
L
|
Rz--SIi -0 S
R3
No. R? R? R?
1 Me Me Me
2 Et Et Et
3 i-Pr i-Pr i-Pr
4 n-Pr n-Pr n-Pr
5 Me Me t-Bu
6 Ph Ph t-Bu

The abbreviations in the table have the following mean-
ings.

Me: a methyl group

Et: an ethyl group

i-Pr: an isopropyl group

n-Prt a normal propyl group

t-Bu: a tertiary butyl group

Ph: a phenyl group

Among the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridines represented by the above formula (I), 2-(tert-
butyldimethylsilyloxy)-4,5,6,7-tetrahydrothieno[ 3,2-¢]
pyridine and a salt thereof, 2-(tert-butyldiphenylsilyloxy)-
4,5,6,7-tetrahydrothieno[3,2-clpyridine and a salt thereof,
and 2-triisopropylsilyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c}
pyridine and a salt thereof are preferred.

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
represented by the formula (I) can be prepared by, for
example, Reaction scheme (1) (hereinafter also referred to as
Recaction 1) described below.

Reaction scheme (1)

——— NH
+
o S
m
R!
| . .
RZ—SIi—X Tertiary amine ;
R3

(tm)

W
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-continued

Reaction scheme (1)

NH
A
|
R2—s|i—o s
R3
)
wherein
R! to R® and X represent the same meanings as described
above.

The 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-onc
represented by the formula (II) or a tautomer thereof
(hereinafter also referred to as the 2-oxo-
tetrahydrothienopyridine) to be used in the reaction of the
present invention is a compound having a structural formula
as shown below.

10

15

8

produced, preferred arc triisopropylchlorosilane, tert-
butyldimethylchlorosilane, tert-butyldiphenylchlorosilane,
etc. which are sterically bulky. However, other starting
material can be used in Reaction 3 shown below or the like
if it is not isolated.

The tertiary amine to be used in the preparation process of
the present invention is preferably triethylamine or
diisopropylethylamine, and the halogenated silane repre-
sented by the formula (III) is preferably a compound
selected from the group consisting of tert-
butyldimethylchlorosilane, tert-butyldiphenylchlorosilane
and triisopropylchlorosilane.

The reaction solvent to be used in the reaction of the
present invention may include an ether type solvent such as
tetrahydrofuran, diethyl ether, dioxane, etc., a chlorine type
solvent such as methylene chloride, dichloroethane, etc., an
aromatic hydrocarbon type solvent such as benzene, toluene,
xylene, etc., a nitrile type solvent such as acetonitrile,
propionitrile, benzonitrile, etc., an amide type solvent such

Structural formula of tautomers

NH
= ]

HO S

Either of these tautomers can be used in the reaction of the
present invention. Also, the 5,6,7,7a-tetrahydro-4H-thieno
[3,2-c]pyridin-2-one is generally stable in the state of a salt
such that it is used mainly in the state of a salt in the reaction.
The salt to be used may include, for example, a mineral acid
salt such as hydrochloride, sulfate, etc., an organic sulfonic
acid salt such as p-toluenesulfonate, methanesulfonate, cic.;
an organic acid salt such as acetate, propionate, etc., and the
like.

Hydrochloride, sulfate, p-toluencsulfonate and methanc-
sulfonate are preferred, and hydrochloride and
p-toluenesulfonate are more preferred.

The above 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-
2-one, a tautomer thereof and salts thereof can be prepared
according to the method described in Japanese Provisional
Patent Publication No. 246187/1986, which is explained in
more detail in Reference example.

The tertiary amine to be used in the reaction of the present
invention may include, for example, trialkylmonoamines
such as triethylamine, tributylamine, diisopropylethylamine,
etc., trialkyldiamines such as diazabicyclooctane,
diazabicycloundecane, tetramethylethyldiamine, etc., and
the like. Trialkylmonoamines are preferred, and triethy-
lamine and diisopropylcthylamine are more preferred.

R*, R? and R in the halogenated silane represented by the
formula (III) to be used in the reaction of the present
invention represent the same meanings as described above,
and X represents a halogen atom.

The halogen atom represented by X in the halogenated
silane represented by the formula (III) may include, for
example, halogen atoms such as a fluorine atom, a chlorine
atom, a bromine atom, an iodine atom, etc. A chlorine atom
is preferred.

The halogenated silane having R, R2, R® and X as
described above may include, for example,
trimethylchlorosilane, triethylchlorosilane,
tripropylchlorosilane, triisopropylchlorosilane, tert-
butyldimethylchlorosilane, tert-butyldiphenylchlorosilane,
etc. In this case, from the point of the stability of the
2-silyloxy-4,5,6,7-tetrahydrothieno-[3,2-cJpyridine to be
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as dimethylformamide, dimethylacetamide,
dimethylimidazolidone, etc., and the like. An ether type
solvent, a chlorine type solvent and a nitrile type solvent are
preferred, acetonitrile, dimethylacetamide and dimethylimi-
dazolidone are more preferred, and acetonitrile is particu-
larly preferred.

The reaction tempceraturc in the reaction of the present
invention is generally in the range of =20 ° C. to the boiling
point of said solvent to be used, and 0° C. to 100° C. is
preferred from the view of the stability of the reaction
producit.

The ratio (molar ratio) of the amounts of the respective
reaction substrates to be used in the reaction of the present
invention is theoretically the 2-oxo-
tetrahydrothienopyridine: the tertiary amine: the haloge-
nated silane=1:1:1. However, when extremely excess
amounts of the tertiary amine and the halogenated silane
based on the 2-oxo-tetrahydrothienopyridine are used,
N-silylation proceeds simultaneously with O-silylation such
that the yield of the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,
2-c}-pyridine which is a produced compound might be
lowered. When the ratio (molar ratio) of the amounts of the
tertiary amine and the halogenated silane to the 2-oxo-
tetrahydrothicnopyridine to be used is 1 or less, good results
might be obtained in some cases.

With respect to the tertiary amine to be used in the
reaction of the present invention, its amount to be used is
generally such an amount that it is 0.5 to 3.0 mole, prefer-
ably such an amount that it is 0.5 to 2.0 mole, more
preferably such an amount that it is 0.7 to 1.5 mole per 1
mole of the 2-oxo-tetrahydrothienopyridine.

Also, with respect to the halogenated silane represented
by the formula (III) to be used in the reaction of the present
invention, its amount to be used is generally such an amount
that it is 0.5 to 3.0 mole, preferably such an amount that it
is 0.5 to 2.0 mole, more preferably such an amount that it is
0.7 to 1.5 mole per 1 mole of the 2-oxo-
tetrahydrothienopyridine.

The reaction concentration in the reaction of the present
invention is not particularly limited, but the concentration of
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the 2-oxo-tetrahydrothienopyridine to the solvent is gener-
ally 0.1 to 95%, preferably 0.5 to 90%, more preferably 1 to
80%.

The reaction method in the reaction of the present inven-
tion can be a common method, and a method of adding a
reaction reagent, ctc. are not particularly limited. Isolation of
the desired compound from the reaction mixture can be
carried out by common operation, but in consideration of the
physical properties of the desired compound, crystallization,
extraction, washing, column chromatography, etc. may be
combined.

From the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine represented by the formula (I) or a salt thereof thus
obtained, the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno-3,
2-cJpyridine represented by the formula (IV) can be pre-
pared by, for example, a method as shown by the following
Reaction scheme (2).

R" in the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-
clpyridine represented by the formula (IV) represents a
hydrogen atom, an alkoxycarbonyl group having 2 to 10
carbon atoms, an acyl group having 2 to 10 carbon atoms or
a cycloalkylcarbony! group having 4 to 10 carbon atoms.

The alkoxycarbonyl group having 2 to 10 carbon atoms
represented by R* in the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine represented by the formula
(IV) may include, for example, alkoxycarbonyl groups
including a straight or branched alkyl group portion having
1 to 9 carbon atoms such as a methyl group, an ethyl group,
a propyl group (including an isomer), a butyl group
(including the respective isomers), a pentyl group (including
the respective isomers), a hexyl group (including the respec-
tive isomers), a heptyl group (including the respective
isomers), an octyl group (including the respective isomers),
a nonyl group (including the respective isomers), etc.
Alkoxycarbonyl groups including an alkyl group portion
having 1 to 5 carbon atoms are preferred, a methoxycarbonyl
group, an ethoxycarbonyl group, a propoxycarbonyl group
(including the respective isomers) and a butoxycarbonyl
group (including the respective isomers) are more preferred,
and a methoxycarbonyl group and an ethoxycarbonyl group
are particularly preferred.

The acyl group having 2 to 10 carbon atoms represented
by R? in the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,
2-clpyridine represented by the formula (IV) may include,
for example, acyl groups including an alkyl group portion
having 1 to 9 carbon atoms such as a methyl group, an ethyl
group, a propyl group (including an isomer), a butyl group
(including the respective isomers), a pentyl group (including
the respective isomers), a hexyl group (including the respec-
tive isomers), a heptyl group (including the respective
isomers), an octyl group (including the respective isomers),
a nonyl group (including the respective isomers), etc. Acyl
groups including an alky] group portion having 1 to 5 carbon
atoms are preferred, and an acetyl group, a propionyl group,
a n-butyryl group, an i-butyryl group and a valeryl group are
more preferred.

The cycloalkylcarbonyl group having 4 to 10 carbon
atoms represented by R* in the 5-alkyl-2-silyloxy-4,5,6,7-
tetra-hydrothieno[3,2-c]pyridine represented by the formula
(IV) may include, for example, cycloalkylcarbonyl groups
including a cycloalkyl group portion having 3 to 9 carbon
atoms such as a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclooctyl group, a cyclononyl group, etc. Cycloalkylcar-
bonyl groups including a cycloalkyl group portion having 3
to 6 carbon atoms are preferred, a cyclopropylcarbonyl
group, a cyclobutylcarbonyl group and a cyclopentylcarbo-
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nyl group are more preferred, and a cyclopropylcarbonyl
group is particularly preferred.

In the 5-alkyl-2-silyloxy-4,5,6,7-tctrahydrothienof3,2-c]-
pyridine represented by the formula (IV), R® represents a
halogen atom, an alkyl group having 1 to 4 carbon atoms or
an alkoxy group having 1 to 4 carbon atoms, and the
substitution position on the benzene ring is not particularly
limited.

The halogen atom represented by R® in the 5-alkyl-2-
silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine repre-
sented by the formula (IV) may include, for example,
halogen atoms such as a fluorine atom, a chlorine atom, a
bromine atom and an iodine atom. A fluorine atom and a
chlorine atom are preferred.

The alkyl group having 1 to 4 carbon atoms represented
by R® in the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,
2-c]pyridine represented by the formula (IV) may include,
for example, alkyl groups such as a methy! group, an ethyl
group, a propy! group (including an isomer) and a butyl
group (including the respective isomers). Alkyl groups hav-
ing 1 to 3 carbon atoms are preferred, and a methyl group
and an ethyl group are more preferred.

The alkoxy group having 1 to 4 carbon atoms represented
by R® in the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,
2-clpyridine represented by the formula (IV) may include,
for example, alkoxy groups having an alkyl group portion
such as a methyl group, an ethyl group, a propyl group
(including an isomer) and a butyl group (including the
respective isomers). Alkoxy groups having 1 to 3 carbon
atoms are preferred, and a methoxy group and an ethoxy
group are more preferred.

A specific example of the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine having the substituents rep-
resented by R*, R?, R?, R* and R® as described above may
include, for example, compounds shown in the following
Table 2.

TABLE 2
R* ()
N
e ] -
|
R2—§i—0 S
.

No. R! R? R? R?* R®
7 Me Me Me H 2-Cl
8 Me Me Me H 2-F
9 Bt Et Et H 2-Cl

10 Et Et Et H 2-F

11 i-Pr i-Pr i-Pr H 2-Cl

12 i-Pr i-Pr i-Pr H 2-F
13 t-Bu Me Me H 2-Cl

14 t-Bu Me Me H 2-F

15 t-Bu Ph Ph H 2-Cl

16 t-Bu Ph Ph H 2-F

17 n-Pr n-Pr n-Pr H 2-Ci

18 n-Pr n-Pr n-Pr H 2-F

19 t-Bu Me Me CO,Me 2-Cl

20 t-Bu Me Me CO,Et 2-Cl

21 Mc Mc Me C(O)c-Pr 2-Cl

22 Me Me Me C(O)c-Pr 2-F

23 Et Et Et C(O)c-Pr 2-Cl

24 Et Et Et C(O)c-Pr 2-F

25 t-Bu Me Me C(O)c-Pr 2-Cl

26 t-Bu Me Me C(O)c-Pr 2-F

27 t-Bu Ph Ph C(O)c-Pr 2-Cl

28 t-Bu Ph Ph C(O)c-Pr 2-F

29 i-Pr i-Pr i-Pr C(O)c-Pr 2-Cl

\3
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TABLE 2-continued
R* amw
N
L )
|
Rz-—?i -0 s

R3
No. R! R? R3 R* RS
30 i-Pr i-Pr i-Pr C(O)c-Pr 2-F
31 t-Bu Me Me C(O)Me 2-Cl
32 t-Bu Me Me C(O)Et 2-Cl
33 t-Bu  Me Me C(O)n-Pr 2-Cl
34 tBu  Me Me C(O)i-Pr 2-C
35 t-Bu Me Me C(O)n-Bu 2-Cl

The abbreviations in the table represent the following
meanings.

Me: a methyl group

Et: an ethyl group

n-Pr: a normal propyl group

¢-Pr: a cyclopropyl group

i-Pr: an isopropyl group

n-Bu: a normal butyl group

t-Bu: a tertiary butyl group

Ph: a phenyl group

Among the compounds shown in the above Table 2, the
following compounds are preferred.
2~(tert-Butyldimethylsilyloxy)-5-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-(tert-butyldimethylsi]yloxy)-5-(2-ﬂuorobenzyl)-4,5,6,7-

tetrahydrothicno[3,2-cJpyridine,
2-(tert-buty1dimethylsilyloxy)-5-(a-methoxycarbonyl-Z-

chlorobenzyl)-4,5,6,7-tetrahydrothienof 3,2-cJpyridine,
2~(tert-butyldiphenylsilyloxy)-5-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-triisopropy]silyloxy-5-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-(tert-buty1dimcthylsilyloxy)-S-(a-cyclopropyl-carbonyl-

2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine,
2-triisopropylsi1yloxy-5-(a-cyclopropy1carbonyl-2-

chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine,
2-(lert-butyldimethylsi]yloxy)-5-(a-cyclopropyl-carbonyl-

2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c Jpyridine,
2-(lert-butyldiphenylsilyloxy)-5-(a-cyclopropyl-carbonyl—

2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine,

and
2-(tcrt-butyldiphcnylsilyloxy)-5-(a-cyclopropyl-carbonyl-

2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine.

Among the compounds shown in the above Table 2, the
following compounds are more preferred.
2-(terl-Bulyldimethylsilyloxy)-5-(2-chlorobenzy1)-4,5,6,7-

tetrahydrothicno{3,2-c]pyridine,
2-(tert-butyldimethylsilyloxy)—5-(2-ﬂuorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]Jpyridine,
2-(tert-butyldimethylsilyloxy)-5-(a-melhoxycarbony1-2-

chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine,
2-(tert-butyldiphenylsilyloxy)-S-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-lriisopropylsily10xy-5-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-(tcrt-bulyldimethylsilyloxy)-5-(a-cyclopropyl-carbonyl-

2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine,

and
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2-triisopropylsilyloxy-5-(a-cyclopropylcarbo nyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine.

The 5-alky1-2-silyloxy-4,5,6,7-letrahydrothieno[3,2-c]—
pyridine as described above can be prepared by, for example,
Reaction scheme (2) shown below.

