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PROCESO PARA PREPARAR CLOPIDOGREL

CAMPO DE LA INVENCION

La presente invencién Se relaciona con un proceso
Para la preparacién de derivados de tieno[3,2—c]piridina
de la férmula general (I), bien Séa en sus formas
racémicas u Opticamente activas (+) o (=) vy sus sales, en
donde X, el Sustituyente sobre el anillo de benceno
Fepresenta un A&tomo de hidrégeno o de halégeno tal como

flior, cloro, bromo o yodo.

O\

{;fc,lx

D&o (+)o ()

Preferiblemente, X representa 2-cloro.

La presente invencién también describe un proceso

bPara la preparacién de compuestos de férmula general

activa (+) o (-) Y sus sales, donde X, el Sustituyente

.Sobre el anillo de benceno representa yn dtomo de



hidrégeno o de halégeno tal como fldor, cloro, bromo, o

yodo

NH,
eshe’
s /

o M@)o Ho (=)

Preferiblemente X representa 2-cloro. Estos
compuestos son intermedios Utiles para preparar

compuestos de la férmula general (I).

Los compuestos representados por la férmula (I) vy

(II) tienen un carbono asimétrico y de esta forma,
, obtener compuestos Opticamente activos de 1la férmula (I)
.
T
© la férmula (II), 1la opcién disponible es resolver el

producto  intermedio/final racémico o utilizar un

intermedio épticamente activo,

ANTECEDENTES DE 1A INVENCION

Los derivados de tieno(3,2-clpiridina descritos en

los documentos FR 2,215,948, FR 2,530,247 y FR 2,612,929

son farmacoldégicamente activos y tienen propiedades



antitrombdéticas y antiagregantes significativas. Uno de
tales ejemplos es el “"Clopidogrel”, metiléster de &cido
(S)—(+)—(2—cl§rofenil)—(6,7—dihidro—4H—tieno[3,2—
clpiridin-5-il)acético Y sus sales farmacéuticamente
aceptables. Posteriormente, se encontréd que la actividad
~, biolégica reside solo con el esteroisémero (S)-(+)-(US

P
4,847,265). Como la “base de Clopidogrel” es un liquido

-
aceitoso, con el fin de preparar wuna formulacién
conveniente, la base se convierte en una sal
farmacéutifcamente aceptable. Las sales adecuadas de 1la

“"base de Clopidogrel” se puede formar con taurocolato,

bromohidrato y &cido sulfurico.

DESCRIPCION DE LA TECNICA ANTERIOR

Los métodos reportados para sintetizar los
compuestos de la férmula general (I) (US 4529596, GB
0420706 y GB 0466569), utilizan derivados de o-
halofenilacético, que son lacrimégenos e irritantes por
naturaleza. Los procesos para sintetizar tales compuestos
involucran mﬁltiples etapas, y tienen otros
inconvenientes debido a los quimicos/reactivos

utilizados, que usualmente son dificiles de manejar,



escalar y desfavorables para la salud humana asi como
también y del punto de vista ambiental. Mas aun, los
rendimientos totales de estos procesos varian desde pobre
hasta promedio. Otras varias aproximaciones sintéticas
encontradas en la literatura involucran quimicos pocos
3 Ccostosos 0 riesgosos, los cuales no mejoran

.significativamente el rendimiento del producto deseado.

Recientemente, Clopidogrel racémico (1)
radicetiquetado (benceno-U-''C) se ha preparado como un
estdndar para estudioé metabdélicos en un rendimiento
total del 7% wutilizando ortometalacién/clorinacién de
derivado de A&cido benzoico {Chem. Abs., 133:281711,
2000) . Otras varias estrategias se describen en: WO

1&8/51681, WO 98/51682, WO 98/51689, WO 99/18110, Us
4,876,362, US 4,876,362, US 5,036,156, Us 5,132,435, US

5,139,170 US 5,204,469 y US 6,080,875.

Recientemente, un nuevo polimorfo de bisulfato de
Clopidogrel (denominado como forma II) se ha descrito en
la solicitud de patente (WO 99/65915), que tiene un punto
de fusidén de 176 + 3° C. Este también menciona que el
compuesto descrito en la patente estadounidense anterior

(US 4,847,265), tenia un punto de fusién diferente de



_aproximadamente 184 + 3° C (denominado ahora como, forma

I). Se ha mostrado que ambos polimorfos tienen espectro

XRD e IR distinto y caracteristico.

Consecuentemente, la presente invencién ayuda a
gproporcionar un proceso poco costoso y comercialmente
viable para preparar compuestos de la férmula (I) en

buenos rendimientos.

OBJETOS DE LA INVENCION

El principal objeto de 1la presente invencién es
proporcionar un proceso novedoso para prepara derivados .
n?e tieno(3,2-c]piridina, representado por la férmula

L&Seneral (I), en su forma racémica u Opticamente activa

(+) o (=) y sus sales, en donde X representa un atomo de
hidrégeno o de halégeno tal como fluor, cloro, bromo o

yodo.

o\ /%K

%Ix

Do Ho ()



otro objeto de la presente invenciédn es proporcionar
un proceso novedoso para preparar derivados de tieno{3,2-

clpiridina, representada por la férmula general (I), en
sus formas racémica u O6pticamente activa (+) o (-) y sus

sales, a través de una ruta comercialmente viable.

Un objeto particular de la presente invencién es
proporcionar un proceso novedoso para elaborar metiléster
de acido (S)-(+)-(2-clorofenil)- (6, 7-dihidro-4H-
tieno[3,2—c]piridin—5—il’acética como una sal de
bisulfato, es decir, bisulfato de Clopidogrel, donde X es

un sustituyente 2-cloro.

% O P
3 r"’ T
/ N
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O

El objeto preferido de 1la presente invencién es
proporcionar un proceso novedoso para la elaboracién de

bisulfato de Clopidogrel, a través de un proceso

comercialmente viable.



Otro objeto importante de la presente invencidén es
proporcionar un proceso novedoso para elaborar una forma
polimorfa (I) de Clopidogrel que tiene punto de fusidn

184 £ 3° C, a través de una ruta comercialmente viable.

Aun otro objeto de la presente invencidén es reciclar
a través de un proceso novedoso el levoisémero  de
Clopidogrel o una mezcla variable de esteroisémeros (+) y

(-) para hacer (+)- bisulfato de Clopidogrel.

Otro objeto de la presente invencién es proporcionar

un proceso para preparar un compuesto (2-clorofenil)-

(6, 7-dihidro-4H-tieno[3,2-c]piridin-5-il)acetamida de
] férmula (II), en formas racémicas o} como formas
R Y
¢ J6pticamente activas (+) o (-) y sus sales.

GO

M@)o (+) o (-)

Otro objeto de la presente invencién es proporcionar

un proceso para la preparacién de un compuesto de férmula

O



(II) donde X es 2-cloro, en formas racémicas asi como
tamhién formas oépticamente activas (+) o (-) que tienen
pureza quimica y quiral adecuada y junto con sus sales.

El isdémero texto dextro del compuesto con férmula (II)

con pureza adecuada o sus sales, son intermedios utiles

“K para la sintesis de (+)-bisulfato de Clopidogrel.

Aln otro objeto de la presente invencién es
proporcionar un proceso novedoso para convertir (R)-(-)-
(2-clorofenil)- (6, 7-dihidro-4H-tieno[3,2-c]parid-5-
il)acetamida o su mezcla con cantidades variables menores

o su antipodo éptico, casi una mezcla 1:1 de isémero (+)

y (=).

By

i ! . . . . .
4 El proceso descrito aqui suministra un método simple

y alternativo para separar compuestos de la férmula
general (I), particularmente la forma I polimorfa de (S)-

(+)-bisulfato de Clopidogrel.

RESUMEN DE LA INVENCION

Los anteriores y otros objetos de la presente
invencién se logran mediante el proceso de la presente

invencién al emplear compuestos de la férmula (II)

A\



NH,
G
S P

@M &) o (No ()

o sus sales, en formas racémicas u Opticamente

activas (+) o (-), como se subraya en el esquema (I).

opcionalmente, 1la presenfe invencién proporciona un
método para resolver (t)-(2-clorofenil)-(6,7-dihidro-4H-
tieno[3,2-c]lparid-5-il) acetamida en formas oOpticamente
activas (+) o (-), que se pueden utilizar para preparar

(+)-bisulfato de Clopidogrel.

Opcionalmente, la presente invencién proporciona un
método para resolver &cido ()-2-(2-clorofenil)-(6,7-
dihidro-4H-tieno(3,2-c]parid-5-il) acético en formas

Opticamente activas (+) o (-).

Opcionalmente, la presente invencién proporciona un
método para resolver (t)-(2-clorofenil)-(6,7-dihidro-4H-
tieno(3,2~-c]lparid-5-il) acetonitrilo en formas

dpticamente activas (+) o (-).
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DESCRIPCION DETALLADA DE LA INVENCION

De acuerdo con lo anterior, la presente invencidn

proporciona un proceso para preparar compuestos de

foHrmula (1), en formas racémicas u Opticamente activas
(+) o (=) y sus sales, donde X representa un &tomo de
hidrbégeno o de haldgeno tal como fldor, cloro, bromo o

yodo. M&s particularmente, la presente invencién

" proporciona un proceso para preparar Dbisulfato de

Clopidogrel.

El proceso para preparar compuestos de la férmula

(I) o sus sales, utiliza compuestos de férmula (II)

M&Eo o )

0 sus sales en formas racémicas u oOpticamente

activas (+) o (-), como se subraya en el esquema I.

%
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ESQUEMA I

Cada intermedio en el esquema 1 tiene un centro
quiral. Por lo tanto, preparar un producto 6pticamente
activo, tal como el compuesto representado por la férmu}a
(I), particularmente Clopidogrel y su sal, es posible
utilizar un intermedio épticamente activo desde 1la primer

etapa en adelante.
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La presente invencién proporciona un proceso para la
preparacién del compuesto de férmula (I) y sus sales como

se muestra en el esquema 1, el cual comprende:

1. Preparar el compuesto de'férmula (IV),
& (£)-(2-clorofenil)~ (6, 7-dihidro-4H-

tieno([3,2-c]lparid-5-il)acetonitrilo
como se describibé en el esquema 2, es
decir via la reaccién de Strecker;

2. Resolver, si se desea, la mezcla
racémica del compuesto del férmula (IV)
en sus esteroisémeros épticamente
activos (+) y (-); y reciclar el
esteroisbébmero no deseado en el proceso

v,T mediante racemizacién;

3. transformar el compuesto de férmula
(IV) en su forma racémica u oépticamente
activa (+) o (-) o su sal, en el
compuesto de férmula (II), (*)-{(2-
clorofenil)- (6, 7-dihidro-4H-tieno(3, 2~
clpiridin-5-il)acetamida o la forma
Opticamente activa correspondiente (+)
© (-) basado en el material de partida

utilizado;

6
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resolver, si se desea, el compuesto
racémico de férmula (IT)- en sus
esteroisdmeros Opticamente activos (+)
y (-): y reciclar el esteroisémero no
deseado en el proceso mediante
racemizacién;

transformar el compuesto de férmula
(I1), en su forma racémica u
Opticamente activa (+) y (-) o su sal,
en el compuesto O6pticamente activo o
racémica de férmula (I), metiléster de
(t)-(2-clorofenil)- (6, 7-dihidro-4H~-
tieno(3,2-c)pirid-5-il)acetato, en la
forma racémica u oépticamente activa (+)
y (-) y su sal, basados én el material
de partida utilizado;

resolver adicionalmente y/o transformar
el compuesto racémico/épticamente
activo de la férmula (I) en sus sales
farmacéuticamente aceptables y/o,
liberar el compuesto racémiéo u
6pticamente activo de férmula (I) de

sus sales.
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Alternativamente, cualquiera de los compuestos de

férmula (IV) o (II), la foérmula racémica u Opticamente

activa (+) o (-) se puede transformar en los compuestos

correspondientes de férmula (III); que se pueden entonces

convertir en el compuesto correspondiente de férmula (I).

El compuesto de férmula (IV) en formas Opticamente

activas (+) o (-) puede ser directamente convertido en el

compuesto correspondiente de férmula (I).

Opcionalmente, las sales de adicién &cida adecuadas
de los intermedios de la férmula II, III y'IV se pueden
utilizar en los procesos anteriormente mencionados. Los
dcidos adecuados utilizados se pueden seleccionar de los
dcidos acético, bnezoico, fumarico, maleico, citrico,
tartarico, gentisico, metanosulfénico, etanosulfénico,
bencenosulfénico, t-toluenosulfénicc} camforsulfénico,

clorhidrico, sulfurico, bromhidrico y similares.

Otro aspecto de la presente invencién es
proporcionar un proceso para 1 preparacién de un

intermedio novedoso de férmula (IV) y sus sales.

142
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CN

. B _ LN N PN .-"i.-
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(s]f,l =K

I Ee Ho ()

Aun otro aspecto del proceso de la invencién incluye
la preparacién del intermedio descrito mediante férmula
general (IV) y como se describié en el esquema 2,
mediante la reaccién de Strecker, utilizando una amina

secundaria (Organic Synthesis Collective Volume III,

padgina no. 275).

A OHC
- oHC vio MCN + Ox
s vn
™ v ™ ™ f (jOm
;]
O G+
8
m®»

ESQUEMA 2
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se defini6é anteriormente, y finalmente amina de la
féormula (V) o su sal en una reaccidén in situ. Sin
importar las variaciones en la metodologia de reaccién,
el rendimiento del intermedio resultante (IV) obtenido es

comparable.

El método preferido involucra, la adicién de 2-
clorobenzaldehido de férmula (VI) al derivado de sulfito
de hidrdbégeno de férmula (VIII). La sal formada se trata
con cianuro de férmula (VII), y finalmente con una amina
de la férmula (V) o su sal en presencia del reactivo y

solventes adecuados.

Los reactivos adecuados incluyen catalizadores

acidos, tales como &cido acético glacial (Synthesis,

1989, 616, 618), &cido clorhidrico, 4&cido sulfurico,

dcido metanosulfénico, dcido trifluoroacético, acido

fosférico y similar.

Los solventes adecuados pueden ser solventes
hidrofilicos, préticos o apréticos, incluyendo agua, (C;-
Csa) alcohol, tetrahidrofurano, dimetilformamida, DMSO,
dioxano, 1,2 dimetoxietano, dcido acético, acido

proténico y similar, o una mezcla de solventes de estos.



N

18

El solvente preferido es una mezcla de solventes y agua
en una proporcién variable. El medio de reaccién méas
preferido incluye una mezcla que contiene agua y alcohol

(Ci-C4) en una proporcidédn que varia entre 1:1 y 1:10.

Cuando la reaccidén se lleva a cabo en un solvente
aprético o hidrbéfobo, es necesario un catalizador de
transferencia de fase y un sistema solvente bifasico. El
catalizador de.transferencia de fase adecuado utilizado
en tal caso puede ser haluro de tetrabutilamonio, haluro

de benziltrimetilamonio y similares.

Durante la reaccién, «ciertos aditivos se pueden

agregar. Tales aditivos adecuados pueden ser ciclo

[(S)histidina-(S)-fenil alanina) y similares.

La temperatura de reaccién puede variar desde -30° C
hasta temperatura de reflujo o los solventes utilizados.
Los rangos preferidos de temperatura varian desde 0° C a
100° C y mas preferiblemente, desde 40° C a 80° C. sin
embargo, cuando HCN (g) (esquema 2, intermedio Vi, M =
H) se utiliza la temperatura requerida estd en el rango

de aproximadamente -30° C a -10° C.
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Esta reaccién se lleva a cabo en la ausencia de
presencia de una atmésfera inerte -tal como N,, He o Ar.

La duracidén de la reaccidn puede variar desde una hora a

tres dias, mas especificamente dos horas a dos fias.

Es preferible hacer reaccionar un compuesto de
férmula (V), derivado de hidrogenosulfito (VIII), y
derivado de cianuro (VII) con respecto al 2-
clorobenzaldehido (VI) en la proporcién preferiblemente
entre 1 a 1,2 equivalentes. El compuesto racémico ciano
(IV) asi obtenido, puede ser resuelto en formas

6pticamente activas (+) y (-).

El compuesto ciano (IV) asi obtenido se puede

convertir en el acido correspondiente de férmula (III),

la amida de férmula (II) o el A&cido de férmula (I) como
se muestra en el esquema (I) (R.C. Larrock, en
“"Comprehensive Organic Transformations”, John Wiley &

Sons, Inc, 1.999, 2% Ed., 815-818 y referenciado aqui.

Aln, otro aspecto de la presente invencién es
convertir estos intermedios II y III, en los compuestos
de férmula (I) como se muestra en el esquema 1. Cada uno

de los isdémeros (%), (+) o (-) del intermedio de férmula
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II vy III se puede convertir en el isdémero correspondiente

de los compuestos de férmula I.

La ruta preferida para obtener el compuesto de

férmula (I), involucra la conversidén del compuesto de
isémero ciano (%), (+) o (-) (IV) y sus sales, en el
compuesto amida de férmula (II), en la presencia de

reactivos de dcidos/base adecuados en solventes
adecuados. La resolucidén posterior de la amida en la
forma Opticamente activa (+) o (-) o su sal y la amida
Opticamente activa se convierte en un éster O6pticamente
activo de férmula (I) en la presencia del catalizador

adecuado y el reactivo.

La reaccién para convertir el compuesto ciano de
férmula (IV) en el compuesto amida de la féormula (II) se
puede llevar a cabo en la presencia de reactivos, los
cuales incluyen un &cido o una base. Los acidos adecuados
que se pueden utilizar son, &cido acético, éciao p-
toluenosulfénico, acido trifluoroacético, acido
cloroacético y similares o una solucién alcohédlica
anhidra o acuosa y &cidos minerales tales como &cido
sulfurico, HCl, HBr y similares. Se prefiere uné base

siempre y cuando siempre y cuando el material de partida
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sea una mezcla racémica. Las bases adecuadas que se
pueden utilizar son hidréxido de 1litio, hidréxido de
sodio, hidréxido de potasio, terc-butdéxido de potasio, o
mezclas de estos, preferiblemente hidréxidos de metal
alcalino. Junto con los hidréxidos de metal alcalino, el
exceso de perdxidos de hidrdégeno o perdxidos de metal
también se pueden utilizar en la reaccién anterior. El1 o
los solventes adecuados para la reaccién anterior pueden
ser solventes acuosos, polares o préticoé, tales como
agua, alcohol (C1—C4), acetona, acido acético,
dimetilformamida, THF, DMSO, dioxano, DMI similares o
mezclas de estos; preferiblemente el solvente consiste de
agua, metanol, o terc-BuOH o mezclas de estos solventes,

en una proporcién que varia entre 1:1 a 1:10.

La temperatura varia de 20° C a 250° C,
preferiblemente, de 50° C a 150° C. Los reactivos
utilizados en el proceso anterior pueden estar en el
rango de 0,1 a 1,2 equivalentes moles. La reaccién se
puede llevar a cabo en la ausencia de una atmésfera
inerte tal como N;, He o Ar. Las reacciones bajo las
condiciones béasicas son preferiblemente bajo atmésfera

inerte. La duracién de la reaccién puede variar desde
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adecuado. Opcionalmente el medio puede contener agua
aproximadamente > 5%. El solvente adecuado se selecciona
sobre la base de si la sal diastereomérica se precipita
de manera diferente. La separaciédn de la sal
diastereomérica puede dar como resultado esponténeamente
o mediante adicién del cosolvente o adicién de sales o
evaporacién del solvente o adicién de un cosolvente.
Alternativamente, la separacién puede concebirse
simplemente al agitar a una temperatura adecuada en un
solvente(s) hasta que una de las sales preferencialmente
se precipite. La purificacién de la sal diastereomérica
es posible al refluirla en un solvente adecuado. La base
libre se libera de su sal utilizando un reactivo de base
adecuada. La sal diastereomérica se suspende en una

mezcla de agua y solvente organico y se neutraliza con

una base bajo agitacién. La base libre se obtiene después

de la separacién de la capa acuosa y la evaporacién del

solvente orgéanico.

Los solventes wutilizados durante la resolucién
pueden incluir solventes o mezclas de estos tales como
alcohol (C1=Cy4) ., cetona (C,~Cq), dimetil formamida,

etilacetato, metilacetato, metiletilcetona, acetonitrilo,
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media hora hasta 5 dias, preferiblemente desde dos horas

hasta dos dias.

La amida de férmula (II), en su forma racémica u
bpticamente activa (+) o (=), o su sal, se puede
convertir al metiléster correspondiente de férmula (I),
en la presencie de al menos un equivalente de metanol y

adcido, en un solvente adecuado.

Los &cidos adecuados que se pueden utilizar incluyen
acido acético, acido polifosférico, acidoe 3-
toluenosulfénico, | acido trifluoroacético, acido
cloroacético, o A&cidos minerales, que incluyen, acido
sulfurico, HCl, HBr y similares, que pueden estar en
diferentes formar como &cido disuelto en alcohol, &cidos
anhidros disueltos o saturados en alcohol y el alcohol
utilizado puede ser metanol. El 4cido preferible es &cido
sulfuirico concentrado en la proporcién equivalente 1 a
50. los solventes adecuados para las transformaciones
anteriores pueden ser solventes polares o prébéticos tales
como solventes hidrofilicos que incluyen metanol,
acetona, adcido acético, THF, DMSO, dioxano, DME vy
similares o mezclas de estos. El1 solvente preferible

consiste de metanol al menos en un equivalente y puede
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ser el mayor exceso de tal forma que este actua como un

solvente. Algunas veces el cosolvente inerte, tal como

tolueno, xileno, etc. también se puede utilizar.

La temperatura varia desde 20° C a 250° C,
preferiblemente de 50° C a 150° C. La reaccibn se puede
llevar a cabo en la ausencia o presencia de una atmosfera
inerte tal como N, H o Ar. La duracién de la reaccidn
puede variar de 3 horas a 5 dias, preferiblemente de 4

horas a dos dias.

Es posible convertir el compuesto de férmula (IV) en
la forma racémica u épticamente activa (+) o (-) o su sal
se convierte en derivado de &cido acético correspondiente
de foéormula (III) en la presencia del solvente y reactivo
adecuados. El o los solventes adecuados pueden ser
acuosos pueden ser acuosos o de naturaleza alcohdlica.
Los reactivos adecuados para la reaccién anterior

incluyen &acidos asi como también bases.

También es posible convertir el compuesto ciano de
férmula (IV) en la forma racémica u 6pticamente activa
(+) o (-) o sus sales, directamente del metiléster de

férmula (I), en la presencia de al menos un equivalente
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de acido y al menos un equivalente de metanol en los
solventes adecuados de acuerdo con los métodos conocidos

en la literatura.

El &4cido de férmula (III) en la férmula racémica u
bpticamente activa (+) o (-} o sus sales se puede
convertir en el metiléster correspondiente de (férmula
{(I), en la presencia de un reactivo adecuado en solventes

adecuados y al menos un equivalente de metanol.

El reactivo adecuado que se puede utilizar incluye,
cloruro de tienilo, cloruros &cidos tales como cloruro de
pivaloilo, alquilcroformatos como etil o} metil
tioformatos y otros de tales reactivos que actuan en
grupos COOH, en una proporcién equivalente 1:1. Los
solventes adecuados para las transformaciones anteriores
pueden ser solventes poiares o préticos tales como,
metanol, acetona, trimetilformamida, THF, DMSO,
diclorometano, dicloroetano, diioxano, DME y similares o
mezclas de estos. El solvente preferible. consiste de
metanol en al menos un equivalente y puede ser en mayor
exceso de tal forma que este actua como un solvente. La
temperatura varia desde 20° C a 250° C, preferiblemente

de 50° C a 150° C.
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Los reactivos utilizados en el proceso anterior
pueden variar desde 0,01 moles a proporciones
equimolares. La reaccién se puede llevar a cabo en la
ausencia o presencia.de una atmésfera inerte, tal como
N;, He o Ar. La duracién de la reacciébdn pude variar desde

3 horas a 5 dias, preferiblemente desde 3 horas a dos

dias.

Este ©proceso de elaboracién para preparar los

compuestos de la férmula general (I) como se muestra en

el esquema 1, tiene las siguientes ventajas:

1) requiere un menor numero de etapa para
preparar Jlos compuestos de férmula
(I).

2) se utilizan reactivos/quimicos simples
facilmente disponibles.

3) Se emplean condiciones de reaccién méas
ligeras en varias etapas.

4) Es posible conseguir intermedios
quirales/épticamente activos en cada

etapa (I, II, III, IV, o V).
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5) Es posible racemizar los isbmeros no
deseados mejorando de esta manera la
eficiencia 1% reduciendo la carga

ambiental.
6) Los factores anteriores contribuyen a

mejorar la efectividad de costo dé 1los

procesos descritos aqui.

Los compuestos de férmula (I); (II), (III) y (IV) se
pueden resolver mediante varios métodos para conseguir
los compuestos 6pticamente activos de las férmulas (I),
(Iry, (II1i), y (IV), que pueden dar Clopidogrel de la
estereoquimica deseada (R.A. Sheldon, en
“Chirotechnology”, Marcel Dekker, Inc; NY, Basel, 1993,
173-204 y referenciado aqui; A. N. Collins, G.N,
Sheldrack y J. Crosby, en ™“Chirality in Industry 1II”,
John Wiley & Sons, Inc. 1997, 81-98 y referenciado aqui;

E. L. Eliel y S. H. Wilen, en “Stereochémistry of Organic

Compound”, John Wiley & Sons, Inc., 1.999, 297-464 vy

referenciado aqui).

El proceso de resolucién comprende la disolucién de

la mezcla racémica (de las férmulas I, II, III, o IV) en

el solvente adecuado y la adicién de un reactivo quiral
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adecuado. Opcionalmente el medio puede contener agua
aproximadamente > 5%. El solvente adecuado se selecciona
sobre la base de si la sal diastereomérica se precipita
de manera diferente. La separacién de la sal
diastereomérica puede dar como resultado espontaneamente
o mediante adicidén del cosolvente o adicién de sales o
evaporacién del solvente o adicién de un cosolvente.
Alternativamente, la separacién puede concebirse
simplemente al agitar a una temperatura adecuada en un
solvente(s) hasta que una de las sales preferencialmente
se precipite. La purificacién de la sal diastereomérica
es posible al refluirla en un solvente édecuado. La base
libre se libera de su sal utilizando un reactivo de base
adecuada. La sal diastereomérica se suspende en una
mezcla de agua y solvente orgdnico y se neutraliza con

una base bajo agitacién. La base libre se obtiene después

de la separacién de la capa acuosa y la evaporacién del .

solvente orgénico.

Los solventes utilizados durante la resolucidn

pueden incluir solventes o mezclas de estos tales como
alcohol (Ci-C4), cetona (C1=Cy4) , dimetilformamida,

etilacetato, metilacetato, metiletilcetona, acetonitrilo,
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propionitrilo, THF, dioxano y similares; el solvente
utilizado opcionalmente puede contener agua hasta un 5%
pero la presencia de agua o su cantidad no es critica. El
rango de temperatura adecuado péra la resolucién incluye

temperaturas de 0° C a temperatura de reflujo del

solvente utilizado, preferiblemente 0° C a 80° C. 1los
reactivos quirales &cidos, que se pueden utilizar para
formar una sal diastereomérica, incluyen &acido tartarico,
dcido mandélico, acido lactico, acido camforsulfénico,

acido lactico, acido maléico, aminoacidos y similares.

Mediante «cristalizacién repetida de un solvente
adecuado, la sal precipitada se enriquece en la sal del

isébmero dextrorotatorio del diasteredmero deseado para

producir un producto de rotacién éptica constante.

El reactivo de base adecuada para la hidrdlisis de
la sal diastereomérica incluye carbonato de sodio,
carbonato de potasio, carbonato 4cido de sodio y

carbonato acido de potasio en medio acuoso a temperaturas

que varian entre 5° C a 25° C.

Finalmente, la sal deseada del compuesto de férmula

(IT), (III), o (IV); o la sal farmacéuticamente aceptable
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del compuesto de férmula (I) se puede formar del
esteroiséomero correspondiente y un 4&cido adecuado. El
compuesto o6plticamente puro (S)-(+) de férmula (I), .se
convierte en su sal de bisulfato utilizando &cido
sulfurico al 70% a 98%, en un solvente apropiado a
temperatura adecuada para lograr el polimorfo I (+)-

bisulfato de Clopidogrel como se desee.

Alternativamente, los disterebmeros formados se
pueden separar mediante métodos convencionales de
purificacidn tal como cristalizacién fraccional,
cromatografia de columna y similares seguido por 1la
divisién de sal para dar el producto de estereoquimica
deseado. Es preferible utilizar, tal como un agente
quiral, que se puede seleccionar del diastereoisémero con
cualquiera de los iséomeros R o S de los intermedios I,
II, III, o IV. El reactivo quiral utilizado puede estar

en una proporcién molar de 0,5 a 1,1.

La determinacién de la pureza enantiomérica de ;os
enantiémeros (+) dextrorotatorio y (-)- levorotatorio
pueden ser llevados a cabo a través de espectroscopia RMN
de protdédn con la adicidén de unos reactivos de tierras

raras quirales (reactivos de cambio) o mediante HPLC
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utilizando una fase estacionaria quiral asi como también

a través de la medicién de la rotacidén optica.

La estereoquimica absoluta de la sal diastereomérica
de los compuestos II, III, o IV se puede determinar
utilizando métodos convencionales, tales como
cristalografia de rayos X. La estereoquimica absoluta de
los compuestos quirales también se puede determinar_al

compararla con los estédndares de referencia conocidos en

la literatura.

Las sales acidas minerales % organicas

farmacéuticamente aceptables de los enantidémeros
Odpticamente activos de Clopidogrel se prepararan

utilizando varias sales &cidas, que forman una parte de
esta invencidén pero no estdn limitadas a sulfatos de
hidrogeno, hidrohaluros, taurocolatos y similares. Mas

especificamente el presente proceso de invencién da como

resultado bisulfato de Clopidogrel de punto de fusién 184
t 3° C que es caracteristico de la forma I de bisulfato
de Clopidogrel. Alternativamente, la forma II de

bisulfato de Clopidogrel témbién se puede preparar

mediante un método conocido (WO 99/65915, Fr 07464).

%5
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El proceso de esta invencién también incluye el
proceso para reciclar el esteroisdémero no deseado a
través de racemizacién. Las condiciones para la
racemizacién de todos los intermedios de férmula general
IT, III o IV asi como también el producto final I,
involucra el solvente similar y el <catalizador en
cantidades equimolares. El1 <catalizador adecuado es
generalmente una base tal como LDA(diisopropilamida de
litio), KOH, NaOH, K'-t-BuO~, NaOMe, NaH, KH y similares.
Los solventes adecuados utilizados durante la resolucién

pueden incluir solventes o mezclas de estos tales como

alcohol (C1-Cy4), cetona (C1-Cy4), etilacetato,
metilacetato, metiletilcetona, THF, dioxano y similares;
el solvente utilizado opcionalmente puede contener agua
hasta el 5%. El rango de temperatura adecuado para la
fesolucién incluye temperaturas de 0° C a temperatura de
reflujo de solvente utilizado, preferiblemente 0° a 80°

C.

El proceso descrito en la presente invencién se
demuestra en los ejemplos ilustrados adelante. Estos
ejemplos se sumiﬁistran como ilustracién solamente y por
lo tanto no deben entenderse como limitacién del alcance

de la invencién.
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EJEMPLO 1

(£)~-(2-clorofenil) - (6,7-dihidro-4H-tieno[3,2-

clpirid-5-il)acetonitrilo (IV)

A una solucién de 8,98 g (76,33 mmoles) de bisulfito
de sodio en agua (27 ml), se agregd O-clorobenzaldehido
12,4 g (86,33 mmoles) dando como resultado un .precipitado
blanco. El precipitado, se agregd 15 g (0,107 ,moles) de
6, 7-dihidro-4H-tieno(3,2~-c]piridina, seguida por la
adicidén de 4,4 g, 89,7 mmoles) NaCl (disuelto en 15 ml de
agua). La mezcla de reaccién se calentdé a 40 - 50° C
durante 6 h y fue apagada al verterla en agua (50 ml). La
mezcla se extrajo con 2 x 100 ml de acetato de etilo. La
capa organica se secé sobre sulfato de sodio anhidro y el
solvente se removidé bajo presién reducida. El1 rendimiento

del producto de titulo es de 24 g (97%).

El producto obtenido se caracteriz6 utilizando

espectro IR, masa '’C - RMN y 'H-RMN, que son como se da a

continuacién:
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Espectro IR (cm™) : 2227 (w, grupo CN)
Espectro de masa (m/z) : 289.1 (M+H)'
"C-RMN (CDC13) : & 136,46, 132,78, 132,38,

130,69, 130,46, 130,38, 129,90, 126,73, 124,96, 123,01,

115,09, 59,12, 49,30, 47,66, 25,47.

'H-RMN (CDC15;) : 8§ 7,2-7,3, (4H, m), 7,0
(1H, d), 6,69 (1H, d), 5,32 (1H, s), 3,78 (lH, d) 3,65

(1H, d), 2,8-83,0 (4H, m).
EJEMPLO 2

() -(2-clorofenil) - (6,7-dihidro-4H-tieno[3,2~

clpirid-5-il)acetonitrilo (IV)

140,5 g (1 mol) de o-clorobenzaldehido en 65 g de
(1,01 mol) de KCN se agregaron a 3,5 L de metanol. 139,05
g (1 mol) de 6,7—dihidro—4H—tieno[3,2—c]piridina y 190 ml
de acido acético glacial se agregaron a la mezcla de
reaccién, la cual se calentdé a 60° C durante 20 horas con
agitacién. Después de 8 horas, el precipitado comenzé a

aparcecer y entonces la mezcla de reaccibdn se verltiod en
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agua y se extrajo con (2 x 25 ml) de etilacetato. El
solvente se removid bajo presidn reducida y el residuo se
purific6é como se describié en el ejemplo ,1' el
:endimiento del producto fue de 178 g (65%), que tiene un

punto de fusidén igual a 123-124° C.

El producto obtenido se caracterizé utilizando
espectro IR, masa, '*C-RMN y 'H RMN y se encontré que era

idéntico al producto obtenido en el ejemplo 1.

EJEMPLO 3

() -(2-clorofenil) - (6,7-dihidro-4H~-tieno[3,2-

clpirid-5-il)acetonitrilo (IV)

27,6 g (266 mmoles) de bisulfito de sodio se
disolvieron en 100 ml de agua, y 38,2 g (271 mmol) o-
clorobenzaldehido se agregaron después de disolver en 100

ml de metanol. Se obtuvo como resultado una lechada

blanca gruesa, la cual se calenté a 60° C durante una
hora, seguida por la adicién de, 36,97 g (266 mmol) de
6,7-dihidro-4H-tieno[3,2-clpiridina a 40° C Yy se agitéd
durante 2 horas. A esta reaccién, 17,29 g (266 mmol) de

KCN disueltas en 50 ml de agua se agregaron

by
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cuidadosamente y el calentamiento se continuo a 40° C
durante 5-6 horas, dando un precipitado blanco. La mezcla

de reaccibén se trabajdé como se describié en el ejemplo 1

y el rendimiento que se obtuvo fue de 54,6 g (72%).

El producto obtenido se caracterizé utilizando
espectro IR, masa, '°C RMN y 'H-RMN y se observdé que era

idéntico al producto obtenido en el ejemplo 1.
EJEMPLO 4

(t) -(2-clorofenil) - (6,7-dihidro-4H~-tieno(3,2-

clpiridin-5-il)acetonitrilo (IV)

4,5 g (25,64 mmoles) clorhidrato de 6,7-dihidro-4H-
tieno(3,2-c]piridinio se agregaron (a 10° C) a una
solucién de cianuro de potasio 1,95 g (30 mmol) en 2 ml
de hielo - agua fria, y se disolvieron mediante adicién
gota a gota de 5 ml de acido clorhidrico concentrado a 0°
C. Después de la adicién de HCl 3,3 g, 23,47 mmol) de o-
clorobenzaldehido se disolvieron en 50 ml de metanol,
fueron agregados gota a gota. Posteriormente la mezcla de
reaccién se mantuvo a temperatura ambiente durante 3 dias

y luego a 50° C durante tres horas. El pH se ajustd a

%
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7,5-8,0 mediante adicién gota a gota de NH OH y el

producto se extrajo con etilacetato (2 x 50 ml). El

'solvente se secd sobre sulfato de sodio y se evapord bajo

presiéon reducida. La cantidad de producto obtenida fue de

1,67 g (18%) con un punto de fusién = 122 - 124° C.

El producto obtenido se caracterizé utilizando
espectro IR masa, '3C - RMN y 'H RMN y se encontré que era

idéntico al producto obtenido en el ejemplo 1.

EJEMPLO 5

() -(2-clorofenil) - (6,7-dihidro-4H~-tieno[3,2~

clpirid-5-il)acetonitrilo (IV)

6,25 g (44,46 mmoles) de o-clorobenzaldehido se
disolvieron en 60 ml de tolueno. Al mismo frasco, se
agregaron 10 ml de acido acético glacial y 1,24 g (24,343
mmol) de ciclo((S)-histidina-(S)-fenil alanina] vy la
temperatura se disminuyé a -25° C. Esto fue seguido por
la adicién de 7 g (50,35 mmol) 6,7-dihidro-4H-tieno(3, 2-
clpiridina y el frasco de reaccidn se purg6 con gas de
HCN (a la proporcién de 30 burbujas/minuto) a -25° C

durante 6 horas y posteriormente se agitdé a 31° C durante

2



37

dos dias. El solvente se removié bajo vacio, el residuo
se purificé como se menciond en el ejemplo 1. La cantidad
de producto obtenido fue de 5,5 g (43%) con punto de

fusién = 124-125° C,

El producto obtenido se caracterizé utilizando
espectro IR, masa, ''C- RMN y 'H-RMN y se encontrd que era

idéntico al producto obtenido en el ejemplo 1.