Reaction scheme (2)

NH
A :
Rz—sli—o s
R3
)
R4
X RS
Tertiary amine E
(vip
R4
5
R R
|
RZ—?i—o
R3
)
wherein
R to R’ and X represent the same meanings as described
above.

The process (hereinafter also referred to as Reaction 2) for
preparing the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,
2-c]pyridine represented by the formula (IV), represented by
Reaction scheme (2) is a process for preparing the 5-alkyl-
2-silyloxy-4,5,6,7-tetrahydrothieno-[3,2-c]pyridine repre-
sented by the formula (IV), in which the 2-silyloxy-4,5,6,
7-tetrahydrothieno[3,2-c]pyridine (hereinafter also referred
to as the 2-silyloxythicnopyridine) represented by the for-
mula (T) or a salt thereof is allowed to react with a haloge-
nated alkyl represented by the formula (VII):

R4 (VID)

wherein

R* and R® represent the same mcanings as described
above, and X represents a halogen atom, in the pres-
ence of a tertiary amine.

In that case, the 2-silyloxy-4,5,6,7-telrahydrothieno[3,2-
clpyridine represented by the formula (I) or a salt thereof to
be used in Reaction 2 may be isolated from the reaction
mixture after completion of the above reaction and used in
a subsequent reaction, or may be used for a process (one pot
reaction) in which the reaction mixture is allowed to react
with the halogenated alkyl, without isolation.

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
and a salt thereof to be used in Reaction 2 may include, for
example, the above compounds and salts thereof.

The 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
and a salt thereof as described above are preferably com-

W\
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pounds having large steric hindrance such as 2-(tert-
bulyldimclhylsilyloxy)-4,5,6,7-lelrahydrolhieno[3,2-c]
pyridine and a salt thereof, 2-(tert-butyldiphenylsilyloxy)-
4,5,6,7-tetrahydrothieno[3,2-c]pyridine ‘and a salt thereof,
and 2-triisopropylsilyloxy-5,6,7-tetrahydrothieno[ 3,2-c]
pyridine and a salt thereof from the point that the produced
5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-¢ Jpyridine
can be stably isolated.

Also, in the case of the process (one pot reaction) in which
the reaction mixture is reacted with the halogenated alkyl
without isolation, other 2-silyloxy-4,5,6,7-tetrahydrothieno
[3,2-c]pyridine and a salt thereof than the above compounds
may be used.

R* and R? represented by the halogenated alkyl repre-
sented by the formula (VII) to be used in Reaction 2 may
include R* and R® described above. X may include halogen
atoms (a chlorine atom or a bromine atom is preferred).

Aspecific example of the compound having R*, RS and X
as described above may include compounds shown in the
following Table 3.

TABLE 3
R¢ (vID)
X RS
No. R* R® X
36 H 2-Cl Cl
37 H 2-Cl _ Br
38 H 2-F Cl
39 H 2-F Br
40 CO,Me 2-Cl Cl
41 CO,Et 2-Cl Br
42 CO,Me 2-F (@]
43 CO,Et 2-F Br
44 C(O)Me 2-C1 Cl
45 C(O)Et 2-Cl Cl
46 C(O)n-Pr 2-Cl Cl
47 C(O)Me 2-F Cl
48 C(O)Et 2-F cl
49 C(O)n-Pr 2-F Cl
50 C(O)n-Bu 2-F Cl
51 C(O)Me 2-Cl Br
52 C(O)Et 2-Cl Br
53 C(O)n-Pr 2-Cl Br
54 C(O)Me 2F Br
55 C(O)Et 2-F Br
56 C(O)n-Pr 2-F Br
57 C(O)n-Bu 2-F Br
58 C(O)c-Pr 2-Cl Cl
59 C(O)c-Pr 2-Ci Br
60 C(O)c-Pr 2-F Cl
61 C(O)c-Pr 2-F Br

The abbreviation s in the table represent the following
meanings.

Me: a methyl group

Et: an cthyl group

n-Pr: a normal propyl group

¢-Pr: a cyclopropyl group

n-Bu: a normal butyl group

Among the halogenated alkyls shown in the above Table
3, the following compounds are preferred.

2-Chlorobenzyl chloride, 2-fluorobenzyl chloride,
2-chloro-a-methoxycarbonylbenzy! bromide and 2-fluoro-
a-cyclopropyl-carbonylbenzyl chloride.

The tertiary amine to be used in Reaction 2 may include,
for example, trialkylmonoamines such as triethylamine,
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tributylamine, dusopropylethylamin, etc., trialkyldiamincs
such as diazabicyclooctane, diazabicycloundecane,
tetramethylethyldiamine, etc., and the like. Trialkyl-
monoamines are preferred, and triethylamine, tributylamine
and daesopropylethylamine are more preferred.

In Reaction 2, existence of an ammonium salt exhibits a
reaction-accelerating action. Therefore, it is advantageous to
carry out Reaction 2 subsequently to Reaction 1 because the
tertiary ammonium salt produced in Reaction 1 can be
utilized. Also, a quaternary ammonium salt is effective as a
matter of course. An object thereof can be achieved not only
by the produced tertiary ammonium salt but also by newly
adding such a reaction-accelerating compound to the reac-
tion system.

Such a reaction-accelerating compound to be added may
include, for example, quaternary ammonium salts including
a tetraalkylammonium halide having an alkyl group with 1
to 20 carbon atoms, such as tetramethylammonium chloride,
tetramethylammonium bromide, tetraethylammonium
chloride, tetracthylammonium bromide, tetrabutylammo-
nium chloride and tetrabutylammonium bromide, a trialky-
lmonobenzylammonium halide having an alkyl group with 1
to 20 carbon atoms, such as trimethylbenzylammonium
chloride and triethylbenzylammonium chloride, etc., an
alkali metal bromide such as lithium bromide, sodium
bromide, potassium bromide, cesium bromide, etc., and an
alkali metal iodide such as lithium iodide, sodium iodide,
potassium iodide, cesium iodide, ete.

With respect to the ammonium salt to be used in Reaction
2, its amount to be used is generally such an amount that it
is 0.01 to 5 mole, preferably such an amount that it is 0.1 to
2 mole per 1 mole of the 2-silyloxythienopyridine.

With respect to the alkali metal bromide or the alkali
metal iodide, its amount to be used is generally such an
amount that it is 0.001 to 0.6 mole, preferably such an
amount that it is 0.01 to 0.5 mole per 1 mole of the
2-silyloxythienopyridine.

The reaction solvent to be used in Reaction 2 may include
an ether type solvent such as tetrahydrofuran, diethyl ether,
dioxane, etc., a chlorine type solvent such as methylene
chloride, dichloroethane, etc., an aromatic hydrocarbon type
solvent such as benzene, toluene, xylene, etc., a nitrile type
solvent such as acetonitrile, propionitrile, benzonitrile, etc.,
an amide type solvent such as dimethylformamide,
dimethylacetamide, dimethylimidazolidone, etc., and the
like. A ether type solvent, a chlorine type solvent and a
nitrile type solvent are preferred, acetonitrile, dimethylac-
etamide and dimethylimidazolidone are more preferred, and
acetonitrile is particularly preferred.

The reaction temperature in Reaction 2 is generally in the
range of —-20° C. to the boiling point of said solvent to be
used, and 0° C. to 80° C. is preferred when the stabilities of
the compounds to be used are taken into consideration.

The ratio (molar ratio) of the amounts of the respective
reaction substrates to be used in Reaction 2 is generally the
2-silyloxythienopyridine: the tertiary amine: the haloge-
nated alkyl=1:0.7 to 3.0:0.7 to 3. However, extremely excess
amounts of the tertiary amine and the halogenated alkyl
based on the 2-silyloxythienopyridine may be used.

With respect to the tertiary amine to be used in Reaction
2, its amount to be used is generally such an amount that it
is 0.5 to 10 mole, preferably such an amount that it is 0.7 to
3.0 mole per 1 mole of the 2-silyloxythienopyridine.

With respect to the halogenated alkyl represented by the
formula (VII) to be used in the reaction of the present
invention, its amount to be used is generally such an amount
that it is 0.5 to 10 mole, preferably such an amount that it is
0.7 to 3.0 mole per 1 mole of the 2-silyloxythienopyridine.
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The reaction substratcs concentration in Reaction 2 is not
particularly limited, but the reaction rate of the present
reaction tends to be increased as the substrates concentration
is higher. It is customary to heighten the concentration as far
as possible, and the product concentration is preferably 10%
or more.

Isolation of the desired compound from the reaction
mixture can be carried out by common operation, but in
consideration of the physical properties of the desired
compound, crystallization, extraction, washing, column
chromatography, etc. may be combined.

The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]-
pyridine can be obtained by the so-called one pot reaction in
which a final product can be obtained from the tetrahy-
drothienopyridine without isolating the
2-silyloxythienopyrimidine which is an intermediate, which
is represented by, for example, Reaction scheme (3) shown
below.

16
butyldimethylchlorosilane or tert-butyldiphenylchlorosilane
which is used in the above process (Reaction 1).

After completion of the reaction, isolation of the desired
5 compound from the reaction mixture can be carried out by
common operation, but in consideration of the physical
properties of the desired compound, crystallization,
cxtraction, washing, column chromatography, etc. may be
1o Sombined.

From the 5-alkyl-2-sityloxy-4,5 ,6,7-tetrahydrothieno[ 3,2-
clpyridine represented by the formula (IV) obtained as
described above, the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno[ 3,2-clpyridine represented by the formula
(V) can be prepared by, for example, a process as shown in
the following Reaction scheme (4).

15

Reaction scheme (3)

Rt

R3

R4
S RS (VID ¢
N RS
T r L1
s —> Rz—?i——o S
0] av

R!
- NH + Rz—éi—X Tertiary amine ;
|
o] S R3
(I (Im
R
|
R —?i—O
R3
(unseparated)
wherein

RY, R?, R? R* and R® represent the same meanings as

described above.

The process (hereinafter also referred to as Reaction 3) for
preparing the 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,
2-clpyridine, represented by Reaction scheme (3) is a pro-
cess for preparing the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine represented by the formula
(IV), in which the 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]-
pyridin-2-one represented by the formula (II) or a tautomer
thereof is reacted with the halogenated silane represented by
the formula (III) in the presence of a tertiary amine and the
produced 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine represented by the formula (I) is reacted with the
halogenated alkyl represented by the formula (VII), without
isolation.

In Reaction 3, the reaction conditions such as the 5,6,7,
Ta-tetrahydro-4H-thieno[3,2-clpyridin-2-one or a tautomer
thereof, the reaction substrates such as the tertiary amine, the
reaction temperature, the reaction solvent, the ratio of the
amounts of the reaction substrates to be used, the reaction
concentration, etc. to be used in the step of producing the
2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine may be
similar to those of the above process (Reaction 2). However,
the halogenated silane to be used in Reaction 3 is preferably
trimethylchlorosilane, triethylchlorosilane,
tripropylchlorosilane, triisopropylchlorosilane, tert-

40

Reaction scheme (4)

R4

RS

I
50
Base
6 —2C _ﬁ
(RC0),0 Acylating catalyst
(VI
R4
55
RCOO s
60 W
wherein
65  R*to R’ represent the same meanings as described above,

and R® represents an alkyl group having 1 to 6 carbon
atoms.
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The process for preparing the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine, represented by Reaction
scheme (4) (hereinafter also referred to as Reaction 4) is a
process for preparing the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno[3,2-cJpyridine represented by the formula
(V), in which the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine represented by the formula
(IV) with an acid anhydride represented by the formula
(VIID):

(R°CO),0 (VD

wherein

R® represents the same meaning as described above,
in the presence of a base and an acylating catalyst.

The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]-
pyridine represented by the formula (IV) and a salt thereof
to be used in Reaction 4 can be prepared by the above
Reaction 2. A specific example thereof may include, for
example, the compounds shown in the above Table 2, and
the specific compounds described above are more preferred.

R® in the acid anhydride represented by the formula (VIII)
to be used in Reaction 4 may include, for example, straight
or branched alkyl groups having 1 to 6 carbon atoms. A
specific acid anhydride may include, for example, alkylcar-
boxylic acid anhydrides such as acetic anhydride, propionic
anhydride, butyric anhydride, isobutyric anhydride, pivalic
anhydride, valeric anhydride, isovaleric anhydride, etc. Ace-
tic anhydride and pivalic anhydride are more preferred.

The base to be used in Reaction 4 is preferably a tertiary
amine.

The tertiary amine may include, for example, trialky-
lamines such as triecthylamine, tributylamine,
diisopropylethylamine, etc., and triethylamine is preferred.

The acylating catalyst to be used in Reaction 4 may
include, for example, 4-dialkylaminopyridines such as
4-dimcthylaminopyridine, 4-diethylaminopyridine,
4-dipropylaminopyridine, etc., and
4-dimethylaminopyridine is preferred.

A specific example of the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine represented by the formula
(V), which is obtainable by Reaction 4, may include, for
example, compounds in the following Table 4.

TABLE 4
R¢ ™)
RS

No. R* RS RS
62 H 2-Cl Me
63 H 2-Cl Et
64 H 2-F Me
65 H 2-F Et
66 COOMe 2-Cl1 Me
67 COOMe 2-Cl Et
68 COOMe 2-F Me
69 COOMe 2-F Et
70 C(O)c-Pr 2-Cl Me
7 C(O)e-Pr 2-Cl Et
72 C(O)c-Pr 2-F Me
73 C(O)c-Pr 2-F Et
74 H 2-Cl t-Bu
75 H 2-F t-Bu
76 COOMe 2-Cl t-Bu
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TABLE 4-continued
R* w
RS
No. R* R® RS
77 COOMe 2-F t-Bu
78 C(O)c-Pr 2-Cl t-Bu
79 C(O)c-Pr 2-F t-Bu

The abbreviations in the table represent the following
meanings.

Me: a methyl group

Et: an ethyl group

c-Pr: a cyclopropyl group

t-Bu: a tertiary butyl group

The reaction solvent to be used in Reaction 4 may include
an ether type solvent such as tetrahydrofuran, diethyl ether,
dioxane, etc., a chlorine type solvent such as methylene
chloride, dichloroethane, etc., an aromatic type solvent such
as benzene, toluene, xylene, etc., a nitrile type solvent such
as acetonitrile, propionitrile, benzonitrile, etc., and an amide
type solvent such as dimethylformamide,
dimethylacetamide, dimethylimidazolidone, etc. A chlorine
type solvent, an ether type solvent and a nitrile type solvent
are preferred, and tetrahydrofuran and acetonitrile are more
preferred.

The reaction temperature in Reaction 4 can be in the range
of =50° C. to the boiling point of said solvent to be used and
should be selected in consideration of the stabilities of the
compounds to be used, etc., but it is preferably in the range
of -20° to 80° C.

The molar ratio of the respective reaction substrates to be
used in Reaction 4 is generally the 5-alkyl-2-silyloxy-4,5,
6,7-tetrahydrothieno[3,2-c]pyridine: the tertiary amine: the
acid anhydride=1:1:2. However, excess amount(s) of the
tertiary amine and/or the acid anhydride may be used.

With respect to the tertiary amine to be used in Reaction
4, its amount to be used is preferably such an amount that it
is 1 to 5 mole per 1 mole of the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine.

With respect to the acid anhydride, its amount to be used
is generally preferably such an amount that it is 1 to 5 mole
per 1 mole of the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine.

With respect to the acylating catalyst to be used in
Reaction 4, its amount to be used is generally such an
amount that it is 0.1 to 10 mole % per 1 mole of the 5-alkyl-
2-silyloxy-4,5,6,7-tetrahydrothienof 3,2-cJpyridine, and an
excess amount thereof may also be used.

The reaction concentration in Reaction 4 is not particu-
larly limited, but the reaction can be carried out generally at
the concentration of the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothieno[ 3,2-clpyridine being in the range of 1 to
50%.