EJEMPLO 6

(i)—(2-clorofenil)-(6,7—dihidro—4H—tieno[3,2—

clpiridin-5-il)acetonitrilo (IV)

Como se describid en el ejemplo 5, el aducto se
formé entre 104,3 g (1 mol) de bisulfito de sodio vy
144,39 g (1,02 mol) de O-clorobenzaldehido, al cual se
agregaron 150 g (1,078 mol) de 6, 7-dihidro-4H-tieno([3, 2-
clpiridina a 31° C y se agitaron durante 1 h. 102 g de
TMS-CN se agregaron gota a gota y la temperatura se
mantuvo a 31° C durante 6 h, dando como resultado un
producto blanco, el cual se aisld Yy se purificé de

acuerdo con el procedimiento en el ejemplo 1. El

o
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rendimiento obtenido fue de 30 g (10%) que tenia un punto

de fusidén de aproximadamente 123-124° C.

El producto obtenido fue caracterizado utilizando
espectro IR, masa, 'C - RMN y 'H - RMN y se encontré que

era idéntico al producto obtenido en el ejemplo 1.
EJEMPLO 7

(i)—(2—clorofeni1)—(6,7-dihidro—4H—tieno[3,2-

clpiridin-5-il)acetonitrilo {(IV)

A 19,5 g (250 mmol) de KCN disuelto en agua (20 ml)
y 43 g (250 mmol) se agregd 6,7-dihidro-4-tieno[3,2-
clpiridina, seguida por la adicién gota a gota de 50 ml
de 4cido clorhidrico concentrado. Después de que se
completd la adicién, una solucién de 33 g (230 mmol) 2-
clorobenzaldehido en 10 ml de metanoi Se agregaron gota a
gota y se agitaron durante 8 h a 31° C. El pH de 1la
mezcla de reaccién se ajusté a 7,5-8,0 utilizando NH,OH Yy
el producto se extrajo con etilacetato (2 x 500 ml) y se
lavé con agua (2 x 500 ml), agua salobre (500 ml) Yy se

secO sobre sulfato de sodio. E1 solvente se evaporéd bajo

A\
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presién reducida para dar 50 g (74%) el producto con

punto de fusién de aproximadamente 123-125° C.

El producto obtenido se caracterizé utilizando
espectro IR, masa, ''C - RMN y 'H - RMN y se encontré que

era idéntico al producto obtenido en el ejemplo 1.

EJEMPLO 8

(i)—(2—clorofenil)—(6,7—dihidro—4H~tieno[3,2—

clpiridin-5-il)acetonitrilo (IV)

A la solucién de 35,5 g (342 mmol) de bisulfito de
s50odio en 35 ml de agua, 49,1 g (349 mmol) de o-
clorobenzaldehido se agregé gota a gota, luego de lo cual
se formé un aducto sélido instantineamente. A este se
agregaron 50 g (284,9 mmol) de clorhidrato dé 6,7~
dihidro—4H—tieno[3,2—c]piridina Y se refluyeron durante 5
horas. El trabajo usual de 1la purificacién dieron 40 g

(40%) del producto.

El producto obtenido se caracterizé utilizando

espectro IR, masa, ''"C - RMN y 'H - RMN. El producto
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obtenido se encontrdé que era idéntico al producto

obtenido en el ejemplo 1.

EJEMPLO 9

(i)—(2—clorofenil)-(6,7-dihidro-4H—tieno[3,2-

clpiridin-5-il)acetonitrilo (IV)

123,83 g (880 mmol) de o-clorobenzaldehido y 44 g
(897 mmol) de cianuro de sodio se agregaron a una mezcla
de 100 ml de metanol vy agua (l:1). A este se agregaron
150 g (1070 mmol) de 6,7—dihidro—4H—tieno[3,2—c]piridina,
seguido por la adicién de 10 ml de acido clorhidrico
concentrado y se agitaron durante dos dias a una
temperatura de 31° C. El pH de la mezcla de reaccién se
ajusté a 7,5-8,0 utilizando NH,OH. El producto se extrajo
con etilacetato (2 x 50 ml) Yy se lavé con agua (2 x 50
ml), agua salobre (50 ml) Yy se secd sobre sulfato de
sodio y se aislé como se da en el ejemplo 1. La cantidad
de producto sélido blanco obtenida fue de 33 g (13%), el

cual se caracterizd como es usual.

EJEMPLO 10
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() -(2-clorofenil) - (6,7-dihidro-4HB-tieno[3,2-

clpirid-5-il)acetamida (II)

48 g (0,166 mol) (%)~(2-clorofenil)-(6,7-dihidro-4H- -

tieno(3,2-c)pirid-5-il)acetonitrilo se suspendieron en
240 ml de t-BuOH, y se agregdé 18,26 g (0,332 mol) de KOH
fueron agregados en un lote con agitaciéon. La mezcla de
reaccién se ;efluyé a 80-81° C durante 3H, 1luego se
enfridé a 30° C, 240 ml de agua se agregaron y se agitaron
durante 20 minutos. La capa acuosa inferior se separd y
se agregd 720 ml de agua congelada fresca (5 - 10° C)

lentamente en 15 min. El producto se extrajo con acetato

de etilo (2 x 50 ml) y se lavd con agua (2 x 50 ml), agua
salobre (50 ml) y se secé sobre sulfato de sodio, seguido
por aislamiento mediante evaporacién del solvente bajo

presion reducida. Se obtuvo bajo tratamiento con sélido

de hexano. El rendimiento del producto fue de 48 g (94%).

El producto obtenido se caracterizé utilizando
espectro IR, masa, ')C - RMN y 'H RMN, los cuales son como

se da a continuacién.

Espectro IR (cm™) : 1656 (s, grupo C=0),

2333.7 (N-H)

M
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Espectro de masa (m/z) :307.2 (M+2Z)*
1C-RMN (CDC1;) : & 173,82, 135,32, 133,42,
133, 130,27, 129,99, 129,4, 126,98, 125,18, 122,98,

69,12, 50,77, 49,10, 25,82.

'H - RMN (CDCls) b1 47,5 (4H, m), 7,24
&
(14, d), 7,0 (1H, d), 6,0 (1H, s), 4,88 (1H, d), 3,61
(2H, q), 2,88 (4H, m).
punto de fusién ¢ 125 - 127° C.
EJEMPLO 11
(i)—(2—clorofenil)—(6,7-dihidro-4H-tieno[3,2—
et clpirid-5-~il)acetamida (II)

100 mg (0,3466 mmoles) (t)-(2-clorofenil)-(6, 7-
dihidro—4H—tieno[3,2-c]pirid—5-il)acetonitrilo de férmula
(IV) preparado de acuerdo con el ejemplo 1-9, se disolvié
en HCl1 5 ml y 1 ml de &cido trifluoroacético y 5 ml de t-
butanol se agregaron y refluyeron durante 4 h. después se

complet6 la reacciébn, el producto se aislé como se
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menciond en el ejemplo 11. El rendimiento del producto

fue de 10 mg (38%).

El producto obtenido se caracterizé utilizando
espectro IR, masa, ''C - RMN y 'H - RMN y se encontré que

era idéntico al producto obtenido en el ejemplo 10.

EJEMPLO 12

(t)-(2—clorofenil)—(6,7—dihidro-4H-tieno[3,2~

clpirid-5-il)acetamida (II)

En 100 mg (0,346 mmoles) de (i)-(2—clorofenil)—(6,7-
dihidro-4H-tieno(3,2-c]pirid-5-il)acetonitrilo de férmula
(IV)  (preparado de acuerdo al ejemplo 1 a 9), se
agregaron S5 ml de 4&cido férmico y 5 ml ae acido
clorhidrico concentrado y la mezcla de reaccién se agité
durante 48 horas a 25-30° C, y mds tarde se refluyen a
aproximadamente 100° C a aproximadamente 100° C durante 6
horas y se agitaron durante 8 dias a 25-30° C. Después de
completar la reaccién, la mezcla de reaccién se trabajé
como se menciondé en el ejemplo 10. EIl rendimiento del

producto fue de 50 mg (47%).

q4c
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El producto obtenido se caracterizé utilizando
espectro IR, masa, ''C - RMN y 'H - RMN. El producto
obtenido fue idéntico al producto obtenido en el ejemplo

10.

~ EJEMPLO 13

\ »

(i)-(2—clorofenil)-(6,7—dihidro—4H—tieno[3,2-

clpirid-5-il)acetamida (II)

(t)-(2—clorofenil)-(6,7-dihidro—4H—tieno[3,2-
clpirid-5-il)acetonitrilo de férmula (IV) preparado de
acuerdo al ejemplo 1 a 9, fue agregado a 5 ml HBr y 5 ml
de H,0 y se agité durante 72 horas a temperatura
ambiente. La mezcla de reaccién se refluyé durante 11
horas a 100° C y el producto se aislé como se menciond en

el ejemplo 10. El rendimiento del producto fue de 50 mg

(47%) .
El producto se caracterizéd utilizando espectro IR,
masa, '>C - RMN y 'H - RMN y se encontré que era idéntico

al producto obtenido en el ejemplo 10.

EJEMPLO 14

03
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(i)-(2-clorofenil)—(6,7—dihidro—4H-tieno[3,2—

clpirid-5-il)acetamida (II)

1 g (3,47 mmoles) (t)=-(2-clorofenil)-(6,7-dihidro-
4H-tieno[3,2-c]lpirid-5-il)acetonitrilo, se disolvié en 65'
ml de H;SO, (50%). A la mezcla de reaccién se agregd 0,405
g de NaCl anhidro y se refluyd la reaccién durante 2 - 3
horas. Al final de la reaccién, el producto se aislé como
se describié en el ejemplo 10. El rendimiento del

producto fue de 600 mg (57%).

El producto se caracterizé utilizando espectro IR,
masa, '°C - RMN y 'H - RMN y se encontré que era idéntico

al producto obtenido en el ejemplo 10.
EJEMPLO 15

(i)—(2—clorofenil)~(6,7-dihidro-4H-tieno[3,2~

clpirid-5-il)acetamida (II)

1 g (3,47 mol) (¥)-(2-clorofenil) - (6, 7-dihidro-4H-
tieno[3,2-c)pirid-5-il)acetonitrilo se disolvié en los 5

g (5 mmol) de HClO, y 10 ml de H,0 se agregaron a la
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mezcla de reaccidén. La mezcla de reaccidédn se refluyo a
105° C durante 7 horas y posteriormente se agitd a
temperatura ambiente durante 12 horas. El1 pH se elevd
hasta 10-12, wutilizando 10% p/v de solucién de Hanoi
posteriormente se extrajo con 50 ml de diclorometano. La
capa organica se aisld, se lavdé con agua y se evapord
bajo presidn reducida. El residuo se traté con hexano

para dar 50 mg de sélido (47% de rendimiento), que tiene

punto de fusidén 125 - 127° C.

El producto se caracterizé utilizando espectro IR,
masa, '°C -~ RMN y 'H - RMN y se encontrdé que era idéntico

al producto obtenido en el ejemplo 10.
EJEMPLO 16

(t)-(2—clorofenil)—(6,7—dihidro—4H—tieno[3,2—

clpirid-5-il)acetamida (II)

1 g (3,47 mmol) de (f)-(2-clorofenil)-(6,7-dihidro-
4H-tieno[3,2—c]pirid—5—il)acetonitrilo fue suspendido en
10 ml de t-BuOH y 277 mg (6,925 mmol) NaOH molido fue
vertido bajo agitacién. La mezcla de reacciébn se refiuyé

a 80 - 82° C durante 4 h, seqguida por enfriamiento a
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mencioné en el ejemplo 11. El rendimiento del producto

fue de 40 mg (38%).
El producto obtenido se caracterizé utilizando
espectro IR, masa, '3C - RMN y 'H - RMN y se encontrd que

era idéntico al producto obtenido en el ejemplo 10.

EJEMPLO 12

(i)—(2—clorofenil)-(6,7—dihidro—4H—tieno[3,2—

clpirid-5-il)acetamida (II)

En 100 mg (0,346 mmoles) de (t)-(2-clorofenil)- (6,7~
dihidro—4H—tieno[3,2—c]pirid—5-il)acetonitrilo de férmula
(IV) (preparado de acuerdo al ejemplo 1 a 9), se
agregaron 5 ml de 4cido férmico Y 5 ml de A4&cido
clorhidrico concentrado Y la mezcla de reaccién se agitoé
durante 48 horas a 25-30° C, y mas tarde se refluyen a
aproximadamente 100° C a aproximédamente 100° C durante 6
horas y se agitaron durante 8 dias a 25-30° C. Después de
completar la reaccién, la mezcla de reaccién se trabajé
como se mencioné en el ejemplo 10. EI rendimiento del

producto fue de 50 mg (47%).
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temperatura ambiente. El1 producto se aislé mediante
extraccidén con acetato de etilo. El extracto orgdnico se

evapord, y se dejo un material aceitoso detrds luego que

el tratamiento con hexano produce 400 mg de s6lido (38%).

El producto se caracterizé utilizando espectro IR,
masa, '°C - RMN y 'H - RMN y se encontré que era idéntico

al producto obtenido en el ejemplo 10.

EJEMPLO 17

(i)—(2—clorofenil)—(6,7-dihidro—4H—tieno[3,2~

clpirid-5-il)acetamida (II)

3 g (0,01 mol) (%)-(2-clorofenil)-(6,7-dihidro-4H-
tieno(3,2-c]lpirid-5-il)acetonitrilo se suspendié en 50 ml
de  acetona. Esla solucion 1 g (0,023 mmol) de NaOH
disuelto en 10 ml de agua se agregd, seguido por 5 ml de
H202 (0,05 mol, 30% p/v) en un lote y se refluyd durante 3
horas. La mezcla de reaccidtn se enfrié a temperatura
ambiente y se agregaron 5 ml de H;O0; (0,05 mol, 30% p/v)
de nuevo se agité durante 12 horas. El producto se aislé
mediante adicién de exceso de agua y se extrajo con 1 1

de acetato de etilo. El extracto organico se evaporé para

oV
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dar 2,8 g de un material aceitoso crudo, el cual después

de tratamiento con hexano, produjo 1 g de sbélido (31%).
El producto se caracterizdé utilizando espectro IR,
masa, '>)C - RMN y 'H - RMN y se encontré que era idéntico

al producto obtenido en el ejemplo 10.

EJEMPLO 18

(t) - (2-clorofenil) - (6,7-dihidro-4H-tieno[3,2-

clpirid-5~il)acetamida (IX)

A 10 g (0,0346 mol) de (t)-(2-clorofenil)-(6,7-
dihidro-4H-tieno(3,2-c]lpirid-5-il)acetonitrilo suspendido
en 30 ml de alcohol isopropilo, 3,9 g (0,0589 mol) se
agregé KOH molido (85%) lentamente y la nmezcla ~se
calentd, y se agregaron 120 ml de agua. El pH de la capa
acuosa se llevd a 7 utilizando Acido clorhidrico diluido.
El precipitado sélido blanco se filtré y se lavé con 100

ml de agua. El rendimiento del producto fue 9 g (85%) con

punto de fusidén: 122° C.

<
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El producto se caracterizé utilizando espectro IR,

masa, ’C - RMN y 'H - RMN y se encontrd que era idéntico

al producto obtenido en el ejemplo 10.

EJEMPLO 19

Sal de sulfato 4&cido de (t)-(2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2~clpirid-5-il)acetamida (II)

2 g (6,48 mol) de (t)-(2-clorofenil)~ (6, 7-dihidro-
4H-tieno(3,2-c)pirid-5-il)acetamida de la- férmula (IV),
se disolvié en 10 ml de acetona. A la mezcla de reaccién
se agregd 1 ml de acido sulfurico y se agitdé durante 0,5
h. Posteriormente se agregaron 5 ﬁl de dietiléter y se
agitaron durante toda la noche a ﬁemperatura ampbiente
para obtener una sal. La sal de 2 g (76%) se aislb

mediante filtracién y se lavd con acetona.

Punto de fusién: 199,1° C

Espectro IR: 1682,8, 3116 (cm™).

EJEMPLO 20
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Acido  (%)-(2-clorofenil)-(6,7-dihidro-4H-tieno([3,2-

clpirid-5-il)acético (III)

A 100 mg de (0,3466 mmoles) (t)-(2-clorofenil)-(6,7-
dihidro-4H-tieno(3,2-c]pirid-5-il)acetonitrilo se
disolvié en 2 ml de t-butanol yse agregd 1,5 ml de HC1.
La mezcla de reaccién serefluyd durante 9 h a 100° C. al
final, después de completar la reaccién, se agregd agua Yy
el pH se llevd a 34 coﬁ una solucién al 10% de KOH. El
producto se extréjb con 5 ml de diclorometano y se
procedié como se dio en el ejemplo anterior. EIl

rendimiento fue de 40, mg (38%).

El producto obtenido se caracterizé utilizando
espectro IR, masa, '°C - RMN y 'H - RMN los cuales son

como se da a continuacién;

Espectro IR: (cm™): 1637,5 (s, grupo C=0), 3399,3

({O-H)

Picos de masa (m/z): 308,1 (M+H)*
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‘H - RMN (8 7,22-7,89 (4H, m), & 7,11-7,12 (1H, d), &

6,61-6,63 (1H, d), & 3,57-3,67, (2H, d), & 4,13 (2H, s),

6 3,32-3,42 (2H, s).
EJEMPLO 21

Acido () -(2-clorofenil) ~(6,7-dihidro-4H-tieno(3,2-

clpirid-5-il)acético (III)

5 g (17,33 mmoles) (t)-(2-clorofenil)-(6,7-dihidro-
4H-tieno(3,2-c]pirid-5-il)acetonitrilo se agregd a 100 ml
de HCl y la mezcla se agité durante dos dias y mas tarde
se refluyd durante 15 horas al final 1la mezcla de
reaccién se vertidé en agua, y el pH se elevd a 4
utilizando KOH al 10%. El producto se extrajo con 2 1 de
diclorometano, se lavdé con agua y la capa orgdnica se
evapord para obtener el residuo. La purificacién usual

del residuo dio 2 g de so6lido (38%).

El producto obtenido se caracterizd utilizando
espectro IR, masa, '°C - RMN y 'H - RMN. El producto
obtenido se encontrd que era idéntico al producto

obtenido en el ejemplo 20.
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'EJEMPLO 22

() -metil (2-clorofenil) -(6,7-dihidro-4H-tieno[3,2-
clpirid-5-il)acetato (I)

- Se mezcla 10 g (32,62 mmol) ()-(2-clorofenil)- (6,7~
dihidro-4H-tieno(3,2-c]pirid-5-il)acetamida (preparada de
acuerdo con el ejemplo 15), con 19,8 g (161,7 mmol)
DMFDMA (dimetil formamida dimetilacetal) en 100 ml de
metanol. La mezcla se refluyé a 70° C durante 14 h.
posteriormente la mezcla de reaccién se apagdé en agua y
se extrajo con acetato de etilo. El extracto organico se
evapord bajo presién reducida para dar 5 g de producto

}ﬂwl aceitoso (48%). Este aceite fue utilizado sin ninguan

tratamiento adicional para preparar sales de éster (I).

EJEMPLO 23

(i)—metil(2-clorofenil)-(6,7—dihidro—4H—tieno[3,2-

¢clpirid-5-il)acetato (I)

15 g (0,0490 mol) de (f)-(2-clorofenil)-(6,7-

dihidro—4H-tieno[3,2—c]pirid~5—il)acetamida, se disolvid
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en- 105 ml de metanol, con agitacién. A 1la solucién
anterior, 45 ml (0,823 mol) de acido sulfurico
concentrado (98%) se agregd gota a gota a temperatura
ambiente \Y durante un periodo de 1,5 horas.
Posteriormente la mezcla de reaccién se refluyé a 80° C
durante 26 horas, seguida por destilacién de metanol. Al
residuo dejado atréds, se le agregaron 200 ml de acetato
de etilo a una temperatura entre 0° C a 5° C junto con
agitacién. Después de la adicidén de 99 g (1,764 mol) de
KOH disueltos en 700 ml de agua se agregaron a la
reaccidén y se agitaron durante 0,5 horas. Finalmente, la
mezcla de reaccién se filtrdé y se le permitid asentarse.
La capa organica se aisldé y se secd sobre Na,SO, anhidro.
El solvente se evapord para obtener un producto aceitoso.

El rendimiento fue de 10 g (64%).

EJEMPLO 24

Sal de sulfato A&acido de (t) -metil (2-clorofenil) -

(6,7-dihidro-4H-tieno[3,2-c]pirid-5-il)acetato (I)

10 g de (t) -metil (2-clorofenil) - (6, 7-dihidro-4H-
tieno(3,2-c]pirid-5-il)acetato preparado de acuerdo con

el ejemplo 22, se disolvieron en 100 ml de hielo-acetona
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fia y 2 ml de &acido sulfurico concentrado se agregaron
entre 0° C a 5° C. El producto cristalino de blanco a
blanco mate formado se aisldé por filtracién y se lavd con
20 ml de acetona. El producto obtenido se secd al vacio

en un horno a 50° C. El rendimiento del producto titulado

fue de 7,2 g (56%).

EJEMPLO 25

(£) -metil (2-clorofenil)-(6,7-dihidro-4H-tieno[3,2-

¢clpirid-5-il)acetato (I)

2 g (0,00652 mol) (%)=-(2-clorofenil)-(6,7-dihidro-
4H-tieno([3,2-c)pirid-5-il)acetamida y 2 ml (0,0308 mol)
de acido metanosulfénico y 20 ml de metanol se mezclaron
Yy la solucién se refluydé a 85° C durante 12 horas. E1
exceso de solvente se removié bajo presién reducida. E1
PH se ajustd a aproximadamente 9 con una solucién acuosa
de bicarbonato de sodio a 0° C, el producto se extrajo
con 70 ml de acetato de etilo. Los extractos organicos
combinados se secaron sobre Na,S0q anhidro \Y% se
concentraron. El residuo obtenido se purificé mediante
cromatografia de columna utilizando hexano : acetato de

etilo como eluente. El producto asi obtenido se
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concentrd, se almacend bajo atmdésfera de nitrdégeno, vy
permanecidé en el refrigerador antes de convertirlo en

sal. El rendimiento del producto titulado fue de 0,419 g

(20%) .

EJEMPLO 26

() -metil (2-clorofenil) - (6,7-dihidro-4H-tieno[3,2-

clpirid-5-il)acetato (I)

1l g (0,00326 ml) (x)-(2-clorofenil)- (6, 7-dihidro-4H-
tieno(3,2-c]pirid-5-il)acetamida se disolvidé en 20 ml de
etanol y se refluyé a 85° C. Durante el reflujo se
agregaron 10 ml de 4acido polifosférico gota a gota
durante un periodo de una hora y el reflujo se continud
durante 6 horas. El exceso de solvente se removid bajo

presidn reducida. Al residuo, 50 ml de acetato de etilo

se agregd a 0° C y la mezcla de reaccién se hizo basica

-

con NaHCO; acuoso hasta un pH 9. Ademds de las dos fases
separadas, la capa organica se aislo, se secd sobre Na,S0,
anhidro y se concentré. El residuo obtenido se purificé
mediante cromatografia de columna utilizando hexano

acetato de etilo (9:1) como eluente. El producto obtenido

se almacendé bajo atmdésfera de nitrégeno Yy se mantuvo en
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refrigerador antes de convertirlo en sal. El rendimiento

del producto titulado fue 310 mg (30%).

EJEMPLO 27

() -metil (2-clorofenil) -(6,7-dihidro-4H-tieno[3,2-

clpirid-5-il)acetato (I)

1 g (0,00326 ml) (t)-(2-clorofenil)-(6,7-dihidro~4H-
tieno(3,2-c]lpirid-5-il)acetamida se agregd a 2 ml de
tolueno a 0° C junto con agitacidén, segqguida por adicién
gota a gota de 1 ml de tetracloruro de titanio, y la
reaccidén se agitd a 0° C durante una hora. Mas tarde 18
ml de metanol se agregaron, y luego la mezcla de reaccién

se agitd durante 36 horas a 29° C y posteriormente se

refluyé durante 3 horas. El solvente se destilé bajo
presién reducida y el residuo se agregd a carbonato de
sodio acuoso a 0° C. El producto se extrajo con 20 ml de
acetato de etilo, y la capa organica se aisld, se secd
sobre Na;S0, anhidro, se concentré y se purificé mediante
cromatografia de columna utilizando hexano : acetato de

etilo como eluente. El producto obtenido se almacend bajo

atmésfera de nitrédégeno y se mantuvo en refrigerador antes

A
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de convertirlo en sal. El rendimiento del producto

titulddo fue de-0,157:g (12 - 15%).

EJEMPLO 28

() -metil (2-clorofenil) - (6,7-dihidro-4H~tieno[3,2~

clpirid-5-il)acetato (I)

A 5 g (16, 31 mmoles) ()= (2-clorofenil)-(6,7-
dihidro-4H-tieno[3,2-clpirid-5-il)acetamida, se agregaron
25 ml de POCly; bajo agitaciédn. Los contenidos se
refluyeron'hésta que la amida ée:consumié completamente
(aproximad;meﬁté‘d horas). Posteriormente se agregaron 20

ml de etanol y 5 ml de H;SOq concentrado y se agitaron a

I S

temperatura ambiente durante una hora. Mas tarde la
mezcla de reaccién se refluyd durante una hora. La mezcla
de reaccién se apagbd con Na,CO3; acuoso a 0° C, y se
extrajo con 200 ml de acetato de etilo. Lé capa organica
se aisld, se secd sobre Na;SO, anhidro, se concentrd y se
purificé mediante cromatografia de columna utilizando
hexano : acetato de etilo como eluente. El producto
obtenido se almacendé bajo atmésfera de nitrbégeno y se
mantuvo en refrigerador antes de convertirlo en sal. El

rendimiento del producto titulado fue de 0,943 g (18%).
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() -metil (2-clorofenil) - (6,7-dihidro-4H~tieno[3,2-

clpirid-5-il)acetato (I)

A 1 g (0,00326 ml) (%)-(2-clorofenil)-(6,7-dihidro-
4H—tieno[3,2—c]pirid—5—il)acetaﬁida, se agregaron 3 (¢
(24,2 mol) de DMFDMA (dimetilformamida dimetil acetal) vy
10 ml de metanol. La mezcla de reaccién se refluyd a 70°
C durante 14 horas. Y luego se vertidé en agua y se
extrajo con acetato de etilo. Las capas organicas
combinadas se secaron sobre Na;S0O, anhidro, se evaporaron
bajo presién reducida. El residuo se purificé
adicionalmente mediante cromatografia de columna
utilizando hexano : acetato de etilo (9:1) como eluente.

El rendimiento del producto titulado fue 500 mg (48%).
EJEMPLO 31

(S) - () -(2-clorofenil) - (6,7-dihidro-4H-tieno[3,2~

clpirid-5-il)acetamida (IT)

a) Una solucén de S5 g (16,31 mmoles) de (t)-(2-
clorofenil)-(6,7-dihidro-4H~tieno([3,2-c]pirid-5-
il)acetamida (se prepararon como se da en el ejemplo

10-15) y 4,15 g (16,2 mmoles) de monohidrato de &cido

)
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(1S8) (+)-camfor-10-sulfénico en 100 ml de acetona se
agitaron a temperatura ambiente durante 20 h.
Subsecuentemente este se mantuvo durante una semana
en un congelador. Aparecieron pocos cristales 1la
concentracién de volumen al evaporar el solvente bajo
presiédn reducida y recristalizacién repetida en el
congelador durante pocos dias dio 3,3 g. (75% de
rendimiento) de sal de &cido (S)-2-(2-cloro-fenil)-
(4,5,6,7-tetrahidrotieno(3,2-c]parid-5-il)acetamida

(+)-camforsulfénico. La sal se purificé
adicionalmente mediante recristalizacién en acetona,
hasta que se obtuvo una rotacién éptica especifica
constante. El producto obtenido ‘se secd
adecuadamente. Las caracteristicas fisicoquimico

tipicas del producto obtenido fueron como sigue,

Rango de fusién: 223-225° C

SOR: + 51° C (C = 1, MeOH)

b) 3,3 g de sal de A&cido de (S)-(+)-(2-
clorofenil)- (6, 7-dihidro-4H-tieno[3,2-c]parid-5-

il)acetamida 10-D-camforsulfénico se agregé a 20 ml
de solucién de Na,SO; acuosa saturada y el producto se

extrajo con 20 ml de acetato de etilo. La capa
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organica se aislé, se secd sobre Na;SO, y se concentrd
bajo presién reducida. Se obtuvo un producto de
aceite crudo, el cual luego de purificacién dio, 1,6

g de cristales blancos (64%).

El producto obtenido se caracterizé por diferentes
caracteristicas fisico quimicas incluyendo espectro
IR, masa, '°C - RMN y 'H - RMN, los cuales son como se

dan a continuacién;

Punto de fusién : 153 - 154° C

SOR : +41° C (C=1, MeOH)

Pureza éptica ¢ 99,5% mediante columna HPLC
quiral

Espectro IR (cm™}) : 1656 (s, grupo C=0), 2333,7

{m, C-N), 3357,9 (s, N-H str).

Picos de masa (m/z) : 307,2 (M+H)®

BC-RMN (CDCl;) : & 173,25, 134,84, 132,87,
132,65, 129, 98, 129, 56, 129,0, 126,72, 124,87,

122,64, 68,65, 50,43, 48,73, 25,28.
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lH-RMN (CDC13) : 8 7,4-7,5, (4H, m), 7,07 (1H,
d), 7,06 (1H, d), 6,66 (1H, d), 6,5 (1H, s), 4,9 (1H,
s), 3,6 (2H, q), 2,88 (4H, m).

pureza HPLC : 99,85%

EJEMPLO 32

(S) - () - (2-clorofenil) - (6,7-dihidro-4H-tieno[3,2-

clpirid-5-il)acetamida (II)

a) 2 g (6,5 mmol) de (t)-(2-clorofenil)- (6,7~
dihidro-4H-tieno([3,2~c]lpirid-5-il)acetamida se agregd
a 30 ml de acetona. 0,82 g (3,28 mmol} de monohidrato
de acido (18)-(+)-camfor-10-sulfénico en 10 ml de
acetona se agregaron a la anterior solucién a 15 -
20° C en 4 horas. La mezcla de reaccién se agité
durante otros cinco minutos, donde se formaron unos
pocosﬂcristales.'El solvente se destilé bajo presién
reducida y luego la mezcla de reaccién se mantuvo en
condicién fria a temperatura inferior a 8° C. El

precipitado formado se filtré y se lavé con solvente.

El rendimiento del producto titulado fue 1,2 g (60%)
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con rango de fusidén = 223-225° C y [alp = + 51° (C =

1, CH3OH).

b) A la suspensién de 1,1 g de sal de acido (+) -
(S)-(2-clorofenil)-(6,7.dihidro-4H-tieno(3,2-c]parid-
5-il)acetamida ((1s)-(+)-camfor-10 sulfénico en 50 ml
de agua, se agregaron 50 ml de solucidén de Na,CO;
saturado en agua. La mezcla de reaccidén se agité
durante algun tiempo, y se extinguié mediante la
adicién de 100 ml de acetato de etilo. La capa
orgédnica se aisld, y se destild para conseguir el
producto del titulo. La cantidad del ©producto
obtenido fue de 600 mg (60%, basados en dextroisémero

presente de la mezcla racémica).

El producto obtenido se caracterizé mediante
diferentes caracteristicas fisicoquimicas, las cuales se

dan a continuacién;

Punto de fusién : 149-153° C
[ox] : +38° C (C =1, CHOH) con 9 ee

= 97,24%,
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EJEMPLO 33

(S) ~(+)-(2-cloro-fenil) - (6,7-dihidro-4H-tieno (3,2~

clpirid-5-il)acetamida (II)

a) 5 g (16,3 mmol) de (%)-(2-clorofenil)-(6,7-
dihidro-4H-tieno[3,2-clpirid-5-il)acetamida se
agregaron a 60 ml de acetato de etilo. 2 g (8,6 mmol)
de monohidrato de A&cido (1S)-(+)-camfor-10-sulfdnico
se disolvieron en una cantidad minima de agua y se
agregaron a la solucidén anterior en un lote, y se
agitaron a 35-40° C durante una hora. Al poco tiempo
se formbé sal y se aisld, se lavd con 50 ml de acetona
y se sec6. La cantidad del producto obtenida fue de

1,81 g (36%).

El producto obtenido se caracterizé por diferentes

caracteristicas fisicoquimicas, las cuales son dadas

adelante;

Rango de fusidén : 223-225° C

[alp : + 52.12° (C = 1, CH30H).
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b) a la suspensién de 1,8 g de sal de éacido (S)-(+)-
(2-cloro-fenil)- (6, 7-dihidro-4H-tieno([3,2-c]pirid-5-

il acetamida(1S)-(+)-camfor-10-sulfénico en 100 ml de
agua, 50 ml de bicarbonato de sodio en agua fueron
agregados. Después de agitar la mezcla, se agregd 150
ml de agua. Las capas organicas combinadas de
destilaron para obtener el producto del titulo. La

cantidad de producto obtenido fue de 1 g (65%).

El producto obtenido se caracterizdé por diferentes
caracteristicas fisicoquimicas, las cuales se dan

adelante, similares al ejemplo 31;

Rango de fusidén : 153-154° C

(alp : + 42° (C = 1, CH30H) y con % ee =

100% (mediante cromatografia de columna HPLC quiral).

EJEMPLO 34
{(R)-(-)—~{(2=-cloro-fenil)-(6,7-dihidro-4H-tieno([3, 2~
clpirid-5-il) acetamida (I) (0,016 mol) se agregd a

60 ml de acetato de etilo y a la solucién 2 g de
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monohidrato de acido (0,0086 mol) (1R)-(-)-camfor-10-
sulfénico en 5 ml de agua fue agregado a este en un
lote. La mezcla de reaccién se agitd a temperatura
ambiente durante 1 hora. Después 1la mezcla de
reaccién se almacend en un congelador durante una
semana, unos pocos cristales fueron vistos. Después,
la evaporacién del solvente a presidédn reducida vy
almacenamiento en condiciones de frio la sal se
precipitdé afuera, la cual fue luego filtrada y lavada
con 50 ml de acetona. La cantidad de producto

obtenida fue de 1,7 g (39%).

El producto obtenido fue caracterizado por diferentes
caracteristicas fisicoquimicas de (R)-(-)-(2-cloro-
fenil)-(6,7-dihidro-4H-tieno(3,2-clpirid-5-il)

acetamida y de esta sal (-)CSA, ambas de las cuales

se dan adelante;

Rango de fusidén (-)-CSA-(~)acetamida: 219-220° C
[aa]lp (-)-CSA-(-)acetamida: -52,12° (Cc = 1,

CH30H)
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b) a la suspensién de 1,6 g de sal de acido (R)-(-)~-
(2-cloro-fenil)- (6, 7-dihidro-4H-tieno[3,2~-c]pirid-5-

il) acetamida (1R)-{(-)-camfor-10-sulfénico en 100 ml
de agua, se agregd 50 ml de solucién de bicarbonato
de sodioen agua. Después de agitar la mezcla, 150 ml
de acetato de etilo se agregbd. La capa organica se
extrajo y se combindé y se destild para obtener el
producto del titulo. La cantidad de producto obtenido

se de 900 mg (36%).

El productQ obtenido se caracterizé por diferentes

caracteristicas fisicoquimicas, las cuales se dan

adelante;
Rango de fusidén s 145 - 149° C
[aa}p acetamida : -36,49° (C = 1, CH3;0H)

Ejemplo 35

Bisulfato (S) - (+) -metil (2-clorofenil) - (6,7-dihidro-

4H-tieno[3,2-clpirid-5-il)acetato (I)
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15 g de (+) (S)-(2-cloro-fenil) - (6, 7-dihidro-4H-
tieno(3,2-c)pirid-5-il)acetamida (0,0489 mol), se
convirtieron en el éster correspondiente como se da en el
ejemplo 23. el éster se puede convertir en su sal de
sulfato acida, de acuerdo con el procedimiento dado en el
ejemplo 24. La cantidad de producto obtenida fue de 7 g

(44,5%), con un punto de fusidén = 184-185° C.

El punto de fusibén, espectro IR y el XRD del
producto obtenido reflejan aquello del producto obtenido
en la EP 281459 y la US 4847265 es decir ahora
denominadas como polimorfo forma I de Dbisulfato de

Clopidogrel (WO 99/65915).

El producto obtenido se caracterizé mediante

diferentes caracteristicas fisicoquimicas como se dan a

continuacién;
[alp i + 55° C (C 0 1, CHsOH)
punto de fusién : 185° C £ 2° C
Espectro IR ¢ 2980, 1755, 1224, 1175 y 840

respectivamente con el respectivo % de porcentaje

Ransmitancia de aproximadamente: 45; 16; 19; 15; 45.
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El XRD se encontrd que coincidia con el XRD forma I

reportado en el WO 99/65915.

EJEMPLO 36.

Bisulfato de (R) - (-) -metil (2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2~-c]lpirid-5-il)acetato (I)

Utilizando 5 g de (RY=(=)~-(2-cloro-fenil)- (6,7~
dihidro-4H-tieno[3,2-clpirid-5-il)acetamida obtenida en
el ejemplo anterior 34, se puede convertir en éster como
se da en el ejemplo 23. Posteriormente el éster se puede
convertir en una sal de sulfato &acida como se da en el

ejemplo 24. La cantidad de producto obtenida fue de 3,01

g (44%).

El producto obtenido se caracterizé por diferentes

caracteristicas fisicoquimicas/pureza <como se dan a

continuacién;

[a]p =52° C (C=1, CH30H)

x>
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EJEMPLO 37

Bisulfato de (S) - (+) -metil (2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2-c]pirid-5-il)acetato (I)

a) 10 g de (0,0185 mol) de sal de acido (1S)-(+)~-
camfor-10-sulfdénico de (+)-(2-clorofenil) - (6, 7-
dihidro-4H~tieno[3,2-clparid-5-il)acetamida se

disolvieron en 40 ml de metanol a 0° C. A la solucidn

se agregd 15 ml (0,28 mol) de H2S04 concentrado gota
a gota durante 1,5 horas. Se incrementd gradualmente
la temperatura de la reaccidn, y este refluyd durante
26 horas. Al final, el solvente se destildé bajo
presién reducida. El residuo dejado atras se mezcld
con 120 ml de acetato de etilo y el pH se ajustd
entre 9 y 10 utilizando carbonato de sodio acuoso
para extraccién. La capa organica se aisld, se secd
sobre Na,;SO; anhidra, y se evapord bajo vacio. El
producto obtenido se purificé mediante cromatografia
de columna utilizando hexano: etilacetato (9:1) como
eluente. El eluente combinado se evapordé a presidn

reducida para producir 5,76 g (25%) del producto.

2 &
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b) 2 g de (S)-(+)-metil (2-clorofenil)- metil (2-
clorofenil)~- (6, 7-dihidro-4H-tieno(3,2-c]lpirid-5-
il)acetato se convirtieron en una sal de bisulfato de

acuerdo con el procedimiento dado en el ejemplo 24.

El producto obtenido fue de 2,2 g (84%) del producto
y se encontré idéntico a aquel obtenido en el ejemplo

35.

EJEMPLO 38

Polimorfo I de la sal de Bisulfato de (+)-metil (2-
clorofenil)-(6,7-dihidro-4H~tieno([3,2-c]pirid-5-

il)acetato (I}

52,5 ml de hielo-acetona fria se agregaron a 17,5 g
de {(x)-metil (2-clorofenil)-(6,7-dihidro-4H-tieno (3,2~
clpirid-5-il)acetato mientras se agita a 0° C. 3,6 ml de
H,SO; concentrado se agregaron gota a gota y 1la
temperatura se mantuvo por debajo de 5° C. 20 ml de
acetona se agregaron adicionalmente y la mezcla de
reaccién se agitdé adicionalmente durante 4 horas a
temperatura ambiente. El precipitado fue aislado (17 g,
74%), secada bajo vacio a temperatura que no excedidé 50°

C.

*
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El producto obtenido se caracterizé por diferentes
caracteristicas fisicoquimicas y se encontrdé idéntico a

aquel obtenido del ejemplo 35, como se da a continuacidn;

Rotacidén éptica especifica : +54° (C= 1, CH3O0H)
N
N

Punto de fusidn : 185° C + 2° C

El IR y el XRD se encontraron similares a aquellos

reportados en la literatura.
EJEMPLO 39

i~ Polimorfo I de la sal de Bisulfato de (+)-metil (2-
\,

clorofenil) -(6,7-dihidro-4H-tieno([3,2-¢c]pirid-5-

il)acetato (I)

2,1 g () -metil (2-clorofenil)- (6, 7-dihidro-4H-
tieno[3,2-c]pirid-5-il)acetato se agregaron 7,6 ml de
acetona para obtener una solucidén clara. A esta soluciédn,
se agregaron 0,887 g de H;80, (80%) lentamente y la
temperatura se mantuvo alrededor de 1los 20° C bajo

atmésfera de nitrdégeno. Posteriormente la mezcla de
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reaccién se enfrié hasta -20° C durante 2 horas y luego
la temperatura se llevd hasta temperatura ambiente(20°
C). La mezcla de reaccién se agitdé a 20-25° C. el
precipitado se aisld (600 mg), se secd bajo vacio a

temperatura que no excedia 50° C.

El producto obtenido se caracterizé por diferentes
caracteristicas fisicoquimicas y se encontrdé idéntico a

aquel obtenido en el ejemplo 35, como se da a

continuacién;
SOR (o) : +54,03° (C = 1,89, MeOH)
Punto de fusién : 185° Cc £ 1° C
Pureza quiral : 99,80% (ee)

El IR y el XRD se encontraron similares a aquellos

reportados en la literatura.

EJEMPLO 40

Polimorfo I de la sal de Bisulfato de (+)-metil (2-

clorofenil)-(6,7-dihidro-4H-tieno[3,2~-c]pirid-5-

il)acetato (I)
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N 2 q (+)-metil (2-clorofenil)- (6, 7-dihidro-4H-
tieno(3,2-clpirid-5-il)acetato se agregaron 5 ml de
acetona y se agitdé a 25 - 30° C. La temperatura de la
mezcla de reaccidén se elevd de 25 a 65° C y luego se
mantuvo a 65° C durante 5 minutos. A una temperatura de
50-52° C se agregaron 0,676 g de H;SO4s concentrado. La
mezcla de reaccidén se enfrid de 52° C a 5° C, y se agregd
acetona adicional y se agité durante 5 minutos.
Posteriormente la mezcla de reaccidén se agitd a 25-30° C
durante 12 horas, el precipitado dgruesc obtenido se
filtrd, se lavd con 5 ml de acetona y el residuo se secd
en un horno al vacio. El rendimiento del producto

titulado obtenido fue de 1,27 g (47%).

El producto obtenido se caracterizd por diferentes

caracteristicas fisicoquimicas y se encontré idéntico a

aquel obtenido en el ejemplo 35, como se da a

continuacién;
SOR (o) : +54,03° (C = 1,89, MeOH)
Punto de fusidn : 185° C £ 1° C

Pureza quiral : 99,80% (ee)
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El IR y el XRD se encontraron similares a aquellos

reportados en la literatura.

EJEMPLO 41

Polimorfo I de la sal de Bisulfato de (+)-metil (2-

clorofenil) - (6,7-dihidro-4H-tieno({3,2-c]pirid-5-

‘il)acetato (I)

A 1,98 g (+)-metil (2-clorofenil)- (6, 7-dihidro-4H-
tieno[3,2-clpirid-5-il)acetato se agregaron 5 ml de
aceltona y agitoé a 25-30° C. La temperalura de la mezcla
de reaccidén se delegd de 25-52° C y dentro de un lote de
0,7 g de H,SO, concentrado (95%) se agregbd con agitacidn
constante y la mezcla de reaccién se enfrid subitamente a
0° C a -5° C durante 10 minutos. posteriormente la mezcla
de reaccién se agitd a 25-30° C durante 12 horas, el
precipitado grueso obtenido se filtrd, se lavd con 5 ml
de acetona y el residuo (0,6 g, 62%) se secd en un horno

al vacio.

El producto obtenido se caracterizé por diferentes

caracteristicas fisicoquimicas y se encontrdé idéntico a
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aquel obtenido en el ejemplo 35, como se da a

continuaciodn;
SOR (o) : +55,96° (C = 1,89, MeOH)
Punto de fusidén ¢ 185° C + 1° C
Pureza quiral ¢ 99,85% (ee)

El IR y el XRD se encontraron similares a aquellos

reportados en la literatura.

EJEMPLO 42

Racemizacién de {(R) - (-)-metil (2-clorofenil)-(6,7-

dihidro-4H-tieno([3,2-c]pirid-5-il)acetamida (II)

Una mezcla de 20 g de Bisulfato de (R)-(-)-metil (2-
clorofenil)-(6,7-dihidro-4H~tieno[3,2-c]lpirid-5-
il)acetamida levorotatorio de férmula (II) y 11 g de t-
butéxido de potasio en 100 ml de t-butanol se agitaron
desde 25° C a 30° C durante 30 min. Después de completar
la reaccidn, la mezcla de reaccidn se virtidé en 750 ml de
agua fria para obtener un precipitado amarillo. El sélido
obtenido se filtré y se disolvié en dicloruro de

metileno. La capa orgdnica se lavd con 2 x 100 ml de agua

40
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DM (2 x 10 ml) y se concentrd para dar 18 g de la amida
racémica correspondiente. Es decir (%)-2-(2-clorofenil)-

(6, 7-dihidro-4H-tieno[3,2-c]pirid-5-il)acetamida (II).

La rotacién optica especifica de la amida racémica

(II) fue de * 1° (C=1, CHjs, CH30H).

EJEMPLO 43

Racemizacidén de (R)-(-)-(2-clorofenil)-(6,7-dihidro-

4H-tieno[3,2-c]pirid-5-il)acetamida (II)

Una mezcla de 1 g de (R)-(-)-metil(2-clorofenil)-
(6, 7-dihidro-4H-tieno([3,2-c]lpirid-5-il)acetamida
levorotatorio de férmula (II) y 1 g de t-butdxido de
potasio en 20 ml de DMSO se agitaron desde 50° C a 60° C
durante 3 horas.‘ Después de completar la reaccidn, la
mezcla de reaccidédn se vertid en 150 ml de agua fria para
obtener un precipitado amarillo. Este sdélido obtenido se
filtrd y se disolvid en dicloruro de metileno. La capa
orgénica se lavd con 2 x 250 ml de agua DM (2 x 25 ml) vy
se concentrdé para dar 0,8 g de la amida racémica
correspondiente es decir (t)-2-(2-clorofenil)-(6,7-

dihidro-4H-tieno{3,2-c]lpirid-5-il)acetamida.
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La rotacién oéptica especifica de la amida racémica

(IT) fue de * 0,5° (C=1, CH;3COH).

EJEMPLO 44

Racemizacién de (R)-{(-)-(2-clorofenil)-(6,7-dihidro-

4H-tieno{3,2-clpirid-5-il)acetamida (II)

Una mezcla de 1 g de (R)-(-)-metil(2-clorofenil)-
(6,7-dihidro-4H-tieno(3,2-clpirid-5-il)acetamida
levorotatorio de férmula (II) y 250 mg de hidruro de
sodio en tetrahidrofurano seco se agitdé a desde 25° C a
30° C durante 3 horas. Después de completar la reaccién,
la mezcla de reaccidén se vertid en 150 ml de agua fria
lentamente para obtener un precipitado amarillo. Este
sélido obtenido se filtrd y se disolvidé en dicloruro de
metileno. La capa orgénica se lavdé con 2 x 25 ml de agua
DM (2 x 25 ml) y se concentrdé para dar 0,95 g de la amida
racémica correspondiente. Es decir (*)-(2-clorofenil)-

(6, 7-dihidro-4H-tieno(3,2-c]pirid-5-il)acetamida (II).

EJEMPLO 45
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Racemizacidén de (R)-(-)-{(2-clorofenil)-(6,7-dihidro-

4H-tieno[3,2-clpirid-5-il)acetamida (II)

Una mezcla de 1 g .de (R)-(-)-metil(2-clorofenil)-
(6, 7-dihidro-4H-tieno([3,2-c]lpirid-5-il)acetamida
levorotatorio de férmula (II) y 21 g de t-butdxido de
potasio en 100 ml de DMSO se agitaron a desde 50° C a 60°
C durante 3 horas. Después de completar la reaccidn, la
mezcla de reaccién se vertid en 750 ml de agua fria para
obtener un precipitado amarillo. Este sdélido obtenido se
filtrd y se disolvidé en dicloruro de metileno. La capa
organica se lavd con 2 x 100 ml de agua DM (2 x 100 ml) y
se concentrd para dar 0,8 g de 1la amida racémica
correspondiente. Es decir ()-(2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2-c]pirid-5-il)acetamida.
EJEMPLO 46

(S)-(+) -metil (2-clorofenil)~(6,7-dihidro-4H-

tieno([3,2-c]pirid-5-il)acetato (I)

5 g de (+)-(2-clorofenil)-(6,7-dihidro-4H-tieno[3, 2~
clpirid-5-il)acetamida se disolvieron en 35 ml de metanol

y la solucibén se congeld a desde 0 a -5° C; 15 ml (0,28

45
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mol) de H,SOs concentrado (98%) se agregaron lentamente en
una hora manteniendo la temperatura hasta -5° C. Después
de completar la adicién de la mezcla de reaccidén se agitd
a temperatura ambiente durante 30 min. La solucidén se
refluyo a 60° C durante 6 horas. La mezcla de reaccidén se
enfrié a temperatura ambiente y el solvente se destilé
bajo presién reducida. El1 residuo se agregdé a 200 ml de
agua helada y se enfrié a -5° c. el pH de la mezcla de
reaccién se ajustd entre 9 y 10 utilizando carbonato de
sodio acuoso. El residuo se extrajo con 100 ml de.acetato
de etilo. La capa organica se secd sobre Na;SO, anhidro, vy
se evapord bajo presién reducida. Eluente combinado se
evapord a presidén reducida para rendir 3,2 g del producto
purificado mediante cromatografia de columna, utilizando

hexano : acetato de etilo (9 : 1) como eluente.

EJEMPLO 47

(S) - (+) -metil (2-clorofenil)-(6,7-dihidro-4H-

tieno([3,2-¢c]lpirid-5-il)acetato (I}

5 g de (+)-(2-clorofenil)-(6,7-dihidro-4H-tieno([3, 2-
clpirid-5-il)acetamida se disolvieron en 45 ml de metanol

seguidos por 15 ml de tolueno. 5 ml (0,28 mol) de H,SOq

4%
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concentrado fueron agregados instantdneamente y otros 10
ml de H,S0, concentrado fueron lentamente agregados mas
tarde, mientras que se mantenia la temperatura a 90° C.
Después de aquello, la mezcla de reaccién se refluyd a
90° ¢ durante 13 horas. El1 solvente se destildé bajo
presién reducida, se agregaron 50 ml de agua y el pH de
la mezcla de reaccidén se ajustd entre 9 a 10 utilizando
carbonato de sodio acuoso. El residuo se extrajo con 100
ml de acetato de etilo. La capa orgdnica se secd sobre
Na,S0s anhidro, y se evapord bajo vacio. E1 eluente

combinado se evapord a presidén reducida para rendir 2,8 g

‘del producto crudo purificado mediante cromatografia de

columna, utilizando hexano : acetato de etilo (9 : 1)

como eluente.

EJEMPLO 48

(S)-(+)-metil (2-clorofenil)-(6,7-dihidro-4H~

tieno[3,2-c]pirid-5-il)acetato (I)

5 g de (S)—(+)—(2—clorofenil)—(6,7—dihidro—4H—
tieno([3,2-clpirid~-5-il)acetamida se disolvieron en 50 ml
de metanol y la solucibén se enfridé hasta -15° C. 15 ml

(0,28 mol) de H,SO; concentrado (98%) se agregaron gota a

4>
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gota en una hora manteniendo la temperatura hasta -15° C.
Después de completar la adicién de la mezcla de reaccidn
fue gradualmente incrementad, y agitada a 310 C durante
30 min y luego refluida a 70° C durante 21 horas. El
solvente se destild bajé presién reducida y al residuo se
agregdé a 50 ml de agua y se agitd durante 30 min seguido
por enfriamiento a ~-5° C. E1 pH de la mezcla de reaccidn
se ajustdé entre 9 y 10 utilizando carbonato de sodio
acuoso. El residuo se extrajo con 100 ml de acetato de
etilo. La capa organica se secd sobre Na,;SOs anhidro, y se
evapord bajo vacio. El1 rendimiento fue de 3,8 g del

producto purificado mediante columna, utilizando hexano :

acetato de etilo (9 : 1) como eluente.
EJEMPLO 49

(S) - (+) -metil (2-clorofenil)-(6,7-dihidro-4H~
tieno[3,2-c]lpirid~5-il)acetato (I)

5 g de (+)-(2-clorofenil)-(6,7-dihidro-4H-tieno[3,6 2-
clpirid-5-il)acetamida se disolvieron en 20 ml de metanol
y la solucidén se calentd a 65 a 70° C. 15 ml (0,28 mol)
de H,;S0, concentrado helado (98%) se agregaron lentamente

en una hora manteniendo la temperatura hasta -15° C.
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Después de completar la adicién de la mezcla de reaccién
se calent6é a 70° C durante 16 horas. El1 solvente se
destilé bajo presidén reducida y al residuo se agregaron
50 ml de .agua y se agitaron durante 30 minutos seguido
por enfriamiento a -5° C. E1l pH de la mezcla de reaccidn
se ajustdé entre 9 y 10 utilizando carbonato de sodio
acuoso. El residuo se extrajo coﬁ 100 ml de acetato de
etilo. La capa organica se secd sobre Na,;SO; anhidro, y se
evapord bajo vacio. El eluente combinado se evapord a
presién reducida para rendir 2,8 g del producto crudo
purificado mediante cromatografia de columna, utilizando
hexano : acetato de etilo (9 : 1) como eluente para dar 2
g del compuesto titulado (I) y 1 g del material de

partida (S)-(+)-(II).
EJEMPLO 50

(S)-(+)-(2-clorofenil) -(6,7-dihidro-4H-tieno[3,2-

clpirid-5-il)acetamida (II}

a) Una solucidén de 5 g de (16,31 mmol) de (*)-~(2-
clorofenil) - (6,7-dihidro-4H-tieno([3,2-clpirid-5-
il)acetamida (preparada como se da en los ejemplos

10-15) y 4,15 g (16,2 mmol) de monohidrato de &cido
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(1S) (+) -camfor-10-sulfénico en 100 ml de acetona se
mantuvieron calientes durante 20 horas seguido por
almacenamiento a temperatura inferior a 10° C.
aparecieron pocos cristales, el 1licor madre se
concentrd adicionalmente y la recristalizacién se
repitié, seguido por almacenamiento en condicién fria
durante pocos dias dando 3,1 g (70% de rendimiento)
- de sal de acido (S)-2-(2-cloro-fenil)-(4,5,6,7-

tetrahidrotienol([3,2-c]pirid~-5~il)acetamida (+) -

camforsulfénico. La sal se purificé adicionalmente

mediante recristalizacién en acetona, hasta que se

obtuvo una rotacidén optica especifica constante.

El producto obtenido se secd adecuadamente. Las

o caracteristicas tipicas fisicoquimicas del producto

obtenido son como siguen:

Rango de fusién s 223-225° C

SOR : +52° (C = 1, MeOH)
b) 3,1 g de sal de &cido (S)-(+)-(2-clorofenil)-
(6,7-dihidro-4H~tieno[3,2-clparid-5-il) acetamida

(10-D-camfor sulfdnico se agregaron a 20 ml de una

solucién de Na,CO; saturada y el producto se extrajo

&4
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con 20 ml de acetato de etilo. La capa organica se
aislé, se secd sobre NaSO, y se concentrd bajo presidn
reducida. Se obtuvo un producto de aceite crudo, el

cual luego de purificacién dio 1,5 g de cristales

blancos (60%).

EJEMPLO 51

Remocidén quiral del (-)-esteroisdémeros de una mezcla
que contiene exceso de (+) -metil (2~-clorofenil)-(6,7-

dihidro-4H-tieno[3,2-c]lpirid-5-il)acetatec (I)

2 g (0,0173 moles) netil (2-clorofenil) - (6,7~
dihidro=-4H-tieno[3,2~-c]lpirid-5-il)acetato {donde el ee
fue de 80%) se disolvieron en 10 ml de acetona y la
mezcla de reaccidén se agitd durante 10 min, seguido por
reflujo. A la mezclé de reaccidbébn, se agregaron 1,49 g de
hidrato de &cido (1S)-{(+)-camfor-10-sulfénico en 0,8 ml
de agua seguido por 1 ml de acetona. Luego la mezcla de
reaccidén completa se refluyd durante una hora y se enfrid
gradualmente. Esta posteriormente se agitdé durante toda
la noche a temperatura ambiente. La solucidén ciara se
enfridé adicionalmente desde 0 a -5° C, en donde se obtuvo

un precipitado. A la sal formada se agregd acetato de
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etilo y agua, la cual fue posteriormente basificada con
NaHCO; la capa organica se lavd con agua, se concentrd
bajo presién reducida, para dar una base libre de 0,386 ¢

con pureza quiral = 99,85% de (+)-isdémero (ee = 99,7%).
EJEMPLO 52

Remociébn quiral del (-)-esteroisdmeros de una mezcla
que contiene exceso de (+) -metil (2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2-¢c]pirid-5-il)acetato (I)

2 g {0,0173 moles) metil (2-clorofenil)-(6, 7~
dihidro-4H-tieno[3,2-c)}pirid-5~il)acetato (donde el ee
fue de 90%) se disolvieron en 10 ml de acetona y la
mezcla de reaccién se agitd durante 10 min, seguido por
reflujo. A la mezcla de reaccidén, se agregaron 1,49 g de
hidrato de &cido (1S)-(+)-camfor-10-sulfdénico en 0,8 mnl
de agua seguido por 1 ml de acetona. Luego la mezcla de
reaccién completa se refluyd duraﬁte una hora y se enfriéb
gradualmente. Esta posteriormente se agitd durante toda
la noche a temperatura ambiente. La solucién clara se
enfrid adicionalmente desde 0 a -5° C, en donde se obtuvo
un precipitado. A la sal formada se agregd acetato de

etilo y agua, la cual fue posteriormente basificada con

AN
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NaHCOs;, la capa orgénica se lavdé con agua, se concentrd
bajo presién reducida, para dar una base libre de 0,386 g

con pureza quiral = 99,85% de (+)-isémero (ee = 99,7%).
EJEMPLO 53

Remocidn quiral del (-)-esteroisdbmeros de una mezcla
que contiene exceso de (+)-metil(2-clorofenil)-(6,7-

dihidro-4H-tieno[3,2-c]lpirid-5-il)acetato (I)

2 g (0,0173 moles) metil (2-clorofenil) - (6,7~
dihidro-4H-tieno[3,2-c]pirid-5-il)acetato (donde el ee
fue de 95%) se disolvieron en 10 ml de acetona y la
mezcla de reaccidén se agitd durante 10 min, seguido por
reflujo. A la mezcla de reaccidén, se agregaron 1,49 g de
hidrato de &cido (1S)-(+)-camfor-10-sulfénico en 0,8 ml
de agua seguido por 1 ml de acetona. Luego la mezcla de
reaccién completa se‘refluyé durante una hora y se enfrié
gradualmente. Esta posteriormente se agitdé durante toda
la noche a temperatura ambiente. La solucién clara se
enfridé adicionalmente desde 0 a -5° C, en donde se obtuvo
un precipitado. A la sal formada se agregd acetato de
etilo y agua, la cual fue posteriorménte basificada con

NaHCO3, la capa orgénica se lavé con agua, se concentrd

A
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bajo presién reducida, para dar una base libre de 0,386 g

con pureza quiral = 99,85% de (+)-isOmero (ee = 99,7%).

EJEMPLO 54 .

Resolucidén de (+)-metil(2-clorofenil)-(6,7-dihidro-

4H-tieno[3,2-clpirid-5-il)acetato (I}

33 g (0,1 mol) de (+)-metil(2-clorofenil)-(6,7-
dihidro-4H-tieno[3,2-clpirid-5-il)acetato se disolvieron
en 200 ml de acetona y la mezcla de reaccibén se calentd a
desde 60 a 70 ¢, refluyendo durante 15 minutos. La
mezcla de reaccién, se agregaron 25,6 g de hidrato de
acido (lS)—(+)—camfdr—10—sulfénico en agua, en donde la
formacién de sal inicié a desde 60 a 70° C. Después de
que se completdé la formacidén de la sal, la mezcla de
formacién se enfridé gradualmente a temperatura ambiente vy

luego a desde 0° C a 5° C. El1 aislamiento de sal

diastereomérica mediante filtracidén y lavado utilizando
acetona, \Y% secado. El rendimiento del producto

diastereomérico fue de 20,5 g (70%).

La generacidén de (-) isbmero del compuesto del

titulo se llevd a cabo utilizando solucidén de bicarbonato
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sodio diluida y extraccién en acetato de etilo,

remocién de solvente y dando el compuesto del titulo 10,9

g

(66%) .

EJEMPLO 55

Resolucién de (x)- (2-clorofenil)-(6,7-dihidro-4H-

tieno[3,2-clpirid-5-il)acetonitrilo (IV)

a) A 5 g {0,0173 mol) (t)-(2-clorofenil)-(6,7~
dihidro-4H-tieno([3,2-c)pirid-5-il)acetonitrilo

disuelto en 106 ml de acetona, se agregaron 4,35 g
(0,174 moles) de hidrato de &cido (1S)-(+)-camfor-10-
sulfénico en 5 ml de agua en un lote a 60 - 62° C
durante adicién. La mezcla se agita a 60° C durante
60 horas, la agitacién continua entonces durante toda
la noche y méds tarde se mantiene en refrigerador
durante un dia. La sal diastereomérica precipitada
fue entonces filtrada para producir 730 mg del

producto.

b) a 730 mg de la sal de é&cido (%)-(2-clorofenil)-
(6, 7-dihidro-4H-tieno[3,2-c]pirid-5-il)acetonitrilo

(18) - (+)-camfor-10-sulfénico en 20 ml de agua, 10 ml

K>
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(5%) de solucién de Na,CO; se agregd (pH = 10).
Después de agitar la mezcla, se agregéron 100 ml de
acetato de etilo a esta. La capa organica fue
entonces agregada a esta. La capa orgadnica se separ0
entonces y se destildé entonces hasta conseguir el
producto. El rendimiento del producto fue de 400 mg

(16%) .

Rotacién optica especifica(a®):  +7,5787° (C = 1,

DMF) .
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REIVINDICACIONES

1. Un proceso para la preparacién del compuesto

de férmula (1),

. o /%%

)
« ‘ 8

ME)o Ho ()

En donde X reprsenta un atomo de hidrégeno, fluior,
cloro, bromo, o yodo, preferiblemente 2-cloro, el cual

comprende:

i) hacer reaccionar un compuesto de férmula (V)

N o su sal,

- CN

muu + MON (VD (S’UJ\GX

W (Vin ) @)
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con un cianuro de férmula general (VII) donde N
representa metal alcalino, trimetilsilil, Cu, o}
hidrégeno, y seguido por la adicién de un compuesto de
LOormula general (Vv1), | donde X @ COMO se definid

anteriormente, para obtener un compuesto racémico de

férmula  general (IV), donde X es como se definid
anteriormente,
ii) hacer reaccionar un compuesto de férmula

general IV) en forma (%) o en cualquiera de

sus formas oépticamente activas (+), o (-),
N
CONH,
/ N S N
G - OO
& &
M Ee e O Mo #o ()

con reactivos 4acidos o Dbéasicos para obtener un

compuesto de férmula (II) o su sal con retencibén de

configuracién,

")
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sus sales, seguido por la liberacién de la

sal del compuesto.

Un proceso de acuerdo a la reivindicacién 1,
en donde opcionalmente, resolver un
compuesto racémico de férmula (II) en sus
isémeros opticos, o también, transformar el
compuesto racémico o sus isémeros Opticos en
un sales, seguido por la liberacién de la

sal del compuesto.

Un proceso para la preparacién del compuesto
de férmula (III) o su sal, en donde X
representa un &tomo de hidrégeno, cloro,
bromo o yodo, preferiblemente 2-cloro, el

cual comprende,

COOH

N
<;:E::J 7 sl | ox

V)& o (o () A &) o (Ho ()
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hacer reaccionar un compuesto de férmula
general (IV) o su sal, en cualquiera de
sus formas .6pticas, en presencia de un
catalizador A&cido/bdsico en un solvente
adecuado, dando el &cido correspondiente
de la foérmula (I1I) o su sal, con la misma
configuracién como aquella del material de
partida,

si se desea, finalmente el compuesto
racémico de férmula (III) o su sal, se
resuelven en sus correspondientes formas

dpticamente puras (+) y (-).

Un proceso de acuerdo a la reivindicacién 1,
en donde un compuesto de férmula (II) (2-
clorofenil)-(6,7-dihidro-4H-tieno[3, 2-

c]pirid—S—il)acetamida, e} sus isdmeros
bpticos activos, donde X representa un atomo
de haldégeno tal como cloro, bromo, yodo,
sustituyente, mas preferiblemente 2-cloro,
se prepara mediante un proceso que

comprende,
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M@)o (Ho ()

tratar el compuesto de fdérmula (IV) o su
sal o en cualquiera de sus formas Oopticas,
con reactivos béasicos donde el material de
partida es racémico o también con un
catalizador 4&cido cuando el material de
partida es Opticamente activo, en la
presencia de solvente adecuado;

foramr finalmente una sal del compuesto
racémico de férmula (II), el cual se
resuelve en sus correspondientes formas

6pticamente puras (+) y (-).

Un proceso de acuerdo a la reivindicacidn 5,
el cual comprende la preparacién del
compuesto de férmula (II) caracterizado
porque, el reactivo Dbésicoutilizado es
hidréxido de 1litio, hidréxido de potasio,

hidréxido de sodio y t-butdéxido de potasio.
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Un proceso de acuerdo a la reivindicacién 5,
el cual comprende la preparacién de un
compuesto de férmula (II), en donde dicho
reactivo acido utilizado se selecciona del
grupo que consiste de A&cido acético, acido
p-toluenosulfénico, acido trifluoroacético,
dcido cloroacético, &cido perclérico, &cido
férmico o acidos minerales tales como
haluros de hidrégeno alcohdlicos anhidros, o
4dcido clorhidrico acuoso, acido sulfurico,

Hbro una mezcla de estos.

Un proceso de acuerdo a la reivindicacién 5,
el cual comprende la preparacidn del
compuesto de férmula (II)° en donde, el
solvente utilizado es agua, alcohol (C;-C4),
acetona, Aacido acético, dimetilformamida,
THF, DMSO, dioxano, DME vy similares o
mezclas de estos, preferiblemente, mezclas

de agua, metanol o terc-BuCH.

Un proceso de acuerdo a la reivindicacién 5

en donde un compuesto de férmula (II) (%)-

\WO
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(2—clorofenil)—(6,7—dihidro—4H—tieno[3,2—

clpirid-5-il)acetamida, se resuelve en sus
formas (-), y (+) utilizando 10-acido 1-(R)
o 1-(S)-camforsulfénico, 4&cido tartéarico,
mas particularmente 10-&cido 1-(R) o 1-(S)-
camforsulfénico, en la presencia de solvente
tal como agua, acetona, acetato de etilo o
una mezcla de estos, y la sal utilizada
puede estar en una proporcién molar de 0,5 a

1,1 equivalentes.

Un proceso de acuerdo a la reivindicacién 5,
en donde un compuesto de fdérmula (II) (%)-
(2-clorofenil)- (6, 7-dihidro-4H-tieno([3, 2-

clpirid-5-il)acetamida, se convierte la sal

correspondiente, en donde la sal

reivindicada es D-camforsul fonato, L-

camforsulfonato, Acido D-tartarico, Aacido L-

tartadrico, o hidrogenosulfato.

Un proceso de acuerdo con la reivindicacién
1, donde dicho compuesto de férmula (I) es
metil (2-clorofenil) - (6, 7-dihidro-4H-

tieno[3,2-c]lpiridin-5-il)acetato, o sus
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isémeros opticos activos o sus sales, donde

X representa un &tomo de haldgeno tal como

cloro, bromo, yodo sustituyente, mas
preferiblemente 2-cloro, dicho proceso
comprende,

COOCH,

a0 G

Mo Mo ()

tratar el compuesto de férmula (IT) o su
sal en cualquiera de sus formas o6pticas,
con reactivos é&cidos, en la presencia del
solvente adecuado;

formar finalmente una sal del compuesto
racémico de formula (1), el cual se
resuelve en sus correspondientes formas

6pticamente puras (+) y (-).

Un procesco de acuerdo con las reivindicaciédn
11, donde dicho reactivo &cido utilizado se

selecciona de &acido sulfurico concentrado en

WV
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el rango de 1 equivalente a 50 equivalentes,
preferiblemente la adicidén es favorecida a
desde 0° C a 5° C o a temperatura de reflujo

de absorbente utilizado.

Un proceso de acuerdo a 1la reivindicacidén
11, en donde el solvente wutilizado es
metanol en el rango de 3 a 30 volumenes,
junto con otros cosolventes tales como
tolueno, DMSO, xileno y similares o mezclas

de estos.

Un proceso de acuerdo a la reivindicacién
11, donde 1la duracién de los rangos de

reaccién van de 4 horas a 4 dias.

Un proceso de acuerdo a la reivindicacidén
11, en donde la reaccién se lleva a cabo a
una temperatura en el rango de 40° C a 140°

cC.

Un proceso de acuerdo a la reivindicacién
11, en donde un compuesto de férmula (I), se

resuelve utilizando 10-&cido 1-(R) o 1-(S)-
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camforsulfénico, &cido (R) o (S)-tartarico,
méas particularmenté 10-acido 1-(R) o 1-(S)-
camforsulfénico, en la presencia de solvente
tal como agua, acetona, acetato de etilo o

una mezcla de estos.

Un proceso de acuerdo a la reivindicacién

16, en donde una mezcla que contiene las

prporciones variantes de los dos
enantibémeros, (-)-I y (+)-I es quiralmente
enriquecida a (+)=(I) esteroisémero, o)
remociédn quiral de (-)-I enantidémero en una
mezcla variable de (-)-1I % (+)-I
esteroisémeros.

Un proceso para la preparaciédn de un

compuesto de férmula (IV) y sus sales,

e o

(VIp av) @)
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donde X representa un &atomo de haldgeno tal como
cloro, bromo, yodo sustituyente, més particularmente
X representa 2-cloro, Jjunto con sus sales, que

comprende,

i) hacer reaccionar un compuesto de férmula (V) o
su sal de adicién 4&cida con un cianuro de
férmula general (VII) donde el significado de M
representa metal. alcalino, TMS, Cu, e
hidrdégeno, seguido por reaccidén con
halogenobenzaldehido de fdérmula (VI), donde X
es un atomo de haldgeno, los cuales se
resuelven en sus isémeros Opticos, y si se
desea, liberandose de sus sales o)

transformandose en sus sales; o

hacer reaccionar un halobenzaldehido de férmula
general (VI) en donde el significado de X es &tomo
de ahlégeno con cianuro de férmula general (VII) en
donde, es como se deficién anteriormente, y seguido
por in situ con el compuesto de férmula general (V)

o su sal de adicién acida; o,

@P
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iii) hacer reaccionar el halobenzaldehido de férmula
general (VI), en donde el significado de X es
dtomo de haldégeno, con hidrogenosulfito de
férmula general (VIII) donde M es. comd se
definid anteriormente, y finalmente, con
cianuro de férmula geneal (VII), donde M es
como se definié anteriormente, Yy
subsecuentemente reaccionar 1in situ con el
compuesto de féfmula general (V) o sua sal de

adicidén acida; vy

resolver finalmente el compuesto de férmula (IV) o
su sal, asi obtenida a su forma épticamente pura (+)

y (-) del compuesto de férmula (IV) o su sal.

19. " E1 proceso de acuerdo a la reivindicacién
18, en donde la reaccidén se llevaa cabo a
temperatura entre 0° C y 100° C, en donde
con gas HCN, la temperatura de reaccién iria

adicionalmente hacia abajo hasta -30° C.

20. El proceso de acuerdo a la reivindicacién
18, en donde la reaccidén se lleva a cabo en

un medio acuoso © no acuoso que contiene

\Qb
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acidos tales <como Aacido acético, acido

propiénico, metanol y HC1l/MeOH.

El proceso de acuerdo a la reivindicacién
18, en donde un &cido catalizador tal como
4dcido clorhidrico seco, &acido sulfurico,
dcido p-toluenosulfdénico o &cido acético se

utiliza.

Un proceso de acuerdo a 1la reivindicaéién
18, en donde dicho compuesto de fdérmula (IV)

(t)-(2-clorofenil) - (6, 7-dihidro-4H-

tieno{3,2-clpirid-5-il)acetonitrilo, se
resuelve en las formas (-), y (+) utilizando
“10-4acido 1-(8)~camforsulfdédnico, acido

tartdrico, mas particularmente 10-4cido 1-
(RY o 1-(S)=-camforsulfdnico, presencia de
acetona, acetato de etilo o una mezcla de

estos, y agua.

Un proceso de acuerdo a la reiv 18, un
compuesto de férmula (IV) {(£)-(2-
clorofenil)- (6, 7-dihidro-4H-tieno([3, 2-

clpirid~-5-il)acetonitrilo, en (%) o las

W
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formas (-) o (+) se convierten en su sal, en
donde la sal reivindicada es D-

camfosulfonato, L-camforsulfonato, &cido D-
tartarico, &cido L-tartdrico o hidrégeno

sulfato.

El proceso de acuerdo a la reivindicacién
18, en donde, la racemizacién del isdémero (-
) del compuesto de férmula (II) se efectua
en una mezcla que contiene el estereoisémero
(+) para conseguir el compuesto (1)
utilizando una base tal como LDA, KOH, NaOH,
K-t-BuOH, NaOMe, NaH, KH en un solvente

adecuado.

El proceso de acuerdo a la reivindicacién 5,
en donde, la racemizacién del isdbmero (-)
del compuesto de férmula (I) se efectua en
una mezcla que puede contener el
estereoisébmero (+) para conseguir el
compuesto (%) utilizando una base tal como

LDA, NaOMe, NaH, KH en un solvente adecuado.

\
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El proceso de acuerdo a la reivindicacidn
olucién se lleva a cabo en la presencia de
acetona, un solvente en el rango de 5 a 10

volumenes, gque puede contener agua hasta 5%.

El proceso de acuerdo a la reivindicacidn
17, en donde dicho agente gquiral adecuado
utilizado estd en una proporcién molar 1 :

1.

El proceso de acuerdo a la reiv 27, en
donde, la temperatura adecuada va de 0° C a

la temperatura de reflujo del solvente.

A\
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RESUMEN

La presente invencién describe un proceso para la
preparacién de derivados de tieno[3,2-c]piridina de la
féormula (I), formas racémicas u épticamente activas (+) o
(-) y sus sales en donde X, el sustituyente sobre el
anillo de benceno representa un atomo de hidrdégeno o de
halégeno tal como fluor, cloro, bromo o yodo. La presente
invencién también describe un proceso para la preparacidn
de compuestos de la férmula general (II), en cualduiera
de las formas racémicas u 6ptimamente activas (+) o (-) y
sus sales, donde X, el sustituyente sobre el anillo de
benceno representa cualquiera de un &tomo de hidrdgeno o
halégeno tal como fluor, cloro, bromo o yodo. Los
compuestos representados por la férmula (I) y (II) tienen
un carbono asimétrico y de esta forma, los compuestos
6ptimamente activos de la foérmula (I) o la férmula (II)
se pueden obtener bien sea al resolver el producto
intermedio/racémico o) utilizando un intermedio
bptimamente activo. Los compuestos de la invéncién son
farmacoldégicamente activos V% tienen propiedades

antiagregantes y antitrombéticas.
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PROCESS FOR PREPARING CLOPIDOGREL

FIELD OF THE INVENTION
The present invention relates to a process for the preparation of thieno[3',2-‘c]pyridine
5 derivatives of general formula (I), in either racemic or optically active (+) or (-) forms and
their salts, wherein X, the substituent on benzene ring represents either a hydrogen or halogen

atom such as fluorine, chlorine, bromine or iodine.