The reaction method in the reaction of the present inven-
tion can be a common method, and a method of adding a
reaction reagent, etc. are not particularly limited.

Isolation of the desired compound from the reaction
mixture can be carried out by common operation, but in
consideration of the physical properties of the desired
compound, crystallization, extraction, washing, column
chromatography, etc. may be combined.

R
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Also, the 2-acyloxy-5-alkyl-4,5,6,7-tctrahydrothieno[ 3,2-
clpyridine represented by the formula (V) can be prepared
by, for example, a preparation process represented by the
following Reaction scheme (5) (hereinafter also referred to
as Reaction 5).

Reaction scheme (5)

R4

RS

Hydrolysis ;

o= N RS
Acid anhydride ;

(v

R4

RSCOO s
W

wherein

R, R?, R* R*, R® and R® represent the same meanings as

described above.

Reaction 5 is a process for preparing the 2-acyloxy-5-
alkyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine represented
by the formula (V), in which the 5-alkyl-2-silyloxy-4,5,6,
7-tetrahydrothieno[3,2-cJpyridine represented by the for-
mula (IV) is hydrolyzed to produce the 5-alkyl-5,6,7,7
a-tetrahydro-4H-thieno[ 3,2-c]pyridin-2-one represented by
the formula (VI), followed by a further reaction with the acid
anhydride represented by the formula (VIII).

The hydrolysis reaction to be carried out in Reaction 5 can
be carried out in the presence of, for example, an organic
carboxylic acid such as acetic acid, etc., an organic sulfonic
acid such as p-toluenesulfonic acid, etc. and an acid in which
these acids are combined. Water is not particularly required
for the hydrolysis so long as an excess amount of the acid
exists based on the 5-alkyl-2-silyloxy-4,5,6,7-
tetrahydrothienof3,2-clpyridine. The hydrolysis is easily
finished for a rcaction time of several minutes to 1 hour. The
hydrolysis proceeds sufficiently at a reaction temperature of
about room temperature (20° C.), and heating is not par-
ticularly required. It is considered that the reaction proceeds
even at a low temperature of about -50° C., but it is not
necessary to carry out the reaction at low temperature since
any particular side reaction does not occur.

The organic solvent to be used for the hydrolysis to be
carried out in Reaction 5 is not particularly limited, and a
polar or non-polar organic solvent may be used. However, a
chlorine type solvent such as methylene chloride, etc., an
aromatic hydrocarbon type solvent, an ether type solvent
and a ketone type solvent are preferred.

The 5-alkyl-5,6,7,7a-tetrahydro-4H-thieno[ 3,2-c]pyridin-
2-one represented by the formula (VI), obtainable by Reac-
tion 5 is obtainable generally as a salt of the acid used. By
sclecting the organic solvent suitably, these salts are pre-
cipitated from the reaction system, whereby isolation is easy.
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The process for obtaining the 2-acyloxy-5-alkyl-4,5,6,7-
tetrahydrothieno [3,2-c]pyridine represented by the formula
(IV) by using the 5-alkyl-5,6,7,7a-tetrahydro-4 H-thieno-[3,
2-c]pyridin-2-one represented by the formula (VI) in Reac-
tion 5 can be carried out according to the method described
in Japanese Provisional Patent Publication No. 130289/1991
or Japanese Provisional Patent Publication No. 411139/
1994. However, in general, a large amount of an acylating
agent is required, the reaction yield is poor, and the reaction
time is long.

Utilizability in industry

By using, as an intermediate, the 2-silyloxy-4,5,6,7 -tetra-
hydrothieno[3,2-c]pyridine and a salt thereof which are the
compounds of the present invention, the 2-silyloxy-4,5,6,7
-tetrahydrothieno[3,2-c]pyridine which is useful as a known
antiplatelet medicine, can be obtained easily with a high
yield.

Also, according to the preparation process of the present
invention, by reacting the 5,6,7,7a-tetrahydro-4 H-thieno-
[3,2-c]pyridin-2-one or a tautomer thereof with the haloge-
nated silane in the presence of the tertiary amine, the
2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine and a salt
thereof can be obtained easily with a high yield.

EXAMPLE

In the following, Examples are shown. Yields and reaction
yields in Examples are yields of 2-silyloxy-tetrahydro-
thienopyridine derivatives (mole) based on 5,6,7,7a-tetra-
hydro-4H-thieno[3,2-c]pyridin-2-one-p-toluenesulfonate
(mole).

Example 1

In 12 ml of acetonitrile were dissolved 808 mg (2.47
mmol) of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-
one.p-toluenesulfonate and 225 mg (2.22 mmol) of triethy-
lamine to obtain an acetonitrile solution. To the obtained
acetonitrile solution was added 334 mg (2.22 mmol) of
tertbutyldimethylchlorosilane, and the mixture was allowed
to react under stirring at room temperature (20° C.) for 6
hours and then leaving to stand at room temperature (20° C.)
for 12 hours.

The obtained reaction mixture was concentrated under
reduced pressure to obtain a concentrate. To the obtained
concentrate were added 40 ml of a phosphate buffer (pH 7.0)
and 60 ml of ether, and separation operation was carried out
to obtain an ether layer. After the obtained ether layer was
dried over anhydrous magnesium sulfate, the volume of the
layer was concentrated to about ¥ by concentration under
reduced pressure. Then, the concentrate was left to stand in
a refrigerator (4° C.) for 24 hours to obtain colorless crystals.
The obtained colorless crystals were filtered and dried under
reduced pressure to obtain 777 mg (1.79 mmol) of 2-(tert-
butyldimethylsilyloxy)-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine.p-toluenesulfonate (p-toluenesulfonate of Com-
pound No. 5) (yield: 72.4 %).

When HPLC analysis of the reaction mixture was carried
out, the reaction yield of 2-(tert-butyldimethylsilyloxy)-4,5,
6,7-tetrahydrothieno[3,2-c]pyridine was 97%.

Melting point: 85° to 86° C.

*H-NMR (CDCl,, 400 MHz, 3 ppm) 0.21 (s, 6H), 0.96 (S,
9H), 2.13 (S, 1H), 2.35 (s, 1H), 2.89, 3.48, 4.11 (br, each
2H), 5.75 (S, 1H), 7.15, 7.62 (d, each 2H), 9.26 (br, each
2H).

HPIL.C analysis conditions

Column; ODS-80TM (4.6¢x150 mm)
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Eluent; acetonitrile: water=4 1 (v/)+5 mM potassium
dihydrogen phosphate

Detector; UV (254 nm)

Column temperature; 40° C.

Flow rate; 1 ml/min

Example 2

In 10 m! of acetonitrile were dissolved 380 mg (1.16
mmol) of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-
one.p-toluenesulfonate and 165 mg (1.28 mmol) of diiso-
propylethylamine to obtain an acetonitrile solution. To the
obtained acetonitrile solution was added 193 mg (1.28
mmol) of tert-butyldimethylchlorosilane, and the mixture
was allowed to react under stirring at room temperature (20°
C.) for 3 hours.

When HPLC analysis of the obtained reaction mixture
was carried out, a peak was observed at the same retention
time as in Example 1, and production of 2-(tert-
butyldimethyl-silyloxy)-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine was confirmed. The reaction yield was 95%.

Example 3

In 1.5 ml of acetonitrile were dissolved 327 mg (1.00
mmol) of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-
one.p-toluenesulfonate and 91 mg (0.90 mmol) of triethy-
lamine to obtain an acetonitrile solution. To the obtained
acctonitrile solution was added 274 mg (1.00 mmol) of
tert-butyldiphenylchlorosilane, and the mixture was allowed
to react under stirring at 25° C. for 10 hours.

To the obtained reaction mixture were added 10 ml of
water and 20 ml of ether, and separation operation was
carried out to obtain an ether layer. The obtained ether layer
was dried over anhydrous magnesium sulfate and then
concentrated under reduced pressure to obtain 405 mg (0.72
mmol) of 2-(tert-butyldiphenylsilyloxy)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine-p-toluenesulfonate
(p-toluencsulfonate of Compound No. 6) as a pale yellow
semi-solid product (yield: 72.0%).

MS spectrum (ET): 393, 364, 353, 273, 199, 135, 91
Example 4

In 3 ml of acetonitrile were dissolved 327 mg (1.00 mmol)
of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-one.p-
toluenesulfonate and 111 mg (1.10 mmol) of triethylamine
to obtain an acetonitrile solution. To the obtained acetonitrile
solution was added 212 mg (1.10 mmol) of
triisopropylchlorosilane, and the mixture was allowed to
react under stirring at 25° C. for 6 hours.

The obtained reaction mixture was concentrated under
reduced pressure to obtain a concentrate. To the obtained
concentrate were added 10 ml of water and 20 ml of ether,
and separation operation was carried out to obtain an ether
layer. The obtained ether layer was dried over anhydrous
magnesium sulfate and then concentrated under reduced
pressure to obtain 350 mg (0.72 mmol) of
2-triisopropylsilyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]
pyridine.p-toluenesulfonate (p-toluenesulfonate of Com-
pound No. 3) as colorless viscous liquid (yield: 72.0%)

'H-NMR (CDCl;, 400 MHz, & ppm) 1.05 to 1.11 (m,
21H), 2.28 (s, 3H), 2.82 (m, 3H), 3.42 (m, 2H), 4.05 (m, 2H),
5.71 (s, 1H), 7.07, 7.54 (d, cach 2H), 9.12 (br, 2H).

In the following, a process for preparing 5,6,7,7a-
tetrahydro-4H-thieno[3,2-¢c]pyridin-2-one.p-
toluenesulfonate to be used in Reaction 1 is explained by
Reference example 1.
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REFERENCE EXAMPLE

1: 5,6,7,7a-tetrahydro-4H-thieno[ 3,2-c]-pyridin-2-
one-p-toluenesulfonate

A mixture of 2.85 g of 5-trityl-5,6,7,7a-tetrahydro-4H-
thieno [3,2-c]pyridin-2-one (see Japanese Provisional Patent
Publication No. 246148/1986), 1.36 g of p-toluenesulfonic
acid monohydrate and 50 ml of tetrahydrofuran was stirred
at 50° C. for 2 hours. The precipitated solid was filtered,
washed with 10 ml of tetrahydrofuran and then dried to
obtain 2.28 g of 5,6,7,7a-tetrahydro-4H-thieno[3,2-c]-
pyridin-2one.p-toluenesulfonate (yield based on 5-trityl-5,
6,7,7a-tetrahydro-4H-thieno[3,2-c]pyridin-2-one: 93%).

Melting point; 204° to 205° C. (decomposed)

'H-NMR (CDCl,, 400 MHz, § ppm) 1.76 (m, 1H), 2.28
(s, 3H), 2.60 (m, 1H), 3.24 (m, 1H), 3.35 (m, 1H), 3.43 (d,
1H), 3.98 (d, 1H), 4.72 (m, 1H), 6.46 (s, 1H), 7.12 (4, 2H),
7.50 (d, 2H), 9.07 (br, 1H).

In the following, Reaction 2 and Reaction 3 are explained
by Examples 5 to 17. In this case, yield means yield of
5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]Jpyridine
(mole) or 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
(mole) based on 5,6,7,7a-tetrahydro-4H-thienof3,2-c]-
pyridin-2one.p-toluenesulfonate (mole).

Example 5

2-(tert-butyldimethylsilyloxy)-5-(2-chloro-benzyl)-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine (a compound
of Compound No. 13)

A mixture of 5.00 g of 5,6,7,7a-tetrahydro-4H-thieno[ 3,2
~c]pyridin-2-one-p-toluenesulfonate, 2.47 g of tert-butyl-
dimethylchlorosilane, 1.66 g of triethylamine and 15 ml of
methylene chloride was stirred at room temperature (20° C.)
for 3 hours. The produced 2-(tert-butyldimethylsilyloxy)-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine.p-toluenesuifonate
was not isolated, 2.40 g of 2-chlorobenzyl chloride and 3.02
g of triethylamine were added thereto, and the mixture was
allowed to react under stirring at 40° C. for 8 hours.

After 15 ml of methylene chloride and 8 ml of water were
added to the obtained reaction mixture, separation operation
was carried out to obtain an organic layer. The obtained
organic layer was washed with 15 ml of 0.2 N-hydrochloric
acid and 8 ml of an aqueous saturated sodium hydrogen
carbonate solution, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to obtain a residue.
The obtained residue was purified by silica gel column
chromatography (eluent; hexane: ethyl acetate =9:1) to
obtain 3.98 g of 2-(tert-butyldimethylsilyloxy)-5-(2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine as a
pale yellow oily product.

'H-NMR (CDCl,, 400 MHz, & ppm) 0.20 (s, 6H), 0.96 (s,
9H), 2.71 (m, 2H), 2.86 (m, 2H), 3.48 (s, 2H), 3.81 (s, 2H),
5.75 (s, 1H), 7.19 to 7.57 (m, 4H).

Mass spectrum (CI): 394, 284, 240, 125, 73

Example 6

2-(tert-butyldimethylsilyloxy)-5-(2-fluoro-benzyl)-4,
5,6,7-tetrahydrothieno[ 3,2-cJpyridine (a compound
of Compound No. 14)

A mixture of 8.90 g of 5,6,7,7a-tetrahydro-4H-thieno[3,
2-c]pyridin-2-one.p-toluenesulfonate, 4.40 g of tert-butyl-
dimethylchlorosilane, 2.95 g of triethylamine and 27 ml of
methylene chloride was stirred at room temperature (20° C.)

QA
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for 3 hours. The produced 2-(tert-butyldimethylsilyloxy)-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine.p-toluenesulfonate
was not isolated, 5.00 g of 2-fluorobenzyl bromide and 5.36
g of triethylamine were added thereto, and the mixture was
allowed to react.

The reaction mixture was refluxed by heat of reaction at
the time of adding 2-fluorobenzyl bromide and
triethylamine, but it was stirred as such at room temperature
(20° C.) for 7 hours. After 13 ml of methylene chloride and
27 ml of water were added to the reaction mixture after
stirring, separation operation was carried out to obtain an
organic layer. The obtained organic layer was washed with
25 ml of 0.2 N-hydrochloric acid and 13 ml of an aqueous
saturated sodium hydrogen carbonate solution, dried over
anhydrous magnesium sulfate and concentrated under
reduced pressure to obtain a residuc. The obtained residue
was purified by silica gel column chromatography (eluent;
hexane: ethyl acetate =9:1) to obtain 7.48 g of 2-(tert-
butyldimethylsilyloxy)-5-(2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno [3,2-c]pyridine as a pale yellow oily prod-
uct.

*H-NMR (CDCl,, 400 MHz, & ppm) 0.19 (s, 6H), 0.95 (S,
9H), 2.70 (m, 2H), 2.82 (m, 2H), 3.43 (s, 2H), 3.76 (s, 2H),
5.74 (s, 1H), 7.02 to 7.48 (m, 4H).

Mass spectrum (CI): 378, 240, 109, 73

Example 7

2-(tert-butyldimethylsilyloxy)-5-(a-methoxy-
carbonyl-2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,
2-c]-pyridine (a compound of Compound No. 19)

A mixture of 5.00 g of 5,6,7,7a-tetrahydro-4H-thieno[3,
2-cJpyridin-2-one.p-toluenesulfonate, 2.47 g of tert-
butyldimethylchlorosilane, 1.66 g of triethylamine and 15
ml of methylene chloride was stirred at room temperature
(20° C.) for 3 hours. The produced 2-(tert-
butyldimethylsilyloxy)-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine-p-toluenesulfonate was not isolated, 5.90 g of
2-chloro-a.-methoxycarbonylbenzyl bromide and 3.02 g of
triethylamine were added thereto, and the mixture was
allowed to react.

The reaction mixture was heated to 37° C. by heat of
reaction at the time of adding 2-chloro-a-
methoxycarbonylbenzyl bromide and triethylamine, but it
was stirred as such at room temperature (20° C.) for 4 hours
and then left to stand overnight. After 15 ml of methylene
chloride and 8 ml of water were added to the reaction
mixture after leaving to stand, separation operation was
carried out to obtain an organic layer. The obtained organic
layer was washed with 15 ml of 0.2 N-hydrochloric acid and
8 ml of an aqueous saturated sodium hydrogen carbonate
solution, dried over anhydrous magnesium sulfate and con-
centrated under reduced pressure to obtain a residue. The
obtained residue was purified by silica gel column chroma-
tography (eluent; hexane: ethyl acetate =9:1) to obtain 6.29
g of 2-(tert-butyldimethylsilyloxy)-5-(ct-methoxycarbonyl-
2-chloro-benzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine as
a pale yellow oily product.

'H-NMR (CDCl,, 400 MHz, & ppm) 0.19 (s, 6H), 0.95 (s,
OH), 2.68 (t, 2H), 2.85 (t, 2H), 3.44 (d, 1H), 3.58 (d, 1H),
3.71 (s, 3H), 4.88 (s, 1H), 5.71 (s, 1H), 7.22 to 7.72 (m, 4H).

Mass spectrum (CI): 452, 392, 268, 240, 185, 125, 73

Example 8
2-(tert-butyldiphenylsilyloxy)-5-(2-chloro-benzyl)-4,

5,6,7-tetrahydrothieno[3,2-c]pyridine (a compound
of Compound No. 15)

A mixture of 2.00 g of 5,6,7,7a-tetrahydro-4H-thieno[3,
2-c]pyridin-2-one-p-toluenesulfonate, 1.84 g of tert-
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butyldiphenylchlorosilane, 0.66 g of tricthylamine and 7 ml
of methylene chloride was stirred at room temperature (20°
C.) for 3 hours. The produced 2-(tert-butyldiphenyl
silyloxy)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine-p-toluene
sulfonate was not isolated, and 0.96 g of 2-chlorobenzyl
chloride and 1.21 g of triethylamine were added thereto. The
mixture was allowed to react at room temperature (20° C.)
for 1.5 hours by further stirring and then left to stand
overnight to obtain a reaction mixture.

After 6 ml of methylene chloride and 6 ml of water were
added to the obtained reaction mixture, separation operation
carried out to obtain an organic layer. The obtained organic
layer was washed with 6 ml of 0.2 N-hydrochloric acid and
6 ml of an aqueous saturated sodium hydrogen carbonate
solution, dried over anhydrous magnesium sulfate and con-
centrated under reduced pressure to obtain a residue. The
obtained residue was purified by silica gel column chroma-
tography (eluent; hexane: ethyl acetate =9:1) to obtain 1.99
g of 2-(tert-butyldiphenylsilyloxy)-5-(2-chlorobenzyl)-4,5,
6,7-tetrahydrothieno[3,2-c]pyridine as a pale yellow oily
product.

'H-NMR (CDCls, 400 MHz,  ppm) 1.07 (s, 3H), 1.09 (s,
6H), 2.62 (t, 2H), 2.76 (t, 2H), 3.31 (s, 2H), 3.71 (s, 2H),
5.54 (s, 1H), 7.14 to 7.73 (m, 14H).

Mass spectrum (CI): 518, 364, 239, 197, 135, 125

Example 9

2-triisopropylsilyloxy-5-(2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine (a compound of
Compound No. 11)

A mixture of 2.00 g of 5,6,7,7a-tetrahydro-4H-thieno[3,
2-c]pyridin-2-one-p-toluenesulfonate, 1.29 g of
triisopropylchlorosilane, 0.66 g of triethylamine and 7 ml of
methylene chloride was stirred at room temperature for 3
hours. The produced 2-triisopropylsilyloxy-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine-p-toluenesulfonate was not
isolated, 0.96 g of 2-chlorobenzyl chloride and 1.21 g of
triethylamine were added thereto, and the mixture was
allowed to react under further stirring at 40° C. for 10 hours.

After 6 ml of methylene chloride and 6 ml of water were
added to the obtained reaction mixture, separation operation
was carried out to obtain an organic layer. The obtained
organic layer was washed with 6 ml of 0.2 N-hydrochloric
acid and 6 ml of an aqueous saturated sodium hydrogen
carbonate solution, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to obtain a residue.
The obtained residue was purified by silica gel column
chromatography (elucnt; hexane: cthyl acctatc =9:1) to
obtain 2.10 g of 2-triisopropylsilyloxy-5-(2-chloro-benzyl)
-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine as a pale yellow
oily product.

'H-NMR (CDCl;, 400 MHz, & ppm) 1.10 (d, 18H), 1.25
(qq, 3H), 2.70 (t, 2H), 2.83 (t, 2H), 3.45 (m, 2H), 3.78 (s,
2H), 5.77 (s, 1H), 7.17 to 7.55 (m, 4H).

Mass spectrum (CI): 436, 282, 157, 125, 73

Example 10

2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine (a compound of
Compound No. 26)

To a mixture of 3.27 g of 5,6,7,7a-tetrahydro-4H-thieno-
[3,2-c]pyridin-2-one-p-toluenesulfonate, 0.66 g of triethy-
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lamine and 7 ml of methylene chloride was added 1.58 gof
tert-butyldimethylchlorosilane, and the mixture was stirred
at 25° C. for 25 hours to obtain a mixed solution. To the
obtained mixed solution were added 2.02 g of triethylamine
and 2.12 g of 2-fluoro-a-cyclopropylcarbonylbenzyl
chloride, and the mixture was allowed to react under stirring
at 40° C. for 12 hours.

After 20 ml of methylene chloride and 20 ml of 0.1
N-hydrochloric acid were added to the obtained reaction
mixture, separation operation was carried out to obtain an
organic layer. The obtained organic layer was washed with
20 ml of a 5% sodium hydrogen carbonate aqueous solution
and 20 ml of water, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to obtain a residue.
To the obtained residue was added 15 ml of acetonitrile, and
the mixture was cooled to 0° C. to obtain precipitated
crystals. The obtained precipitated crystals were filtered and
dried to obtain 2.24 g of 2-(tert-butyldimethylsilyloxy)-5-
(o.-cyclopropylcarbonyl-Z-ﬁuorobenzyl)-4,5,6,7-
tetrahydro-thieno [3,2-c]pyridine.

Melting point: 102.5° to 103.5° C.

Example 11-1

2-(tert-butyldimethylsilyloxy)-5-((-cyclo-
propylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine (a compound of
Compound No. 26)

To a mixture of 4.91 g of 5,6,7,7a-tetrahydro-4H-thieno-
[3,2-c]pyridin-2-one-p-toluenesulfonate, 2.37 g of tertbu-
tyldimethylchlorosilane and 15 ml of methylene chloride
was added 1.59 g of triethylamine, and the mixture was
stirred at 25° C. for 1 hour to obtain a mixed solution. To the
obtained mixed solution were added 3.04 g of triethylamine,
2.12 g of 2-fluoro-a-cyclopropylcarbonylbenzyl chloride
and 0.32 g of tetraethylammonium bromide, and the mixture
was allowed to react under stirring at 45° C. for 8 hours.

After 8 m] of methylene chloride and 15 ml of water were
added to the obtained reaction mixture, separation operation
was carried out to obtain an organic layer. The obtained
organic layer was washed with 15 ml of 0.2 N-hydrochloric
acid and 15 ml of an aqueous saturated sodium hydrogen
carbonate solution, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to obtain a residue.
To the obtained residue was added acetonitrile in an amount
of 3.5 times the volume of the residue, and the mixture was
stirred and cooled to 0° C. to obtain precipitated crystals.
The obtained precipitated crystals were filtered and dried to
obtain 3.9 g of 2-(tert-butyldi-methylsilyloxy)- 5-(a-
cyclopropylcarbonyl-2-fluocrobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine.

Example 11-2

2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine (a compound of
Compound No. 26)

In the same manner as in Example 11-1 except for
changing the used amount of tetraethylammonium bromide
to 1.58 g, a reaction and procedures were carried out to
obtain 4.2 g of 2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine.

Example 12
2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine (a2 compound of
Compound No. 26)

To a mixture of 4.91 g of 5,6,7,7a-tetrahydro-4H-thieno-
[3,2-c]pyridin-2-one-p-toluenesulfonate, 2.37 g of tertbu-
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tyldimethylchlorosilane and 15 ml of methylene chloride
was added 1.59 g of triethylamine, and the mixture was
allowed to react under stirring at 25° C. for 1 hour.

To the obtained mixed solution were added 3.04 g of
triethylamine and 3.85 g of 2-fluoro-a-
cyclopropylcarbonylbenzyl chloride, and the mixture was
stirred at 45° C. for 2.5 hours to obtain a reaction mixture.
After 8 ml of methylene chloride and 15 ml of water were
added to the obtained reaction mixture, separation operation
was carried out to separate an aqueous layer, whereby an
organic layer was obtained. The obtained organic layer was
combined with a methylene chloride solution obtained by
extracting the separated aqueous layer again with 4 ml of
methylene chloride to obtain a mixed organic layer. The
mixed organic layer was washed with 15 ml of 0.2
N-hydrochloric acid and 15 ml of an aquecous saturated
sodium hydrogen carbonate solution, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure
to obtain a residue. To the obtained residue was added
acetonitrile in an amount of 3.5 times the volume of the
residue, and the mixture was stirred and cooled to 0° C. to
obtain precipitated crystals. The obtained precipitated crys-
tals were filtered and dried to obtain 2.93 g of 2-(tert-
butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydro-thieno[ 3,2-cJpyridine.

Example 13

2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno{3,2-c]pyridine (a compound of
Compound No. 26)

In the same manner as in Example 11-1 except for using
2.4 g of tetrabutylammonium bromide in place of tetracthy-
lammonium bromide, a reaction and procedures were car-
ried out to obtain 3.5 g of 2-(tert-butyldimethylsilyloxy)-5-
(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-cpyridine.

Example 14

2-(tert-butyldimethylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-{3,2-clpyridine (a compound of
Compound No. 26)

In the same manner as in Example 11-1 except for using
0.07 g of sodium iodide in place of tetraethylammonium
bromide, a reaction and procedures were carried out to
obtain 4.9 g of 2-(tert-butyldimethylsilyloxy)-5-(c.-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine.

Example 15

2~(tert-butyldimethylsilyloxy)-5-(c-
cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine (a compound of
Compound No. 26)

A mixture of 442 mg of 2-(tert-butyldimethylsilyloxy)-4,
5,6,7-tetrahydrothienof 3,2-cJpyridine-p-toluenesulfonate,
1.0 ml of acetonitrile, 202 mg of triethylamine and 265 mg
of 2-fluoro-a-cyclopropylcarbonylbenzyl chloride was
allowed to react under stirring at room temperature (20° C.)
for 7 hours.

After 10 ml of ether and 10 ml of 0.1 N-hydrochloric acid
were added to the obtained reaction mixture, separation
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operation was carried out to obtain an organic layer. The
obtained organic layer was washed with 10 ml of a 5%
sodium hydrogen carbonate aqueous solution and 10 ml of
water, dried over anhydrous magnesium sulfate and concen-
trated under reduced pressure to obtain a residue. To the
obtained residue was added 1 ml of acetonitrile, and the
mixture was stirred and cooled to 0° C. to obtain precipitated
crystals. The obtained precipitated crystals were filtered and
dried to obtain 112 mg of 2-(tert-butyldimethylsilyloxy)-5-
(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-cJpyridine.

Example 16

2-triisopropylsilyloxy-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]
pyridine (a compound of Compound No. 30)

To a mixture of 327 mg of 5,6,7,7a-tetrahydro-4H-thieno
[3,2-c]pyridin-2-one-p-toluenesulfonate, 111 mg of triethy-
lamine and 3 ml of acetonitrile was added 212 mg of
triisopropylchlorosilane, and the mixture was stirred at 45°
C. for 6 hours to obtain a mixed solution. To the obtained
mixed solution were added 202 mg of triethylamine and 265
mg of 2-fluoro-a-cyclopropylcarbonylbenzyl chloride, and
the mixture was stirred at 45° C. for 6 hours and then left to
stand at room temperature (20° C.) for 13 hours to obtain a
reaction mixture.

After 10 ml of methylene chloride and 10 ml of water
were added to the obtained reaction mixture, separation
operation was carried out to obtain an organic layer. The
obtained organic layer was washed with 20 ml of 0.1
N-hydrochloric acid and 20 ml of an aqueous saturated
sodium carbonate solution, dried over anhydrous magne-
sium sulfate and concentrated under reduced pressure to
obtain a residue. The obtained residue was purified by thin
layer chromatography (eluent; n-hexane: ethyl acetate =5:1)
to obtain 105 mg of 2-triisopropylsilyloxy-5-(a.-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine as a colorless viscous prod-
uct.

*H-NMR (CDCl;, 400 MHz, 3 ppm) 0.83 (m, 2H), 1.02
to 1.10 (m, 21H), 1.25 (m, 2H), 2.27 (m, 1H), 2.71 (m, 2H),
2.89 (m, 2H), 3.46 (m, 2H), 4.82 (s, 1H), 5.73 (s, 1H), 7.11
to 7.50 (m, 4H).

Mass spectrum (CI): 488, 418, 310, 136

In the following, Reaction 4 is explained by Reference
examples 2 to 10. In this case, yield means yield of
2-acyloxy-5-alkyl-4,5,6,7-tetrahydrothieno[ 3,2-cpyridine
(mole) based on 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno
[3,2-c]pyridine (mole).

Reference Example 2

2-acetoxy-5-(a-methoxycarbonyl-2-chlorobenzyl)-4,
5,6,7-tetrahydrothieno[ 3,2-cJpyridine (a compound
of Compound 66)

A mixture of 3.00 g of 2-(tert-butyldimethylsilyloxy)-5-
(a-methoxycarbonyl-2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine, 1.35 g of triethylamine, 40
mg of 4-dimethylaminopyridine and 8 ml of acetonitrile was
stirred at room temperature (20° C.) for 0.25 hour.
Thereafter, 4 ml of acetonitrile in which 1.36 g of acetic
anhydride was dissolved was added dropwise to the mixture,
and the resulting mixture was allowed to react under further
stirring at room temperature (20° C.) for 6 hours.

To the obtained reaction mixture was added 2.1 ml of a 10
mM aqueous potassium dihydrogen phosphate solution, and
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the mixture was stirred at room temperature (20° C.) for 1
hour. After 20 ml of water and 20 ml of methylene chloride
were added to the mixture, separation operation was carried
out to obtain an organic layer. The obtained organic layer
was washed with 10 ml of water, 10 ml of an aqueous
saturated sodium hydrogen carbonate solution and 10 ml of
a saturated saline aqueous solution in this order, dried over
anhydrous magnesium sulfate and concentrated under
reduced pressure to obtain a residue. The obtained residue
was purified by silica gel chromatography (eluent; hexane:
methylene chloride =1:1) to obtain 1.72 g of 2-acetoxy-5-
(a-methoxycarbonyl-2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-c]-pyridine as a pale yellow oily prod-
uct. When ethanol was added to this oily product and the
mixture was stirred, the mixture was crystallized.

Melting point; 88.5° to 89.5° C.

*H-NMR (CDCl,;, 400 MHz, & ppm) 2.26 (s, 3H), 2.77
(m, 2H), 2.87 (m, 2H), 3.65 (d, 1H), 3.72 (s, 3H), 4.90 (s,
1H), 6.26 (s, 1H), 7.28 (m, 2H), 7.40 (m, 1H), 7.68 (m, 1H).