C\C /O C HJ

N =
(D @ or (+) or ()
Preferably, X represents 2-chloro.
The present invention also describes a process for preparing the compounds of general
formula (I1), in either racemic or optically active (+) or (-) forms and their salts, where X, the

substituent on benzene ring represents either a hydrogen or halogen atom such as fluorine,

chlorine, bromine or iodine.
CONH,

15 ' s #

(I) () or (+) or (-)

Preferably X represents 2-chloro. These compounds are useful intermediates to prepare

compounds of general formula (I).

9 The compounds represented by formulae (I) and (II) have one aéymmetric carbon and
hence, to obtain optically active compounds of formula (I) or of formula (II), option available
is either to resolve the racemic intermediate/final product or use an optically active
intermediale.

BACKGROUND OF THE INVENTION

28 Thicno[3,2-c]pyridine dorivatives dischmcd. in B 2205948, R 2,550,247 and 'R
2,612,929, are pharmacologically active and have significant anti-aggregating and anti-
thrombotic properties. Qne such example is ‘Clopidogrel', (S)-(1)-(2-chloropheny!)-(6,7-
dihydro-4H-thieno[3,2-c]pyridin-5-yl) acetic acid methyl ester and its pharmaceutically
acceptable salts. Later, it was found that the biological activity resides only with S)-()-

30  stereoisomer (US 4,847,265). As 'Clopidogrel base' is an oily liquid, in order to prepare a

convenient formulation, the base is converted into a pharmaceutically acceptable salt.
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Suitable salts of 'Clopidogrel base' can be formed with taurocholate, hydrobromide and
sulfuric acid.
DESCRITION OF THE PRIOR ART

The reported methods to synthesize the compounds of general formula (I) (US 4529596,
GB 0420706 and GB 0466569), use a-halophenylacetic acid derivatives, which are

lacrimatory and irritant in pature. The processes to synthesize such compounds involve

multiple steps, and have other drawbacks due to the chemicals/reagents used, which usually

are difficult to handle, scale-up and unfavorable from human health as well as environmental
point of view. Moreover, overall yields of these processes range from poor to average.
Various other synthetic approaches found in literature, involve expensive or hazardous
chemicals, which do not significantly improve the yield of the desired product,

Recently, radiolabelled (bezene-U-'C) racemic()-Clopidogrel has been prepared as a
standard for metabolic studies in an overall yield of 7 % using orthometalation/chlorination
of benzoic acid derivative (Chem. Abst., 133:281711, 2000). Various other strategies are
disclosed in: WO 98/51681, WO 98/51682, WO 98/51689, WO 99/18110, US 4,876,362, US
5,036,156, US 5,132,435, US 5,139,170, US 5,204,469 and US 6,080,875.

Recently, a new' polymorph of Clopidogrel bisulfate (named as form II) has been
disclosed in patent application (WO 99/65915), which has a melting point of 176 + 3 °C. It
also mentions that the compound disclosed in the earlier US patent (US 4,847,265), had a
different melting point of about 184 = 3 °C (now referred as, form 1). It has been shown that
both the polymorphs have distinct and characteristic XRD and IR spectrum,

Consequently, the present invention aims to provide an inexpensive and commercially

- viable process to prepare compounds of formula (1) in good yields.

25

30

OBJECTS OF THE INVENTION

The main object of the present.invention is to provide a novel process to prepare
thieno[3,2-c]pyridine derivatives, represented by the general formula (I), in either racemic or
optically active (+) or (-) forms and their salts, wherein X represents either hydrogen or

halogen atom such as fluorine, chlorine, bromine or iodine.

. Oy, OCH

C
N R

@D @& or(+)or()
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Another the object of the present invention is to provide a novel procéss to prepare
thieno[3,2-c]Jpyridine derivatives, represented by the general formula (I), in either racemic or
optically active (+) or () forms and their salts, through a commercially viable route.

A particular obje'ct of the present invention is to provide a novel process to manufacture
(8)-(+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)acetic acid methyl ester

as bisulfate salt, i.e. Clopidogrel bisulfate, where X is 2-chloro substituent.

N OCH;,
@ ¢+)

The preferred object of the present invention is to provide a novel process to manufacture
Clopidogrel bisulfate, through a commercially viable process.

Another important object of the present invention is to provide a novel process to
manufacture polymorph form I of Clopidogx"el having melting point 184 «# 3 °C, through a
commercially viable route.

Yet another object of the present invention is to recycle through a novel process the
laevoisomer of Clopidogrel or a variable mixture of (+) and (-) stereoisomers to make (+)-
Clopidogrel bisulfate.

* Another object of the present invention is to provide a process to prepare a compound (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide of formula (II), either in
racemic or as optically active (+) or (-). forms and their salts.

CONH,

G
S &
(1) (&) or (+) or (-)

Another object of the present invention is to provide a process for the preparation of a
compound of formula (IT) where X is 2-chloro, in racemic as well as optically active (+) or ()
forms having suitable chemical and chiral purity and along with their salts. The dextro isomer
of compound with formula (1) with suitable purity or its salts, are useful intermediates for
the synthesis of (+)-Clopidogrel bisulfate.

Still another object of the present invention is to provide a novel process to convert (R)-(-
)-(2-chlorophenyl)-(6,7-dihydro-4H~thieno[3,2-c]pyrid-5-yl)acetamide or its mixture with
variable minor amounts bf its optical antipode, into almost a 1:1 mixture of (+) and ()

isomer,

.......
g
g
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It is also an object of the present invention is to provide a process to prepare compound of
formula (II1), (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-S-yl)acetic acid, in
racemic (£) or in either of the optically active (+) or (-) form, and their salts.

Still another object of the present invention is to provide a novel process to convert (R)-(-
)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl) acetic acid in a mixture to (S)-
(+) stereoisomer,

Another object of the present invention is to provide a process for the preparation of a
compound of formula (IV), (:t)-(2-chlorophenyl)-(6,7;dihydro-411-tllienlo[3,2—c]pyrid-5-

ylacetonitrile, and their salts.

Still another object of the present invention is to provide a novel process to convert (R)-(-

)-(2-chlorophenyl)-(6,7—dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrilé or its mixture with
variable minor amounts of its optical antipode, into almost a 1:1 mixture of (+) and (-)
isomer.

The process described herein provides a simple and alternative method to prepare
compounds of the general formula (I), particularly (5)-(+)-Clopidogrel bisulfate, polymorph
form L.

SUMMARY OF THE INVENTION
The above and other objects of the present invention are achieved by the process of the

present invention by employing compounds of formula (1I)
CONH,

Oy G
s &
(I) (&) or (+) or (-)

or its salts, in either racemic or optically active (+) or (-) forms, as outlined in Scheme 1. -

Optionally, the present invention provides a method to resolve (£)-(2-chlorophenyl)-(6,7-
dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide into optically active (+) or (-) forms, which
can be used to prepare (+)-Clopidogrel bisulfate.

Optionally, the present invention provides a method to resolve (%)-2-(2-chlorophenyl)-
(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetic acid into optically active (+) or (-) forms.

Optionally, the present invention provides a method to resolve (£)-(2-chlorophenyl)-(6,7-
dihydro-4/{-thicno[3,2-c]pyrid-5-yhacetonitrile il'\lb optically active (+) or (<) forms
DITALLED DESCRIFTION OF 'FIHE INVIENTION

Acéordingly, the present invention provides a process to prepare compounds of formula

(1), in cither racemic or optically active (1) or (-) forms and their salts, where X represents

‘either hydrogen or a halogen atom such as fluorine, chlorine, bromine or iodine. More

W
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particularly, the present invention provides a process to prepare Clopidogrel bisulfate.

The process to prepare compounds of formula (I) or its salts, uses compounds of formula

(M

CONH,

S =

5 (1) &) or (+) or (-)

or its salts, in either racemic or optically active (+) or (-) forms, as outlined in Scheme 1.
COOH

1N (3=
s

MeOH/ SOCI , & |
/ @D @001 ) \
OCH3 CONI'IZ

T O

+), (+) or (-
O @ RS @ & or ()
: ™ E
: NJ\C :
. / 3 :
| - U §
Raccmization; V)@ or(+) or (-) : Racemization
! Resolution HCI/MeOH Resolution '
N C,OCH;; ‘ Ox o OCHs Q'ONH, CONH,
Y N? ~ ., McOH/H,S0, N AN ) /ﬁk@
N X —2a L -
m L@_X + {SI; ’\@ (Sn | % 4+ | | X
a @ ) @)
1) (R)-(-)- isomer (-+)-S-Clopidogrel
of Clopidogrel
;o ' SCHEME 1
~
10 Each intermediate in Scheme 1 has one chiral center. Hence, to prepare an optically

active product, such as compound represented by formula (1), particularly Clopidogrel and its .

salt, it is possible to use an optically active intermediate from the first step onwards.
The present invention provides a process for the preparation of compounds of formula @
and their salts as shown in scheme 1, which comprises: |
15 1. preparing compound of formula (IV), (#)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno(3,2-
c]pyrid -5-yl)acetonitrile as described in Scheme 2, i.e. via Strecker reaction;
2. resolving, if desired, the racemic mixture of compound of formula (IV) into its optically

active (+) and (-) stereoisomers; and recycling the unwanted stereoisomer into the

process by racemization;

AU
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3. transforming the compound of formula (IV) in either ~racém_ic or optically active (+) or (-)

form or its salt, into the compound of formula (II), (i)-(2~chloropheny1)-(6,7-dihydro-4H-'

thieno[3,2-c]pyrid-5-yl)acetamide or optically active corresponding (+) or (-) form, based

upon starting material used; '

4. resolving, if desired, the racemic compound of formula (1) - into its optically active (+)
and (-) stereoisomers; and recycling: the unwanted stereoisomer into the process by
racemization;

5. transforming the compound of formula (II), either in racemic or optically active (+) and (-
) form or its salt, into either optically active or racemic compound of formula (1), (£)-(2-
chloro phenyl)-(6,7-dibydro-4H-thieno[3,2-c]pyrid-5-yl)acetate methyl ester, in racemic
or optically active (+) and (-) form and its salt, based upon starting material used;

6. further resolving and/or transforming the racemic/optically active compound of formula
(1) into their pharmaceutically acceptable salts and/or, liberating the racemic or optically
active compound of formula (I) from its salts.

Alternatively, either of the compounds of formulae (IV) or (II), either racemic or optically
active (+) or (-) form can be transformed into corresponding compounds of formula (III);
which can then be converted into corresponding compound of formula (1).

The compound of formula (IV) in racemic or optically active (+) or (-) forms can be
directly converted into corresponding compound of formula ().

Optionally, suitable acid addition salts of the intermediates of formula II, T and IV may
be used in the above mentioned processes. Suitable acids used may be selected from acetic,
benzoic, fumaric, maleic, citric, tartaric, gentisic, methanesulfonic, ethanesulfonic,
benzenesuifonid, p-toluenesulfonic, camphor sulfonic, hydrochloric, sulfuric, hydrobromic
acids and the like. |

Another aspect of the present invention is to providea process for the preparation of a

novel intermediate of formula (IV) and its salts.
CN

iepe
éjo ZX
(AV) &) or (+) or ()
Yet another aspect of the process of invention includes preparation of intermediate

described by general formula (IV) and as depicted in the Scheme 2, by Strecker reaction,

using a secondary amine (Organic Synthesis Collective Volume III, page no. 275).
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- SCHEME 2

The process to prepare compounds of formula (V) includes, reacting amine of formula
(V) or its salt, with a cyanide derivative of the general formula (VII), wherein M represents
either alkali metals such as Na, K, Li, or H, trimethylsilyl (TMS) and the like; with 2-
chlorobenzaldehyde of formula (VI). The synthesis of amine or its salt having formula (V) is
described in FR 2608607.

The above reaction can be carried out in various ways. A few such methods are outlined
in Scheme 2 shown above. Initially, amine of formula (V), or its salt, is reacted with cyanide
(VI), wherein M is as defined earlier, followed by addition of 2-chlorobenzaldehyde (VD).
Alternatively, 2-chlorobenzaldehyde (V1) is treated with cyanide of formula (VII), wherein M
is as defined earlier, and the intermediate cyanohydrin is further reacted with amine of
formula (V) or its salt. In an alternative method, 2-chlorobenzaldehyde of formula (V1) is
added to hydrogen sulfite derivative of formula (VII) wherein M' represents Na, K, Li and
the like; followed by reaction with cyanide of formula (VTI), wherein M is as defined earlier,
and finally amine of formula (V) or its salt in an i sity reaction. Irrespective of the variations
in the reaction methodology, the yield of resultant intermediate (IV) obtained is comparable.

The preferred method involves, addition of 2-chlorobenzaldehyde of formula (VI) to
hydrogen sulfite derivative of formula (VII). The salt formed is treated with cyanide of
formula (VII), and finally with an amine of formula (V) or its salt in presence of suitable
reagent and solvents.

Suitable reagents includes acid catalysts, such as glacial acetic acid (Synthesis, 1989,
616-618), hydrochloric acid, sulfuric acid, methanesulfonic acid, trifluoroacetic acid,
polyphosphoric acid and the like,

Suitable solvents can be hydrophilic solvents, either protic or aprotic, includes water, (C-
C4) alcohol, tetrahydrofuran, dimethyl formamide, DMSO, dioxane, 1,2-dimethoxyethane,

NS
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acetic acid, propionic acid and the like, or a mixture of solvents thereof, The preferred solvent
is a mixture of solvents and water in varying ratio. The more preferred reaction medium
includes a mixture containing water and (C;-Cg)alcohol in a ratio varying between 1:1 and
1:10.

When the reaction is carried out in aprotic or hydrophobic solvent, a phase transfer
catalyst and a biphasic solvent system is necessary. Suitable phase transfer catalyst used in
such a case may be tetrabutyl ammonium halide, benzyltrimethylammonium halide, and the
like.

During the reaction, certain additives may be added. Such suitable additives may be
cyclo[(S)-histidine-(S)-phenyl alanine] and the like.

The reaction temperature may range from -30 °C to reflux temperature of the solvent(s)
used. The preferred temperature ranges from 0 °C to 100 °C, and rﬁore preferably, from 40
°C to 80 °C. However, when HCN (g) (Scheme 2, Intermediate VI, M = H) is used the
required temperature is in the range of about -30 °C to -10 °C.

This reaction may be carried out in the absence or presence of an inert atmosphere such as
N, He or Ar. Thé duration of the reaction may vary from 1 hrs to 3 days, more specifically 2
brs to 2 days.

It is preferable to react a compound of formulé (V), hydrogen sulfite derivative (VIII),
and cyanide derivative (VII) with respect to 2-chloro benzaldehyde (VI) in the ratio
preferably between 1 to 1.2 equi\)a.lents. The racemic cyano compound (IV) thus obtained,
can be resolved into optically active (+) and (-) forms.

The cyano compound (IV) thus obtained can be converted into corresponding acid of
formula (III), amide of formula (II) or acid of formula (I) as shown in Scheme 1(R. C.
Larrock, in “Comprehensive Organic Transformations”, John Wiley & Sons, Inc, 1999, 2nd
Ed., 815 — 818 and references therein).

Yet, another aspect of the present invention is to convert these intermediates II and III,
into compounds of formula I, as shown in scheme 1. Each of (&), (+) or (-) the isomer of
intermediate of formulae II and III, can be converted into the corresponding isomer of
compounds of formula I. ‘ |

The preferred route to obtain the compound of formula (I), involves conversion of either
#), (}) or (-) isomer cyano compound (IV) and its salts, into amide compound of formula
(ID), in the presence of suitable acids/base reagents in suitable solvents. Later resolving the

amide into optically active (+) or (-) form or its salt and the optically active amide is being

oy wam./:-roc:rz
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converted into optically active ester of formula (I) in presence of suitable catalyst and

reagent.

The reaction to convert cyano compound of formula (IV) into amide compound of
formula (IT) may be carried out in presence of reagents, which include acid or a base. Suitable
acids which may be used are, acetic acid, p-toluenesulfonic acid, trifluoroacetic acid,
chloroacetic acid and the like or a.hhydrous alcoholic or aqueous solution of mineral acids
such as sulfuric acid, HCI, HBr and the like. A base is preferred whenever the starting
material is a racemic mixture. Suitable base which may be used are lithium hydroxide,
sodium hydroxide, potassium hydroxide, potassium zert-butoxide, or mixtures thereof,
preferébly alkali metal hydroxides. Along with alkali metal hydroxides, excess of hydrogen
peroxides or metal peroxides may also be used in the above reaction. Suitable solvent/s for
the above reaction may be aqueous, polar or protic solvents such as water, (C;-Cg)alcohol,
acetone, acetic acid, dimethyl formamide, THF, DMSO, dioxane, DME and the like or
mixtures thereof; preferably solvent consists of water, methanol or ert-BuOH or mixture of
these solvents, in a ratio varying between 1:1 to 1:10.

The temperature ranges from 20 °C to 250 °C, preferably, from 50 °C to 150 °C. The
reagents used in the above process can be in the range from 0.01 to 1.2 moles equivalents.
The reaction may be carried out in the absence or presence of an inert atmosphere such as Na,
He or Ar. The reactions under the basic conditions are preferably under inert atmosphere. The
duration of reaction may range from 1/2 hr to 5 days, preferably from 2 hrs to 2 days.

The amide of formula (II), in either racemic or optically active (+) or (-) form, or their
salt, can be converted to corresponding methyl ester of formula (I), in presence of at least one
equivaleni of methanol and acid, in suitable solvent.

Suitable acids which can be used include acetic acid, polyphosphoric acid, p-
toluenesulfonic acid, trifluoroacetic acid, chloroacetic acid, or mineral acids, which includes,
sulfuric acid, HCl, HBr and the like, which could be in different forms like acid dissolved in
alcohol, anhydrous acids dissolved or saturated in alcohol and alcohol used may be methanol.
The preferable acid is concentrated sulfuric acid in the 1 to 50 equivalent ratio. Suitable
solvents for the above transformation may be polar or protic solvent such as hydrophilic
solvents including methanol, acetone, acetic acid, THF, DMSO, dioxane, DME and the like
or mixtures thereof. The preferable solvent consists of methanol at least in one equivalent and
may be in large excess such that it acts as a solvent. Sometimes inert cosolvent, such as

toluene, xylene etc. can also be used.
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The temperature ranges from 20 °C to 250 °C, preferably from 50 °C to 150 °C. The

reaction may be carried out in the absence or presence of an inert atmosphere such as Ny, He

‘or Ar. The duration of reaction may range from 3 hrs to 5 days, preferably from 4 hrs to 2

days. .

It is possible to convert compound of formula (IV) in either racemic or optically active
(+) or (-) form or its salt is converted into the corresponding acetic acid derivative of formula
(IIT) in presence of suitable solvent and reagent. Suitable solvent/s may be aqueous or
alcoholic in nature. Suitable reagents for the above reaction include acids as well as bases.

It is also possible to convert the cyano compound of formula (IV) in either racemic or
optically active (+) or (-) form or its salts, directly into methyl ester of formula (I), in
presence of at least one equivalent of acid and at least one equivalent of methanol in suitable
solvents according to methods known in the literature. ' |

The acid of formula (III) in either racemic or optically active (+) or (-) form or its salts
can be converted into corresponding methyl ester of formula (I), in presence of suitable
reagent in suitable solvents and at least one equivalent of methanol.

Suitable reagent which can be used include, thionyl chloride, acid chlorides such as
pivaloyl chloride, alkylchloroformates like ethyl or methyl chloroformates and other such
reagents which activate the COOH group, in a 1:1 equivalent ratio. Suitable solvent for the
above transformations may be .polar or protic solvent such as, methanol, acetone,
dimethylformamide, THF, DMSQO, dichloromethane, dichloroethane, dioxane, DME and the
like or mixtures thereof. The preferable solvent consists of methanol in at least one equivalent
and may be in large excess such that it acts as a solvent. The temperature ranges from 20 °C
to 250 °C, ‘:preferably from 50 °C to 150 °C.

The reagents used in above process may range from 0.01 moles to equimolar ratios. The
reaction may be carried out in the absence or presence of an inert atmosphere such as N, He
or Ar. The duration of reaction may range from 3 hours to 5 days, preferably from 3 hr to 2
days.

This manufacturing process to prepare the compounds of general formula (I) as shown in

scheme 1, has following advantages:
1) It requires less number of steps to prepare the compounds of the formula (I).
2) Simple readily available reagents / chemicals are used. '
3) Milder reaction conditions are employed in various steps.

4) Ttis possible to get chiral/optically active intermediates at every stage (I, II, I, IV, or
V)
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5) It is possible to racemize the unwanted isomers thereby enhancing éfﬁciency and
reducing environmental load.
6) The above factors contribute to improve cost effectiveness of the process described
herein. l |
The compounds of the formulae (I), (I), (III) and (IV) can be resolved by various
methods to get optically active compounds of the formulae (I), (IT), (II) and (IV), which can
give Clopidogrel of desired stereochemistry (R. A. Sheldon, in “Chirotechnology”, Marcel
Dekker, 'Inc. NY, Basel, 1993, 173-204 and references thérein; A. N. Collins, G. N.'
Sheldrack and J Crosby, in “Chirality in Industry II”, John Wiley & Sons, Inc, 1997, 81-98
and references therein; E. L. Eliel and S. H. Wilen, in “Stereochemistry of Organic
Compound”, John Wiley & Sons, Inc, 1999, 297-464 and references therein).

The process of resolution comprises of dissolving the racemic mixture (of formulae 1, II,
111 or IV) in suitable solvent and addition of a suitable chiral reagent. Optionally the medium
may contain water about < 5 %. Suitable solvent is selected on the basis whether the
diastereomeric salt precipitates out differently. The separation of diastereomeric salt may
result either spontaneously or By addition of co-solvent or salting out or evaporation of the
solvent or addition of a cosolvent. Alternatively, the separation may result simply by stirring
at a suitable temperature in a solvent(s) until one of the salts preferentially precipitate out.
Purification of diastereomeric salt is possible by refluxing in a suitable solvent. The free base
is liberated from its salt using a suitable base reagent. The diastereomeric salt is dissolved or
suspended in a mixture of water and organic solvent and is neutralized with a base under
stirring. The free base is obtained after separation of aqueous layer and evaporation of the

organic solvent.

The solvents used during the resolution can include solvents or mixtures thereof such as
(C)-Cq) alcohol, (Cy-Ca)ketone, dimethylformamide, ethyl écetate, methyl acetate, methyl
ethyl ketone, acetonitrile, propionitrile, THF, dioxane and the like; the solvent used
optionally may contain water up to 5 %, but presence of water or its amount is not critical.

Suitable temperature range for the resolution includes temperature from 0 °C to reflux

temperature of the solvent used, preferably 0 °C to 80 °C. The acid chiral reagents, which can
be used to form a diastereomeric salt, include tartaric acid, mandelic acid, lactic acid,
camphorsulfonic acid, lactic acid, maleic acid, amino acids and the like.

By repeated érystallization from a suitable solvent, the precipitated salt is enriched in the

salt of dextrorotatory isomer of the desired diastereomer to yield a product of constant optical

rotation.
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Suitable base reagent for the hydrolysis of diastereomeric salt includes sodfum carbonate,
potassium carbonate, sodium hydrogen carbonate and potassium hydrogen carbonate in
aqueous media at temperatures varying between 5 °C to 25 °C.

Finally, the desired salt of compound of formula (II), (III), or (IV); or pharmaceutically
acceptable salt of compound of formula (I) can be formed from the corresponding
stereoisomer and a suitable acid. The optically pure (S)-(+) compound of formula (I), is
converted into its bisulfate salt using sulfuric acid 70 % to 98 %, in an appropriate solvent at

suitable temperature to afford (+)- Clopidogrel bisufate, polymorph I as desired.

Alternatively, the diastereomers formed may be separated by conventional methods of
purification such as fractional crystallization, column chromatography and the like followed
by cleavage of salt to give product of desired stereochemistry. It is preferable to use, such a
chiral agent, which can selectively form diastereoisomer with either R or S stereoisomer of

intermediate I, II, IIT or IV. The chiral reagent used may be in 0.5 to 1.1 molar ratio.

Determination of the enantiomeric purity of the (+)-dextrorotatory and (-)-laevorotatory
enantiomers may be carried through proton NMR spectroscopy with the addition of a chiral
rare earth reagents (shift reagents) or by HPLC using a chiral stationary phase as well as

through measurement of optical rotation.

The absolute stefeochemistry of the diastereomeric salt of II, III or IV compounds may be
determined using conventional methods, such as X-ray crystallography. The absolute

stereochemistry of chiral compounds can also be determined by comparing it with the

reference standards known in literature.

The pilarmaceuticauy acceptable mineral and organic acid salts of optically active
enantiomers of Clopidogrel are prepared using various acidic salts, which forms a part of this

invention but are not limited to hydrogen sulfates, hydrohalides, taurocholates and the like.

More specifically the present process of invention results in Clopidogrel bisulfate of
melting point 184 #3 °C, which is characteristic of Clopidogrel bisulfate form L
Alternatively, Clopidogrel bisulfate form II can also be prepared by known method (WO
99/65915, FR 98 07464).

The process of this invention also includes the process to recycle the unwanted
stereoisomer through racemization. The conditions for racemization of all the intermediates
of general formula II, ITI or IV as well as final product I, involves the similar solvent and
catalyst in equimolar quantities. Suitable catalyst is generally a base such as LDA(Lithium
diisopropylamide), KOH, NaOH, K'-#-BuO, NaOMe, NaH, KH and the like. Suitable

e
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solvent used during the resolution can include solvents or mixtures thereof such as (C-Cy)
alcohol, (C;-Cs)ketone, ethyl acetate, methyl acetate, methyl ethyl ketone, THF, dioxane and
the like; the solvent used optionally may contain water up to 5 %. Suitable temperature range

for the resolution includes temperature from 0 °C to reflux temperature of the solvent used,

preferably 0 ° t0 80 °C.

The process described in the present invention is demonstrated in the examples illustrated
below. These examples are provided as illustration only and therefore should not be

construed as limitation to the scope of the invention.

EXAMPLE 1
(£)-(2-chlorophenyl)~(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-ylhacetonitrile (TV)

To a solution of 8.98 g (86.33 mmole) sodium bisulfite in water (27 ml), o-
chlorobenzaldehyde 12.4 g (86.33 mmole) was added resulting in a white precipitate. To the
precipitate, 15 g (0.107 moles) of 6,7-dihydro-4H-thieno[3,2-c]pyridine was added, followed
by addition of 4.4 g (89.7 mmoles) NaCN (dissolved in 15 mL water). The reaction mixture
was heated at 40 - 50 °C for 6 hrs and was qﬁenched by pouring in water (50 mL). The
mixture was extracted with 2 x 100 mlL of ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed under reduced pressure. The yield of
the title product is 24 g (97 %).

The product obtained was characterized using IR spectrum, Mass, '"C-NMR and 'H-

NMR, which are as given below :

IR spectrum (cm™) : 2227 (w, CN group)

Mass spectrum  (m/z) : 289.1 (M+H)*

BCNMR (CDCl) : 8 136.46, 132.78, 132.38, 130.69, 130.46, 130.38, 129.90, 126.73,

124.96, 123.01, 115.09, 59.12, 49.30, 47.66, 25.47.
'H-NMR (CDCL)  : 87.2-7.7 (4H, m), 7.0 (1H, d), 6.69 (1H, d), 5.32 (1H, s), 3.78 (1H,
d), 3.65 (1H, d), 2.8-53.0 (4H, m).

EXAMPLE -2
(£)-(2-chlorophenyl)-(6,7-dihydro-4 H-thieno[3,2-c]pyrid-5-yl)acetonitrile (IV)
140.5 g (1 mol) of o-chlorobenzaldehyde and 65 g of (1.01 mol) KCN was added to 3.5L
of methanol. 139.05 g (1 mol) of 6,7-dihydro-4H-thieno[3,2-c]pyridine and 190 mL of glacial

acetic acid was added to the reaction mixture, which was heated at 60 °C for 20 hrs with



10

15

20

25

30

WO 02/059128 PCT/IN02/00012
14

stirring. After 8 hrs, precipitate begins to appear and then the reaction mixture was poured in
water and extracted with (2 x 25 mL) ethyl acetate. The solvent was removed under reduced
pressure aﬁd the residue purified as described in Example 1. The yield of product was 187 g
(65 %), having melting point = 123 =124 °C.

The product obtained was characterized using IR spectrum, Mass, *C -NMR and 'H-
NMR and was found to be identical to the product obtained in example 1.

EXAMPLE-3
(:t)-(2-chlorophcnyl)-(6,7-dihydro-4H-thieno[3,2-0]pyrid-S-yl)acetonitrile av)

27.6 g (266 mmol) of sodium bisulfite was dissolved in 100 mL water, and 38.2 g (271
mmol) o-chlorobenzaldehyde was added after dissolving in 100 mL methanol. A thick white
shurry results, which was heated at 60 °C for 1 hour, followed by addition of, 36.97 g (266
mmol) of 6,7-dihydro-4H-thiéno[3,2-c]pyridine at 40 °C and was stirred for 2 hrs. To this
reaction, 17.29 g (266 mmol) of KCN dissolved in 50 mL water was added carefully and
heating was continued at 40 °C for 5 - 6 hrs, giving white precipitate. The reaction mixture
was worked as described in Example 1 and the yield obtained was 54.6 g (72 %).

The product obtained was characterized using IR spectrum, Mass, >C -NMR and 'H-

- NMR and was found out to be identical to the product obtained in example 1.

EXAMPLE 4
(:i:)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetohitrilc av)
4.5 g (25.64 mmol) 6,7-dihydro-4H-thieno[3,2-c]-5-pyridinium hydrochloride was added

(at 10 °C) to solution of potassium cyanide 1.95 g (30 mmol) in 2 mL of ice-cold water, and

was followed by dropwise addition of 5 mL concentrated hydrochloric acid at 0 °C. After
addition of HCI, 3.3 g (23.47 mmol) o-chlorobenzaldehyde dissolved in 50 mL methanol,
was added dropwise. Later the reaction mixture was kept at room temperature for 3 days and
afterwards at 50 °C for 3 hrs. The pH was adjusted to 7.5 - 8.0 by dropwise addition of
NH4OH and the product was extracted with ethyl acetate (2 x 50 mL). The solvent was dried
over sodium sulfate and evaporated under reduced pressure. The amount of product obtained
was 1.67 g (18 %) with melting point = 122 —124 °C.

The product obtained was characterized using IR spectrum, Mass, '°C -NMR and 'H-
NMR and was found to be identical to the product obtained in example 1.
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EXAMPLE 5
(#)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-5-yl)acctonitrile (IV)

6.25 g (44.46 mmol) o-chlorobenzaldehyde was dissolved in 60 mlL of toluene. To the
same flask, 10 mL glacial acetic acid and 1.24 g (4.343 mmol) cyclo[(S)-histidine-(S)-phenyl
alanine] were added, and the temperature was lowered to -25 °C. This was followed by
addition of 7 g (50.35 mmol) 6,7-dihydro-4H-thieno[3,2-c]pyridine and the reaction flask was
purged with HCN gas (at the rate of 30 bubbles/min) at -25 °C for 6 hrs and later was stirred
at 31 °C for 2 days. The solvent was removed under vacuum, the residue was purified as
mentioned in example 1. The amount of product obtained was 5.5 g (43 %) with melting
point = 124 =125 °C,

The product obtained was characterized using IR spectrum, Mass, °C -NMR and 'H-

NMR and was found to be identical to the product obtained in example 1.

EXAMPLE 6
(¥)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile (IV)

As described in Example 5, the adduct was formed between 104.3 g (1 mol) sodium
bisulfite and 144.39 g (1.02 mol) o-chlorobenzaldehyde, to which 150 g (1.078 mol) 6,7-
dihydro-4H-thieno[3,2-c]pyridine was added at 31 °C to and stirred for 1 hr. 102 g TMS-CN
was added dropwise and temperature was maintained at 31 °C for 6 hrs, resulting in a white
product, which was isolated and purified according to the procedure in example 1. The yield
obtained was 30 g (10 %) having melting point about 123-124 °C.

The product obtained was characterized using IR spectruﬁx, Mass, *C -NMR and 'H-

NMR and was found to be identical to the product obtained in example 1.

EXAMPLE 7
(#)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile (IV)

To 19.5 g (250 mmol) KCN dissolved in water (20 mL) and 43 g (250 mmol) 6,7-
dihydro-4H-thieno[3,2-c]pyridine was added, followed by dropwise addition of 50 ml
concentrated hydrochloric acid. After the addition was complete, a solution of 33 g (230
mmol) o-chlorobenzaldehyde in 100 mL methanol was added dropwise and stirred for 8 hrs
at 31 °C. The pH of the reaction mixture was adjusted to 7.5 - 8.0 using NH;OH and the
product was extracted with ethyl acetate (2 x 500 mL) and washed with water (2 x 500 mL),
brine (500 mL) and was dried over sodium sulfate, The solvent was evaporated under

reduced pressure to give of 50 g (74 %) the product with melting point of about 123-125 °C.
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The product obtained was characterized using IR spectrum, Mass, °C -NMR and 'H-

NMR and was found to be identical to the product obtained in example 1.

‘ EXAMPLE 8
(%)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile (TV)

To the solution of 35.5 g (342 mmol) sodium bisulfite in 35 mL water, 49.1 g (349 nﬁmol)
of o-chloro benzaldehyde was added dropwise, whereupon solid adduct forms
instantaneously. To this 50 g (284.9 mmol) 6,7-dihydro-4H-thieno[3,2-c]pyridine
hydrochloride was added and refluxed for 5 hrs. The usual workup and purification gave 40 g
(40 %) of the product.

The product obtained was characterized using IR spectrum, Mass, >C -NMR and 'H-

NMR. The product obtained was found to be identical to the product obtained in example 1.

EXAMPLE 9
(&)-(2-chlorophenyl)-(6,7-dihydro-4H-thicno[3,2-c] pyrid-S-yl)acetonitrile (IV)

123.83 g (880 mmol) o-chlorobenzaldehyde and 44 g (897 mmol) sodium cyanide were
added to in 100 mL of methanol and water (1:1) mixture. To this 150 g (1070 mmol) 6,7-
dihydro-4H-thieno[3,2-c]pyridine was added, followed by the addition of 10 mL concentrated
hydrochloric acid and was stirred for 2 days at 31 °C temperature. The pH of reaction mixture
was adjusted to 7.5 - 8.0 using NH4OH. The product was extracted with ethyl acetate (2 x 50
mL) and washed with water (2 x 50 mL), brine (50 mL) and was dried over sodium sulfate,
and isolated as given in Example 1. The amount of white solid product obtained was 33 g (13

%), which was characterized as usual.

EXAMPLE 10
(%)-(2-chlorophenyl)-(6,7-dihydro-4 H-thieno[3,2-c]pyrid-S-yl)acetamide (II)

48 g (0.166 mol) (&)-(2-chloropheny!)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetonitrile was suspended in 240 ml #~-BuOH, and add 18.26 g (0.332 mol) of KOH was
added in one lot with stirring. The reaction mixture was refluxed at 80 - 82 °C for 3 hr., then
cooled to 30 °C, 240 mL of water was added and stirred for 20 min. The lower aqueous layer
was separated and fresh 720 mL chilled water (5 - 10 °C) was added slowly in 15 min. The
product was extracted with ethyl acetate (2 x 50 mL) and washed with water (2 x 50 mL),

brine (50 mL) and it was dried over sodium sulfate, followed by isolation by evaporating the

U
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solvent under reduced pressure. On treatment with hexane solid was obtained. The yield of
product was 48 g (94 %).

The product obtained was characterized using IR spectrum, Mass, *C -NMR and 'H-
NMR, which are as given below;

IR specfrum (cm™) : 1656 (s, C=0 group), 2333.7 (N-H)
Mass spectrum  (m/z) : 307.2 (M+H)"
BC-NMR (CDCl) : & 173.82, 135.32, 133.42, 133, 13027, 129.99, 129.4, 126.98,

125.18, 122.98, 69.12, 50.77, 49.10, 25.82.
'H-NMR (CDCl;}) :87.4-7.5 (4H, m), 7.24 (1H, d), 7.0 (1H, s), 6.66 (11, d), 6.0 (1H, s),
4.88 (1H, d), 3.61 (2H, q), 2.88 (4H, m).
Melting point :125-127°C

EXAMPLE 11
(£)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-5-yl)acetamide (1)

100 mg (0.3466 mmole) (+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetonitrile of formula (IV) prepared according to Example 1-9, was dissolved in the 5 mL
HCl and 1 mL trifluoroacetic acid and 5 mL #-butanol was added and refluxed for 4 hrs.
After the reaction was complete, the product was isolated as mentioned in example 11. The
yield of the product was 40 mg (38 %).

The product obtained was characterized using IR spectrum, Mass, °C -NMR and 'H-
NMR and was found to be identical to the product obtained in example 10.

EXAMPLE 12
(£)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-S-yl)acetamide (II)

In 100 mg (0.346 mmole) (&)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)

acetonitrile of formula (IV) (prepared according to Example 1 to 9, 5 mL formic acid and 5
mL concentrated hydrochloric acid was added and the reaction mixture was stirred for 48 hrs
at 25-30 °C, and later refluxed at approx. 100 °C for 6 hrs and was stirred for 8 days at 25-30
°C. After completion of reaction, the reaction mixture was worked up as mentioned in
Example 10. The yield of the product was 50 mg (47 %).

The product obtained was ché.racterized using IR spectrum, Mass, *C -NMR and 'H-
NMR. The product obtained was identical to the product obtained in example 10.

EXAMPLE 13

e —————a A /
=
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(*)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide (ﬁ)

200 mg (0.694 mmole) (*)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetonitrile of formula (IV) prepared according to Example 1-9, was added to 5 ml HBr
and 5 ml Hy0 and was stirred for 72 hrs at room temperature. The reaction mixture was then
refluxed for 11 hrs at 100 °C and the product was isolated as mentioned in example 10. The

yield of the product was 50 mg (47 %).
The product was characterized using IR spectrum, Mass, °C -NMR and 'H-NMR and

was found to be identical to the product obtained in example 10.

EXAMPLE 14
(£)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide (IX)

1 g (347 mmole) (&)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetonitrile, was dissolved in 5 mL H2S04(50 %). To the reaction mixture 0.405 g
anhydrous NaCl was added and reflux the reaction at for 2-3 hrs. At the end of reaction, the
product was isolated as described in Example 10. The yield of the product was 600 mg (57
%). ‘

The product was characterized using IR spectrum, Mass, *C -NMR and 1I—I—NMR and

was found to be identical to the product obtained i in example 10.

EXAMPLE 15
(%)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide (II)

1 g (347 mmole) (&)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetonitrile was dissolved in the 5 g (5 mmol) HCIQ,4 and 10 mL H,O was added to the
reaction mixture. The reaction mixture was refluxed at 105 °C for 7 hrs and later stirred at
room temperature for 12 hrs. The pH was raised until 10-12, using 10 %w/v NaOH solution
and later extracted with 50 mL dichloromethane. The organic layer was isolated, and washed
with water and evaporated under reduced pressure. The residue was treated with hexane to
give 50 mg (47 % yield) solid, having melting point 125-127°C.

The product obtained was characterized using IR spectrum, Mass, '*°C -NMR and 'H-

NMR and was found to be identical to the product obtained in example 10.

EXAMPLE 16
(#)-(2-chlorophenyl)-(6,7-dihydro~4 H-thieno[3,2-c]pyrid-5-yl)acetamide (IT)
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1 g (347 mmol) of (%)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3, 2-c]pyrid-5-
ylacetonitrile was suspended in 10 mL t-BuOH, and 277 mg (6.925 mmol) crushed NaOH
was dumped under stirring. The reaction mixture was refluxed at 80 - 82 °C for 4 hrs,
followed by cooling to room temperature. The product was isolated by extraction with ethyl
acetate. The organic extract was evaporated, and oily material left.behind upon hexane
treatment yields 400 mg solid (38 %).

. The product obtained was characterized using IR spectrum, Mass, °C -NMR and 'H-
NMR and was found to be identical to the product obtained in example 10,

EXAMPLE 17

(:!:)-(Z-chlorophenyl)-(6,7—dihydro-4H-thieno[3,2—c]pyrid-S-yl)acetamide am

3 g (0.01 mol) (:!:)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pYrid-5-yl)acetonitrile
was suspended in 50 mL acetone. To this solution 1 g (0.023 mol) NaOH dissolved in 10 mL
water was added, followed By 5 mL H,0; (0.05 mol, 30 % w/v) in one lot and was refluxed
for 3 hrs. The reaction mixture was cooled to room temperature and 5 mL H,0; (0.05 mol, 30
% wiv) was added again and stirred for 12 hrs, The product was isolated by addition of
excess water and extracted with 1 L ethyl acetate. The organic extract was evaporated to give
2.8 g crude oily material, which after treatment with hexane, yields 1 g solid (31 %).

The product obtained was characterized using IR spectrum, Mass, *C -NMR and 'H-
NMR and was found to be identical to the product obtained in example 10.

EXAMPLE 18
(i)-(Z-clilorophenyl)—(6,7-dihydro-4H—thieno[3,2-c]pyrid-S—yl)acetamide Im
To 10 g (0.0346 mol) (:*:)-(2—chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetonitrile suspended in 30 ml isopropy! alcohol, 3.9 g (0.0589 mol) crushed KOH (85 %)

was added slowly and the mixture was warmed, and 120 ml water was added. The pH of

aqueous layer was brought to 7 using dilute hydrochloric acid. The white solid precipitate
was filtered and washed with 100 mL water. The yield of product was 9 g (85 %) with
melting point : 122 °C,

The product obtained was characterized using IR ‘spectrum, Mass, 3C -NMR_ and 'H-
NMR and was found to be identical to the product obtained in example 10.

EXAMPLE 19

£

A
B

P s e s s
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;
(:h)-(2-chloropllenyl)-(§,7-dihydro-4H—thigno[3,2-c]pyrid-S-yl)acetamide hydrogen
sulfate salt (II)

2 g (648 mole) of (£)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-¢]pyrid-5-
yl)acetamide of formula (IV), was dissolved in 10 mL acetone. To the reaction mixture 1 mL
of sulfuric acid was added and was stirred for 0.5 br, Later 5 mL of diethyl ether was added
and stirred overnight at room temperature to obtain a salt. The salt 2 g (76 %) was isolated by
filtration and washed with acetone.

Melting point : 199.1°C
IR spectrum : 1682.8, 3116 (cm ™).

EXAMPLE 20
(i)—(z-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5—yl)acetié acid (IIT)

To 100 mg (0.3466 mmole) (+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl) acetonitrile was dissolved in 2 mL z-butanol and add 1.5 mL HCI was added. The reaction
mixture was refluxed for 9 hrs at 100 °C. In the end, after the completion of reaction, water
was added and pH was brought to 4 with 10 % KOH solution. The product was extracted
with 5 mL dichloromethane and proceeded as given in the earlier example. The yield was 40
mg (38 %).

The product obtained was characterized using IR spectrum, Mass, *C -NMR and 'H-
NMR, which are as given below;

IR spectrum (cm™) @ 1637.5 (5, C=0 group), 3399.3 (O-H)

Mass peaks  (m/z) :308.1 M+H)*

'H-NMR (5 ppm) : & 7.22 - 7.89 (4H, m), 5 7.11 - 7.12 (1H, d), 5 6.61 - 6.63 (1H, d), 5 3.57 -
3.67, (2H, d), 6 4.13 (24, s), & 3.32-3.42 (2H, s).

EXAMPLE 21
(&)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-5-yl)acetic acid (IIX)

S g (1733 mmole) (*)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetonitrile was added to 100 mL HCI and the mixture was stirred for 2 days and later
refluxed for 15 hrs. in the end the reaction mixture was dumped in water, and the pH was
raised to 4 using 10 % KOH. The product was extracted with 2 L. dichloromethane, washed
with water, and the organic layer was evaporated to obtain the residue. Usual purification of
the residue gave 2 g of solid (38 %). -
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The product obtained was characterized using IR spectrum, Mass, *C -NMR and 'H-
NMR. The product obtained was found identical to the product obtained in example 20.

EXAMPLE 22
(£)-Methyl (2-chlorophenyl)-(6,7—dihydro-4H-thieno[3,2—c] pyrid-S-yl)acetate (1)

Mix 10 g (32.62 mmole) (:!:)-(2~chlorophenyl)-(6,7-dihydro-4H-thieno[3,2—c]pyrid—5-yl)
acetamide (prepared according to example 15), with 19.8 g (161.7 mmole) DMFDMA
(Dimethyl formamide dimethylacetal) in 100 mL methanol. The mixture was refluxed at 70
°C for 14 br. Later the reaction mixture was quenched in water and extracted with ethyl
acetate. The organic extract was evaporated under reduced pressure to give 5 g of oily

product (48 %). This oil was used without any further tréatment to prepare salts of ester D.

EXAMPLE 23
(£)-Methyl (2-chlorophenyl)—(6,7-dihydro-4H-thieno[3,2—c] pyrid-S-jl)acetate ()]

15 g (0.0490 mol) of (:b)-(z-chlorophenyl)-(6,7-dihydro-4H-thicno[3,2-c]pyrid-'5-
yl)acetamide, was dissolved in 105 mL methanol, with stirring. To the above solution, 45 mL
(0.823 mol) of concentrated sulfuric acid (98 %) was added dropwise at room temperature
and over a period of 1.5 hour. Later the reaction mixture was refluxed at 80 °C for 26 hour,
followed by distillation of methanol. To the residue left behind, 200 mL ethyl acetate was
added at temperature between 0 °C to 5 °C along with stirring. After the addition 99 g (1.764
mol) KOH dissolved in 300 mL wat;r was added to the reaction and was stirred for 0.5 hour.

Finally, the reaction mixture was filtered and allowed to stand. The organic layer was isolated

- and dried over anhy. Na;SOq4. The solvent was evaporated to obtain oily product. Yield was .

10 g (64 %). |

EXAMPLE 24
(£)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-S-yl)acetate hydrogen
sulfate salt (I)

10 g of (+) Methyl (2-chlordi)henyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate
prepared according to Example 22, was dissolved in 100 mL of ice-cold acetone and 2 mL
concentrated sulfuric acid was added at 0 °C to 5 °C. The crystalline white to off white
product formed was isolated by filtration and washed with 20 mL of acetone, The product

obtained was dried in vacuum oven at 50 °C. The yield of titled product. was 7.2 g (56 %).

BV
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EXAMPLE 25
(£)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno{3,2-c] pyrid-5-yl)acetate (I)

2 g (000652 mol) (%)° (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
ybDacetamide and 2 mL (0.0308 mol) methane sulfonic acid and 20 mL methanol were mixed
and the solution was refluxed at 85 °C for 12 hrs. The excess of solvent was removed under
reduced pressure. The pH was adjusted to about 9 with aq. solution of sodium bicarbonate at
0 °C, and the product was extracted with 70 mL ethy! acetate. The combined organic extracts
were dried over anhy. Na;SO4 and concentrated. The residue obtained was purified by
column chromatography using hexane : ethyl acetate as eluent. The product thus obtained
was concentrated, was stored under nitrogen atmosphere, and kept in refrigerator before

converting into salt. The yield of titled product was 0.419 g (20 %).

EXAMPLE 26
()-Methyl (2-chlorophenyl)-(6,7-dihydro-4 H-thieno[3,2-c]pyrid-5-yl)acetate (I)

1 g (000326 mol) (%) (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetamide was dissolved in 20 mL methanol and refluxed at 85 °C. During the reflux 10
mi, polyphosphoric acid was added dropwise over a period of 1 br and refluxing was
continued for 6 hour. The excess of solvent was removed under reduced pressure. To the
residue, 50 mL ethyl acetate was added at 0 °C and the reaction mixture was made basic with
aq. NaHCOs;, upto pH 9. Out of the two phases separated, the organic layer was isolated,
dried over anhydrous Na,SO4 and concentrated. The residue obtained was purified by column
chromatography using hexane:ethyl acetate (9:1) as eluent. The product obtained was stored

under nitrogen atmosphere and kept in refrigerator before converting into salt. The yield of
titled product was 310 mg (30 %).

EXAMPLE 27
(*)-Methyl (2-chlorophenyl)-(6,7-dihydro-4 H-thieno[3,2-c]pyrid-5-yl)acetate (1)

1 g (000326 mol) (&) (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetamide was added to 2 mL toluene at 0 °C along with stirring, followed by dropwise
addition of 1 mlL titanium tetrachloride, and the reaction was stirred at 0 °C for 1 hour. Later
18 mL of methanol was added, and then the reaction was stirred for 36 hour at 29 °C and later
reflux for 3 hrs. The solvent was distilled under reduced pressure and the residue was added
to aq. sodium carbonate at 0 °C. the product was extracted with 20 mL ethyl acetate, and the

organic layer was isolated, dried over anhy. Na;SQO4, concentrated and purified by column

&
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chromuatography using hexane : othyl acetute as eluent. The product obtained was stored
under nitrogen atmosphere and kept in refrigerator before converting into salt. The yield of
titled product was 0.157 g (12-15 %).

EXAMPLE 28
(*)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-S-ylacetate (I)

To 5 g (1631 mmol) (%) (2-chloropheny1)-(6,7—dihydro-4H-thieno[3,2-c]pyrid-57
yl)acetamide, 25 mL POCl; was added under stirring. The contents were refluxed until amide
was completely consumed (approx. 4 hr). Afterwards 20 mI methanol and 5. mL
concentrated H,SO4 were added and stirred at room temperature for 1 hour. Later the reaction
mixture was refluxed for 1 hour. The reaction mixture was quenched with aq. Na,CO; at 0
°C, and extracted with 200 mL ethyl acetate, The organic layer was isolated, dried over anhy.
Na;S04, concentrated and purified by column chromatography using hexane : ethyl acetate as

eluent. The product obtained was stored under nitrogen atmosphere and kept in refrigerator

before converting into salt. The yield of titled product was 0.943 g (18%).

EXAMPLE 29
(*)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-5-y)acetate (1)

1 g (000326 mol) (%) (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yl)acetamide was dissolved in 10 mL methanol. The reaction mixture was saturated with HCI
(g) at 0 °C, was stirred at room temperature for 4 hrs, and later was refluxed for 6 hrs. The
solvent was removed under reduced pressure. To the residue, 10 mL of ethyl acetate and
aqueous NaHCO; until pH was 9 (at 0 °C) were added. The organic layer was isolated, dried
over anhy. Na;SO4, evaporated under reduced pressure. The residue was further purified by
column chromatography using hexane : ethyl acetate as eluént. The product obtained was

stored under nitrogen atmosphere and kept in refrigerator before converting into salt. The
yield of titled product was 0.188 g (18 %).

EXAMPLE 30
(£)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I)
To 1 g (0.00326 mol) (&) (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
ylacetamide, 3 g (24.2 mmole) DMFDMA (dimethyl formamide dimethyl acetal) and 10 mL
methanol were added. The reaction mixture was refluxed at 70 °C for 14 hr, and then poured

in water and extracted with ethyl acetate. The combined organic layers are dried over anhy,

| \"J‘i
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Na;SO,, evaporated under reduced pressure. The residue was further purified by column

chromatography using hexane : ethyl acetate (9:1) as eluent. The yield of titled product was
500 mg (48 %).

EXAMPLE 31
(8)-(+)~(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-5-yl)acetamide an

a) A solution of 5 g (16.31 mmol) of (£)-(2-chloro-phenyl)-(6,7-dihydro-4 H-thieno[3,2-.

clpyrid-5-yl)acetamide (prepared as given in Examples 10-15) and 4.15 g (16.2 mmol) (19)
(+)-camphor-10-sulphonic acid monohydrate in 100 mL acetone was stirred at room
temperature for 20 h. Subsequently it was kept for 1 week in a freezer. Few crystals appeared
concentration of volume by evaporating solvent under reduced pressure and repeated
recrystallization in freezer for few days gave 3.3 g (75 % yield) of (8)-2-(2-chloro-phenyl)-(4,
5,6,7-tetrahydrothieno[3,2-c]pyrid-5-yl)acetamide (+)-camphor sulfonic acid salt. The salt
was further purified by recrystallization in acetone, until constant specific optical rotation
was obtained.

The product obtained was dried suitably. The typical physicochemical characteristicé of
the product obtained are as follows,
Melting range : 223-225 °C (dec.)
SOR .+ 51° (C=1, MeOH)
b) 33 ¢g (8)-(+)~(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide 10-D-
camphor sulfonic acid salt was added to 20 mL saturated aqueous Na,COs solution and the
product was extracted with 20 mL ethyl acetate. The organic layer was isolated, dried over
Na;304 and concentrated under reduced pressure. The product was obtained crude oil, which
upon purification gives, 1.6 g of white crystals (64 %).

The product obtained was characterized by different physico-chemical characteristics
including IR spectrum, Mass, *C -NMR and 'H-NMR, which are as given below;
Melting point 1153 -154°C
SOR :+41°(C =1, MeOH)
Optical purity : 99.5 % by chiral HPLC column.
IR spectrum (cm™)  : 1656 (s, C=0 group), 2333.7 (m, C-N), 3357.9 (s, N-H str).
Mass peaks  (m/z) :307.2 (M+H)"
“C-NMR (CDCls)  : § 173.25, 134.84, 132.87, 132.65, 129.98, 129.56, 129.0, 126.72,

124.87, 122.64, 68.65, 50.43, 48.73, 25.28,
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'H-NMR (CDCl;) : §7.4 - 7.5 (4H, m), 7.07 (1H, d), 7.06 (1H, d), 6.66 (1H, d), 6.5 (1K, s),

4.9 (1H, s), 3.6 (2H, qQ), 2.88 (4H, m).
HPLC purity 1 99.85%

EXAMPLE 32

(S)-(+)-(2-chlorophenyl)-(6,7-dihydro-4H—thieno[3,2-(:] pyrid-S-yacetamide (1)

a) 2 g (65 mmol) of (i)-(2-chloro-pheny1)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5~
yDacetamide was added to 30 mL acetone. 0.82 g (3.28 mmol) ( 1S)-(-+)-camphor-10- sulfonic
acid monohydrate in 10 ml acetone was added to above solution at 15 - 20 °C in 4 hrs. The
reaction mixture was stirred for another 5 min, where a few crystals were formed. The
solvent was distilled under reduced pressure and then the reaction mixture was kept in cold
condition ‘at temperature below 8 °C. The precipitate formed was filtered and washed with
solvent. The yield of titled product was 1.2 g (60 %) with melting range = 223-225 °C and
[ao =+ 51° (C=1, CH;0H).

b) To the suspension of 1.1 g of (+)-(S)-(2-chlorophenyl)-(6,7-dihydro-4H—thierio[3,2-
c]pyrid-5-yl)acetamide (18)-(+)-camphor-10-sulfonic acid salt in 50 mL water, 50 mL of
saturated Na;COj; solution in water was added. The reaction mixture was stirred for some

- time, and was followed by addition of 100 mL ethyl acetate. The organic layer was isolated,

and distilled to get the title product. The amount of product obtained was 600 mg (60 %,
based upon the dextroisomer present in the racemic mixture).

The product obtained was characterized by different physico-chemical characteristics,
which are as given below; |
Melting range : 149 - 153 °C
[alp ++38°(C=1, CH;0H) with % ee = 97.24 %,

| EXAMPLE 33
(S)-(+)-(2-chloro-phenyl)-(6,7-dihydro-4H—thieno[3,2—c]pyrid-S-yl)acetamide (Im

a) 5 g (16.3 mmol) (:I:)-(Z-chlorophenyl)-(6,7-dihydro-41:l-thieno[3,2-c]pyrid-S-yl)acetamide
was added to 60 mL ethyl acetate. 2 g (8.6 mmol) of (IS)-(+)-camphor-10; sulfonic acid
monohydrate was dissolved in minimum amount of water and added to the above solution in
one lot, and stirred at 35 - 40 °C for 1 hr. In short time salt forms and was isolated, washed
with 50 mL acetone and dried, The amount of product obtained was 1.81 g (36 %).

The product obtained was characterized by different physico-chemical characteristics,
which are as given below;
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Melting range : 145-149 °C,
[o}p acetamide:-36.49° (C=1, CH;OH)

: EXAMPLE 35
($)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-cjpyrid-5-yl)acetate
bisulfate (T)

15 g of (+) (S)-(2-chloro-phenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide
(0.0489 mol), was converted into corresponding ester as given in example 23. The ester can
be converted into its hydrogen sulfate salt, according to the procedure given in example 24.
The amount of product obtained was 7 g (44.5 %), with melting point = 184 - 185 °C,

The melting point, IR spectrum and XRD of the product obtained resembles that of
product obtained in EP 281459 and US 4847265 i.e. now referred as form I polymorph of
Clopidogrel bisulfate (WO 99/65915).

The product obtained was characterized by different physico-chemical characteristics, as

given below;

oo . +55° (C = 1, CH;0H)

Melting point : 185 °C £ 2°C
IR spectrum : 2980, 1755, 1224, 1175 and 840 respectively with the respective % of
percentage
ransmittance of approximately: 45; 16; 19; 15; 45.
XRD was found matching with the form I, XRD reported in WO 59/6591 5.

EXAMPLE 36
(R)-(-)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate
bisulfate (I)
Using 5 g (R)-(-)-(2-chloro-phenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide
obtained in the above example 34, can be converted into ester as given in Example 23. Later

the ester can be converted into hydrogen sulfate salt as given in Example 24, The amount of
product obtained was 3.01 g (44 %).

The product obtained was characterized by different physico-chemical/purity

characteristics, as given below; -

[odp :-52°(C = 1, CH30H)

EXAMPLE 37

S e
2
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($)~(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl) écetate
bisulfate (I) -

a) 10 g (0.0185 mol) (/S)-(+)-camphor-10-sulfonic acid salt of (+)-(2-chlorophenyl)-(6,7-
dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide was dissolved in 40 ml methanol at 0 °C. To
the solution 15 mL (0.28 mol) of conc. H,SO4 was added dropwise within 1.5 hr. Gradually
the reaction temperature was increased, and it was refluxed for 26 hrs. In the end, the solvent

was distilled off under reduced pressure. The residue left behind was mixed with 120 mL of

ethyl acetate and the pH was adjusted between 9 to 10 using aq. sodium carbonate for

extraction. The organic layer was isolated, dried over anhydrous Na,SOs, and evaporated
under vacuum. The product obtained was purified by column chromatography using hexane :
ethyl acetate (9:1) as eluent. The combined eluent was evaporated at reduced pressure to
yield 5.76'g (97 %) of product.

b) 2 g (8)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate was
converted into bisulfate salt according to the procedure given in Example 24. The product

obtained was 2.2 g (84 %) of product and found identical to that obtained in example 35.

: EXAMPLE 38
Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno([3,2-c]pyrid-S-yl)
acetate bisulfate salt (I) ‘

52.5 mL of ice-cold acetone was added to 17.5 g (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate while stirring at 0 °C. 3.6 mL of concentrated
H,SO, was added dropwise and temperature was kept below 5 °C. 20 mL of acetone was
further a;dded and reaction mixture was further stirred for 4 hrs at room temperature.
Precipitate was isolated (17 g, 74 %), dried under vacuum at temperature not exceeding 50
OC. v

The product obtained was characterized by different physico-chemical characteristics and
was found identical to that obtained in example 35, as given below; |
Specific optical rotation : + 54° (C = 1, CH30H)

Melting point :185°C+2°C
IR and XRD were found matching to that reported in the literature.

EXAMPLE 39
Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H~thieno[3,2—c]pyrid-5—
yl)acetate bisulfate salt (I)
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Z.i g (+)-Methyl (2-chloropheuyl)—(6,7—d‘ihydro-4I-I—thieno[3,2-c]pyrid~5-y|)acetatc was
added 7.6 mL of acetone to obtain a clear solution. To this solution, 0.887 g of H,SO4 (80 %)
was added slowly and temperature was maintained around 20 °C under nitrogen atmosphere,
Later the reaction mixture was cooled upto -20 °C for 2 hrs and then the temperature was
brought to room temperature (20 °C). The reaction mixture was stirred at 20 - 25 °C.
Precipitate was isolated (600 mg), dried under vacuum at temperature not exceeding 50 °C.

The product obtained was characterized by different physico-chemical characteristics and
was found identical to that obtained in example 35, as given below;

SOR (@) :+54.03° (C=1.89, MeOH)

Melting point : 185 °C+1°C

Chiral Purity :99.63 % (ee)

IR and XRD were found matching to that reported in the literature.

EXAMPLE 40
Polymorph I of (+)-Methyl (2-chlorophenyl)-(6, 7-d|hydro 4H-thieno[3,2-c]pyrid-5-
yhacetate bisulfate salt (I)

To 2 g (+)-Methyl (2-chloropheny1)-(6,7-dihydro-4H—thieno[3,2-c]pyrid-5-yl)acetate was
added 5 mL of acetone and stirred at 25-30 °C. The temperature of the reaction mixture was
raised from 25 to 65 °C and then kept at 65 °C for 5 min. At temperature 50-52 °C 0.676 g of
concentrated H,SO4 was added. The reaction mixture was cooled from 52 °C to 5 °C, and
additional acetone was added and stirred for 5 min, Later the reaction mixture was stirred at
25 - 30 °C for 12 hrs, the thick precipitate obtained was filtered, washed with 5 mL of
acetone and the residue was dried in a vacuum oven. The yield of titled product obtained was
1.27 g (47 %).

The product obtained was characterized by different physico chemical characteristics and
was found identical to that obtained in example 35, as given below
SOR (a®)  :+54.03° (C =1.89, MeOH)

Melting point : 185 °C +1°C
Chiral Purity : 99.80 % (ee)
IR and XRD were found matching to that reported in the literature.
| EXAMPLE 41
Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H—thieno[3,2-c]pyrid-5-
yDacetate bisulfate salt (I)
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To 198 g (+)-M¢thyl (2-chloropheny1)-(6,7-dihydro-4H-thieno[3,2—c]pyrid-5-yl)acetate

was added 5 mL of acetone and stirred at 25-30 °C. The temperature of the reaction mixture .

was raised from 25 to 50 -52 °C and within one lot 0.7 g of concentrated HySO4 (95 %) was

added with constant stirring and the reaction mixture was suddenly cooled to 0 °C to -5 °C

for 10 min. Later the reaction mixture was stirred at 25 - 30 °C for 12 hrs, the thick

precipitate obtained was filtered, washed with SmL of acetone and the residue (1.6 g, 62 %)

was dried in a vacuum oven.
The product obtained was characterized by different physico-chemical characteristics and
was found identical to that obtained in example 35, as given below;
SOR (@®)  :+55.96°(C =1.89, MeOH)
Melting point : 185°C +1 °C
Chiral Purity : 99.85 % (ee)
IR and XRD were found matching to that reported in the literature.

EXAMPLE 42
Racemization of (R)-(-)-(Z-chlorophenyl)—(6,7-dihydro-4H—thieno[3,2—c]pyrid-5-
yDacetamide (II) |
20 g mixture of laevorotatory (R)-(-)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-
c]pyrid-S-yl)acetamide of formula (II) and 11 g of potassium #-butoxide in 100 mL of 7

" butanol was stirred at 25 °C to 30 °C for 30 min. After completion of reaction, the reaction

mixture was poured in 750 mL cold water to obtain a yellow precipitate. This solid obtained
was filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x
100 mL of DM water (2 x 100 mL) and concentrated to give 18 g of the corresponding
racemic amide i.e. (:i:)-2-(2-chloropheny1)-(6,7~dihydro-4H-thieno[3,2-c]pyrid-5—yl)acetamide
an.

The specific optical rotation of racemic amide (II) was + 1° (C=1, CH;0H).

EXAMPLE 43
Racemization of (R)—(-)-.(Z-chlorophellyl)f-(6,7'-dihydro-4H-thieno[3,2-c]pyrid-S-
yDacetamide (IX) |
1 g mixture of laevorotatory (R)~(-)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-
c]pyrid-5-yDacetamide of formula (II) and 1 g of potassium z-butoxide in 20 mL of DMSO

~ was stirred at 50 °C to 60 °C for 3 hours. After completion of reaction, the reaction mixture

was poured in 150 mL cold water to obtain a yellow precipitate. This solid obtained was
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filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 25 mL

of DM water (2 x 25 mL) and concentrated to give 0.8 g of the corresponding racemic amide
ie. (i)-2-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-S-yl)acetamide.
The specific optical rotation of racemic amide (II) was + 0.5° (C = 1, CH;0H).

EXAMPLE 44
Racemization of (R)-(-)—(2-chlorophenyl)-(6,7—dihydro-4H-thieno[3,2-c]pyrid—5-
yDacetamide (IT)

1 g mixture of laevorotatory (R)-(-)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-
c]pyrid-5-yDacetamide of formula (IT) and 250 mg of so‘dium hydride in dry tetrahydrofuran
was stirred at 25 °C to 30 °C for 3 hours. After completion of reaction, the reaction mixture
was poured in 150 mL cold water slowly to obtain a yellow precipitate. This solid obtained
was filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x
25 mL of DM water (2 x 25 mL) and concentrated to give 0.95 g of the corresponding
racemic amide i.e. (:l:)-(2—chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide
().

EXAMPLE 45
Racemization of (R)-(-)-(Z-chlorophenyl)—(6,7-dihydro-4H—thieno[3,2—c]pyrid~5-
yl)acetamide (1I)

1 g mixture’ of laevorotatory (R)-(-)-(2-chlorophenyl)-(6,7-dihydro-4H—thieno[3,2-
c]pyrid-5-yl)acetamide of formula (II) and 21 g of potassium ¢-butoxide in 100 mI. of DMSO
was stirred at 50 °C to 60 °C for 3 hours. After completion of reaction, the reaction mixture
was poured in 750 mL cold water to obtain a yellow precipitate. This solid obtained was
filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 100
mL of DM water (2 x 100 mL) and concentrated to give 0.8 g of the corresponding racemic
amide i.e. (:E)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5—yl)acetamide.

EXAMPLE 46
(S)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H—thieno[3,2—c]pyrid-S-yl)acctatc @
5 g of (+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-p]pyrid-5-yl)acetamide was
dissolved in 35 ml methanol and the solution was chilled to 0 to -5 °C. 15 ml (0.28 mole) of

.conc. HaSO4 (98 %) was added slowly in 1 hr maintaining the temperature till -5 °C. After

the completion of addition the reaction mixture was stirred at room temperature for 30 min.

AN
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The solution was refluxed at 60 °C for 36 hrs. The reaction mixture was ;:ooléd to room
temperature and the solvent was distilled off under reduced pressure. The residue was added
to 200 mkL chilled water was added and cooled to -5 °C. The pH of reaction mixture was
adjusted between 9 to 10 using aq. sodium carbonate. The residue was extracted with 100 mL
ethyl acetate. The organic layer was dried over anhydrous Na,SOs, and evaporated under
vacuum. The combined eluent was evaporated at reduced preséure to yield 3.2 g of purified

product purified by column chromatography, using hexane : ethyl acetate (9:1) as eluent.

EXAMPLE 47
(S)-(+)- Methyl (2-ch|orophenyl)-(6,7-dillydro-41?[-thieno[3,2-c] pyrid-S-yl)acetate (X)

5 g of (+)-(2-chlorophenyl)—(6,7-dihydro-4H—thieno[3,2-c]pyrid-5-yl)acetamide was
dissolved in 45 ml methanol, followed by 15 mL of toluene. 5 mL (0.28 mol) of conc. H,SOq4
was instantly added and another 10 mL of conc. H;SO4 was slowly added later, while
maintaining the temperature at 90 °C. After that, the reaction mixture was refluxed at 90 °C
for 13 hrs. The solvent was distilled off under reduced pressure. To the residue, 50 mL of
water was added and the pH of reaction mixture was adjusfed between 9 to 10 using aq.
sodium carbonate. The residue was extracted with 100 mL ethyl acetate. The organic layer
was dried over anhydrous Na;SOq, and evaporated under vacuum. The combined eluent was
evaporated at reduced pressure to yield 2.8 g of crude product purified by column
chromatography, using hexane : ethyl acetate (9:1) as eluent.

EXAMPLE 48
(S)-(+)-Methyl (2-chlorophenyi)-(6,7—dihydro-4H—thieno[3,2-c] pyrid-S-yl)acetate (I)
5gof (8)-(*)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide was
dissolved in 50 ml methanol and the solution was cooled till -15 °C. 15 mL (0.28 mol) of
conc. HySO4 (98 %) was added dropwise in 1 hr maintaining the temperature till -15 °C.
After the completion of addition the reaction mixture was gradually increased, and stirred at
31 °C for 30 min, and then refluxed at 70 °C for 21 hrs. The solvent was distilled off under
reduced pressure and to the residue 50 mL of water was added and stirred for 30 min
followed by cooling to -5 °C. The pH of reaction mixture was adjusted between 9 to 10 using
aq. sodium carbonate. The residue was extracted with 100 mL ethyl acetate. The organic
layer was dried over anhydrous Na,SOy, and evaporated under vacuum. The yield was 3.8 g
of crude product purified by column, using hexane : ethyl acetate (9: 1) as eluent.
‘ EXAMPLE 49
(8)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate a
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5 g of (+)-(2-phlorophenyl)-(6,7-dihydro—4H~thieno[3,2—c]pyrid-5-yl)ac§etamide was
dissolved in 20 ml methanol and the solution warmed to 65 to 70 °C. 15 mL (0.28 mol) of
chilled conc. H2SO4 (98 %, -15 °C) was added slowly in 1 hr maintaining the temperature till
-15 °C. After the completion of addition the reaction mixture was heated at 70 °C for 16 hrs.
The solvent was distilled off under reduced pressure and to the residue 50 mL of water was
added and stirred for 30 min followed by cooling to -5 °C. The pH of reaction mixture was
adjusted between 9 to 10 using aq. sodium carbonate. The residue was extracted with 100 mL
ethyl acetate. The érganic layer. was dried over a“nhydr'ous Na;SOq4, and evaporated under
vacuum. The combined eluent was evaporated at reduced pressuré to yield 2.8 g of crude
product purified by column chromatography, using hexane : ethy! acetate (9:1) as eluent to
give 2 g of the titled compound (I) and 1 g of the starting material (S)-(+)- {di).

EXAMPLE 50

(8)-(+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c] pyrid-S-yl)acetamide (IX)

a) A solution of 5 g (16.31 mmol) of (+)-(2-chloro-phenyl)-(6,7-dihydro-4H-thieno[3,2-
clpyrid-5-yl) acetamide (prepared as given in Examples 10-15) and 4.15 g (16.2 mmol) (15)
(+)-camphor-10-sulphonic acid monohydrate in 100 mL acetone was kept warm for 20 hrs
followed by storing it in temperature below 10 °C. A few crystals appeared, the mother liquor
was concentrated further and repeated recrystallization, followed by storage in cold condition
for few days gavé 31 g (70 % yield) of (S)-2-(2-chloro-phenyl)-(4,5,6,7-
tetrahydrothieno[S,2-c]pyrid-5-yl)aceta;mide (+)-camphor sulfonic acid salt. The salt was
further purified by recrystallization in acetone, until constant specific optical rotation was
obtained.

The ‘product obtained was dried suitably. The typical physicochemical characteristics of
the product obtained are as follows:

Melting range : 223-225 °C (dec.)
SOR .+ 52°(C =1, MeOH)
b) 3.1g (8)-(+)-(2-chloropheny!l)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide 10-D-
camphor sulfonic acid salt was added to 20 mL saturated Na,CO; solution and the product
was extracted with 20 mL ethyl acetate. The organic layer was isolated, dried over Na;SO4
and concentrated under reduced pressure. The product was obtained crude oil, which upon
purification gives, 1.5 g of white crystals (60 %).

' EXAMPLE 51
Chiral removal of (-)-stereoisomer from a mixture containing excess of (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I)
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2 g (0.0173 mole) Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-

- YDacetate (where ee was 80 %) was dissolved in 10 ml acetone and the reaction mixture was

stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (1S)-(+)-camphor-10-
sulfonic acid hydrate in 0.8 mL water was added followed by 1 mL acetone. Then whole
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate
was obtained. The salt formed was added to ethyl acetate and water, which was later basified
with NaHCO;, the organic layer was washed with water, concentrated under reduced

pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %).

EXAMPLE 52
Chiral removal of (-)-stereoisomer from a mixture containing excess of (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I)

2 g (0.0173 mole) Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
ylacetate (where ee was 90 %) was dissolved in 10 ml acetone and the reaction mixture was
stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (15)-(+)-camphor-10-
sulfonic acid hydrate in 0.8 ml. water was added follbwed by 1 mL acetone. Then whole
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate
was obtained. The salt formed was added to ethyl acetate and water, which was later basified
with NaHCOs, the organic layer was washed with water, concentrated under reduced

pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %).

'EXAMPLE 53
Chiral removal of (-)-stereoisomer from a mixture containing excess of (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1)

2 g (00173 mole) Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetate (where ee was 95 %) was dissolved in 10 ml acetone and the reaction mixture was
stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (1S)-(+)-camphor-10-
sulfonic acid hydrate in 0.8 mL water was added followed by 1 mL acetone. Then whole
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate

was obtained. The salt formed was added to ethyl acetate and water, which was later basified

oo i s mmat s
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with NaHCO;s, the organic layer was washed with water, concentrated under reduced

pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %).

EXAMPLE 54
Resolution  of  (1)-Methyi (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-
yDacetate (I)

33 g (0.1 mol) (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H—thieno[3,2-c]pyrid-5-
ylacetate was dissolved in 200 ml acetone and the reaction mixture was heated to 60 to 70
°C, reflux for 15 min. To the reaction mixture, 25.6 g (15)-(+)-camphor-10-sulfonic acid
hydrate dissolved in water was added, wherein formation of salt starts at 60 to 70 °C. After
the formation of salt was coinplete, the reaction mixture was cooled gradually to room
temperature and then to 0 °C to 5 °C. The isolation of diastereomeric salt by filtration and
washed using acetone, and dried. The yield of the diastereomeric product was 20.5 g (70 %).

The generation of (-) isomer of title compound was carried out using dilute sodium
bicarbonate solution and extraction in ethyl acetate, removal of solvent and giving us the title
compound 10.9 g ( 66 %).