Mass spectrum (CI): 380, 320, 278, 196, 154, 126

Reference Example 3

2-pivaloyloxy-5-(a-methoxycarbonyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]
pyridine (a compound of Compound No. 76)

Under ice water cooling (2° C.), 8 ml of an acetonitrile
solution in which 2.50 g of pivalic anhydride was dissolved
was added dropwise to a mixture of 3.02 g of 2-(tert-
butyldimethylsilyloxy)-5-(a-methoxycarbonyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-cJpyridine, 1.35
g of triethylamine, 40 mg of 4-dimethylaminopyridine and
8 ml of acetonitrile, and the mixture was allowed to react
under stirring at room temperature (20° C.) for 5 hours.

The obtained reaction mixture was cooled to -5° C., 2.1
ml of a 10 mM potassium dihydrogen phosphate aqueous
solution was added thereto, and the mixture was stirred at
room temperature (20° C.) for 1 hour. After 30 ml of
methylene chloride and 8 ml of water were added to the
mixture, the resulting mixture was separated to obtain an
organic layer. The obtained organic layer was washed with
8 ml of an aqueous saturated sodium hydrogen carbonate
solution and 8 ml of a saturated saline solution, dried over
anhydrous magnesium sulfate and concentrated under
reduced pressure to obtain a concentrate. The obtained
concentrate was purified by silica gel chromatography
(eluent; hexane methylene chloride =1:1) to obtain a pale
yellow oily product. To the obtained pale yellow oily
product was added 10 m! of ethanol, and the mixture was
stirred to precipitate crystals. The precipitated crystals were
filtered and dried to obtain 1.37 g of 2-pivaloyloxy-5-(c.-
methoxycarbonyl-2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine.

Melting point; 118° to 120° C.

*H-NMR (CDCl,, 400 MHz, & ppm) 1.31 (s, 9H), 2.77
(m, 2H), 2.88 (m, 2H), 3.53 (d, 1H), 3.65 (d, 1H), 3.72 (s,
3H), 4.90 (s, 1H), 6.26 (s, 1H), 7.24 to 7.31 (m, 2H), 7.40
(m, 1H), 7.68 (m, 1H).

Mass spectrum (CI): 422, 362, 278, 238, 154

Reference Example 4

2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)
-4,5,6,7-tetrahydrothicno[ 3,2-cJpyridine (a
compound of Compound No. 72)
Amixture of 1.0 g of 2-(tert-butyldimethylsilyloxy)-5-(c.-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
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tetrahydrothieno[ 3,2-cJpyridine, 0.46 g of tricthylamine, 14
mg of 4-dimethylaminopyridine and 3 ml of acetonitrile was
stirred at room temperature (20° C.) for 0.25 hour.
Thereafter, 2 ml of an acetonitrile solution in which 0.46 g
of acetic anhydride was dissolved was added dropwise to the
mixture, and the resulting mixture was allowed to react
under further stirring at room temperature (20° C.) for 1
hour.

To the obtaincd reaction mixture was added 3.3 ml of a 10
mM aqueous potassium dihydrogen phosphate solution, and
the mixture was stirred at room temperature (20° C.) for 1
hour to obtain precipitated crystals. The obtained precipi-
tated crystals were filtered and dried to obtain 0.76 g of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-clpyridine.

Melting point; 120° to 121° C.

Reference Example 5

2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)
-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine (a
compound of Compound No. 72)

In the same manner as in Reference example 4 except for
using 1.0 g of 2-triisopropylsilyloxy-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]-pyridine in place of 2-(tert-
butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydro-thieno[3,2-¢]pyridine, a
reaction and procedures were carried out to obtain 0.70 g of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-c]-pyridine.

Reference Example 6

2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzy!l)
-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine (a
compound of Compound No. 72)

In the same manner as in Reference example 4 except for
using 1.0 g of 2-(tert-butyldiphenylsilyloxy)-5-(a-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno-[3,2-c]pyridine in place of 2-(tert-
butyldimethylsilyloxy)-5-(a-cyclopropy1carbony1-2_-
fluorobenzyl)-4,5,6,7-tetra-hydrothieno[3,2-cJpyridine, a
reaction and procedures were carried out to obtain 0.66 g of
2-acetoxy-5-(a-cyclopropylcaibonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-c]-pyridine.

Reference Example 7

2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)
-4,5,6,7-tetrahydrothieno[ 3,2-clpyridine (a
compound of Compound No. 72)

Amixture of 6.7 g of 2-(tert-butyldimethylsilyloxy)-5-(ci-
cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine, 3.04 g of triethylamine, 0.2
g of 4-dimethylaminopyridine and 15 ml of tetrahydrofuran
was stirred at room temperature (20° C.) for 0.25 hour.
Thereafter, 7 ml of a tetrahydrofuran solution in which 4.7
g of acetic anhydride was dissolved was added dropwise to
the mixture, and the resulting mixture was reacted under
further stirring at room temperature (20° C.) for 4.5 hours.

The obtained reaction mixture was cooled to -10° C., 1.1
ml of a 10 mM potassium dihydrogen phosphate aqueous
solution was slowly added dropwise thereto, and the mixture
was stirred at -10° C. for 1 hour. Thereafter, a solution of 9.9
ml of a 10 mm aqueous potassium dihydrogen phosphate
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solution and 11 ml of cthanol was further added dropwisc to
the mixture, and the resulting mixture was stirred at =10 ° C.
for 0.5 hour to obtain precipitated crystals. The obtained
precipitated crystals were filtered and dried to obtain 5.1 g
of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,
5,6,7-tetrahydrothieno[3,2-cJpyridine.

Reference Example 8

2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)
-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine (a
compound of Compound No. 72)

A mixiure of 300 mg of 2-(tert-butyldimethylsilyloxy)-5-
(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-
tetrahydrothieno[ 3,2-cJpyridine and 3 ml of acetic acid was
allowed to react under stirring at room temperature (20° C.)
for 0.25 hour.

To the obtained mixed solution was added 0.5 ml of an
acetic acid solution in which 79 mg of acetyl chloride was
dissolved, and the mixture was further stirred at room
temperature (20° C.) for 4 hours. Thereafter, 552 mg of
acetyl chloride was added to the mixture, and the resulting
mixture was allowed to react under leaving to stand at room
temperature (20° C.) overnight.

To the obtained reaction mixture were added 20 ml of
toluene and 80 ml of an aqueous saturated sodium hydrogen
carbonate solution, and separation operation was carried out
to obtain an organic layer. The obtained organic layer was
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure to obtain a concentrate. The obtained
concentrate was purified by silica gel chromatography
(eluent; ethyl acetate: hexane =1:3) to obtain 180 mg of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[ 3,2-¢]pyridine.

Reference Example 9

2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)
-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (a
compound of Compound No. 72)

A mixture of 530 mg of acetic anhydride and 230 mg of
p-toluenesulfonic acid monohydrate was stirred at room
temperature (20° C.) for 0.5 hour to obtain a mixed solution.
To the obtained mixed solution was added 500 mg of
2-(tert-butyldimethylsilyloxy)-5-(c-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine, and
the mixture was stirred at room temperature (20° C.) for 21
hours. Thereafter, 530 mg of acetic anhydride was added to
the mixture, and the resulting mixture was allowed to react
under further stirring for 50 hours.

To the obtained reaction mixturc were added 20 m! of
toluene and 30 ml of an aqueous saturated sodium hydrogen
carbonate solution, and separation operation was carried out
to obtain an organic layer. The obtained organic layer was
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure to obtain a concentrate. The obtained
concentrate was purified by silica gel chromatography
(cluent; ethyl acetate: hexane =1:3) to obtain 310 mg of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyt)-4,5,6,
7-tetrahydrothieno[3,2-c Jpyridine.

Reference Example 10

2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)
-4,5,6,7-tetrahydrothicno[ 3,2-c]pyridine (a
compound of Compound No. 72)
A mixture of 500 mg of 2-(tert-butyldimethylsilyloxy)-5-
(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-

Y
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tetrahydrothieno[ 3,2-c]pyridine, 5 ml of acctic acid and 230
mg of p-toluenesulfonic acid monohydrate was stirred at
room temperature (20° C.) for 3 hours to obtain a mixed
solution. To the obtained mixed solution was added 530 mg
of acetic anhydride, and the mixture was allowed to react
under stirring at room temperature (20° C.) for 88 hours.

To the obtained reaction mixture were added 20 ml of
toluene and 120 ml of an aqueous saturated sodium hydro-
gen carbonate solution, and separation operation was carried
out to obtain an organic layer. The obtained organic layer
was dried over anhydrous magnesium sulfate and concen-
trated under reduced pressure to obtain a concentrate. The
obtained concentrate was purified by silica gel chromatog-
raphy (eluent; ethyl acetate: hexane =1:3) to obtain 360 mg
of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,
5,6,7-tetrahydrothienof3,2-cJpyridine.

In the following, a process for preparing a salt of a
5-alkyl-5,6,7,7a-tetrahydrothieno[3,2-c]pyridin-2-one is
explained by Reference examples 11-1 and 11-2.

Reference Example 11-1

5-(2-chlorobenzyl)-5,6,7,7a-tetrahydrothieno[3,2-c]
pyridin-2-one-p-toluenesulfonate

A mixture of 8.23 g of 2-(tert-butyldimethylsilyloxy)-5-
(2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine,
4.31 g of p-toluenesulfonic acid monohydrate and 40 ml of
methylene chloride was stirred at 40° C. for 2 hours to obtain
precipitated crystals. The obtained precipitated crystals were
filtered, washed with 20 ml of methylene chloride and dried
under reduced pressure to obtain 7.85 g of 5-(2-
chlorobenzyl)-5,6,7,7a-tetrahydrothieno[3,2-c]-pyridin-2-
one-p-toluenesulfonate.

Melting point; 224° to 225.5° C. (decomposed)

Reference Example 11-2

5-(2-chlorobenzyl)-5,6,7,7a-tetrahydrothieno[ 3,2-c]
pyridin-2-one-oxalate
A mixture of 3.00 g of 5-(2-chlorobenzyl)-5,6,7,7a-
tetrahydrothieno[3,2-c]pyridin-2one.p-toluenesulfonate
obtained in Reference example 11-1, 100 ml of water, 120
ml of methylene chloride and 1.41 g of sodium carbonate
was allowed to react under stirring at 25° C. for 20 minutes.

The obtained reaction mixture was subjected to separation
operation to separate an aqueous layer, whereby an organic
layer was obtained. The obtained organic layer was washed
twice with 100 ml of water, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain a
concentrate. The obtained concentrate was dissolved in 10
ml of acetone to obtain an acetone solution. To the obtained
acetone solution was added 20 m! of acetone in which 0.66
g of oxalic acid was dissolved, and the mixture was stirred
at room temperature (20° C.) for 1 hour to obtain precipi-
tated crystals. The obtained precipitated crystals were
filtered, washed with 30 ml of acetone and dried under
reduced pressure to obtain 2.42 g of 5-(2-chlorobenzyl)-5,
6,7,7a-tetrahydrothieno[ 3,2-cJpyridin-2-one-oxalate. The
melting point of the crystals after recrystallization from
ethanol was 163° C.

In the following, a process for preparing a halogenated
alkyl is explained by Reference examples 12-1 to 12-2.
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Reference Example 12-1

2-fluoro-a-cyclopropylcarbonylbenzyl chloride
(Compound No. 60)

A mixture of 6.00 g of cyclopropyl 2-fluorobenzy! ketone
and 40 ml of methylene chloride was stirred while cooling
with ice to obtain a mixed solution. To the obtained mixed
solution was added dropwise 4.45 g (33 mmol) of sulfuryl
chloride while the liquid temperature was maintained to be
not higher than 5° C. After the liquid temperature was
gradually raised to room temperature (20° C.), the mixture
was allowed to react under stirring for 1.5 hours.

To the obtained reaction mixture was added dropwise 30
ml of cold water (10° C.) extremely slowly at first. After
dropwise addition, the mixture was stirred for 0.25 hour, and
separation operation was carried out to obtain an organic
layer. The obtained organic layer was washed with 30 ml of
water, 50 ml of an aqueous saturated sodium hydrogen
carbonate solution and 20 ml of water in this order, dried
over anhydrous magnesium sulfate and concentrated under
reduced pressure to obtain 7.1 g of an oily residue. As a
result of carrying out gas chromatography analysis of the
obtained residue, the content of 2-fluoro-a-
cyclopropylcarbonylbenzyl chloride in this residue was
80%,

Gas chromatography analysis conditions
Column; CBP10-M25-0.25 length 25 cm, film thickness
0.25 ym, 0.22 mm ¢
Column temperature; from 100° C.
(temperature raised at 10° C./min)

Detector temperature; 270° C.

Carrier gas; He 150 ml/min

Split ratio; 100:1

to 250° C.

Reference Example 12-2
2-fluoro-a-cyclopropylcarbonylbenzyl chloride

In the same manner as in Reference example 12-1 except
for using 33 mmol of a chlorine gas in place of sulfuryl
chloride, a reaction and procedures were carried out to
obtain 2-fluoro-a-cyclopropylcarbonylbenzyl chloride. The
content of 2-fluoro-a-cyclopropylcarbonylbenzyl chloride
in the residue was 80%.

In the following, a process for preparing a cyclopropyl
2-halobenzyl ketone is explained by Reference examples
13-1 to 13-3.

Reference Example 13-1
cyclopropyl 2-fluorobenzyl ketone

To an isorpopylmagnesium bromide solution prepared
from 30.7 g of 2-bromopropane, 6.08 g of magnesium and
125 ml of tetrahydrofuran was added dropwise over 1 hour
75 ml of tetrahydrofuran in which 15.3 g of
2-fluorophenylacetic acid was dissolved. After completion
of dropwise addition, the reaction temperature was raised
from room temperature (20° C.) to reflux temperature (67°
C.), and the mixture was further reacted for 3 hours to obtain
a reaction mixture 1. The obtained reaction mixture 1 was
cooled to 5° C., 20 ml of tetrahydrofuran in which 10.8 g of
ethyl cyclopropanecarboxylate was dissolved was added
dropwise thereto over 20 minutes. After completion of
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dropwise addition, the reaction temperature was raised from
5° C. to reflux temperature (68° C.), and the mixture was
further reacted for 3 hours to obtain a reaction mixture 2.
After the obtained reaction mixture 2 was cooled to room
temperature (20° C.), 12 ml of water was added thereto, and
the mixture was neutralized by adding 125 ml of 2
N-hydrochloric acid thereto to obtain a neutralized solution.
The obtained neutralized solution was subjected to separa-
tion operation to separate an aqueous layer, whereby an
organic layer was obtained. The separated aqueous layer was
extracted with 10 ml of methylene chloride to obtain an
extracted solution (twice). The methylene chloride layer in
which the obtained organic layer and the extracted solution
were combined was washed with 50 ml of an aqueous
saturated sodium hydrogen carbonate solution, dried over
anhydrous magnesium sulfate, concentrated under reduced
pressure and evaporated under reduced pressure to obtain
9.5 g of cyclopropyl 2-fluorobenzyl ketone.

Boiling point 110 to 112° C./4 mmHg
Reference Example 13-2
cyclopropyl 2-fluorobenzyl ketone

In the same manner as in Reference example 13-1 except
for using 19.6 g of 2-chloropropane in place of
2-bromopropane, reactions and procedures were carried out
to obtain 9.5 g of cyclopropyl 2-fluorobenzyl ketone.

Reference Example 13-3
cyclopropyl 2-fluorobenzyl ketone

In the same manner as in Reference example 13-1 except
for using 9.5 g of methyl cyclopropanecarboxylate in place
of ethyl cyclopropanecarboxylate, reactions and procedures
were carried out to obtain 9.5 g of cyclopropyl
2-fluorobenzyl ketone.

We claim:

1. A 2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine
represented by the formula (I):

o

i
|
RZ—SIi—O s

R?

wherein

R, R? and R® each independently represent an alkyl
group having 1 to 10 carbon atoms or an aryl group,
or a salt thereof.

2. The 2-silyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine
or a salt thereof according to claim 1, wherein R? to R? are
alkyl groups having 1 to 5 carbon atoms or phenyl groups.