EXAMPLE 55
Resolution of (i)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-S-yl)acetonitrile
) :
a) To 5 g (00173 mol) (4)- -(2-chloropheny!)-(6,7-dihydro- 4H—thleno[3 2- c]pyrld 5-
ylacetonitrile dissolved in 100 ml acetone, 4.35 g (0.0174 mole) (15)-(+)-camphor-10-
sulfonic acid hydrate in 5 mL water was added in one lot at 60 to 62 °C during addition. The
mixture is stirred at 60 °C for 60 hr. the stirring was then continued overnight and later kept
in refrigerator for 1 day. The diastereomeric salt precipitated was then filtered to yield 730
mg of product.
b) To 730 mg (i)-(Z-chlorophenyl)-(ﬁ,7-dihydro-4H-thieno[3,2-c]pyrid~5-yl)acetonitrile
(18)-(+)-camphor-10-sulfonic acid salt in 20 mL water, 10 mL (5§ %) Na,CO; solution added
(pH = 10). After stirring the mixture, 100 mL ethyl acetate was added to it organic layer was

then added to it. Organic layer was then separated and distilled off to get product. The yield
of product was 400 mg (16 %).
Specific optical rotation(a): + 7.5787 ° (C =1, DMF).
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We claim:
1. A process for the preparation of compound of formula O,

o\c,ocrr3

N X
D &) or (+)or (-)
where X represents either hydrogen, fluoro, chloro, bromo or iodo atom, preferably 2-chloro,

which comprises:

i) reacting a compound of formula (V) or its salt,
o

+ B Xy

CN
/SjONH + MCN (VD ~ /SUJ\@"\

V) (Vin) av) @)
with a cyanide of general formula (VII) where M represents alkali metal, trimethylsilyl, Cu,

or hydrogen, and followed by addition of compound of general formula (VI), where X is as
defined earlier, to obtain a racemic compound of general formula (IV), where X is as defined
earlier, '

i) reacting a compound of general formula V), in (£) form or any of its optically active
(+), or (-) forms,

. CN CONH,
N ~ N
S ) F

AV) &) or (+)or (- D &) or (+) or (-)

with acidic or basic reagents to obtain a compound of formula (II) or its salt with retention of

configuration,

iif) reacting a compound of general formula (D), in either (%) form or its optically active )

or (-) forms,
CONH, COOCH,
N S IS
(D) &) or (+) or (-) @ &) or (+) or (-)

with acidic reagents in presence of methanol to obtain a compound of formula (I) or its salt,
with retention of configuration,

iv) finally resolving (%) the compound of formula (I) or its salt, into its optical isomers.

Wo



A

15

20

25

30

WO 02/059128 PCT/IN02/00012
37

{
»

2. A process according to claim 1, wherein optionally, resolving a racemic compound of
formula (IV) into its dpﬁbél isomers, or else, transforming the racemic compound or its
optical isomers into its salts, followed by liberation of the salt from the compound.

3. A process according to claim 1, wherein optionally, resolving a racemic compound of
formula (II) into its optical isomers, or else, transforming the racemic compound or its optical

isomers into its salts, followed by liberation of the salt from the compound.

4. A process for the preparation of compound of formula (IIT) or its salt, where X represents

hydrogen, chloro, bromo or iodo atom, preferably 2-chloro, which comprises,

CN COOH
/ N D, N I
O G oG
AV) &) or (+) or (-) (11 (&) or (+) or (-

1) reacting a compound of general formula (IV) or their salt, in any of its optical forms, in
presence of acidic/basic catalyst in a suitable solvent, giving the corresponding acid of
formula (III) or its salt, with configuration same as that of the starting material,

ii) if desired, finally the racemic compound of formula (III) or its salt, are resolved into its
corresponding optically pure (+) and (-) forms.

5. A process according to claim claiml, wherein a compound of formula (II) (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide, or its optical active
isomers or its salts, where X represents a halogen atom such as chloro, bromo, iodo

substituent, more preferably 2-chloro, is prepared by a process comprising,
CONH,

S P

() (&) or (+) or (-)
i) treating the compound of formula (IV) or its salt or in any of its optical forms, with basic
reagents when the sta'rting material is racemic or else with acidic catalyst when the starting
material is optically active, in presence of suitable solvent;
if) finally forming a salt of the racemic compound of formula (II), which is resolved into its
corresponding optically pure (+) and (-) forms.
6. A process according to claim 5, which comprises preparation of compound of formula (II)
characterized in that, basic reagent used is lithium hydroxide, potassium hydroxide, sodium
hydroxide and potassium f-butoxide.
7. A process according to claim 5, which comprises preparation of compound of formula

(IT), wherein said acidic reagent used is selected from the group consisting of acetic acid, p-

!
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toluenesulfonic acid, t;iﬂuqroacetic acid, chloroacetic acid, perchloric acid, formic acid or
mineral acids such as anhydrdﬁé alcoholic hydrogen halides, or aqueous hydrochloric acid,
sulfuric acid, HBr or a mixture thereof. '

8. A process according to claim 5, which comprises preparation of compound of formula (II)
wherein, the solvent used is water, (C,-Cs)alcohol, acetone, acetic acid, dimethylformamide,
THF, DMSO, dioxane, DME and the like or mixtures thereof, preferably, mixture of water,
methanol or ferf-BuOH.

9. A process according to claim 5 wherein a compound of formula (II) ()-(2-chlorophenyl)-
(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide, is resolved into (-) and its (+) forms
using 1-(R) or 1-(S)-camphorsulfonic-10-acid, tartaric acid, more particularly 1-(R) or 1-(S)-
camphorsulfonic-10-acid, in the presence of solvent such as water, acetone, ethyl acetate or a
mixture thereof, and the salt used can be in a molar ratio of 0.5 to 1.1 equivalents.

10. A process according to claim 5, wherein a compound of formula (II) (¥)-(2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide, is converted into
corresponding salt, wherein the salt claimed is D-camphorsulfonate, L-camphor sulfonate,
D-tartaric acid, L-tartaric acid or hydrogen sulfate.

11. A process according to claim 1, wherein said compound of formula (I) is Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate, or its optical active isomers
or its salts, where X represents a halogen atom such as chloro, bromo, iodo substituent, more

preferably 2-cholro, said process comprising,
COOCH;

@ @) or (+) or ()

i) treating the compound of formula (II) or its salt or in any of its optical forms, with acidic
reagents, in presence of suitable solvent;

ii) finally forming a salt of the racemic compound of formula (I), which is resolved into its
corresponding optically pure (+) and (-) forms:

12. A process accofding to claim 11, wherein said acidic reagent used is selected from
concentrated sulfuric acid in the range from 1 equivalent to 50 equivalents, preferably the
addition is favored at 0 °C to 5 °C or at reflux temperature of the solvent used.

13. A process according to claim 11, wherein, the solvent used is methanol in the range of 3
to 30 volumes, along with other cosolvents such as toluene, DMSO, xylene and the like or

mixtures thereof,

R
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14. A process according to claim 11, wherein the duration of the reaction ranges from 4 hrs to-

4 days. '

15. A process according to claim 11, wherein the reaction is carried out at a temperature in
range from 40 °C to 140 °C. .

16. A process according to claim 11, wherein a compound of formula (J), is resolved using 1-
(R) or 1-(S)-camphorsulfonic-10-acid, (R) or (S)-tartaric acid, more particularly 1-(R) or 1-
(S)-camphorsulfonic-l0~acid,l in the presence of solvent such as water, acetone, ethyl acetate
or a mixture thereof.

17. A process according to claim 16, wherein a mixture containing the varying ratios of the
two enantiomers, (-)-I and (+)-1 is chirally enriched to (+)-(I)-sterecisomer, or chiral removal

of (-)-(I) enantiomer from a variable mixture of (-)-I and (+)-I stereoisomers.

18. A process for the preparation of a compound of formula (IV) and its salts,
o .

+ H [ Xx CN
D
AR L N
W (VI

where X represents a halogen atom such as chloro, bromo, iodo substituent, more particularly

X represents 2-chloro, along with its salts, which comprises,

i) reacting a compound of general formula (V) or its acid addition salt with a cyanide ( of
general formula (VII) wherein the meaning of M is alkali metal, TMS, Cu, and hydrogen,
followed by reaction with a halogenobenzaldehyde of the formula (VI), wherein X is
halogen atom, which are resolved into its optical isomers, and if desired, liberating from
their salts or transforming into their salts; or

ii) reacting a halogenobenzaldehyde of general formula (VI) wherein the meaning of X is
halogen atom with cyanide of general formula (VII) wherein M is as defined earlier, and
followed by insitu with the compound of general formula (V) or its acid addition salt, or,

iii) reacting the halogenobenzaldehyde of general formula (VI) wherein the meaning of X is
halogen atom, with hydrogen sulfite of general formula (VIII) wherein M is as defined
earlier, and finally with cyanide of general formula (VII), wherein M is as defined earlier,
and subsequently reacting in situ with the compound of general formula (V) or its acid
addition salt; and

finally resolving the compound of formula (IV) or its salt, so obtained to its optically pure

(+) and (-) form of compound of formula (IV) or its salt.

. e -
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19. The process according to claim 18, wherein, the reaction is carried out at temperature
between 0 °C and 100 °C, whereas with HCN gas, reaction temperature would go further
downupto -30°C.

20. The process according to claim 18, wherein the reaction is carried in an aqueous or a non-
aqueous medium cohtaining acids such as acetic acid, propionic acid, methanol and
HClI/MeOH.

21‘. The process according to claim 18, wherein a catalyst acid such as dry hydrochloric acid,
sulfuric acid, p-toluenesulfonic acid or acetic acid is used. ‘
22.'A process according to claim 18, wherein said compound of formula (IV) (%)-(2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile, is resolved into (-) and
its (+) forms using 1(R) or 1(S)-camphorsulf6nic-10-acid, tartaric acid, more particularly
1(R) or 1(S)-camphorsulfonic-10-acid, presence of acetone, ethyl acetate or a mixture thereof
and water. |

23. A process according to claim 18, a compound of formula (IV) (%)-(2-chlorophenyl)-(6,7-
dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile, in () or (-) or (+) forms are converted into
its salt, wherein the salt claimed is D-camphorsulfonate, L-camphor sulfonate, D-tartaric
acid, L-tartaric acid or hydrogen sulfate.

24. The process according to claim 18, wherein , racemization of (-) isomer of compound of
formula (IT) is effected in a mixture which may contain (+) stereoisomer to get () compound
using a base such as LDA, KOH, NaOH, K-t-BuOH, NaOMe, NaH, KH in a suitable solvent.

25. The proceés according to claim 1, wherein racemization of (-) isomer of compound of
formula (I) is effected in a mixture which may contain (+) stereoisomer to get () compound
using a base such as LDA, NaOMe, NaH, KH in a suitable solvent.

26. The process according to claim 17, the resolution is carried out in the presence of acetone

as a solvent in the range of 5 to 10 volumes, which may contain water upto 5 %.

27. The process according to claim 17, wherein said suitable chiral agent used is in 1:1 molar-

ratio.

28. The process according to claim 27, wherein, sujtable temperature is from 0°C to the

reflux temperature of the solvent.
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Note that if the competent IPEA chosen by the applicant is not the EPO and if the fees mentioned above are not paid within the
time limit prescribed in Rules 57.3 and 58.1 {b) PCT, the competent IPEA is entitled to apply Rule 58bis.1(a) PCT immediately
thereafter. .

I your application is affected, we apologise for any inoonvenience caused.

Name and mailing address of the Intemational Searching Authority | Authorized officer

T European Patent Office, P.B. 5818 Patentlaan 2

NL-2280 HV Rijswijk IsA/EP
. Q Tel. (+31-70) 340-2040, Tx. 31 651 epo n,

—>=7"_ Fax: (+31-70) 340-3016

Form PCTASA/224 (January 1994)




PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY PCT

To: )

SUBRAMANIAM, NATARAJ & ASSOCIATES NOTIFICATION OF RECEIPT
Attn. Subramaniam, Hariharan .OFSEARCH CoPY
E-556, Greater Kaflash-II

New Delhi-110 048 (PCT Rule 25.1)
INDIA :

Date of mailing
| licant' ‘s file ref :
Applicant's or agent's file reference IMPORTANT NOTIFICATION
ZRC-NIPR-002
International application No. International liling date (day/month/year) Priority date (day/month/year)
PCT/IN 02/ 00012 21/01/2002 : 24/01/2001
Applicant
"] CADILA HEALTHCARE LTD.
1. Whero the International Soarching Authority and the Reocelving Oftice are not tho same office:

The applicant is hereby notified that the search oopy of the intemational application was received by this Intemational
Searching Authority on the date indicated below.

Whare the International Searching Authorlty and tho Recelving Offico are the samo otfico:

The applicant is hereby notified that the search oopy of the international application was received on the date indicated below.

15/ 03/ 2002 (date of receipt).

D The search copy was accompanied by. & nucleotide and/or amino asid sequence listing in computer readable form.

3. Time limit for establishment of Intemational Search Report

The applicant is informed that the time limit for establishing the Intemational Search Report is 3 months from the date of
recoipt indiceted above cr 9 months from the priority date, whichever time limit expires laler

4. Aoopy of this notification has boen sont to the International Bureau and, where the firet sentence of peragraph 1 applies,
to the Receiving Office.

Name and mailing address of the Intemational Searching Authority | Authorized officer

TN\ European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk ISA/EP
) Q) Tol. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Form PCTASA/202 (July 1998)




PCT/IN0O2/00012

"PATENT COORERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION CONCERNING SUBRAMANIAM, Hariharan
SUBMISSION OR TRANSMITTAL Subramaniam, Nataraj & Associates
OF PRIORITY DOCUMENT E- 556, Greater Kailash - i
- , . . New Delhi 110 048
(PCT Administrative Instructions, Section 411) Maharashtra
INDE
Date of mailing (day/month/year)
03 April 2002 (03.04.02)
Applicant's or agent's file reference
ZRC-NIPR-002 IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
» PCT/INO2/00012 21 January 2002 (21.01.02)
~‘ «ernational publication date (day/month/year) Priority date (day/month/year)
Not yet published 24 January 2001 (24.01.01)

Applicant

CADILA HEALTHCARE LTD. et al

1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the
International Bureau of the priority document(s) relating to the earlier application(s) Indicated below. Unless otherwise
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority
document concerned was submitted or transmitted to the International Bureau in compliance with Rute 17.1(a) or (b).

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a8 case, the attention
of the applicant is directed to Rule 17.1 (c) which provides that no designated Office may disregard the priority claim
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
within a time limit which is reasonable under the circumstances.

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International
—‘5\ Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau,
. s provided by Rule 17.1(a) or (b), respectively. In such a case, the attontion of the applicant is directed to Rule 17.1(c) which
~*=" provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,

upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

or PCT racelyving Qffice of priority dooument
24 Janu 2001 (24.01.01) 84/MUM/2001 IN 13 Marc 2002 (13.03.02)
22 Octo 2001 (22.10.01) Not yet allotted us _ NR

The International Bureau of WIPO Authorlzed officer
34, chemin des Colombettes
1211 Gonove 20, Swimormos Cécile CHATEL (Fax 338.87.40)
Facsimile No. {41-22) 740.14.35 Telephone No. (41-22) 338.83.38

Ferm PCT/B/304 (July 1998) 0047612117




WO 02/059128
- PCT/IN02/00012
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
s o
PCT SUBRAMANIAM, Hariharan
Subramaniam, Nataraj & Associates
NOTICE INFORMING THE APPLICANT OF THE E- 556, Greater Kailash - Il
COMMUNICATION OF THE INTERNATIONAL New Delhi 110 048
APPLICATION TO THE DESIGNATED OFFICES Maharashtra
INDE
(PCT Rule 47.1(c), first sentence)
Date of mailing (day/month/year)
01 August 2002 (01.08.02)
Applicant's or agent's file reference
ZRC-NIPR-002 IMPORTANT NOTICE
International application No. International filing date {dsy/monthtyear) |Priority date (day/month/year)
PCT/IN02/00012 21 January 2002 (21.01.02) 24 January 2001 (24.01.01)
‘?‘ Applicant
L CADILA HEALTHCARE LTD. et al

1. Notice is hereby given that the International Bureau has communicated, as provided In Article 20, the international application
to the following designated Offices on the date Indicated above as the date of mailing of this notice:

KP,KR,US

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present notice as conclusive evidence that
the communication of the international application has duly taken place on the date of mailing indicated above and no copy
of the international application is required to be furnished by the applicant to the designated Office(s).

2. The following designated Offices have waived the requirement for such a communioation at this time:
AE,AG,AL,AM,AP,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EA,EC,
EE,EP,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,
MD,MG,MK,MN,MW,MX,MZ,NO,NZ,OA,OM,PH,PL,PT,RO,RU,S D,SE,SG,SI,SK,SL,TJ,TM,TN,TR,TT,

The communication will be made to those Offices only upon thelr request. Furthermore, those Offices do not require the
applicant to furnish a copy of the international application {Rule 49,1 (a-bis)).

Enclosed with this notice is a copy of the international application as published by the International Bureau on
01 August 2002 (01.08.02) under No. WO 02/059128

-

- TIME LIMITS for filing a demand for international preliminary examination and for entry into national phase

The applicable time limit for entering the national phase will, subject to what is said In the following paragraph be 30 MONTHS
from the priority date, not only in respect of any elected Office if a demand for international preliminary examination is filed
before the expiration of 19 months from the priority date, but also in respeot of any designated Office, in the absence of

filing of such demand, where Article22(1) as modified with effect from 1 April 2002 applies in respect of the designated Office.
For further details, see PCT Gazette N0.44/2001 of 1 November 2001, pages 18928, 19932 and 19934, as well as the PCT News-
lettor, October and November 2001 and February 2002 issues.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20,21,30 or 31 months , or other time limit),
Office by Office, refer.to the PCT Gazetts, the PCT Newsletter and the PCT Applicant's Guide, Volume II, National Chapters, all
available from WIPQ's Internet site, at hitp://iwww.wipo.Int/pct/en/index.html.

For filing a demand for international preliminary examination, see the PCT Applicant's Guide, Volume I/A, Chapter IX. Only an
an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter It has the right to file a demand
for international preliminary examination (at present, all PCT Contracting States are bound by Chapter I1.)

Itis the applicant's sole responsibility to monitor all these limits.

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes J. Zahra
1211 Geneva 20, Switzerland
Facsimile No, (41-22) 740.14.35 Telephone No. {41-22) 338.91.11

Form PCT/IB/308 (April 2002) 4996737

W



PATENT COOPERATION TREATY

amed un advewnce ‘,

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:
Subramaniam, Hariharan
SUBRAMANIAM, NATARAJ & ASSOCIATES
E-556, Greater Kailash-TII
New Delhi~110 048
INDE

PCT

N\ L7

COMMUNICATION IN CASES FOR WHICH
NO OTHER FORM IS APPLICABLE

Hax vo: a1t - b2 8-beos

Date of mailing

(day/month|year) 06-11-2002

Applicant's or agent’s file reference

ZRC-NIPR-002

REPLY DUE
Scv paragraph 1 below

Internutional application No,

PCT/ IN 02/ 00012

Intornational filing date (day/month|year)
21/01/2002

~Applicant
i

CADILA HEALTHCARE LTD.

I m REPLY DUFE within ___ 1

(] ~orePLY DUE

2. COMMUNICATION:

the request RO101.

Gandhinagar-Sarkhej Highway.

, monlhs/M from the above date of mailing

The address on the demand IPEA401 differs from the one on

Can you please clarify if address should be with or without

MGCHES ey
2 W2 TN

Name and mailing 3ddress of the IPEA/

European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk - Netherlands
. 0))) i (+31-70) 340-2040
Fax: (+31-70) 340-3016

Authorized officer &

Cardenas, Claudette

9

1
\J
%

Form PCT/IPEA/424 (January 1994) (01/11/2002)

NEES

RISt

‘b.ﬂ‘
%
!
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From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION OF DEFECTS IN DEMAND
Mme Danlela GRAN
(PCT Rule 60.1(d)) European Patent Office
: Erhardtstrasse 27
D-80331 Munich
Germany
Date of mailing ‘
(day/month/year) 04 October 2002 (04.10.02) . in its capacity as Internationa! Proliminary Examining Authority
International application No. International filing dato
PCT/IN02/00012 (day/manth/vesr) 29 January 2002 (21.01.02)

Applicant
CADILA HEALTHCARE LTD. et al

The International Bureau hereby notifies the International Preliminary Examining Authority that it has found that the demand is
defective for the reasons Indicatod below:

1. D It does not contain the election of at least one Contracting State bound by Chapter Il (Rule 63.2(a)({iv) and 63.7).

2 D It does not permit the identification of th_e international appilcatlon to which it relates (Rule 60.1(b)).

3. D it does not contain the required petition (Rules 53.2(a)(i) and 63.3).

4. D It does not contain the required indications concerning the agent as speclfied in the Annex (Rules 53.2(a}{ii) and 63.5).

5. D It does not contain the required indications concerning the international applioation as specified in the Annex
(Rules 63.2(a)(iil) and 63.8).

6. D Itis not submitted In tho requlired language which is (Rule §5.1).

7. D itis not made on the printed form {Rule 63.1(a)).

. 8. D itis presented as a computer print-out the particulars of which do not comply with the Administrative Instructions
(Rule 63.1(a)).

9. It does not contain the required indications concerning the applicant as speclfied in the Annex
(Rules 53.2(a){ii) and 63.4).

10. D It does not contain the required slgnature as spaecified in the Annex (Rules 63.2(b) and 53.8).

Other observations, If necossary:

The International Bureau of WIPQ Authorised officer
34, chemin des Colombettes , Sébastien CLAVERI (Fax 338.87.40)
1211 Geneva 20, Switzerland
Facsimile No.: (41-22) 740.14.35 Telephone No.: (41.22) 338.83.38

’%‘{% Form PCY/1B/336 (September 1983)

e




JTIFICATION OF DEFECTS IN Di

PCT/IN02/00012

1. Continuation of item 4: As to indications concerning the agent (Rule 4.4}, the demand:

a. Ddoes not properly indicate the agent's name (specify):

b. Ddoes not indicate the agent's address.

c. Ddoes not properly indicate the agent's address (specify):

Continuation of item 5: As to indications concerning the international application, the demand does not indicate:
a. Dthe internatlonal filing date.

b. [:]tho international application numbor.

S | c Dthe name of the recelving Office, where the international application number was not known to the applicant at
] the time the demand was filed.

- d. [:Ithe title of the invention.

Continuation of item 9: As to indications congerning the applicant (Rules 4.4 and 4.5), the demand:
a. Ddoes not indicate all the applicants for the elected States.

b. D does not properly indicate the applicant's name (specify):

[ ques notindicate the applicant's address.

d. does not properly indicate the applicant's address {specify):

e. Ddoes not indicate the applicant's natlonality.

f. Ddoes not indicate the applicant's residence.

Continuation of item 10: As to requlrements oonoerning signature (Rules 4.16 and 90.4), the demand:

a. Dls not signed.

b. D is not signed by all the applicants for the elected States.

c. D is not accompanied by the statement referred to in the check list.In Box No. VI of the demand explaining the lack
of the signature of an applicant for the election of the United States of America.

d. Dis signed by what appears to be an agentcommon representative but
Dthe demand is not accompanied by a power of attorney appointing him.

Dthe power of attorney accompanying the demand is not signed by all the applicants for the elected States.

: Gl
o Form PCT/IB/336 (Annex) (September 1993) 1 8;1 0-200;
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY P CT
To:

SUBRAMANIAM, NATARAJ & ASSOCIATES
Attn. Subramaniam, Hariharan

NOTIFICATION OF TRANSMITTAL OF

E-556, Greater Kailash-I1 OR THE DECLARATION
New Delhi-110 048 \ ‘
INDIA (PCT Rule 44.1)

THE INTERNATIONAL SEARCH REPORT

Date of mailing

(day/month/year) 17/10/2002

Applicant's or agent's file reference

ZRC-NIPR-002 : FOR FURTHER ACTION Sea paragraphs 1 and 4 holow

International application No. International filing date
PCT/ IN 02/ 00012 (aaymenthyear) — 21/01/2002

) Applicant

1 CADILA HEALTHCARE LTD.

1. [X] The applicant is hereby notitied that the International Search Report has been established and is transmitted herewith,

Filing of amendments and statement under Article 19:
The applicant is entitled, il he so wishes, 10 amend the claims of the International Application (see Rule 46):

When?  The time limil for filing such amendments is normally 2 months from the date ol transmittal of the
International Search Report; however, for more detalls, see the notes on the accompanying sheet.

Where? Directly to the  International Bureau of WIPQ
34, chemin des Colombettes
1211 Geneva 20, Switzerland
Fascimile No.: (41-22) 740.14.35

For more detailed instructions, see the notes on the accompanying sheet.

2. [:J The applicant is hereby notified that no International Search Report will be established and that the daclaration under
Article 17(2)(a) to that effect is transmitted herewith. .

. 3. [:] With regard to the protest against payment of {an) additiona! fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision theraon has been transmitted to the International Bureau together with the
applicant’s raquest to forward the texts of both the protest and the decislon theraon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a dacision is made.

4. Further action(s): The applicant is reminded of the following:

Shortly after 18 months from the priority date, the International application will be pubiished by the International Bureau.
I the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules S0bis.1 and 80b/s.3, respectively, before the
completion of the tachnical preparations for international publication. .

Within 19 months trom the priority date, a demand for international preliminary examination must be filed If the applicant
wishes to postpone the enlry Into the national phase until 30 months from the priority date (in some Offices even later).

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the nalional phase
before all designated Offices which have not been elected In the demand or In a later election within 19 months from the
priority dale or could not be elected because they are not bound by Chapter 1.

Name and malling address of the Internationat Searching Authority Authorized officer

TN _European Patent Oftice, P.B. 5818 Patentiaan 2 ..

NL-2280 HV Rijswijk John De Bruijn
. p) Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

—==__ Fax: (+31-70) 340-3016

Form PCT/ISA/220 (July 1998)




S

NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basio instructions concerning the filing of amendmants under ardicle 19. The
Notes are based on the requirements of the Patent Cooparation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Noles and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant’s Guide, a publication of WIPO.

In these Notes, “Article®, “Rute®, and *Saclion® refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, afler having received the international soarch report, one apportunity to amond the claimsa of the
nternational application. It should however be emphasized that, since all parts of the inlernational application (claims,
description and drawings) may be amended during the intemational preliminary examination procedure, there is usually
no need to file amendments ol the claims under Article 19 excepl where, e.9. the applicant wants the latter lo be published
for tho purposes ol provisional proteclion or has another reason for amending the claims belore international pbulication.
Furthermore, it should be emphasized that provisional protection is available in some Stales only.

What parts of the intemational application may be amended?

Under Article 19, only the claims may be amended,

During the intemnational phase, the claims may also be amendad (or further amended) under Article 34 before
the Intemational Preliminary Examining Authority. The descriplion and drawings may only be amended under
Article 34 before the Intemnational Examining Authority.

Upon entry inlo the national phase, all parts of the international application may be amended under Article 28
of, where applicable, Article 41,

When? Within 2 months from the dale of tranamittal of the intemational search report or 16 months from the priority
date, whichever time limit expires later. It should be noted, however, that the amendments will be considered
as having been received on tima if they are received by the Intemational Bureau after the expiration of the
applicable timae limit but before the completion of the technical preparations for interational publication

(Rule 45.1),
Where not to file the amendments ?

The amendments may only be filed with the Intemnational Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Whaere a demand for intemational preliminary examination has been /s filed, see below.

7 Yow? Either by cancelling one or more entire claims, by adding one or more new claima or by amending the text of

one or more of the claims as filed.

t

A replacement sheet must bo submitted for each sheet of the claima which, on account of an amoendment or
amendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cages where claims are renumbered, they must
be renumbered consecutively (Administrative Inatruclions, Section 205(b)).

The amendmenta must be made In the language in which the Intemational application s to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):

The amendments must bo submitted with a lotter.

The letier will not be published with the intemational application and the amended claims. It should not be
confused with the *Statement under Adicle 19(1)" (see below, under "Statement under Article 19(1)").

The lettor must be In English or Fronch, at the choice of the applicant, However, If the language of the

Intoernational application is English, the letter must be In English; If the language of the intematlonal application

i3 Frénch, the letter must be In French.

Notos to Form PCTASA/220 (first sheet) (January 1994)

CH) < XSISAZ20NOENP4 | >




Consequence |

NOTES TO FORM PCT/ISA/220 (contlnued)

The letter must indicate the differences between the claims as filed and the claims as amenqed. !l must, in
particular, indicate, in connection with each claim appearing in the international applicalion (it being understood
that identical indications conceming several claims may be groupad) whether

(i) the claim is unchanged;

(i)  tho olaim iu canocollod;

(iii) the claim is new;

(iv) the claim replaces one or more claims as filed;

{v) the claim is the reault of the division of a claim as filed.

The foliowing examples Hiustrate the manner In which amendments mustbo oxplained In the
accompanying letter:

1. [Where originally there were 48 claims and alter amendment of some claims there are 51):
*Claims 1 to 29, 31, 32, 34, 35, 37 to 48 roplaced by amended claims beanng the same numbors;
claima 30, 33 and 36 unchanged; new claims 49 1o 51 added.”

2. [Where originally there were 15 claims and after amendment of all olaims there are 1)
*Claims 1 to 15 replaced by amended claims 1 to 14.°

3. [Where originally there were 14 claims and the amendments consist in canocelling some claims and in adding
new claims); ‘
“Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15,16 and 17 added." or
“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made};: i
“Claims 1-10 unchanged; claima 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
dlaim 14; claim 17 subdivided into amended claims 15, 16 and 17, new claims 20 and 21 added.®

“Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under
Article 19(1)).

The statement will be published with the inlemational application ar,d the amended claims.

it must be In the language In which the International appplication Is to be published.
It must be brie!, not exceeding 500 words if in English or if ranslated into English.

It should not be confused with and does not replace the letter indicating the ditferences between the claims
as liled and as amended. It must be filed on a separate sheet and must be identified as such by a heading,
proforably by uaing tho wordu *Statement under Article 19(1).*

it may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the intemational search
report may be made only in connection with an amendment of that claim.

f a demand for Intlematlonal preliminary exanmiinatlon has alroady been flled

it, at the time of filing any amendments under Article 19, a demand for intemational preliminary examination
has already boen submitted, the applicant must preferably, at the same time of filing the amendments with the
Intemational Bureau, also file a copy of such amendments with the intemational Preliminary Examining
Authorty (see Rule 62.2(a), first sentence).

Consequoence with regard to translation of the international application for entry into the national phase

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the
claims as amended under Adicle 19 may have to be furnished o the designated/elected Offices, instead ol, or
in addition 1o, the translation of the claims as filed.

gc:‘r further details on the requirements of each designated/elected Office, see Volume Il of the PCT Applicant's
ide.

Notes to Form PCTASA/220 (second sheet) (January 1994)

SOOCIL 2 XSISA220NOENP4S | >
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference see Notification of Transmittal of International Search Report
PP o FOR FURTHER (Form PCT/ISA/220) as well as, where applicable, item § balow.

ZRC-NIPR-002 ACTION

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/monih/ysar)

PCT/IN 02/00012 21/01/2002 24/01/2001

Applicant

CADILA HEALTHCARE LTD.

‘l“

This International Search Report has been prepared by. this International Seafching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmilted to the International Bureau,

Fhes tternahonal Search Report consists of a lotal of _____ﬂ . sheets.

m Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
A4 With regard 10 the languago, the international search was carried out on the basis ol the intarnalional application in the
language in which It was liled, unless otherwise indicated under this Hem.
the international search was carried out on the basis of a transtation of the international application furnished to this
Authority (Rule 23.1(b)).

b. Wilh regard 1o any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing :

conlained in the international application in written torm.

filed together with the international application in computer readable forn:.
furnished subsequently to this Authority in written form,

furnished subsequently to this Authority in computer readble form.

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed has baen furnished. '

the statement that the information recorded in computer readable lorm is identical to the written sequence listing has been
furnished

Certain claims were found unsearchable (See Box [).

I I R I I [ [

Unity of invention is lacking (see Box If).

With regard o the title,

o

[X]  thetextis approved as submilted by the applicant.
D the text has been established by this Authority 0 read as follows:

5. With regard o the abstract,

[X]  thetextis approved as submitied by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box lil. The applicant may,
within one month from the date of malling of this International search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No. -

[[] s suggested by the applicant. [] Noneof the figures.
D because the applicant falled to suggest a figure.
[:] because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)




INTERNATIONAL SEARCH REPORT

International Application No

PCT/IN 02/00012

A.
IPC

CLASSIFICATION OF SU (.)JZCT MATTER

C07D495

According 1o Internalional Paten! Classification {IPC) or to both nalional classilication and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system lollowed by classificalion symbols)

IPC 7

Ca70

Documentalion searchaed olher than minimum documentation lo the extent thal such documents are included in Ihe lields searched

Elacironic dala base consulled during the internalional search (name of dala base and, where praclical, search lerms used)

EPO-Internal, CHEM ABS Data, BEILSTEIN Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory

Citation ol documont, with indication, where appropriate, of the ralovan! passagos

T Relevan 1o claim No.

“ALAIN BURGOS, JOHN M. HERBERT AND IAIN

1-3,5-28
SIMPSON:  "ortho-Metalaton/Chlorination of
Benzoic Acid Derivatives. Preparation of
‘benzene-U-13C!-rac-Clopidogrel
(*benzene-U-13C!-rac-SR25990C)"

J. LABELLED COMPD. RADIOPHARM. ,

vol. 43, no. 9, 2000, pages 891-8,

XP008008850
Scheme 2

Y.

Further documenls are listed in the continuation of box C.

Palent tamily members are lisled in annex.

" Spocial categorias of ¢nad documents ;

‘A* doGumant delining the goneral slate of the an which is nol
considored 1o be of paricular relevance

aadier document bul published on or after the inlernalional
filing dale

‘L.* document which may throw doubls on priorily claim(s) or
which is ciled 1o eslablish the publicalion dale of anolher
citation or other spacial reason (as specified)

0" documant relerring to an oral disclosure, use, exhibition or
olhigr means

*P* document published prior to the international tiling date bul
laler than the priority date claimed

*T* later documenl published atier the international tling dale
or priorily dale and nol in conllict wilh the applicalion bul
clled to undorstand tho principle or theory undlortytg he
Invention

*X* document of panticular relevance; the claimed invention
cannot be considered nove! or cannot be considered 1o
involve an inventive slep whan the document is taken alone

*Y* documen of padicular relevance: the claimed invention
canpol be considerad 10 involva an invantive stop whaon tho
documont is combinad with ona or more olher such dogy-
Imeuu-s, stich combination baing obvious o & person skillod
n the arl.

*&° document member of the same patent famity

Data of the actual complotion of the international search

30 September 2002

Dato of mailing of 1he intarational search repon

17/10/2002

Name and mailing address of the ISA

European Pateni Office, P.B. 5818 Patentlaan 2
ML - 2280 HV Rijswijk .
Tol. (+31-70) 340-2040, Tx. 31 651 opo nt,
Fax: (+31-70) 340-3016

Authorized ofticer

Diederen, J

Form PCTASA/210 (sacond sheel) (July 1992)
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INTERNATIONAL SEARCH REPORT

International Application No

PCT/IN 02/00012

C.(Continuation) DOCUMENTS CONSIDERED TOQ BE RELEVANT

I}
! Category ° | Citation of document, with indicatlon,where appropriate, ol the relevani passages

Relevanl to claim No.

Y JERRY MARCH: "Advanced Organic Chemistry"
1992 , WILEY & SONS , NEW YORK XP002215119
198280

The HCN can be generated in situ from
acetone cyanohydrin (see 6-49), avoiding
the use of poisonous HCN.

page 812

The addition of HCN ... This is an
equilibrium reaction.

page 964

Frequently it is the bisulfite addition
product that is treated with CN-

page 965
6-51 The addition of HCN to C=N and CN
Bonds
page 966
T x US 4 529 596 A (AUBERT DANIEL ET AL)
W 16 Ju]y 1985 (1985-07-16)
cited in the application
example 5
A NAJER ET AL.: "Nitriles, amides,

thioamides et acides a]pha-phenyle
alpha-tertioaminoacétiques"
BULL. SOC. CHIM. FR.

1958, pages 1189—92, XP002215118
Nitrile alpha~phenyle
alpha-(tétrahydro-1,2,5,6)pyridinoacétiquw

1-3,5-28
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GR 79592 Al 31-10-1984
HR 980261 Al 30-04-1999
HU 187111 8 28-11-1985
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IL 69049 A 31-03-1986
JP 1000955 B 10-01-1989
JP 1518778 C 07-09-1989
JP 59027895 A 14-02-1984
KR 8701270 Bl 30-06-1987
MX - 9203264 Al 01-07-1992
NO 832530 A ,B, 16-01-1984
NZ 204874 A 24-01-1986
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From the

PATENT COOPERATION TREATY

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT

To:

Subramaniam, Hariharan

SUBRAMANIAM, NATARAJ & ASSOCIATES

NOTIFICATION OF RECEIPT

E-556, Greater Kailash-II OF DEMAND BY COMPETENT INTERNATIONAL
New Delhi-110 048 PRELIMINARY EXAMINING AUTHORITY
INDE

(PCT Rules 59.3(¢) and 61.1(b), first sentence
and Administrative Instructions, Section 601(a))

Date of mailin, .
( daylm(mth/ycﬁr ) 29 03 02

Applicant’s or agent’s file reference
ZRC-NIPR-002

IMPORTANT NOTIFICATION

Internationdl application No. International filing date (day/month[year) Priority date (day/month/year)
PCT/ IN 02/ 00012 21/01/2002 2470172001
Applicant

CADILA HEALTHCARE LTD.

2. This

s [

a. Only

1. The applicant is hereby notificd that this International Preliminary Examining Authority considers the following date as the
date of reccipt of the demand for international preliminary examination of the international application:

19/08/2002

date of reccipt is:
the actual date of receipt of the demand by this Authority (Rule 61.1(b)).
[7] the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(¢)).

the date on which this Authority has, in response to the invitation to correct defects in the demand
(Form PCT/IPEA /404), received the required corrections.

ATTENTION: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the
election(s) made in the demand does (do? not have the cffect of postponing the entry into the national phase until 30
months from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national
phase must be performed within 20 months from the priority date

or later in some Offices) (Article 22). For details, sce
the PCT Applicant’s Gulde,Volume II.

D (If applicable) This notification confirms the information given by telephone, facsimile transmission or in person
on:

where paragraph 3 applics, a copy of this notification has been sent o the International Bureau.

P)

Name and mailing address of the IPEA/ Authorized officer

Europcan Patent Ofﬁ:c, P.Bi‘ 58|18 Patentlaan 2
N1.-2280 HV Rijswijk - Netherlands

Tel.: {(+31-70) 340-2040 CHURCHER G
Fax: (+31-70) 340-3016

Tel. (+49-89) 2399-2545

Form PCT/IPEA/402 (July 1998) P20452 (26/08/2002)
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PCT/IN02/00012 \\°;_

PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION RELATING TO PRIORITY CLAIM

(PCT Rules 26bis.1 and 26bis.2 and SUBRAMANIAM, Hariharan
Administrative Instructions, Sections 402 and 409) Subramaniam, Nataraj & Associates
E- 556, Greater Kailash - Il
New Delhi 110 048

Maharashtra
INDE

Date of mailing (day/month/yeasr)

04 July 2002 (04.07.02)
Applicant’s or agent's file reference '

ZRC-NIPR-002 IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)

PCT/INO2/00012 _ 21 January 2002 (21.01.02)

k Applicant

CADILA HEALTHCARE LTD. et al

The applicant is hereby notified of the following in respect of the priority claim(s) made in the international application.
1.[X) Correction of priority claim. In accordance with the applicant's notice received on: 05 June 2002 (05.06.02),
the following priority claim has been corrected to read as follows:

US 22 October 2001 (22.10.01) 10/054,101
D even though the indication of the number of the earlier application is missing.

even though the following indication in the priority claim is not the same as the corresponding indication appearing
in the priority document;

2. [:] Additon of priority claim. [n accordance with the applicant's notice received on: ,
the following priority claim has been added:

D even though the indication of the number of the earlier application is missing.

even though the following indication in the priority claim is not the same as the corresponding indication appearing
in the priority document:

B.D As a result of the correction and/or addition of (a) priority claim(s) under items 1 and/or 2, the (earliest) priority date is:

4, [:] Priority claim considered not to have been made.
[:] The spplicant failed to respond to the Invitation under Rule 26bis.2(a) (Form PCT/IB/316) within the prescribed time limit,
D The applicant's notice was received after the expiration of the prescribed time limit under Rule 26bis.1(a).
D The applicant's notice failed to correct the priority claim so as to comply with the requirements of Rule 4.10.

The applicant may, before the technical preparations for international publication have been completed and subjeg:t to the
payment of a fee, request the International Bureau to publish, together with the international application, information
concerning the priority claim. See Rule 26bis.2(c) and the PCT Applicant's Guide, Volume |, Annaex B2(18).

5. D In case where multiple priorities have been claimed, the above item(s) relate to the following priority claim(s):

6. A copy of this notification has been sent to the receiving Office and

@ to the International Searching Authority (where the international search report has not yet been issued).
@ the designated Offices (which have already been notified of the receipt of the record copy).

- | Authori fficer
The International Bureau of WIPO uthorized offic

34, chemin des Colombettes
1211 Genova 20, Switzerland Mougamadou ABIDINE (Fax 338.87

Facsimile No. (41.22) 740.14.35

Telephone No. (41-22) 338.83.38

40)

Form PCT/IB/318 (July 1998) 004956826

W
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PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU
pCT To:

NOTIFICATION CONCERNING SUBRAMANIAM, Hariharan
SUBMISSION OR TRANSMITTAL Subramaniam, Nataraj & Associates
OF PRIORITY DOCUMENT E- 556, Greater Kailash - Il
- , . , New Delhi 110 048
(PCT Administrative Instructions, Section 411) Maharashtra
INDE
Date of mailing (day/month/year)
04 July 2002 (04.07.02)
Applicant's or agent's file reference
ZRC-NIPR-002 IMPORTANT NOTIFICATION
International application No. . International filing date (day/month/year)
- PCT/IN02/00012 21 January 2002 (21.01.02)
. "1 International publication date (day/month/year) Priority date (day/month/year)
Not yet published 24 January 2001 (24.01.01)

Applicant

CADILA HEALTHCARE LTD. et al

1. The applicant is hereby notified of the date of receipt (except where the letters *NR" appear in the right-hand column) by the
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise
indicated by an asterisk appearing next to a date of receipt, or by the letters “NR", in the right-hand column, the priority
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1{a) or (b).

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim

concerned befare giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
within a time limit which is reasonable under the circumstances.

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International
‘ Bureau or which the applicant did not request the receiving Office to prepare and transmit to the Internationa! Bureau,

"\ P as provided ky Rule 17.1(a) or (b), respectively. in such a case, the attention of the applicant is directed to Rule 17.1(c) which
’ provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,

upon ontry into the national phase, to furnish the priority document within a time timit which Is roasonabloe undor the
circumstances.

riofj Priority application No, Country or regional Office Date of receipt
or PCT receiving Office of priority document
24 Janu 2001 (24.01.01) 84/MUM/2001 IN 13 Marc 2002 (13.03.02)
22 Octo 2001 (22.10.01) 10/054,101 us 05 June 2002 (05.06.02)

horized offi
The International Bureau of WIPO Authorized officer

34, chemin des Colombettes Mougamadou ABIDINE (Fax 338.87}40)
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740.14.36 Telephone No. (41-22) 338.83.38
Form PCT/1B/304 (July 1988) 004956825
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B I PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT
| | SUBRAMANIAM, Hariharan
INVITATION TO CORRECT Subramaniam, Nataraj & Associates
PRIORITY CLAIM : E- 556, Greater Kailash - II
: New Delhi 110 048
‘ Mabharashtra
(PCT Rules 4.10, 26bis.1, 26bis.2(a) and (b)) INDE
Date of mailing
(day/monthiyear) 27 February 2002 (27.02.02)
Applicant's or agent's file reference REPLY DUE .
ZRC-NIPR-002 Sce item |

International application No. International filing date

PCT/IN02/00012 (day/month/year) 21 January 2002 (21.01,02)

Applicant
CADILA HEALTHCARE LTD.

s

B

e applicant is hereby invited, within the time limit indicated below, to correct, by a notice submitted to the International Burcau,
defects in the priority claim(s), as indicated in the Annex:

I, Time limit to respond to this Invitation (Rule 26bis.1(a));
- within 16 months from the (carliest) priority date; or

- if the (earliest) priority date is changed as a result of the correction or addition of the (earliest) priority claim, within 16 months
from that (earliest) priority date so changed, '

whichever expires first, provided that such a notice may, in any event, be submitted until the expiration of four months from the
international filing date, ‘

Failure to respond to this invitation within the prescribed time limit may result in the priority claim concerned to be considered
for the purposes of the procedure under the PCT, not to have been made (Rule 26bis.2(b)).

2. Inthe case where multiple prioritics have been claimed, this invitation relates to the following priority claim(s);
us 22 October 2001 (22.10.01) Not yet allotted

3. Acopy of this invitation is being sent to the receiving Office.

The International Burcau of WIPO Authorized officer
34, chemin des Colombettes Jean-Mare VIVET (Fax 338.87.40)
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740.14.35 Telephone No. (41-22) 338.83.38

Forme PCTIBI3LG (January 2000)




International application No.
ANNEX TO FORM PCT/IB/316 PCT/IN02/00012

a. [

The International Bureau has found the following defects in the priority claim(s):
1. Fullure to Comply with the Requirements of Rule 4.10

Natlonal application
Missing indication of the filing date of the earlier application,

Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.

Missing indication of the number of the earlier épplication.*
Missing indication of the country party to the Paris Convention for the Protection of Industrial Property, or of the

Member of the World Trade Organization that is not party to that Convention, in which the carlicr national
application was filed,

The country indicated is neither a party to the Paris Convention for the Protection of Industrial Property nor a
Member of the World Trade Organization. :

0 0OX OO0

Regional application
Missing indication of the filing datc of the carlicr application.

Filing date indicated for the carlier application docs not fall within the period of 12 months prcccding the
international filing date.

Missing indication of the number of the earlicr application,*

O Missing indication of the authority entrusted with the granting of regional patents under the applicable regional
patent treaty.,

The authority indicated as the authority entrusted with the granting of regional patents does not grant rcgional
patents,

The priority claim in relation to the ARIPO application does not indicate either at least one country party to the
Paris Convention for the Protection of Industrial Property, or at least one Member of the World Trade
Organization, for which the earlier application was filed.

International application
U Missing indication of the filing date of the carlicr application.

O Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.

O Missing indication of the number of the carlicr application.*
O Missing indication of the receiving Office with which it was filed.

2. Inconsistency with the Corresponding Indications in the Priority Document*

Inconsistency with regard to the filing date of the earlier application:
The request indicates:
The priority document indicates:

Inconsistency with regard to the number of the earlier application;
The request indicates:

The priority document indicates:

Inconsistency with regard to the country party to the Paris Convention for the Protection of Industrial Property or the
Member of the World Trade Organization in which the national application was filcd:

The request indicates:
The priority document indicates:

Inconsistency with regard to the authority entrusted with the granting of reglonal patents under the applicable regional
patent treaty:

The request indicates:
The priority document indicates;

Inconsistency with regard to the receiving Office with which the international application was filed:
The request indicates:
The priority document indicates;

* Even ifthis defect is not corrected in response to this invitation, the priority claim concerned will not be considered not to have
been made (Rule 26bis.2(b)).

Form PCT/IB/316 (Annex) (January 2000)
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' AN |
PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION OF RECEIPT OF SUBRAMANIAM, Hariharan
RECORD COPY ‘ Subramaniam, Nataraj & Associates
E- 556, Greater Kailash - Il
(PCT Rule 24.2(a)) New Delhi 110 048
Maharashtra
INDE
Nato of mailing (day/month/year) v
27 February 2002 (27.02.02) IMPORTANT NOTIFICATION
Applicant's or agent's file reference International application No.
ZRC-NIPR-002 PCT/IN02/00012

., | The applicant is hereby notified that the International Bureau has received the record copy of the international application as
detailed below.

Name(s} of the applicant(s) and State(s) for which they are applicants:

CADILA HEALTHCARE LTD. (for all designated States except US)
PANDEY, Bipin et al (for US)

International filing date v : 21 January 2002 (21.01.02)
Priotity date(s) claimed : 24 January 2001 (24.01.01)
22 October 2001 (22.10.01)

Date of receipt of the record copy
by the International Bureau : 14 February 2002 (14.02.02)

List of designated Offices

AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZM,ZW

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM

EP :AT BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE, TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG

National :AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ, DE,DK,DM,DZ,
- EC.EE,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID, IL,IN,IS,JP,KE, KG KP,KR,KZ,LC,LK,LR,LS,LT,LU,

oo LV.MA,MD,MG,MK,MN,MW,MX,M2Z,NO,NZ,0M,PH,PL,PT,RO,RU,SD,SE,SG,SI,SK,SL,TJ,T™M, TN,TR,
oY TT,TZ,UAUG,US,UZ,VN,YU,ZA,ZM,ZW

The International Bureau of WIPQ Authorized officer:

34, chemin des Colombettes Jean-Marc VIVET (Fax 338.87.40)
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740.14.36 Telephone No. (41-22) 338.83.38
Form PCT/IB/301 (April 2000)

004688344

-
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Continuation of Form PCT/IB/301

NOTIFICATION OF RECEIPT OF RECORD COPY

Date of mailing {day/month/year)

27 February 2002 (27.02.02) . IMPORTANT NOTIFICATION
Applicant's or agent's file reference ' International application No.

ZRC-NIPR-002 PCT/IN02/00012
ATTENTION

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data
and the indications in the international application, the applicant should immediately inform the International Bureau.

In addition, the applicant's attention is drawnto the information contained in the Annex, relating to:
time limits for entry into the natlonal phase
D confirmation of precautionary designations
requirements regarding priority documents

~ o A copy of this Notification is being sent to the receiving Office and to the InternationalSearching Authority.

s

Form PCT/IB/301 (continuation sheet) {April 2000) 004688344




International application No.

ANNEX TO FORM PCT/IB/301 PCT/INO2/00012

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant is reminded that the "national phase” must be entered before each of the designated Offices indicated in the
Notification of Recsipt of Record Copy (Form PCT/IB/301) by paying national fees and furnishing translations, as prescribed by
the applicable national laws,

The time limit for performing these procedural acts is 20 MONTHS from the priority date or, for those designated States
which the applicant elects in a demand for international preliminary examination or in a later election, 30 MONTHS from the
priority date, provided that the election is made before the expiration of 19 months from the priority date. Some designated (or
slected) Offices have fixed time limits which expire even later than 20 or 30 months from the priority date. In other Offices an
extension of time or grace period, in some cases upon payment of an additional fee, is available.

In addition to these procedural acts, the applicant may also have to comply with other special requirements applicable in
certain Offices. It is tho applicant's rosponsibility to ensure that the necessary steps to entor tho national phaso aro wlfon ina
timely fashion. Most designated Offices do not issue reminders to applicants in connection with the entry into the national
phase.

For detailed information about the procedural acts to be performed to enter the national phase before each designated
Office, the applicable time limits and possible extensions of time or grace periods, and any other requirements, sco the relovant
Chaptors of Volumo Il of tho PCT Applicant's Guide. Information about tho requiromonts for filing o domand for international
preliminary examination is set out in Chapter IX of Volume | of the PCT Applicant’s Guide.

GRand ES became bound by PCT Chapter Iton 7 September 1996 and 6 September 1997, respectively, and may, therefore,
be elected in a demand or a later election filed on or after 7 September 1996 and 6 September 1997, respectively, regardless of
the filing date of the international application. (See second paragraph above.)

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter Il has
the right to file a demand for international preliminary examination. :

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

This notification lists only specific designations made under Rule 4.9(a) in the request. It is important to check that these
designations are correct. Errors in designations can be corrected where precautionary designations have been made under
Rule 4.9(b). The applicant is hereby reminded that any precautionary designations may be confirmed according to Rule 4.9(c)
beforo the expiration of 16 months from the priority date. If it is not confirmed, it will automatically be regarded as withdrawn
by the applicant. There will be no reminder and no invitation. Confirmation of a designation consists of the filing of a notice
specifying the designated State concerned {with an indication of the kind of protection or treatment desired) and the paymant
of the designation and confirmation fees. Confirmation must reach the receiving Office within the 16-month time limit.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS

” For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled.
3

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy
of the said earlier application, certified by the authority with which it was filed {“the priority document") to the receiving Office

the priority date, provided that any such priority document may still be submitted to the International Bureau before that date of
international publication of the international application, in which case that document will be considered to have been received
by the International Bureau on the last day of the 16-month time limit (Rule 17.1(a)).

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority
document, request the receiving Office to prepare and transmit the priority document to the International Bureau. Such request

must be made before the expiration of the 16-month time limit and may be subjected by the recsiving Office to the payment
of a fee (Rule 17.1(b}).

If the priority document concerned is not submitted to the International Bureau or if the request to the receiving Office
to prepare and transmit the priority document has not been made (and the corresponding fee, if any, paid) within the applicable
time limit indicated under the preceding paragraphs, any designated State may disregard the priority claim, provided that no

designated Office may disregard the priority claim concerned before giving the applicant an opportunity to furnish the priority
document within a time limit which is reasonable under the circumstances.

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 16-month time
limit is the filing date of the earliest application whose priority is claimed.

{which will transmit it to the International Bureau) or directly to the International Bureau, before the expiration of 16 months from

Form PCT/IB/301 {Annex) (April 2000) _ 004688344

"3



SUBRAMANIAM, NATARAJ & ASSOCIATES

ATTORNEYS -AT-LAW
PATENT AND TRADEMARK AGENTS

E-556, GREATER KAILASH - 1T
NEW DELHI-110 048

Ted: (+91 11) 26285603, 26266012, 26286025 e-mail: sna@vsnl.com Fax: (+91 11) 626600%

http://www.sna-ip.com
ZRC-NIPR-002

The European Patent Office 16 December 2002
P.B. 5818 Patenlaan 2

NL-2280 HV Rijswijk ORIGINAL BY COURIER

Netherlands

(FFax No. +31 70 340 3016)

(Tel No. +31 70 340 2040)

Dear Sir,
Re: CADILA HEALTHCARE LIMITED
PCT INTERNATIONAL APPLICATION No. PCT/INOO/00012
Filed on 21 January 2001
Priority Dates: 24/01/2001 (IN)
22/10/2001 (US)

We respectfully refer to the written opinion transmitted to us by Official communication dated
24 October 2002. The applicants have been afforded time up to 24 December 2002 to submit a
reply.

The applicants respectfully submit that the claimed invention is novel and inventive over the
prior art cited (whether taken individually or in combination) for the reasons submitted

hereunder. It is therefore, respectfully requested that a favourable examination report is
issued.

Taking the issues raised by the Hon'ble European Patent Office seriatim:

Re: Item | (Basis of the opinion)

The applicants have no comments with respect to the basis of the opinion

Re: Item V {Reasoned Statement)

The documents referred to have been noted. The applicants most respectfully submit that the
documents cited in the International Search Report and relied upon in the Written Opinion do
not affect the novelty or inventiveness of the invention covered by this PCT International
application. Detailed explanation is given below:

The PCT International application is question relates to a process of manufacturing
Clopidogrel. The aim of a process chemist is always to develop a better and more efficient
process, with high yield, with enhanced operational simplicity (for example, crystallizing the
desired isomer in the first step), reducing the number of steps as even altering the sequence of
already known steps, increasing the overall yield as also improving the yield of each individual
step, overcoming the drawbacks of existing processes, devising moderate reaction conditions,
providing a clean product with lesser side products and impurities, providing an optically pure
product without any contamination, recycling the unwanted isomer thereby reducing waste
thus making it environment friendly, avoiding tedious column chromatography, devising
reaction conditions to reduce the reaction time, devising a safer reaction scheme using less
hazardous reactants as also milder reaction conditions and so on.




All these above Tactors contribute to inventiveness and make a chemical process cost effective
and commercially viable. lf any one or more of the above mentionced objectives we fullilled by
an inventive process it should become a patentable subject matter. It is respectfully submitted
that the following submissions will make it clear that the claimed process is novel and
inventive:

The Learned Examiner’s reasoning on the grounds of obviousness and novelty are based on

the following documents:

1.  Burgos et. al,, J of Labelled Compounds Radiopharm. 43, 891-898 (2000) (XP008008850)

2. Jerry March: “Advanced Organic Chemistry” 1992, Wiley & Sons.,, New York
(XP002215119 198280)

3 U. S. Pat. 4,529,596 (Aubert et. al.)

4.  Najer et. al.,, Bull. Soc. Chim. Fr., 1189-92 (1958) (XP002215118)

A. The article of reference no. 1, (XP0O0O8008850), describes a method of preparing [benzene-U-
14C]-rac-Clopidogrel by ortho-Metalation / Chlorination of Benzoic acid derivatives using
Strecker synthesis.

In connection with this document, it is respectfully submitted as follows:
I) Strecker synthesis:
Strecker reaction is a fairly old reaction as will be clear from

1. A Strecker, Ann, 75, 27 (1850)
2. A. Strecker, Ann, 91, 349 (1854)
3. Liebigs Ann. Chem., 155, 177 (1870) and relevant pages of Merck Index (Annexure 1).

However, in the referred citation, acetone cyanohydrin has been used as the source of cyanide
while the applicants have used NaCN or KCN as the cyanide source. The source of cyanide
being NaCN or KCN was also known from the very long time. Even the use of NaHSO3 is known
for several decades in prior art.

The prior art in question ((XP0O08008850)) suffers from some serious drawbacks such as:
a) Low yield - 31%

b) Presence of impurities of adducts formed from cyclic amine and acetone cyanohydrin
(pages 894-895).

c) Use of column chromatography for separation

d) Scale of synthesis i.e. product isolated is only 744 mg.

The applicants’ invention overcomes the above-mentioned problems and has the following
advantages:

a) Very high yield- 97% (Example 1)

b) No impurity formation with the applicants’ “cyano” source.

c) No column chromatography required.

d) Scale of synthesis - 24 gm product isolated (reported in our application, Example No.1).

In fact, the synthesis has been done at Kilogram level.

The applicants have also employed several variations of Strecker synthesis (see Ex. 1-9) with
reactants, solvents etc., each providing different yield but all consistently much higher than
reported in the prior art. Hence the applicxants have advantageously used the ideas/concepts

of known knowledge to develop a better process with high yield, no impurity and with reduced.

steps (not requiring column chromatography as was done in the referred prior art).

The learned Examiner will note that the applicants’ claimed invention “yields unexpectedly
improved properties, which is not present in the prior art.” Therefore, it is respectfully
submitted that the applicants’ invention is novel and inobvious. (Patent Law Basics,
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Rosenberg, West Group, ‘page 6-7;) (Annexure II). The improved properties in applicants’
invention are better yields and operational simplicity.

The fact that inventing a process which improves the yield considerably or reduces the
presence of impurities in the desired product, by minor modification of reactants, reaction
conditions, etc., is a sufficient ground for the claimed process to be non-obvious and hence
patentable is further corroborated by the following examples.

a) US 6,355,827, Komoschinski et. al., describes an improved process for preparing 2-
cyanoindan-1-ones, where MeOH as solvent has been replaced by DMF:H20 and the yield was
improved from 70 % to 95%. (Annexure I1I)

In the applicants’ present invention, the yicld has improved from 31% to 97%.
b) US 6,201,135, Maywald et. al., describes a process of separating impurities from 3-(2"
acetoxy-ethyl-dihydro-2(3H)-furanone, according to a known process but uses a different

purification process to get the purified product. (Annexure 1V)

Similarly through the claimed process, the applicants obtain a pure product without involving
further purification step.

c) US 6,037,503, Oren et. al., describes a process for the preparation of p-fluorophenol,
where the “hydroxyl ion” source has been changed from Ca(OH)2 to NaOH with a view to
minimize impurities, get a high conversion and a clean reaction. (Annexure V)

The applicants’ process also changes the source of CNt from acetone cyanohydrin to NaCN or
KCN, with a view to eliminate impurities, get a high conversion and consequently a betier yield
and a clean reaction.

) US 6,107,490, Murthy et. al., describes a process for preparing 4-methyl-5-
hydroxymethyl imidazole, where the reaction medium has been changed from base/water to
K2COus/isopropanol thereby improving the yield. (Annexure VI)

II} Conversion of nitrile to ester via amide:

CN CONH ,

N = : S
I T SShe
a8 s =

(%) or (+) or (-) | (&) or (+) or ()
M | (I1)

COOCH ,

S =

(£) or (+) or (-)
(1)




According to Burgos et. al. ((XPO08008850])), the conversion was not carried out through
saponification of the nitrile to amide, as there was a problem of retro-Strecker reaction (Burgos
et. al., J of Labelled Compounds Radiopharm. 43, (2000) page 895, lines 2-4). Hence Burgos et.
al. has carried out HCI promoted hydrolysis to amide in order to avoid retro Strecker and
finally yielding low amount of product.

However, the applicants’ process describes a modified process where saponification of nitrile (1)
with KOH-t-BuOH ‘yields amide (Il) in high yield (94%) and without any retro-Strecker reaction
(Example 10 of our specification). The high yield and cleanliness of the reaction is indeed
noteworthy. Also, Example 18 (with KOH / isopropanol) of applicants’ specification describes a
process where the pure product precipitates out of the reaction mixture without extraction,
simply by adding water, which offers advantage of operational simplicity.

A further problem with Burgos et. al’s process is that it requires a long time (48 hours),
azeotropic drying of reaction mass (page 897), whereas in the present process the reaction
time required is 3 hours (Ex. 10, applicants’ specification), and offers considerable advantage
of operational simplicity , where the desired product precipitates out by simply adding water
and without any extractive workup. All these issues i.e. time, operational simplicity, purity and
avoidance of extractive workup adds up to better yields and commercial viability. Indeed such
advantage of operational simplicity is not disclosed anywhere in the referred prior art.

The applicants would like to draw attention to the fact that they have actually solved the
problems faced by the prior art and have improved the process significantly by doing what was
stated as non-viable in the prior art. “Doing what the prior art references try to avoid is the
antithesis of obviousness.” (Patent Law Basics, Rosenberg, West Group, page 9-63). Also, for
the present invention to be obvious, “there must be reasonable expectation of success” - US
Manual of Patent Examination Procedure, (Patent Law Basics, Rosenberg, West Group, page 9-
31), from what has been described in the prior art. However, in the present case the prior art
in essence will discourage people from using saponification for obtaining the amide.

The applicants would also take this opportunity to highlight some other major features of
their claimed invention.

The applicants’ resolution process of () amide (VII), with 1S(+) CSA is not only unprecedented
but it is technologically most desirable from the process perspective, since the desired dextro
rotatory isomer (+) amide precipitates quantitavely in the very first attempt as diastereoisomer,
without any contamination of unwanted (-) isomer or (f} isomer. (Ex. 31of the applicants’
specification). The optical purity of our product is 99.5%. There is no need for removal of
impurity.
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The applicants would like to draw the learned Examiner’s attention to the following patent nos.
US 4,546,201, US 4,515,811; GB 1,426,186 & GB 1,422,015 {Annexures VII, VIII, IX and X)
all of which relate to the process of optical resolution of (1) 2-(6-methoxy-2-naphthyl)
propanoic acid (Naproxen). The objective of all these patents have been to discover resolving
agents and identify critical process parameters which avoids multiple crystallization and
provides higher proportion of the desired d-isomer in a single crystallization step with
improved quality (no contamination of unwanted l-isomer).




Once again, the resolution of racemic () Naproxen in four patents confirms the applicants’
contention that although conceptually one can argue that based on prior art, it is “obvious to
try” but experience suggests that nobody could guarantee that such an experiment would
have been expected to succeed.

“The governing standard is not whether a particular approach leading to an invention would be
‘obvious to try’, but whether such an experiment would have been expected to succeed”
(Patent Law Basics, Rosenberg, West Group, page 9-58).

Besides there are other non-obvious features of the applicants’ process:

i) The applicants’ resolving agent for cyclic amide is (+) CSA, which has not been
reported for this synthesis. '

1i) The applicants’ resolution of cyclic amide is unprecedented and its properties e.g.
SOR (specific optical rotation) of diastereoisomer of VII with S(+) CSA = +51°(C=1, MeOH) and
SOR of (+) amide (VII) = + 41° (C=1, MeOH) are hitherto unknown (see Ex. 31)

iii) The applicants’ invention is, inter alia, that (+) nitrile (IV) gives (+) amide (V) and (+)
amide gives (+) ester (I) is novel and non-obvious. No prior art can predict this.

iv) The applicants process for converting (+) amide to (+) ester is both high yielding and
without racemization.

In this context, it is relevant to note the drawbacks of the prior art reported by Burgos et. al.’s
process ((XPO0O8008850)), for conversion of racemic amide to racemic ester where a drastic
condition of long reflux of 144 hours leads to only partial conversion of starting material, and
low yield (overall 7%, page 895) of ester, with 26 % unreacted amide isolated by column
chromatography.

v) The applicants’ process of conversion of diastereoisomeric salt of (+) amide / (+) CSA
to (+) ester without any racemization in 97% yield in 26 hours (Ex. 37) is indeed unique and
unprecedented. The very concept of converting a diastereoisomeric salt to the desired
compound is new, novel and non-obvious.

vi) The applicants’ process also reports the racemization of the unwanted isomer and
its recycling (see Ex. 43, 44, 45 & relevant claims (24, 25) which is not disclosed in any of
the cited prior art. The applicants would like to state that the process of recycling and reuse

of waste products has been considered a patentable invention as is evident from the grant of
the following patents- (Annexures XII and XII):

a) US 6,114,523, Allegrini et. al., describes a “Process of recycle and reuse of
b) waste products in Diltiazem synthesis.
) US 5,082, 970, Braish, describes a “Process for recycling an amine isomer”

which is involved in the synthesis of Sertraline.

The grant of above patents are noteworthy because such recycling of unwanted products not

only add to the cost effectiveness of the process, but also decreases load on the environment
hy minimizing waste.

Besides, for process patents, where a process consists of more than a single step, the
arrangement, order or sequence in which these component steps are to be performed may
itself be of patentable significance Thus, the patentability of a multi-step process may reside
solely in the arrangement of its constituent steps — although each of the individua) steps being
old, the particular order constituting a new combination (Patent Law Basics, Rosenberg, West
Group, page 6-6).
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In this context, the applicants’ strategy of resolving the coupled cyclic nitrile (1) and / or amide
(11), to their respective dextrorotatory isomers and then converting them to the final product
S(+)-Clopidogrel, constitutes a new arrangement of its constituent steps - even if some of the
racemic () intermediates e.g. labeled coupled nitrile and labeled coupled amide are known in
the prior art.

The inventive merit of this strategy becomes more significant as this strategy will require less
reagents for further transformation and will also reduce wastage of costly intermediates. Itis a
common knowledge that the cost of intermediates keeps on increasing as we proceed from
starting material to final product in a multi-step synthesis. One would therefore, like to use
cheaper intermediates by introducing resolution in the beginning of the synthetic ladder than
resolving the costly final product at the end.

In conclusion the applicants would like to draw the attention of the Learned Examiner (o the
following facts which clearly shows the substantial improvement of their process over all
known prior arts: ‘

Our overall yield of 66.3%, in four steps is as follows:

1) In the Strecker step - 97 % (Ex. 1)

i) Conversion of nitrile to amide - 94% (Ex. 10)
iii) Resolution to diastereoisomers - 75% (Ex. 31)
iv) Diastereoisomer to ester - 97% (Ex. 37)

With applicants’ success with racemization and recycling of unwanted isomers, the resolution
step yield goes above 95% from 75%, which further pushes our overall yield to not less than
84%.

On the contrary, Burgos et. al. report a 7 % overall yield for racemic () ester, Thus, on the
ground of simple yield improvement also, one can not extrapolate and the applicants’
invention is therefore, non obvious.

That increasing the yield of a known process is a patentable subject matter has been
recognized by the patent office as is evident from US 6,355,827, Komoschinski et. al., (prior
art yield was 70%, whereas improved yield is 95%), with a small modification of reaction
conditions (change of solvent from methanol to a mixture of DMF/H20in 95:5) for the same
reaction and same reagents (yield improvement only 1.35 fold). Compared to that our invention
gives a 28 fold yield improvement, from not more than 3% (prior art) to not less than 84 %.

B. With respect to the citations from J. D. March (XP002215119 198280) the applicants
would like to state the following:

i. According to the citation on page 842, the cyanide source referred to is acetone
cyanohydrin. This reagent has been used in the process described by Burgos et. al. (J of
Labelled Compounds Radiopharm. 43, 891-898 (2000); page 895) whereby the yield reported
was very poor (31%; page 897). The applicants have not used acetone cyanohydrin as our
source of cyanide. The applicants have employed sodium cyanide as the nitrile source
which results in a substantially higher yield of 97% (Example 1). In fact, the applicants
have not used any of the nitrile sources referred to in the citation of J. D. March. Based on
simply the high degree of yield improvement the applicants’ process becomes non-obvious.

ii. The citations on pages 964, 965 (6-49), and 966 (6-51) speaks of the further
fundamental reaction mechanism involved in the addition of HCN to an aldehyde, ketone or to
a -C=N bond. It is also stated that “it is the bisulfite addition product that is treated with CNt’
(page 965, 31 line). Here again the applicants would like to state that their invention is an
improved process for preparing a compound of industrial significance and for achieving this
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they have used known methodologies, reactants, reagents, rceaction conditions el in a
specific sequence whereby they have overcome the drawbacks of the prior art and also
increased the efficiency and yield of the final product as well as intermediates to a level not
reported anywhere in the prior art. Thus a citation which merely describes the mechanism
involved and the preferable sequence of a very well known reaction generally, cannot render
the applicants’ invention obvious.

Thus it is the applicants’ contention that the references of J. D. March merely teaches the
general mechanism involved in the addition of a nitrile to an aldehyde, ketone or a -C=N group
but does in no way teaches their invention. Hence, it is the applicants’ contention that our
invention doesn’t become obvious based on these cited documents. :

C. The learned Examiner further states that Claim number 4 of the present invention lacks
novelty because of Example no. 5 of US 4,529,596 (Aubert et. al.). However, the referred
example describes a process of preparing a-[4,5,6,7-tetrahydro-thieno-[3,2-c]-5-pyridyl}-o-
chlorophenylacetic acid from the corresponding ester compound using alkaline hydrolysis.
However, the applicants’ method of preparing the acid (Ill) as claimed in Claim S of the
specification is by hydrolysis of the corresponding cyano compound (IV) in the presence of

a suitable acidic/basic catalyst, in a suitable solvent.

CN COOH

N A
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S S Z

(IV) &) or (+) or (-) . (II) ) or (+) or (-)

The applicants would like to state here that they have not claimed the compound of formula
(1), which is widely known from long time as the first metabolite of Clopidogrel formed in the
body. The process of preparation of (I11) according to the applicants’ application is in no way
taught by the referred example. Hence, it is respectfully submitted that the cited reference
does affect the novelty of our process, which is unique,

D. The last reference cited by the learned Examiner is the article by Najer et. al. (Bull. Soc.
Chim. Fr., 1958, pages 1189-92) which according to the Examiner generally describes the
state of the art which is of not much significance. We accept the learned Examiner’s
observation and do not have any comments to make.

In view of the above, it is respectfully requested that a favourable Examination report is
issued.

No amendments are made to the claims or description at present.

Yoursﬁngg&gybf::jz///////

MANIAM
Attornty7Patent Agent for the applicants
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State (that is, country) of nationality: State (that is, country)

of residence:

This person is spplicant all designated all designated Stetes except
for thpe purposespgf: D States ¢ D the Unifed States of America

the United Statey
of America only

the States indicated in
the Supplemental Box

[:] Further applicants and/or (further) inventors are indicated on another continuatjon sheet.

Form PCT/RO/101 (continuation sheet) (March 2001; reprint January 2002) See Noltes 1o the request form
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Box No.V DESIGNATION OF STATES Mark the applicable check-boxes below, at least one must be marked.

The following designations are hereby made under Rule 4.9(a):

Regional Patent

& AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, $D Sudan,
SL Sicrra leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Zambia, ZW Zimbahwe, and any other
State which is a Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatment desirved, |
Specify on dotted ling) . . . ... iuu e e e e i e

[® EA EurasianPatent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldava,
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any othor State which is a Contracting Statc of the Eurnsian
Patent Convention and of the PCT

X EP European Patent: AT Austria, BE Belgium, CH & LI Switzerland and Liechtenstein, CY Cyprus, DE Germany,
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Taly, LU Luxembourg,
MC Monaco, NL Netherlands, PT Portugsl, SE Sweden, TR Turkey, and any other State which is a Contracting State of
the European Patent Convention and of the PCT

(X 0OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Céte d'Ivaire, CM Cameroon,
GA Gabon, GN Guinea, GQ Equatorial Guines, GW Guinoa-Bissnu, ML Mali, MR Mauritanin, NE Niger, SN Senepal,
TD Chad, TG Togo, and any other State which is 8 member State of OAPI and a Contracting State of the PCT (if other ind

of protection or treatment desired, speclfy ondotted ling) .. ...... ... ... i
National Patent (if other kind of protaction or reatinent desived, specify on dotted line):
AL United Arab Emirotes 4 GM Gambin B NZ New Zeatond ... ...
& AG Antigua and Barbuda BI HR Croatia ...............co..t X oM Ooman
AL Albania........oovvvvunniiins BI HU Hungary .....covevioeinnn. B PH Philippines................
B AMAmmenia................... ... X ID mdonesia K PL Poland............. e
AT Austrin ... IL Israch .. ... ool PT Portugal ...
R AU Auswalia ... BIN Indin. ... . RO Romania
Rl AZ Azetbaijan.......... ... ... .. 1S Iceland & RU Russian Federation . .. o
X BA Bosnia and Herzegovina......... BITP Japon ..ot
X BB Barbados 3 KE Kenya..........oooooooiiin & SD Sudan
®IBG Bulgaria . ..................... IX KG Kyrgyzstan . ................. &l SE Sweden
DKIBR Brazil ...............cvnnn. & KP Democratic People's Republic X SG singapore
BY Belarus. ...t ofKorea.................. ST Slovenia....................
BOBZ Belize..........coovvvvnnnnn. B KR Republicof Korea............. B SK Slovakia.........o.oevunn..
X CA Canada ® KZ Kazakhstan .. ................ &I SL Sierraleone.................
[X CH & LI Switzerland and Liechtenstein BJ LC Saint Lucia B TJ Tejikistan...................
B CNChina...................... & LK Sri Lanka & T™ Turkmenisten . ...............
CO Colombis B LR Liberia 34 TN Tunisia
BJCR CostaRica................... B LS Lesotho.......... PP PATR Turkey .....oovvovvvevvnnns
BCUCuWa. ..o, B LT Lithuania & TT Trinidad and Tobago ..........
K CZ Czech Republic............... LU Luxembourg e
DE Germany .................... & LV Latvia B TZ United Republic of Tanzania
DK Denmark .. .................. X MAMorocco ... ..ovvvniiei, X UA Ukraine ...................
® DM Dominica & MD Republic of Moldova . . . .. .. .. KuGuUganda ....................
B DZ Algeria .. ..ot X US United States of America . . .. ..
EC Ecuador...............0.... [ MGMadagascar. . .....vvvveeiis
REEE Estonia.....ovvvvivvvinnnnns 3 MK The former Yugoslav Republic of B UZ Uzbekistan .................
(RES Spain .....ovvvieeeennnins Macedonia ................... BB VN VietNam .. ................
®PF Finlend...................... & MN Mongolia BJ YU Yugoslavia .................
(X GB United Kingdom ‘ B MWMalawi . ... & ZA South Africn . ...............
X GD Grenada B MXMexico....ooovveennennn... X ZM Zambia
B GE Georgia....ooovvvvvnvnennnns X MZ Mozambique B3 ZWZimbabwe . .. ..............
B GHGhana. ........ovvvvnnnn. (X NO Norway
Check-boxes below reserved for designating States which have become party to the PCT afier issuance of this sheet:
B B B
B B B

Precautonary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that
any designation which is not confinned before the expiration of 15 mouths from the priority date is to be regarded as withdrawn by the
applicant at the expiration of that time limit. (Confirmation (including fees) must reach the receiving Office within the 15-month time limit.)