3. The 2-silyloxy-4,5,6,7-tctrahydrothieno[ 3,2-c]pyridine
and a salt thereof according to claim 1, wherein said
compound is selected from the group consisting of:
2-(tert-butyldimethylsilyloxy)-4,5,6,7-tetrahydrothieno[ 3,2-

c]pyridine and a salt thereof,
2-triisopropylsilyloxy-4,5,6,7-tetrahydrothieno[3,2-c]

pyridine and a salt thereof, and
2-(tert-butyldiphenylsilyloxy)-4,5,6,7-tetrahydrothieno[ 3,2-
¢]pyridine and a salt thereof.

4. A process for preparing a 2-silyloxy-4,5,6,7-
tetrahydrothieno[3,2-c]Jpyridine represented by the formula

O:
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wherein
R', R?® and R® each independently represent an alkyl
group having 1 to 10 carbon atoms or an aryl group;
which comprises allowing a 5,6,7,7a-tetrahydro-4H-thieno-
[3,2-c]pyridin-2-one represented by the formula (I1):

NH I

o s

or a tautomer thereof to react with a halogenated silane
represented by the formula (I1I):

R! amn
RZ—éi—x
.
wherein
R?, R? and R? represent the same meanings as described
in claim 1, and X represents a halogen atom,
in the presence of a tertiary amine.
5. The preparation process according to claim 4, wherein
the tertiary amine is triethylamine or diisopropylethylamine.
6. The preparation process according to claim 4, wherein
the halogenated silane is a compound selected from the
group consisting of tert-butyldimethylchlorosilane, tert-
butyldiphenylchlorosilane and triisopropylchlorosilane.
7. A 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]-
pyridine represented by the formula (IV):

R4 %

RS

wherein

RY, R? and R® each independently represent an alkyl
group having 1 to 10 carbon atoms or an aryl group; R*
represents a hydrogen atom, an alkoxycarbonyl group
having 2 to 10 carbon atoms, an acyl group having 2 to
10 carbon atoms or a cycloalkylcarbonyl group having
4 1o 10 carbon atoms; and R® represents a halogen
atom, an alkyl group having 1 to 4 carbon atoms or an
alkoxy group having 1 to 4 carbon atoms.

8. The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine according to claim 7, wherein R* to R? are alkyl
groups having 1 to 5 carbon atoms or phenyl groups.

9. The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine according to claim 7, wherein R* is selected from
the group consisting of a hydrogen atom, an alkoxycarbonyl
group wherein the alkyl group portion has 1 to 5 carbon
atoms, an acyl group wherein the alkyl group portion has 1
to 5 carbon atoms and a cycloalkylcarbonyl group wherein
the cycloalkyl group portion has 3 to 6 carbon atoms.

10. The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-
c]pyridine according to claim 7, wherein R? is selected from
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the group consisting of a fluorine atom, a chlorine atom, an
alkyl group having 1 to 3 carbon atoms and an alkoxy group
having 1 to 3 carbon atoms.

11. The 5-alkyl-2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-
clpyridine according 10 claim 7, wherein said compound is
selected from the group consisting of:
2-(tert-butyldimethylsilyloxy)-5-(2-chlorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-(tert-butyldimethylsilyloxy)-5-(2-fluorobenzyl)-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine,
2-(tert-butyldimethylsilyloxy)-5-(a-methoxycarbonyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine,
2-(tert-butyldiphenylsilyloxy)-5-(2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine,
2-triisopropylsilyloxy-5-(2-chlorobenzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine,
2-(tert-butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyi-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cIpyridine,
2-triisopropylsilyloxy-5-(a-cyclopropylcarbonyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine,
2-(tert-butyldimethylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
chlorobenzyl)-4,5,6,7-tetrahydrothieno 3,2-cJpyridine,
2-(tert-butyldiphenylsilyloxy)-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine,
and
2-(tert-butyldiphenylsilyloxy)-5-acydclopropylcarbonyl-2-
carbonyl-2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine.

12. A process for preparing a 5-alkyl-2-silyloxy-4,5,6,7-

tetrahydrothieno[3,2-cJpyridine represented by the formula

avy:
RS a

RS

wherein

R', R? and R® each independently represent an alkyl
group having 1 to 10 carbon atoms or an aryl group; R*
represents a hydrogen atom, an alkoxycarbonyl group
having 2 to 10 carbon atoms, an acyl group having 2 to
10 carbon atoms or a cycloalkylcarbonyl group having
4 to 10 carbon atoms; R® represents a halogen atom, an
alkyl group having 1 to 4 carbon atoms or an alkoxy
group having 1 to 4 carbon atoms;

10

15

20

25

30

35

40

45

36

which comprises allowing a 2-silyloxy-4,5,6,7-
tetrahydrothienof 3,2-cJpyridine represented by the formula

qa):
o

R2—Si—0 S
R3
wherein
R, R? and R® represent the same meanings as described
in claim 1,

or a salt thereof to react with a halogenated alkyl represented
by the formula (VII):

R¢ (vID)

wherein
R* and R® represent the same meanings as described in
claim 7, and X represents a halogen atom, in the
presence of a tertiary amine.

13. The preparation process according to claim 12,
wherein the 2-silyloxy-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine compound is selected from the group consisting of:
2-(tert-butyldimethylsilyloxy)-4,5,6,7-tetrahydrothieno[ 3,2-

clpyridine and a salt thereof,
2-triisopropylsilyloxy-4,5,6,7-tetrahydrothieno[ 3,2-c]

pyridine and a salt thereof, and
2- (tert-butyldiphenylsilyloxy) -4,5,6, 7-tetrahydrothieno[3,
2-cJpyridine and a salt thereof.

14. The preparation process according to claim 12,
wherein the halogenated alkyl is a compound selected from
the group consisting of 2-chlorobenzyl chloride,
2-fluorobenzyl chloride, 2-chloro-a-
methoxycarbonylbenzyl bromide and 2-fluoro-a-
cyclopropylcarbonylbenzyl chloride.

15. The preparation process according to claim 12,
wherein the tertiary amine is tricthylamine, tributylamine or
diisopropylethylamine.

* * * * *
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REIVINDICACIONES

1. Un procedimiento para preparar un compuesto de {ormula (1):

R2
R? N
(D
Y
RNy,

[en el que:

R! representa un 4tomo de hidrégeno, un grupo alquilo que tiene de 1 a 4 4tomos de carbono, un dtomo
de halégeno, un grupo haloalquilo que tiene de 1 a 4 4tomos de carbono y al menos un dtomo de halégeno,
un grupo hidroxi, un grupo alcoxi que tiene de 1 a 4 dtomos de carbono, un grupo haloalcoxi que tiene
de 1 a 4 dtomos de carbono y al menos un dtomo de halégeno, un grupo alquiltio que tiene de 1 a 4
dtomos de carbono, un grupo haloalquiltio que tiene de 1 a 4 itomos de carbono y al menos un dtomo
de halégeno, un grupo amino, un grupo alcanoflo que tiene de 1 a 5 4tomos de carbono, un grupo haloal-
canoilo que tiene de 2 a 5 dtomos de carbono y al menos un atomo de halégeno, un grupo carboxi, un
grupo alcoxicarbonilo que tiene de 2 a 5 dtomos de carbono, un grupo carbamoilo, un grupo ciano, un
grupo nitro, un grupo alcanosulfonilo que tiene de 1 a 4 4tomos de carbono, un grupo haloalcanosulfonilo
que tiene de 1 a 4 4dtomos de carbono y al menos un 4tomo de halégeno, o un grupo sulfamoflo;

R? representa un grupo alcanoilo que tiene de 1 a 10 dtomos de carbono, un grupo alcanoflo sustituido
que tiene de 2 a 10 atomos de carbono y que estd sustituido al menos con un stomo de fldor, un grupo
alquenoilo que tiene de 3 a 6 atomos de carbono, un grupo alquenoilo sustituido que tiene de 3 a 6 itomos
de carbono y que estd sustituido al menos con un dtomo de fldor, un grupo cicloalquil-carbonilo que tiene
de 4 a 8 dtomos de carbono, o un grupo cicloalquilcarbonilo sustituido que tiene de 4 a 8 itomos de
carbono y que estd sustituido al menos con un 4tomo de flior;

R? representa un atomo de hidrégeno, un grupo hidroxi, un grupo alcoxi que tiene de 1 a 4 dtomos de
carbono, un grupo alcoxi sustituido que tiene de 1 a 4 4tomos de carbono y que est4 sustituido al menos
con uno de los sustituyentes C, definidos mas abajo, un grupo aralquiloxi en el que la porcién aralquilo se
define mds abajo, un grupo alcanoiloxi que tiene de 1 a 18 4tomos de carbono, un grupo alquenoiloxi que
tiene de 3 a 6 4tomos de carbono, un grupo cicloalquilcarboniloxi que tiene de 4 a 8 itomos de carbono,
un grupo arilcarboniloxi en el que la porcién arilo se define més abajo, un grupo alcoxi-carboniloxi que
tiene de 2 a 5 4tomos de carbono, un grupo aralquiloxicarboniloxi en el que la porcién aralquilo se define
més abajo, un grupo ftalidiloxi, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi, un grupo (5-fenil-2-oxo-
1,3-dioxolen-4-il)metoxi, o un grupo de férmula -NR®R?

en el que R® y R® son iguales o diferentes y cada uno representa un dtomo de hidrégeno, un grupo
alquilo que tiene de 1 a 4 dtomos de carbono o un grupo alquilo sustituido que tiene de 1 a 4 dtomos
de carbono y que esté sustituido al menos con uno de los sustituyentes C, definidos més abajo,

un grupo aralquilamino en el que la porcién aralquilo se define mas abajo, un grupo alcanoilamino que
tiene de 1 a 18 dtomos de carbono, un grupo alquenoilamino que tiene de 3 a 6 4tomos de carbono, un
grupo cicloalquilcarbonilamino que tiene de 4 a 8 4tomos de carbono, un grupo aril-carbonilamino en
el que la porcién arilo se define mds abajo, un grupo alcoxicarbonilamino que tiene de 2 a 5 dtomos de
carbono, un grupo aralquiloxicarbonilamino en el que la porcién aralquilo se define méis abajo, un grupo
ftalidilamino, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metilamino, un grupo (5-fenil-2-oxo-1,3-dioxolen-
4-il)metilamino o un grupo nitro;

Y representa un grupo de férmula -NH- o un dtomo de oxigeno o de azufre; y

n es un entero de 1 a 5, y, cuando n es un entero de 2 a 5, los grupos representados por R! pueden ser
iguales o diferentes entre sf; .

70
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dichos sustituyentes C se seleccionan entre los grupos alcoxi que tienen de 1 a 4 4tomos de carbono, los
grupos alcanoiloxi que tienen de 1 a 6 dtomos de carbono y los grupos arilcarboniloxi en los que la porcién
arilo se define mds abajo;

dichas porciones aralquilo de dichos grupos aralquiloxi, aralquiloxicarboniloxi, aralquilamino y aralquiloxi-
carbonilamino son grupos alquilo que tienen de 1 a 4 d4tomos de carbono y que estén sustituidos al menos
con un grupo arilo como se define més abajo;

dichos grupos arilo y dichas porciones arilo de dichos grupos arilcarboniloxi y de dichos grupos arilcar-
bonilamino tienen de 6 a 10 dtomos de carbono en un anillo carbociclico que no est4 sustituido o est4
sustituido al menos con uno de los sustituyentes D, definido més abajo; y

dichos sustituyentes D se seleccionan entre los grupos y dtomos definidos antes en relacién a R!, distintos
de un 4tomo de hidrégeno];

o un tautémero del mismo o una sal farmacéuticamente aceptable de dicho compuesto de férmula (I) o
de dicho tautémeros, cuyo procedimiento comprende las etapas de:

hacer reaccionar un compuesto de férmula (II1):

R

m
Ry

(en el que R}, R? y n se definen como antes y X representa un atomo de hal6geno) con un compuesto de

formula (IV):

R3? ™)

(en el que Y se define como antes y R3¢ representa un itomo de hidrégeno o un grupo hidroxi o nitro),
para dar un compuesto de férmula (Ic):

R2?

Rja_]L_ ' @
v RD)q
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(en el que R?, R%, R3%, n e Y se definen como antes); y

si se requiere, convertir el grupo hidroxi o nitro representado por R3® en cualquier otro grupo represen-
tado por R3,

2. Un procedimiento segin la Reivindicacién 1, en el que los reactivos y las condiciones de reaccién
se eligen para preparar un tautémero que tiene la f6rmula (Ia) o (Ib):

R2
e N)@ (1a)
. v ®RYn
R?
N )\@ (Tb)
v ®Yn

en el que R!, R?, Y y n se definen como en la Reivindicacion 1 y Z representa un grupo de férmula =NH
o un atomo de oxigeno.

3. Un procedimiento seglin la Reivindicacién 1 o la Reivindicacién 2, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el que
R! representa un atomo de hidrégeno, un grupo alquilo que tiene de 1 a 4 dtomos de carbono, un dtomo
de halégeno, un grupo fluoroalquilo que tiene de 1 a 4 4tomos de carbono y al menos un dtomo de fldor,
un grupo hidroxi, un grupo alcoxi que tiene de 1 a 4 dtomos de carbono, un grupo fluoroalcoxi que tiene
de 1 a 4 4tomos de carbono y al menos un dtomo de flior, un grupo alquiltio que tiene de 1 a 4 dtomos
de carbono, un grupo fluoroalquiltio que tiene de 1 a 4 dtomos de carbono y al menos un tomo de fldor,
un grupo amino, un grupo alcanoflo que tiene de 1 a 5 dtomos de carbono, un grupo fluoroalcanoilo que
tiene de 2 a 5 dtomos de carbono y al menos un dtomo de flior, un grupo alcoxicarbonilo que tiene de 2 a
5 dtomos de carbono, un grupo carbamoilo, un grupo ciano, un grupo nitro, un grupo alcanosulfonilo que
tiene de 1 a 4 4tomos de carbono, un grupo fluoroalcanosulfonilo que tiene de 1 a 4 dtomos de carbono
y al menos un 4tomo de fldor, o un grupo sulfamoilo.

4. Un procedimiento seglin una cualquiera de las Reivindicaciones 1 a 3, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que R? representa un grupo alcanoilo que tiene de 2 a 6 atomos de carbono, un grupo alcanoilo sustituido
que tiene de 2 a 6 dtomos de carbono y que estd sustituido al menos con un dtomo de fliior, un grupo
cicloalquilcarbonilo que tiene de 4 a 7 dtomos de carbono o un grupo cicloalquilcarbonilo sustituido que
tiene de 4 a 7 dtomos de carbono y que esta sustituido al menos con un tomo de fior.

5. Un procedimiento seglin una cualquiera de las Reivindicaciones 1 a 4, en el que los reactivos y
las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R3 representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo alcoxi que tiecne de 1 a 4
dtomos de carbono, un grupo alcoximetoxi en el que la porcién alcoxi tiene de 1 a 4 4tomos de carbono,
un grupo alcanoiloximetoxi en el que la porcidn alcanoilo tiene de 1 a 5 4tomos de carbono, un grupo
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benciloxi que no est4 sustituido o est4 sustituido al menos con uno de los sustituyentes D’, definidos mas
abajo, un grupo alcanoiloxi que tiene de 1 a 18 dtomos de carbono, un grupo alquenoiloxi que tiene de 3
0 4 dtomos de carbono, un grupo cicloalquilcarboniloxi que tiene de 4 a 7 dtomos de carbono, un grupo
benzoiloxi que no estd sustituido o estd sustituido al menos con uno de los sustituyentes D’, definidos més
abajo, un grupo alcoxicarboniloxi que tiene de 2 a 5 dtomos de carbono, un grupo benciloxicarboniloxi
que no estd sustituido o estd sustituido al menos con uno de los sustituyentes D’, definidos més abajo, un
grupo ftalidiloxi, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi, un grupo (5-fenil-2-oxo-1,3-dioxolen-
4-il)metoxi, un grupo de férmula -NR®R?

en el que R® y R® son iguales o diferentes y cada uno representa un dtomo de hidrégeno, un
grupo metilo o un grupo etilo, o R® representa un dtomo de hidrégeno y R? representa un grupo
alcanoiloxi-metilo en el que la porcién alcanoflo tiene de 1 a 5 4tomos de carbono,

un grupo bencilamino, un grupo alcanoilamino que tiene de 1 a 18 dtomos de carbono, un grupo alque-
noilamino que tiene 3 o 4 dtomos de carbono, un grupo cicloalquilcarbonilamino que tiene 6 o 7 dtomos
de carbono, un grupo benzoilamino que no esta sustituido o estd sustituido al menos con uno de los
sustituyentes I)’, definidos mds abajo, un grupo alcoxicarbonilamino que tiene de 2 a 5 atomos de car-
bono o un grupo benciloxicarbonilamino que no est4 sustituido o esta sustituido al menos con uno de los
sustituyentes D’, definidos mds abajo; y

dichos sustituyentes D’ se seleccionan entre los 4tomos de fltor, los 4tomos de cloro, los grupos metilo y
los grupos metoxi.

6. Un procedimiento segin una cualquiera de las Reivindicaciones 1 a 5, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que Y representa un stomo de oxigeno o azufre.

7. Un procedimiento segln la Reivindicacién 1 o la Reivindicacién 2, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que:

R! representa un dtomo de hidrégeno, un grupo alquilo que tiene de 1 a 4 4tomos de carbono, un dtomo
de halégeno, un grupo fluoroalquilo que tiene de 1 a 4 dtomos de carbono y al menos un atomo de fivor,
un grupo hidroxi, un grupo alcoxi que tiene de 1 a 4 4tomos de carbono, un grupo fluoroalcoxi que tiene
de 1 a 4 4tomos de carbono y al menos un dtomo de fltor, un grupo alquiltio que tiene de 1 a 4 4tomos
de carbono, un grupo fluoroalquiltio que tiene de 1 a 4 dtomos de carbono y al menos un 4tomo de flor,
un grupo amino, un grupo alcanoflo que tiene de 1 a 5 dtomos de carbono, un grupo fluoroalcanoilo que
tiene de 2 a 5 dtomos de carbono y al menos un dtomo de fliior, un grupo alcoxicarbonilo que tiene de 2 a
5 dtomos de carbono, un grupo carbamoflo, un grupo ciano, un grupo nitro, un grupo alcanosulfonilo que
tiene de 1 a 4 dtomos de carbono, un grupo fluoroalcanosulfonilo que tiene de 1 a 4 4tomos de carbono
y al menos un 4tomo de fitior, o un grupo sulfamoilo;

R? representa un grupo alcanoflo que tiene de 2 a 6 4tomos de carbono, un grupo alcanoilo sustituido
que tiene de 2 a 6 dtomos de carbono y que estd sustituido al menos con un dtomo de fléior, un grupo
cicloalquilcarbonilo que tiene de 4 a 7 4tomos de carbono o un grupo cicloalquilcarbonilo sustituido que
tiene de 4 a 7 dtomos de carbono y que est4 sustituido al menos con un dtomo de flior;

R? representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo alcoxi que tiene de 1 a 4 &tomos de
carbono, un grupo alcoximetoxi en el que la porcién alcoxi tiene de 1 a 4 4tomos de carbono, un grupo
alcanoiloximetoxi en el que la porcién alcanoflo tiene de 1 a 5 dtomos de carbono, un grupo benciloxi
que no estd sustituido o estd sustituido al menos con uno de los sustituyentes I)’, definidos mas abajo,
un grupo alcanoiloxi que tiene de 1 a 18 dtomos de carbono, un grupo alquenoiloxi que tiene de 3 o
4 dtomos de carbono, un grupo cicloalquilcarboniloxi que tiene de 4 a 7 4tomos de carbono, un grupo
benzoiloxi que no est4 sustituido o est4 sustituido al menos con uno de los sustituyentes D’, definidos més
abajo, un grupo alcoxicarboniloxi que tiene de 2 a 5 dtomos de carbono, un grupo benciloxicarboniloxi
que no esté sustituido o estd sustituido al menos con uno de los sustituyentes D’ definidos mas abajo, un
grupo ftalidiloxi, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi, un grupo (5-fenil-2-oxo-1,3-dioxolen-
4-il)metoxi, un grupo de férmula -NR®R?

en el que R* y R® son iguales o diferentes y cada uno representa un atomo de hidrégeno, un
grupo metilo o un grupo etilo, o R® representa un dtomo de hidrégeno y R® representa un grupo
alcanoiloxi-metilo en el que la porcién alcanoilo tiene de 1 a 5 4tomos de carbono,
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un grupo bencilamino, un grupo alcanoilamino que tiene de 1 a 18 4tomos de carbono, un grupo alque-
noilamino que tiene 3 o 4 dtomos de carbono, un grupo cicloalquilcarbonilamino que tiene 6 o 7 4tomos
de carbono, un grupo benzoilamino que no estd sustituido o ests sustituido al menos con uno de los
sustituyentes D’, definidos mds abajo, un grupo alcoxicarbonilamino que tiene de 2 a 5 dtomos de car-
bono o un grupo benciloxicarbonilamino que no est4 sustituido o estd sustituido al menos con uno de los
sustituyentes D’, definidos mas abajo;

Y representa un dtomo de oxigeno o azufre; y

dichos sustituyentes D’ se seleccionan entre los 4tomos de fltior, los 4tomos de cloro, los grupos metilo y
los grupos metoxi.

8. Un procedimiento segiin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R! representa un 4tomo de hidrégeno, un grupo metilo, un grupo etilo, un dtomo de halégeno,
un grupo metilo sustituido al menos con un dtomo de fltor, un grupo hidroxi, un grupo metoxi, un grupo
etoxi, un grupo metoxi sustituido al menos un 4tomo de fldor, un grupo metiltio, un grupo metiltio
sustituido al menos un 4tomo de flior, un grupo formilo, un grupo acetilo, un grupo acetilo sustituido al
menos con un 4tomo de fldor, un grupo alcoxicarbonilo que tiene de 2 a 4 dtomos de carbono, un grupo
carbamoilo, un grupo ciano, un grupo nitro, un grupo metanosulfonilo, un grupo etanosulfonilo, un grupo
metanosulfonilo sustituido al menos un dtomo de fldor, o un grupo sulfamoilo.

9. Un procedimiento segtin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos y
las condiciones de reaccién se eligen para preparar un compuesto de f6rmula (I) 0 una sal del mismo, en el
que R3 representa un dtomo de hidrégeno, un grupo hidroxi, un grupo metoxi, un grupo etoxi, un grupo
t-butoxi, un grupo metoximetoxi, un grupo alcanoiloximetoxi, en el que la porcién alcanoilo tiene de 1 a
5 atomos de carbono, un grupo benciloxi, un grupo alcanoiloxi que tiene de 1 a 12 4tomos de carbono, un
grupo alquenoiloxi que tiene 3 o 4 dtomos de carbono, un grupo cicloalquilcarboniloxi que tiene de 4 a 7
dtomos de carbono, un grupo benzoiloxi, un grupo alcoxicarboniloxi que tiene de 2 a. 5 4tomos de carbono,
un grupo benciloxicarboniloxi, un grupo ftalidiloxi, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi, un
grupo (5-fenil-2-oxo-1,3-dioxolen-4-il)-metoxi, un grupo amino o un grupo t-butoxicarbonilamino.

10. Un procedimiento segiin la Reivindicacién 1 o la Reivindicacién 2, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que:

R? representa un 4tomo de hidrégeno, un grupo metilo, un grupo etilo, un dtomo de halégeno, un grupo
metilo sustituido al menos con un tomo de fltior, un grupo hidroxi, un grupo metoxi, un grupo etoxi, un
grupo metoxi sustituido al menos un &tomo de fldor, un grupo metiltio, un grupo metiltio sustituido al
menos un dtomo de flior, un grupo formilo, un grupo acetilo, un grupo acetilo sustituido al menos con
un atomo de fldor, un grupo alcoxicarbonilo que tiene de 2 a 4 4tomos de carbono, un grupo carbamoilo,
un grupo ciano, un grupo nitro, un grupo metanosulfonilo, un grupo etanosulfonilo, un grupo metanosul-
fonilo sustituido al menos un dtomo de fliior, o un grupo sulfamoilo;

R? representa un grupo alcanoflo que tiene de 2 a 6 dtomos de carbono, un grupo alcanoilo sustituido
que tiene de 2 a 6 dtomos de carbono y que estd sustituido al menos con un dtomo de fldor, un grupo
cicloalquilcarbonilo que tiene de 4 a 7 dtomos de carbono o un grupo cicloalquilcarbonilo sustituido que
tiene de 4 a 7 dtomos de carbono y que estd sustituido al menos con un dtomo de fliior;

R3 representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo metoxi, un grupo etoxi, un grupo
t-butoxi, un grupo metoximetoxi, un grupo alcanoiloximetoxi, en el que la porcién alcanoilo tiene de 1 a
5 dtomos de carbono, un grupo benciloxi, un grupo alcanoiloxi que tiene de 1 a 12 4tomos de carbono, un
grupo alquenoiloxi que tiene 3 o 4 4tomos de carbono, un grupo cicloalquilcarboniloxi que tienede 4 a 7
atomos de carbono, un grupo benzoiloxi, un grupo alcoxicarboniloxi que tiene de 2 a 5 4tomos de carbono,
un grupo benciloxicarboniloxi, un grupo ftalidiloxi, un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi, un
grupo (5-feni1-2-oxo-1,3—dioxolen—4-il)-metoxi, un grupo amino o un grupo t-butoxicarbonilamino; e

Y representa un dtomo de oxigeno o de azufre.
11. Un procedimiento segin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos

y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R! representa un 4tomo de halégeno; un grupo trifluorometilo; un grupo hidroxi; un grupo
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difluorometoxi; un grupo trifluorometoxi; un grupo difluorometiltio; un grupo trifluorometiltio; un grupo
formilo; un grupo acetilo; un grupo trifluoroacetilo; un grupo ciano o un grupo nitro.

12. Un procedimiento segtin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R3 representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo pivaloiloximetoxi, un grupo
alcanoiloxi que tiene de 2 a 10 dtomos de carbono, un grupo alcoxicarboniloxi que tiene de 2 a 5 dtomos
de carbono o un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi.

13. Un procedimiento segdn una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que Y representa un 4tomo de azufre.

14. Un procedimiento segtn la Reivindicacién 1 o la Reivindicacién 2, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que:

R! representa un 4tomo de halégeno; un grupo trifluorometilo; un grupo hidroxi; un grupo difluorome-
toxi; un grupo trifluorometoxi; un grupo difluorometiltio; un grupo trifluorometiltio; un grupo formilo;
un grupo acetilo; un grupo trifluoroacetilo; un grupo ciano o un grupo nitro;

R? representa un grupo alcanoilo que tiene de 2 a 6 dtomos de carbono, un grupo alcanoilo sustituido
que tiene de 2 a 6 dtomos de carbono y que estd sustituido al menos con un atomo de fitior, un grupo
cicloalquilcarbonilo que tiene de 4 a 7 4tomos de carbono o un grupo cicloalquilcarbonilo sustituido que
tiene de 4 a 7 d4tomos de carbono y que estd sustituido al menos con un dtomo de fldor;

R3 representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo pivaloiloximetoxi, un grupo alcanoiloxi
que tiene de 2 a 10 dtomos de carbono, un grupo alcoxicarboniloxi que tiene de 2 a 5 4tomos de carbono
0 un grupo (5-metil-2-oxo-1,3-dioxolen-4-il)metoxi; e

Y representa un dtomo de azufre.

15. Un procedimiento segin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R?! representa un 4tomo de fliior o un atomo de cloro.

16. Un procedimiento segiin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccion se eligen para preparar un compuesto de {6rmula, (I) o una sal del mismo,
en el que R? representa un grupo acetilo, un grupo propionilo, un grupo acetilo o propionilo sustituido
que esta sustituido al menos con un dtomo de flvor, un grupo ciclopropilcarbonilo, un grupo ciclobutil-
carbonilo, o un grupo ciclopropil-carbonilo o ciclobutilcarbonilo sustituido que estd sustituido al menos
con un dtomo de flior.

17. Un procedimiento segiin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
¥ las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
en el que R? representa un 4tomo de hidrégeno, un grupo hidroxi, un grupo pivaloiloximetoxi, un grupo
alcanoiloxi que tiene de 2 a 6 4tomos de carbono o un grupo alcoxicarboniloxi que tiene de 2 a 5 dtomos
de carbono.

18. Un procedimiento segiin la Reivindicacién 1 o la Reivindicacién 2, en el que los reactivos y las
condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo, en el
que:

R! representa un dtomo de flior o un 4tomo de cloro;
R? representa un grupo acetilo, un grupo propionilo, un grupo acetilo o propionilo sustituido que estd
sustituido al menos con un dtomo de fldor, un grupo ciclopropil-carbonilo, un grupo ciclobutilcarbonilo, o

un grupo ciclopropilcarbonilo o ciclobutilcarbonilo sustituido que est4 sustituido al menos con un stomo
de fldor;

R3 representa un dtomo de hidrégeno, un grupo hidroxi, un grupo pivaloiloximetoxi, un grupo alcanoiloxi
que tiene de 2 a 6 dtomos de carbono o un grupo alcoxicarboniloxi que tiene de 2 a 5 dtomos de carbono;
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e
Y representa un dtomo de azufre.

19. Un procedimiento segiin una cualquiera de las Reivindicaciones anteriores, en el que los reactivos
y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,
enelquenesdel a3l

20. Un procedimiento segtn una. cualquiera de las Reivindicaciones anteriores, en el que los reactivos
¥y las condiciones de reaccién se eligen para preparar un compuesto de férmula (I) o una sal del mismo,

enel quen es 1.

21. Un procedimiento segln la Reivindicacién 1, en el que los reactivos y las condiciones de reaccién
se eligen para preparar:

5-(2-fluoro-a-propionilbencil)-4,5,6, 7-tetrahidro-tieno [3,2-dpiridina;
5-(a-ciclopropilcarbonil-2-fluorobencil)-4,5,6,7-tetrahidrotieno [3,2-¢]piridina;
5—(2-cloro—a—ciclopropilcarbonilbencil)-4,5,6,7—tet;ra.hidrotieno[lf,?-g] piridina;
2-acetoxi-5-(a-ciclopropilcarbonil-2-fluorobencil )-4,5,6,7-tetrahidrotieno [3,2-¢]piridina;
5—(a—ciclopropilcarbonil—2-ﬂuorobencil)—2-propioniloxi-4,5,6,7-t;etra.hidrotieno[3,2-g piridina;
2—butiriloxi-5-(a—ciclopropilcarbonil—2-ﬂuorobencil)-4,5,6,7—tetrahidrotieno[3,2-g] piridina;
5—(a—ciclopropilca.rboni1—2—ﬂuorobencil)-2—piva.loiloxi-4,5,6,7—tetmhidrotieno[3,2-d piridina;
5—(a—ciclopropilcarbonil—2—ﬂuorobencil)-2—va,leriloxi-4,5,6,7—tetra.hidrotieno[3,2—g] piridina;
5-(e~ciclopropilcarbonil-2-fluorobencil)-2-hexanoiloxi-4,5,6,7-tetrahidrotieno [3,2-dpiridina;
2-t-butoxicarboniloxi-5- (a-ciclopropilcarbonil-2-fluorobencil )-4,5,6,7-tetrahidrotieno [3,2-dpiridina;
5—(a-ciclopropilcarbonil—2-ﬁuorobencil)-2-piva.loiloxi-metoxi-4,5,6,7-tetrahidrotieno[3,2-_cj piridina;
5—(2—cloro-a—ciclopropilca.rbonilbencil)-2—0xo-2,4,5,6,7,7a,-hexahidrotieno[3,2-g]piridina. y/o su tautémero;
5—(2-ﬁuoro-a-propionilbencil)-2-oxo-2,4,5,6,7,7arhexa.hidrotieno[3,2-_c]piridina y/o su tautémero;
5-(a-ciclopropilcarbonil-2-fluorobencil)-2-oxo-2,4,5,6,7,7a-hexahidrotieno|3,2-dpiridina y /o su tautémero;
2-acetoxi-5-(2-cloro-a—ciclopropilcarbonilbencil)-4,5,6,7-t;etrahidrotieno[3,2—g] piridina,;

5 - [a - (2 - fluorociclopropilcarbonil) - 2 - fluorobencil] - 2 - oxo - 2,4,5,6,7,7a - hexahidrotieno[3,2 -
¢|piridina y/o su tautémero;

2-acetoxi-5- [a-(2-ﬂuorociclopropilcarbonil)-2-ﬂuorobencil]-4,5,6,7—tetrahidrotieno[3,2-g]piridina.;
o una sal farmacéuticamente aceptable de los mismos.

22. Un procedimiento para preparar una composicién farmacéutica para el tratamiento y la profilaxis
de las trombosis o las embolias, que comprende mezclar un inhibidor de la agregacién de las plaquetas con
un portador o diluyente farmacéuticamente aceptable, en el que dicho inhibidor es al menos un compuesto

de férmula (I), o un tautémero o sal farmacéuticamente aceptable del mismo, como se ha reivindicado en
una cualquiera de las Reivindicaciones anteriores.
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23. El uso al menos de un compuesto de férmula (I), o un tautémero o sal farmacéuticamente aceptable
del mismo, como se ha reivindicado en una cualquiera de las Reivindicaciones 1 a 21 para la fabricacién
de un medicamento para el tratamiento o la profilaxis de las trombosis o las embolias.

NOTA INFORMATIVA: Conforme a la reserva del art. 167.2 del Convenio de Patentes Europeas (CPE)
y a la Disposicién Transitoria del RD 2424/1986, de 10 de octubre, relativo a la
aplicacién del Convenio de Patente Europea, las patentes europeas que designen a
Espafa y solicitadas antes del 7-10-1992, no producirin ningin efecto en Espafia en
la medida en que confieran proteccién a productos quimicos y farmacéuticos como
tales.

Esta informacién no prejuzga que la patente esté o no incluida en la mencionada
reserva.
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7 ABSTRACT

Acid addition salts of 2-acetoxy-5-(a-cyclopropyl-carbonyl-
2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]-pyridine.
The acid addition salts of tetrahydrothienopyridine deriva-
tives of the present invention exhibit excellent oral absorp-
tion, metabolization into the active compound, and platelet
aggregation-inhibiting effects, low toxicity, and excellent
storage and handling stabilities, and are useful as medica-
ments, preferably preventive or therapeutic agents (particu-
larly therapeutic agents) for diseases caused by a thrombus
or an embolus, still more preferably preventive or therapeu-
tic agents (particularly therapeutic agents) for thrombosis or
embolism.
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ACID ADDITION SALTS OF HYDROPYRIDINE
DERIVATIVES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International application PCT/JPO1/05764 filed Jul. 3, 2001,
the entire contents of which are hereby incorporated by
reference herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to acid addition salts
of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine (preferably the hydro-
chloride or maleate) which exhibit excellent oral absorption,
metabolization into the active compound, and activity in
inhibition of platelet aggregation, and are useful as thera-
peutic or prophylactic agents for thrombus formation-in-
duced or embolization-induced diseases.

[0004] 2. Background Information

[0005] In EP-542411 (Japanese Patent Application Publi-
cation No. Hei 6-411239) it is described that 2-acetoxy-5-
(o-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahy-
drothieno[3,2-cJpyridine and derivatives thereof, which are
antagonists of receptors of adenosine diphosphate (herein-
after referred to as “ADP”), exhibit excellent activity in
inhibition of platelet aggregation and are useful as anti-
thrombotic or antiembolic agents.

SUMMARY OF THE INVENTION

{0006] For many years the present inventors have ear-
nestly studied the pharmacological activity of various hydro-
pyridine derivatives in order to discover compounds having
excellent activity in inhibition of platelet aggregation. The
present inventors have found that acid addition salts of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-cJpyridine (preferably the hydro-
chloride or maleate) exhibit excellent oral absorption,
metabolization into the active compound, activity in inhibi-
tion of platelet aggregation, low toxicity, and excellent
storage and handling stability, and are useful as medica-
ments (preferably useful as therapeutic or prophylactic
agents (preferably therapeutic agents)) for thrombus forma-
tion-induced or embolization-induced diseases (preferably
thrombosis or embolism).

[0007] The present invention provides acid addition salts
of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,
5,6,7-tetrahydrothieno[3,2-c]pyridine (preferably the hydro-
chloride or maleate), which exhibit excellent activity in
inhibition of platelet aggregation; processes for the prepa-
ration thereof; and medicaments containing them which are
useful as therapeutic or prophylactic agents (preferably
therapeutic) for thrombus formation-induced or emboliza-
tion-induced diseases, and are preferably useful as thera-
peutic or prophylactic agents (preferably therapeutic agents)
for thrombosis or embolism.

DETAILED DESCRIPTION OF THE
INVENTION

[0008] The present invention relates to acid addition salts
of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,
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5,6,7-tetrahydrothieno{3,2-c]pyridine  (hydrochloride or
maleate) and relates to medicaments containing acid addi-
tion salts of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluo-
robenzyl)-4,5,6,7-tetrahydrothieno[3,2-c Jpyridine ~ (hydro-
chloride or maleate) as an active ingredient.

[0009] The acid moiety of acid addition salts of 2-acetoxy-
5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahy-
drothieno[ 3,2-c]pyridine is, for example, an inorganic acid
such as sulfuric acid, hydrochloric acid, nitric acid, phos-
phoric acid; or an organic acid such as trifluoroacetic acid,
maleic acid, methanesulfonic acid, p-toluenesulfonic acid,
and preferably hydrochloric acid or maleic acid.

[0010] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluo-
robenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine  hydro-
chloride of the present invention has the following formula:

o
0
o c—-< -HCI
3 / N
o l
S F

[0011] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluoroben-
zyD)-4,5,6,7-tetrahydrothieno[ 3,2-c Jpyridine maleate has the
following formula:

o
COOH.
0
H c-—< ) l
3 / N
o | COOH
S F

[0012] Acid addition salts of 2-acetoxy-5-(a-cyclopropy-
Icarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine have an asymmetric carbon in their molecule and in
cach compound two isomers having R and S configurations
can exist. The present invention encompasses the individual
isomers and mixtures of these isomers in optional propor-
tions. An optically active isomer of acid addition salts of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-c]pyridine of the present invention
can be prepared using an optically active starting material or
is isolated from a racemic mixture of synthetically prepared
acid addition salts of 2-acetoxy-5-(a-cyclopropylcarbonyl-
2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine by
a conventional optical resolution.

[0013] In some cases, when acid addition salts of 2-ac-
etoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzy!)-4,5,6,7-
tetrahydrothieno[ 3,2-c]pyridine are allowed to stand in con-
tact with the atmosphere or are recrystallized, they may
absorb water or may take up water to form a hydrate. The
present invention encompasses these hydrates.

[0014] Acid addition salts of 2-acetoxy-5-(a-cyclopropy-
lcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]
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drothieno[3,2-clpyridine maleate obtained in Example 2,
while the term “free form™ means 2-acetoxy-5-(a-cyclopro-
pylcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno| 3,2-
c]pyridine.

TABLE 4

Inhibition of platelet aggregation (mean = standard deviation)
after oral administration to dog

Inhibition (%) of

Dose platelet aggrepation
Test compound (mg/kg) n 2 hours 4 hours
Maleate 1.0 3 63.4 £229 88.5 £5.7
Free form 1.0 3 279 £ 248 28.7 £ 24.4

[0109] The results of Tests 2 and 3 indicate that the
inhibitory effect of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6-7-tetrahydrothieno[3,2-c]pyridine
hydrochloride and maleate on ADP-induced platelet aggre-
gation is stronger than that of 2-acetoxy-5-(a-cyclopropyl-
carbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothienof 3,2-c]
pyridine, and  2-acetoxy-5-(a-cyclopropylcarbonyl-2-
fluorobenzyl)-4,5,6-7-tetrahydrothieno[ 3,2-c]pyridine
hydrochloride and maleate both demonstrate superior phar-
macological activity to 2-acetoxy-5-(a-cyclopropylcarbo-
nyl-2-fluorobenzyl)-4,5,6,7-tctrahydrothienof 3,2-cJpyri-
dine.

Formulation Example 1
[0110] Hard Capsule

[0111] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluoroben-
zyl)-4,5,6,7-tetrahydrothienof 3,2-cJpyridine hydrochloride
powder (50 mg), lactose (128.7 mg), cellulose (70 mg) and
magnesium stearate (1.3 mg) are blended, passed through a
sieve (60 mesh), and filled into a hard gelatin capsule (No.
3, 250 mg).

Formulation Example 2
[0112] Tablet

[0113] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluoroben-
zyl)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine  hydrochloride
powder (50 mg), lactose (124 mg), cellulose (25 mg) and
magnesium stearate (1 mg) are mixed, and compressed by a
tablet machine to yield a tablet weighing 200 mg which, if
dcsired, may be coated.

Formulation Example 3
[0114] Hard Capsule
[0115] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-flucroben-
zy)-4,5,6,7-tetrahydrothieno[ 3,2-cJpyridine maleate pow-
der (50 mg), lactose (128.7 mg), cellulose (70 mg) and
magnesium stearate (1.3 mg) are blended, passed through a

sieve (60 mesh), and filled into a hard gelatin capsule (No.
3, 250 mg).

Formulation Example 4
[0116] Tablet

[0117] 2-Acetoxy-5-(o-cyclopropylcarbonyl-2-fluoroben-
zy)-4,5,6,7-tetrahydrothieno[ 3,2-clpyridine maleate pow-
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der (50 mg), lactose (124 mg), cellulose (25 mg) and
magnesium stearate (1 mg) are mixed, and compressed by a
tablet machine to yield a tablet weighing 200 mg, which, if
desired, may be coated.

What is claimed is:

1. An acid addition salt of 2-acetoxy-5-(a-cyclopropyl-
carbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothienof 3,2-c]
pyridine.

2. The acid addition salt according to claim 1, wherein
said salt is a hydrochloride or a maleate.

3. 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-
4,5,6,7-tetrahydrothieno[3,2-clpyridine hydrochloride.

4. 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)-
4,5,6,7-tetrahydrothieno{3,2-clpyridine maleate.

5. A medicament composition comprising a pharmaceu-
tically effective amount of the salt according to claim 1 as an
active ingredient in combination with a pharmaceutically
acceptable carrier.

6. A medicament composition comprising a pharmaceu-
tically effective amount of the salt according to claim 2 as an
active ingredient in combination with a pharmaceutically
acceptable carrier.

7. A medicament composition comprising a pharmaceu-
tically effective amount of the salt according to claim 3 as an
active ingredient in combination with a pharmaceutically
acceptable carrier.

8. A medicament composition comprising a pharmaceu-
tically effective amount of the salt according to claim 4 as an
active ingredient in combination with a pharmaceutically
acceptable carrier.

9. The medicament composition according to claim 5,
wherein said medicament is for prevention or treatment of a
thrombus formation-induced or an embolization-induced
disease in a warm blooded animal.

10. The medicament composition according to claim 9,
wherein said medicament is for prevention or treatment of a
thrombosis or an embolism in a human.

11. The medicament composition according to claim 9,
wherein said medicament is for treatment of a thrombosis or
an embolism in a human.

12. A method for prevention or treatment of a thrombus
formation-induced or an embolization-induced disease in a
warm blooded animal which comprises administering an
effective amount of the salt according to claim 1.

13. The method according to claim 12, wherein the warm
blooded animal is a human.

14. The method according to claim 13, wherein the
method is for treatment of a thrombosis.

15. The method according to claim 13, wherein the
method is for treatment of an embolism.

16. A method for prevention or treatment of a thrombus
formation-induced or an embolization-induced disease in a
warm blooded animal which comprises administering an
effective amount of the salt according to claim 2.

17. The method according to claim 16, wherein the warm
blooded animal is a human.

18. The method according to claim 17, wherein the
method is for treatment of a thrombosis.

19. The method according to claim 17, wherein the
method is for treatment of an embolism.

20. A method for prevention or treatment of a thrombus
formation-induced or an embolization-induced disease in a
warm blooded animal which comprises administering an
effective amount of the salt according to claim 3.
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21. The method according to claim 20, wherein the warm
blooded animal is a human.

22. The method according to claim 21, wherein the
method is for treatment of a thrombosis.

23. The method according to claim 21, wherein the
method is for treatment of an embolism.

24. A method for prevention or treatment of a thrombus
formation-induced or an embolization-induced disease in a
warm blooded animal which comprises administering an
effective amount of the salt according to claim 4.

25. The method according to claim 24, wherein the warm
blooded animal is a human.

26. The method according to claim 25, wherein the
method is for treatment of a thrombosis.

27. The method according to claim 25, wherein the
method is for treatment of an embolism.

28. A process for preparation of an acid addition salt of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,
7-tetrahydrothieno[ 3,2-cJpyridine, which comprises adding
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-c]pyridine to a solution of an acid in
an inert solvent, and optionally adding seed crystals, fol-
lowed by reaction of the resultant mixture.

29. The process for preparation of an acid addition salt
according to claim 28, wherein said inert solvent is acetone
and said acid is maleic acid.

30. A process for preparation of an acid addition salt of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-cJpyridine, which comprises drop-
wise adding an acid for one or more times to a solution of
2-acetoxy-5-(a-cyclopropylcarbonyl-2-flucrobenzyl)-4,5,6,
7-tetrahydrothieno[3,2-clpyridine in an inert solvent, and
optionally adding seed crystals, followed by reaction of the
resultant mixture.

31. The process for preparation of an acid addition salt
according to claim 30, wherein said inert solvent is acetone
and said acid is concentrated hydrochloric acid.
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32. A process for preparation of 2-acetoxy-5-(a-cyclopro-
pylcarbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-
clpyridine hydrochloride which comprises (a) dropwise add-
ing half of a required amount of concentrated hydrochloric
acid to a solution of 2-acetoxy-5-(a-cyclopropylcarbonyl-
2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine  in
an inert solvent at an elevated temperature, and optionally
adding seed crystals, and (b) further adding dropwise the
remaining required amount of concentrated hydrochloric
acid at said temperature, followed by reaction of the result-
ant mixture at said temperature.

33. The process for preparation of said hydrochloride
according to claim 32, wherein said elevated temperature is
35° C. to 60° C.

34. The process for preparation of said hydrochloride
according to claim 32, wherein said elevated temperature is
40° C. to 55° C.

35. The process for preparation of said hydrochloride
according to claim 32, wherein said dropwise addition of
half of the requircd amount of concentrated hydrochloric
acid is carried out for 2 minutes to 10 minutes.

36. The process for preparation of said hydrochloride
according to claim 32, which further comprises before step
(b), allowing the resultant solution from step (a) to stand at
said temperature for 30 minutes to 2 hours.

37. The process for preparation of said hydrochloride
according to claim 32, wherein said dropwise addition of the
remaining required amount of concentrated hydrochloric cid
in step (b) is carried out for 30 minutes to 2 hours.

38. The process for preparation of said hydrochloride
according to claim 32, which further comprises after step
(b), allowing the resultant solution to stand for 1 to 3 hours.