Form PCT/RO/101 (second sheet) (January 2002) See Notes 1o the request form
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Box No. VI PRIORITY CLAIM

The priority of the following earlior application(s) is heroby claimed:

Filing date Number Where earlier application is:

of earlier application of eatlier application — — - — —
(day/month/yecr) : national application: | regional application:*{ international application:

country regional Office receiving Office

item (1)
24 January 2001 84/MUM/2001 IN

item (2)
22 October 2001 Not yet allotted US.A

item (3)

ftom (4)

item (5)

[J Further priority claims are indicated in the Supplemontal Box.

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s) (only

if the earller application was filed with the Office which for the purposes of this intematlonal application Is the receiving Office) identified
above as:

D all items m item (1) D item (2) D item (3) D item (4) D item (5) D gg):;i;;eemal Box

* Where the earlier application is an ARIPO application, indlcate at least one country party to the Parls Convention for the Protection of
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4.100)(il)): . . ..

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Cholce of Internatlonal Searching Authority (ISA) (if two or more International Searching Authorities are competent to carry out the
internatlonal search, indicate the Authorlity chosen; the two-letter code may be used):

IS A L B o, I

Request to use results of earller search; reference to that search (ifan earlier search has been carried out by or requested from the
International Searching Authority):

Date (day/month/year) Number Country (or regional Qffice)

Box No. VIII DECLARATIONS

The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable Number of
check-boxes below and indicate In the right column the number of each type of declaration): declarations
[J Box No. VII (i) Declaration as to the identity of the inventor

D Box No. VIII (ii) Declaration as to the applicant’s entitlement, as at the international filing

date, to apply for and be granted a patent

E] Box No. VIII (iii) Deoclaration as to the applicant's entitloment, as at the international filing
dato, to clalm the priority of the carlior application

D Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation of the
United States of America)

[:] Box No. VII (v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty

Form PCT/RO/101 (third shoet) (March 2001; reprint January 2002) Sae Notas to the requast form




SheetNo. ..5..

This international application contalns: This international application is accompanied by the following Number
(8) the following number of - item(s) (mark the applicable check-boxes below and indicate In of items
sheets in paper form: right column the number of each liem):
request (including 1. [Q ' fee calculation sheet ol
declaration sheets) : 5 2. [ original separate power of attorney
g:;ﬁl::&oi}s(tzgl:g;x;g . 35 3. [ original general power of attomey
claims 5 4. [] copy of general power of atlorney; reference number,
DY i i e :
abstract : 1 Y - .
drawings , 5. [Q statement explaining lack of signature
Sub-otl number ofsheets ;46 e e e B e e :
Zﬁzg’;‘:fo;s}auéfugfsﬁnbe, 7. translation of international application into
7“;,“,', iffiled In Paple,. (language): ..o vvneviiiiiiiii ., P
orm, whether or nol also 8. [J separate indications concorning deposited microosganism
%’fz ,’"c‘;‘e’”’ )"""Z 5 ﬁl‘)’d"bl" or other biologlcal material
" 9. [ sequence listing in computer readable form (indicate also type
Total number of sheets  : and number of carriers (diskette, CD-ROM, CD-R or other ))
(b) sequence listing part of doscription filed in (i) [J copy submitted for the ugmsos of international search
computer readable form under Rulo 1 37er only &u not as part of the
(i) [J only (under Section 801(a)(i)) - l(melrnat;,onal ;pp}:c:uo?b)) y (},)() tedinleh :
" . - . . (ii) ‘only where check-box (b)(i) or () (i) is marked in left
@ O ;_“ 3dd1“‘g‘ ‘°Sb°t11118 fggf 1 3,’_“;’3' column) additional copies including, where applicable,
\ orm (under Section 801(a)(ii) the copy for tho purpases of international search under
A '%pc and nuinber of carriers (diskette, Rulo 131er :
~ CD-ROM, CD-R or other) on which the ! (iii) [ together with relevant statement as to the identity
seqt;en;:: 11,15‘;“511)8:1 ;,3 c?taix,xed g’;ﬁ”{""” of the copy or copies with the sequence listing part
:fgl;nf::olw:n)", cafed under ftem (), th mentioned in left column ‘
...................... 10 [ other(specif): oo i
Flgure of the drawings which Language of filing of the
should accompany the abstract: intemnational application: English

Box No. X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Next 1o each signuture, Indicata the name of the parsan signing and tha eapacity in which the persan signs (|f such capacity i nat abviaus from reading the requesi).

SUBRAMANIAM, HARTHARAN
Attorney-at-law, Regd. Patent Agent
Patent Agent for the Applicants

For receiving Office use only

1. Date of actual receipt of the purported 2. Drawings:
international application:
D received:

3. Corrected date of actual receipt due to later but
timely received papers or drawings completing
the purported international application:

4. Date of timely receipt of the required D not received:
corrections under PCT Article 11(2):

5. International Searching Authority 6. D Transmitta) of search copy delayed
(if two or more are competent): [SA / unti! search fee is paid

For Intemational Bureau uso only

Date of receipt of the record copy
by the International Bureau:

Form PCT/RO/101 (last sheet) (March 2001; reprint January 2002) . See Notes to the requesi form




This sheet is not part of and does not count as a sheet of the international application.

PCT

FEE CALCULATION SHEET

For receiving Office usc only  sm————————

International Application No.

Annex to the Request

Applicant’s or agent’s
file reference ZRC-NIPR-002 Date stamp of the receiving Office

Applicant CADILA HEALTH CARE LTD, spplicants for all deslgnated States except U.S.A,
PANDEY, Bipin; LOHRAY, Vidya Bhushan & LOHRAY, Braj Bhushan, applicants only for U.S.A
CALCULATION OF PRESCRIBED FEES

l.TRANSMI'I‘TALFEE.,.....‘.............lRsﬁ()(m(m m
2. SEARCHFEE . . . . . . . .. ... .. e | USD, 866,00, l:l
International search 1o be carried out by EP

(f twa or mare International Searching Authorlties are competent 1o carvy out the infernational

search, indicate the name of the Authority which Is chasen 10 carry out the international search.)
3. INTERNATIONAL FEE

Basic Fee

Where item (b) of Box No. IX applies, enter Sub-total number of sheets }
Where item (b) of Box No. IX does not apply, enter Total number of sheets

ﬁrs1 30sheets . . . . . . ... ... . D_407.00 lII

15 x 9 | = usp13s.00 fb2]
number of sheats fee par sheet
in excess of 30

additional component (only if sequence listing part of description
is filed in computer readable form under Section 801 fp (i), or
both in that form and on paper, under Section 801(a)(ii)):

400 x =I [E]

fee per sheot

Add amounts entered at bl, b2and b3 and enter total at B . . . I YISD.£42.00 m
Deslgnation Fees
The intermational application contains ___115 designations.

5 x 88 |=_11sD 440.00 (D]
number of designution fees amount of designation feo

payable (maximum 5)

Add amounts entered at B and Dand entertotalatl . . . . . . . . .. I 11SD 982.00 m

(Applicants {rom ceriain States are entitled to a reduction of 75% of the
internationa dfee. Wherethe applicant Is (or all applicants are) so entitled, the total
1o be entered at I is 25% of the sum of the amounts entered at B and D) Rs. 3000.00

4. FEE FOR PRIORITY DOCUMENT (ifapplicable) . . . . . . . D [F]

5. TOTALFEESPAYABLE . . . . . . . .. . . .. .. ... .. e KO0 00 -+ YISN JRAR 00
Add amounts entered at T, S, I and P, and enter total in the TOTAL box TOTAL

[C] The designation fees are not paid at this time.

MODE OF PAYMENT

dd fngzﬁﬂlﬁggmﬁ (cs)::ﬂcr ?:low) ] postal mouney order [ cash ] coupons

D cheque D bank drafl [:] revenue stamps [:I other (specify):
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT .

(This mode of payment may not be available at all receiving Offices) Receiving Office: RO/______ .~ = ..

Doposit Account No.:

7] Authorization 10 charge the total fees indicated above,

[T (7his check-box may be marked only |f the conditions for depasit accounts Date:

af the receiving Office so permit) Authorization to charge any deficiency )

or credit any overpayment in the tota) fees indicated above. Name: — -
(] Authorization to charge the fee for priority document. Signature:

Form PCT/RO/101 (Annex) (January 2002) See Notes to the fee calculation sheet
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(43) International Publication Date
1 August 2002 (01.08.2002)

PCT
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(10) International Publication Number

WO 02/059128 A3

(51)

@n

22)

(25)

(26)

(30)

(71)

(72)
(75)

{74

International Patent Classification”:

CO07D 495/04

International Application Number:  PCT/INO00012

International Filing Date: 21 January 2002 (21.01.2002)

Filing Language: English

Publication Language: English
Priority Data:
84/MUM/2001
10/054,101

24 January 2001 (24.01.2001) IN
22 October 2001 (22.10.2001)  US

Applicant (for all designated States except US): CADILA
HEALTHCARE LTD. (IN/IN]; Zydus Tower, Satellite
Cross Roads, Gandhinagar-Sarkhej Highway, Ahmedabad
380 015, Gujarat (IN),

Inventors; and )
Inventors/Applicants (for US only): PANDEY, Bipin
[IN/IN]; Zydus Tower, Salellite Cross Roads, Ahemd-
abad-380 015, Gujarat (IN). LOHRAY, Vidya, Bhushan
(IN/IN]; zydus Tower, Satellite Cross Road, Ahmedabad
380015, Gujarat (IN), LOHRAY, Braj, Bhushan [IN/IN];
Zydus Tower, Satellite Cross Road, Ahmedabad 380 015,
Gujarat (IN).

Agents: SUBRAMANIAM, Hariharan et al.: Subrama-
niam, Nataraj & Associates, B- 556, Greater Kailash - 1,
New Delhi 110 048, Maharashtra (IN).

(81

(84)

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GF:, GH,
GM, HR, HU, ID, IL, IN, 1S, JP, K2, KG, KP, KR, KZ, 1.C,
LK, LR, LS, LT, LU, LV, MA; MD, MG, MK, MN, MW,
MX, M7, NO, N7, OM, PLL, PL, L, RO, RUI, 8D, SIE, 8¢5,
SI, SK, SL, T3, EM, UN, VR, TT 17, UA, UG, US, U7,
VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, 8D, 8L, 87, 17, UG, 7M. ZW),
Vurasian patent (AM, AZ, BY, KG, K7, MD, RUL T, I'M),
Huropean patent (AT, B, CLIL CY, DI, DK, BS, Fl, 'R,
GB, GR, IE, I', LU, MC, NL, P, SE, ‘I'R), OAPI patent
(BE BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG). '

Published:

(88)

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

Date of publication of the international search report:
19 December 2002

For two-letter codes and other abbreviations, refer to the "Guid-

ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazelte.

(54) Title: PROCESS FOR PREPARING CLOPIDOGREL

%C/OCHJ CONH,
: N
/s l J\G—x ) s Z
chlorine,

()

(57) Abstract: The present invention discloses o
process for the preparation of thicno|3,2-¢|pyridine
derivatives of general formula (I), in cither racemic
or optically active (+) or (-) forms and their salts,
wherein X, the substituent on benzene ring represents
either a hydrogen or halogen atom such as fuorine,

bromine or iodine. The present invention also describes a process for preparing the compounds of general formuta (1),

in either racemic or optically active (+) or (-) forms and their salts, where X, the substituent on benzene ring represents either a

hydrogen or halogen atom such as fluorine, chlorine,

bromine or iodine. The compounds represented by formulae (1) and (1) have

one asymmetric carbon and hence, the optically active compounds of formula (I) or of formula (ii), may be obtained either by

resolving the racemic intermedinte/final product or using an optically active intormedinte.
pharmuacologicully uctive and have significant anti-aggreguting and anti-thrombotic proportics.

The compounds of the invention are




INTERNATIONAL SEARCH REPORT
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Int a Application No

PCT/IN 02/00012

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Calugory * | Chintion of documont, with Indication,whero appropriate, of the rolovani passages

Aalovant 10 clalm No.

Y

JERRY MARCH: “Advanced Organic Chemistry"
1992 , WILEY & SONS , NEW YORK XP002215119

198280
The HCN can be generated in situ from
acetone cyanohydrin (see 6-49), avoiding
the use of poisonous HCN.
page 812
The addition of HCN ... This is an
equilibrium reactton.
page 964

Frequently 1t 1s the bisulfite addition
product that 1s treated with CN-
page 965 .
6-51 The addition of HCN to C=N and CN
Bonds
page 966
US 4 529 596 A (AUBERT DANIEL ET AL)

16 July 1985 (1985-07-16)
cited in the application

example 5

NAJER ET AL.: "Nitriles, amides,
thioamides et acides alpha-phenyle
alpha-tertioaminoacdtiques”
BULL. SOC. CHIM. FR.,

1958, pages 1189-92, XP002215118
Nitrile alpha-phenyle
alpha-(tétrahydro-1,2,5,6)pyridinoacétiquw

o . s e

1-3,5-28

Form PCT/ISA/210 (continuation ol second sheot) (July 1992)

page 2 of 2
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Inte

S —

nal Application No

PCT/IN 02/00012

Patent document + Publicatlon Patent family Publication
cited in search report datle ; memboer(s) date
US 4529596 A 16-07-1985 FR 2530247 Al 20-01-1984
AT 25384 T 15-02-1987
AU 554358 B2 21-08-1986
AU 1663783 A 19-01-1984
CA 1194875 Al 08-10-1985
CS 8403815 A2 16-12-1985
cS 8305281 A2 16-12-1985
DD 211351 AS 11-07-1984
DE 3369683 D1 12-03-1987
DK 304183 A ,B, 14-01-1984
EG 16540 A 30-12-1990
EP 0099802 Al 01-02-1984
ES 523943 DO 01-04-1984
ES 8403901 Al 01-07-1984
FI 832543 A ,B, 14-01-1984
GR 79592 Al 31-10-1984
HR 980261 Al 30-04-1999
HU 187111 B 28-11-1985
% IE 55895 Bl 14-02-1991
IL 69049 A 31-03-1986
JP 1000955 B 10-01-1989
JP 1518778 C 07-09-1989
JP 59027895 A 14-02-1984
KR 8701270 B1 30-06-1987
MX 9203264 Al 01-07-1992
NO 832530 A ,B, 16-01-1984
NZ 204874 A 24-01-1986
0A 7491 A 31-03-1985
PH 19375 A 02-04-1986
PL 242965 Al 16-07-1984
PT 77018 A ,B 01-08-1983
SG 95287 6 23-11-1990
SuU 1272994 A3 23-11-1986
YU 150683 Al 30-04-1986
YU 197485 Al 31-10-1986
‘ ZA 8304705 A 28-03-1984
g

Form PCTASA/210 (patent family annox) (July 1062)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

Subramaniam, Hariharan
SUBRAMANIAM, NATARAJ & ASSOCIATES

PCT

. NOTIFICATION OF TRANSMITTAL OF
555% ?;??geor gjgash ! THE INTERNATIONAL PRELIMINARY
|Ne[\)NE ° EXAMINATION REPORT

(PCT Rule 71.1)

Date of maliling

(day/month/year) 20.03.2003
Applicant's or agent's file referance
ZRC-NiPR-002 IMPORTANT NOTIFICATION
Inlernational application No. International flling date (day/month/year) Priority dale (day/monih/year)
PCT/IN0O2/00012 21/01/2002 24/01/2001

LApplicant

~+ CADILA HEALTHCARE LTD.

r

. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith ttie
international preliminary examination report and its annexes, if any, established on the international application.

A copy of the report and its annexaes, if any, is being transmitted to the International Bureau for communication
to all the elected Offices.

Where required by any of the elected Offices, the International Bureau will prepare an English translation of the
report (but not of any annexes) and will transmit such translation to those Offices.

REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301).

Where a translation of the international application must be furnished to an elected Office, that translation must
contain a translation of any annexes to the international preliminary examination report. it is the applicant's
responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide.

For the purpose of deciding whether the claimed invention Is patentable or not, the elected Offices may apply
criteria additional to or different from the criteria on which the international preliminary examination report is
based (see Articles 27(5), 33(5)). Additional criteria may include e.g. exemptions from patentability and the
requirements of enabling disclosure and of clarity and support of claims.

Name and mailing address of the IPEA/ Authorized offlcer

-------- European Patent Office - P.B. 5818 Patentlaan 2 Cardenas, C
Q)) NL-2280 HV Rijswijk - Pays Bas '
Tel. +31 70 340 - 2040 Tx: 31 651 epo ni

~"7 Fax: +31 70 340 - 3016 Tel.+31 70 340-3370

Form PCTAPEA/416 (July 1992)

W
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT
(PCT Article 36 and Rule 70)

Applicant's or agent's flle reference See Notificalion of Transmittal of International
ZRC-NIPR-002 FOR FURTHER ACTION  pyeliminary Examination Report (Form PCT/IPEA/416)
international application No. International flling date (day/month/year) Prlority dale (day/month/year)
PCT/IN02/00012 21/01/2002 24/01/2001

international Patent Classlfication (IPC) or national classification and IPC

C07D495/04

Applicant

o CADILA HEALTHCARE LTD.
L

1. This international preliminary examination report has bean prepared by this International Preliminary Examining Authority
and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 6 sheets, including this cover sheet.

O This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of sheets.

3. This report contains indications relating to the following items:

B I & Basis of the report
i O Priority
i O Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Iv O tack of unity of Invention
v B Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicabllity;
citations and explanations suporting such statement
vi O Certain documents cited
vit O cCeraln defects in the international application
vitl 3 Certain observations on the international application
Date of submission of the demand Date of completion of this report
19/08/2002 20.03.2003
Name and malling address of the International Authorlzed officer

preliminary examining authority:
K~ European Patent Office - P.B. 5818 Patentlaan 2 :
“@)) NL-2280 HV Rijswijk - Pays Bas Diederen, J
Tel. +31 70 340 - 2040 Tx: 31 651 epo n!
Fax: +31 70 340 - 3016

Telephone No. +31 70 340 1097

Form PCT/IPEA/409 (cover sheet) (January 1994)




INTERNATIONAL PRELIMINARY
EXAMINATION REPORT international application No. PCT/IN02/00012

|. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17)): ‘
Description, pages:

1-35 as originally filed
Claims, No.:
1-28 as originally filed

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, unless otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

O the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)).

O the language of publication of the international application (under Rule 48.3(b)).

0O the language of a translation furnished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3). )

3. With regard to any nucleotide and/or amino acid sequence disclosed In the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

contained in the international application in written form.

filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in
the international application as filed has been furnished.

ocoooao

a

The statement that the information.recorded in computer readable form is identical to the written sequence
listing has been furnished.

4. The amendments have resulted in the canceliation of:

[ the description, pages:
O the claims, Nos.:
O the drawings, sheets:

5. O This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

Form PCT/IPEA/409 (Boxes I-VIII, Sheet 1) (July 1998)
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this
report.)

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

9

1. Statement ;

Novelty (N) Yes: Claims 1-28
i~ No:  Claims
4 Inventive step (18) Yes: Claims
’ No: Claims 1-28
. Industrial applicability (IA)  Yes: Claims 1-28

No: Claims

2. Citations and explanations
see separate sheet

Form PCT/NPEA/409 (Boxes 1-ViIl, Sheet 2) (July 1998)
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Reference is made to the following documents:

D1: ALAIN BURGOS, JOHN M. HERBERT AND IAIN SIMPSON: ‘ortho-
Metalaton/Chlorination of Benzoic Acid Derivatives. Preparation of [benzene- U-
13C)-rac-Clopidogrel ([benzene-U-13C]-rac-SR25990C)' J. LABELLED COMPD.
RADIOPHARM,, vol. 43, no..9, 2000, pages 891-8, XP008008850

D2: JERRY MARCH: 'Advanced Organic Chemistry' 1992 , WILEY & SONS ,
NEW YORK XP002215119 198280

D3: US-A-4 529 596 (AUBERT DANIEL ET AL) 16 July 1985 (1985-07-16) cited

q in the application
*

Re ltem V
Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Article 33(3) PCT |

The present application does not comply with Article 33(3) PCT as it is considered that
the disclosure does not involve an inventive step.

Claim 1:

” Claim deals with a process to prepare compounds of Formula | by a reaction of
compounds V with MCN (VII) and aldehydes VI, subsequent hydrolysis to form Il and
then conversion to compounds | by reaction with methanol in acidic media.

The closest prior art. document is D1. D1 discloses in Scheme 2, a synthesis of
Clopidogrel by reaction of aldehyde 3 with thienopyridine 6 in the presence of acetone
cyanohydrine to form compound 7 which is hydrolysed and esterified with MeOH.
Acetone cyanohydrin is in equilibrium with acetone and HCN (as is general knowledge,
disclosed in e.g. D2: 6-49). The difference of D1 with claim 1 of the present application
is an extra resolution step (step 4). This resolution step does not render the claim
inventive as it is a general method in the art to separate enantiomers by resolution. All
the other dependent claims do not seem to contain features which, in combination with
claim 1, render those claims inventive. Referring to the letter by the applicant it has.to

fForm PCT/Separate Sheet/409 (Shoet 1) (EPO-Aprit 1997)
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be noted that claim 1 deals inter alia with HCN, not only with NaCN or KCN.

Claim 4:

Claim 4 deals with an hydrolysis of nitrile compounds IV. The closest prior art is D3
which discloses a similar hydrolysis of a thienopyridine ester under basic conditions to
form a compound of Formula lll. The difference is that in D3 a thienopyridine ester is
hydrolysed whereas in the present application a thienopyridine nitrile is hydrolysed. It is
however common knowledge that also nitrile compounds may be hydrolysed under the
conditions as mentioned in claim 4. A skilled person would, starting from D3, easily
substitute the ester with a nitrile group to come to the solution as presented in claim 4.

§orr~ar

" Claim 18 —
Claim 18 deals with three different processes to prepare compounds of formula IV. The
closest prior art document is D1. In Scheme 2 nitrile 7 is produced by reaction of
aldehyde 3 with thienopyridine 6, followed by addition of acetone cyanohydrin (HCN in

situ). The difference of D1 with the second option of claim 18 (ii) is that the order of
adding the reagents is different. It does not seem to make any difference at first sight

and it is therefore obvious to change the order to render claim 18 novel. All the other

dependent claims do not seem to contain features which, in combination with claim 18,
render those claims inventive.

IForm PCT/Separale Sheet/409 (Sheet 2) (EPO-April 1997)
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This international application contalns: This international application is accompanled by the following Number
(&) the following number of - item(s) (mark the applicable check-baxes below and indicate in of items
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request (including 1. @ fee calculation sheet : 1
declaration sheets) : § 2. [0 original separate power of attorney
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drawings . 5. [] statement explaining lack of signature
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(b) sequence listing part of description filed in (i) [J copy submitted for the purposes of international scarch
purp
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~E

JERRY MARCH: "Advanced Organic Chemistry"
1992 , WILEY & SONS , NEW YORK XP002215119
198280

The HCN can be generated in situ from
acetone cyanohydrin (see 6-49), avoiding

the use of poisonous HCN.

page 812

The addition of HCN ... This is an

equilibrium reaction.

page 964

Frequently 1t is the bisulfite addition

product that is treated with CN-

page 965 ,

6~51 The addition of HCN to C=N and CN
Bonds

page 966

US 4 529 596 A (AUBERT DANIEL ET AL)
16 July 1985 (1985-07-16)
cited in the application

example 5
NAJER ET AL.: "Nitriles, amides,
thioamides et acides alpha-phenyle
alpha-tertioaminoacdtiques”
BULL. SOC. CHIM. FR.,

1958, pages 1189-92, XP002215118
Nitrile alpha-phenyle
alpha-(tétrahydro-1,2,5,6)pyridinoacétiquw

——— - ——

1-3,5-28
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMIN_ARY EXAMINING AUTHORITY

To:

Subramaniam, Hariharan
SUBRAMANIAM, NATARAJ & ASSOCIATES

PCT

. NOTIFICATION OF TRANSMITTAL OF
e THE INTERNATIONAL PRELIMINARY
INDE EXAMINATION REPORT

(PCT Rule 71.1)
Date of malling ‘
{day/month/year) 20.03.2003
Applicant's or agent's file reference
ZRC-NIPR-002 IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/IN02/00012 21/01/2002 24/01/2001

~ | Applicant
CADILA HEALTHCARE LTD.

. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the

international preliminary examination report and its annexes, if any, established on the international application.

A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication
to all the elected Offices.

Where required by any of the elected Offices, the International Bureau will prepare an English translation of the
report (but not of any annexes) and will transmit such translation to those Offices.

REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301).

Where a translation of the international application must be furnished to an elected Office, that translation must
contain a translation of any annexes to the international preliminary examination report. It is the applicant’s
responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide.

For the purpose of deciding whether the claimed invention is patentable or not, the elected Offices may apply
criteria additional to or different from the criteria on which the international preliminary examination report is
based (see Atticles 27(5), 33(5)). Additional criteria may include e.g. exemptions from patentability and the
requirements of enabling disclosure and of clarity and support of claims,

Name and mailing address of the IPEA/ Authorized officer

——-—--—— European Patent Office - P.B. 5818 Patentlaan 2 Cardenas, C
:@) NL-2280 HV Rljswik - Pays Bas

Tel. +31 70 340 - 2040 Tx: 31 651 epo nl
777 Fax: +31 70 340 - 3016 Tel.+31 70 340-3370

Form PCT/IPEA/416 (July 1992)
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PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Atrticle 36 and Rule 70)

Applicant's or agent’s file reference See Notification of Transmittal of International
ZRC-NIPR-002 FOR FURTHER ACTION  praliminary Examination Report (Form PCT/IPEA/416)
International application No. International filing date (day/monrh/year) Priority date (day/month/year)
PCT/IN02/00012 21/01/2002 24/01/2001

International Patent Classification (IPC) or national classlfication and IPC

C07D495/04

Applicant

CADILA HEALTHCARE LTD.

These annexes consist of a total of sheets.

1. This international preliminary examination report has been prepared by this Internationai Preliminary Examining Authority
and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 5 sheets, including this cover sheet.

O This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

|
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v
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Vi
Vi
Vil

Basis of the report
Priority

Lack of unity of invention

Certain documents cited
Certain defects in the international application

000 XROOOW

3. This report contains indications relating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations suporting such statement

Certain observations on the international application

Date of submission of the demand

19/08/2002

Date of completion of this report

20.03.2003

Name and m
preliminary e

9

ailing address of the international

xamining authority:

European Patent Office - P.B. 5818 Patentiaan 2
NL-2280 HV Rijswijk - Pays Bas

Tel. +31 70 340 - 2040 Tx: 31 651 epo nl

Fax: +31 70 340 - 3016

Authorized officer

Diederen, J

Telephone No. +31 70 340 1097

Form PCT/IPEA/409 (cover sheet) (January 1994)




INTERNATIONAL PRELIMINARY
EXAMINATION REPORT International application No. PCT/IN02/00012

I. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17)):
Description, pages:

1-35 as originally filed
Claims, No.:
1-28 as originally filed

~- With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, unless otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

(J the language of a transtation furnished for the purposes of the international search (under Rule 23.1(b)).
(3 the language of publication of the international application (under Rule 48.3(b)).

(O the language of a translation furnished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3). :

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

contained in the international application in written form.

filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

e
ooooo

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in
the international application as filed has been furnished.

O

The statement that the information.recorded in computer readable form is identical to the written sequence
listing has been furnished.

4. The amendments have resulted in the cancellation of:

O the description, pages:
O the claims, Nos.:
O the drawings, sheets:

5. [0 This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

Form PCT/IPEA/409 (Boxes 1-VIII, Sheet 1) (July 1998)
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this
report.)

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to noveity, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement n
Novelty (N) Yes: Claims 1-28

No: Claims

@ Inventive step (IS) Yes: Claims
Ry No: Claims 1-28

Industrial applicability (IA)  Yes: Claims 1-28
No: Claims

2. Citations and explanations
see separate sheet

*

Form PCT/IPEA/409 (Boxas I-VIll, Sheet 2) (July 1998)
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Reference is made to the following documents:

D1: ALAIN BURGOS, JOHN M. HERBERT AND IAIN SIMPSON: ‘ortho-
Metalaton/Chlorination of Benzoic Acid Derivatives. Preparation of [benzene- U-
13C]-rac-Clopidogrel ([benzene-U-13C]-rac-SR25990C)' J. LABELLED COMPD.
RADIOPHARM., vol. 43, no. 9, 2000, pages 891-8, XP008008850

D2: JERRY MARCH: 'Advanced Organic Chemistry' 1992 , WILEY & SONS ,
NEW YORK XP002215119 198280

D3: US-A-4 529 596 (AUBERT DANIEL ET AL) 16 July 1985 (1985-07-16) cited
in the application

Re ltem V
Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Article 33(3) PCT
The present application does not comply with Article 33(3) PCT as it is considered that
the disclosure does not involve an inventive step.

Claim 1:

Claim deals with a process to prepare compounds of Formula | by a reaction of
compounds V with MCN (VI1) and aldehydes VI, subsequent hydrolysis to form Il and
then conversion to compounds | by reaction with methanol in acidic media.

The closest prior art document is D1. D1 discloses in Scheme 2, a synthesis of
Clopidogrel by reaction of aldehyde 3 with thienopyridine 6 in the presence of acetone
cyanohydrine to form compound 7 which is hydrolysed and esterified with MeOH.
Acetone cyanohydrin is in equilibrium with acetone and HCN (as is general knowledge,
disclosed in e.g. D2: 6-49). The difference of D1 with claim 1 of the present application
is an extra resolution step (step 4). This resolution step does not render the claim
inventive as it is a general method in the art to separate enantiomers by resolution. Al
the other dependent claims do not seem to contain features which, in combination with
claim 1, render those claims inventive. Referring to the letter by the applicant it has.to

fForm PCT/Separate Sheet/409 (Shaet 1) (EPO-April 1997)
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be noted that claim 1 deals inter alia with HCN, not only with NaCN or KCN.

Claim 4:

Claim 4 deals with an hydrolysis of nitrile compounds IV. The closesl prior art is D3
which discloses a similar hydrolysis of a thienopyridine ester under basic conditions to
form a compound of Formula lll. The difference is that in D3 a thienopyridine ester is
hydrolysed whereas in the present application a thienopyridine nitrile is hydrolysed. It is
however common knowledge that also nitrile compounds may be hydrolysed under the
conditions as mentioned in claim 4. A skilled person would, starting from D3, easily
substitute the ester with a nitrile group to come to the solution as presented in claim 4.

Claim 18 : o
Claim 18 deals with three different processes to prepare compounds of formula V. The

closest prior art document is D1. In Scheme 2 nitrile 7 is produced by reaction of

aldehyde 3 with thienopyridine 6, followed by addition of acetone cyanohydrin (HCN in

situ). The difference of D1 with the second optidh of claim 18 (ii) is that the order of

adding the reagents is different. It does not seem to make any difference at first sight

and it is therefore obvious to change the order to render claim 18 novel. All the other

dependent claims do not seem to contain features which, in combination with claim 18,

render those claims inventive.

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)



»
l\’

<

027329
£7E OFICIAL

C DONCIDAD 045

RAHITA AGUILERA
UNIVERSIDAD NACIONAL DE COLOMBIA

Ef
JOT B NTERPR

T o,
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TRADUCCION.OFICIAL No. 02/329 de un documento escrito en inglés, el cual
para su lidentiﬁcacién se sella con el sello del traductor al tiempo con la
presente. Esta traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera,
Traductor e Intérprete Oficial debidamente reconocido de conformidad con el
Certificado de Idoneidad Profesional No. 0045 expedido por la Universidad
Nacional de Colombia.

(Se traducen los sellos sobre un poder otorgado por la compafia CADILA
HEALTHCARE LIMITED con fecha Septiembre 21, 2002, escrito en inglés y

espanol, y Legalizacién No. 516875 Ministerio de Relaciones Exteriores).

(En ingles y espafiol, poder)

(Sello: No. de Serié 313, 2002, (Firma) R. J. BRAHMBHATT, NOTARIO,
GOBIERNO DE GUJARAT)

(Sello Notarial a Tinta, Mi Comisién vence 10/07/2007, (Firmado) R.J.
BRAHMBHATT, Notario, Gobierno de Gujarat)

(Sellos a tinta de la Camara de Comercio e Industria de Nueva Delhi, 26 de

Septiembre 2002)

(Sellos a Notariales a tinta del Gobierno de Guijarat, 21 de Septiembre 2002)

(Estampillas)

(Sello Notarial a Tinta, Ante mi, (Firmado) R.J. BRAHMBHATT, Notario,

Gobierno de Gujarat)

Al respaldo: (Sellos a Tinta autenticando la firma del Funcionario de la Camara




de Comercio, Septiembre 27, 2002)

En Espariol, legalizacion de la firma anterior por el Consulado de Colombia en
Nueva Delhi, India No. 19/2002 de Octubre 3, 2002. Pagado el Impuesto de

Timbre y los Derechos Consulares por US$ 108.00.

Legalizacion de la firma del Consul por el Jefe de Legalizaciones del Ministerio

de Relaciones Exteriores de Colombia No. 516875, con fecha Octubre 17, 2002.

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos

de esta oficina para su confrontacién y a la cual me remito.

]

o
. - R
. oo
ar
$led

02 '){ 3 )2‘.9"-.;“

Bogota, Octubre 25 de 2002.

TRADUCCION OFICIAL No. —
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR £ iNTERP T OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA




d 30341

Tt

SVQVIION] SIKiIXNI SN
UNIJNIS30 0INIRNI00
d N3 3038V4Y VHEI3 VAD)

Wﬂﬂm

ELULRIVEREL TN R
J00143ISINIH




P YY

COLOMBIA

?.

Carrera 11 n°® 93-43, Of. 404 Bogota Colombia Tel: (57 1) 6350813-Fax: (57 1)
6350824 -Email:clarkemodetclarkemodet.com.co

POWER OF ATTORNEY

PODER

Yo (nosotros), abajo firmante(s)

T (we), the undersigned

Aeon . J hose dan Pew<i kb ARUN MADHUSUDAN PARIKH

en mi (huestro) cardcter de representante(s) legales
de ‘
Co«)"\)‘k He o H'f\c-ow{ Linn: Feol

una sociedad organizada y existente de acuerdo con
las leyes de Inolia

_ &y cn actual cumplimiento de su objeto social, con
‘domicilio en Z)/(,us towesr Seafe /it
vud, AR me Jnboed | L e

Py~ 3¥00/5™
por el presente instrumento confiero (conferimos)
~ Jpoder cspecial a  favor de DILIA MARIA
RODRIGUEZ D'ALEMAN, con Cédula de
Ciudadania No. 41.654.882 de Bogota, y tp. 20824
y CLAUDIA LUCIA CARO RAMIREZ, con
Cédula de Ciudadania No. 40.017.374 de Tunja, y
tp. 36448, con domicilio en Bogota, Colombia, para
que actuando en su orden en nombre del (de la)
otorgante le (Ia) representen ante cualquier entidad,
autoridad y/o persona, especialmente ante las del
orden Administrativo, Contencioso Administrativo,
Judicial, Tribunales de Arbitramento y/o cualquier
otro en lo referente a los siguientes asuntos:

regist
Propi

ylo
de

tramitar, obtener

1) Solicitar,
las  modalidades

cualquiera de
_ Justrial, tales como: patentes de inven (n‘
"1, wdclos de utilidad; disciios industriales, varied &

vegetales; marcas, lemas, nombres y ense

‘comercxales y denuminaciones de origen; asi como
“sus renovaciones, prérrogas, transferencias,
cambios de nombre y/o domicilio, contratos y

licencias.

2) Solicitar, tramitar, obtener y/o registrar derechos
de autor, en cualquiera de sus presentaciones asi
como la proteccién de secretos industriales y know-

how.

3) Solicitar, tramitar, obtener y/o registrar registros
de

como sus renovaciones o
prorrogas, transferencias, cambios de nombre y/o

permisos y/o licencias

asi

sanitarios,
funcionamiento;

domicilio, contratos y licencias.

4) Ejercer acciones de oposicion, observacion,

/emoi

legal representative(s) of
CADILA HEALTHCARE LIMITED ..

an organization existing under the laws of
INDIA
and in present execution of its business activity,

domiciled at
ZYDUS TOWER, SATELLITE ROAD,

AHMEDABAD, GUJARAT, INDIA.
PIN: 380015

do hereby grant POWER OF ATTORNEY to
DILIA° MARIA RODRIGUEZ D'ALEMAN,
identification card No. 41.654.882 of Bogotd, and
tp. 20824 and CLAUDIA LUCIA CARO
RAMIREZ, tp. 36448, identification card No.
40.017.374 of Tunja, residing in Bogota, Colombia,
to act in the order of their appointment in behalf of
grantor before any entity, authority and/or natural or
juridical ~ person, specially before  those
Administrative, Administrative-Contentious,
Judicial, arbltratlon courts, and/or any other, in all
matters ¢ followmg

ﬁ\mco ang D
C/C//

'y

ess, th‘in and/or register any of
1e§ of 1 us}’rial Property, such as: '
eﬁfs of Invention AUtyity Models; Designs, plant
vanenes Mark 0§l sans, Trade Names and
mblems apd-dp p%uaﬁ/ons of Origin; as well as their
\mnewa]'s ex‘tcpsmns, assignments, changes of name

Fidror-dorficile, agreements and licenses.

app

2) To apply, process, obtain andlor register
copyrights of any kind as well as protection of
industrial secrets or know-how.

3) To apply, process, obtain and/or register sanitary
registrations, operating authorizations and/or
licenses; as well as their renewals or extensions,
assignments, changes of name and/or domicile,

agreements and licenses.

4) To bring actions of opposition, observations,
claims, reconsideration, appeal or legal remedies,
cancellations, nullity, protection to the consumer,
granting of licenses, protection of trade secrets and
other actions related with rights derived from the

02

NOTARY
GOVT. OF GUJARAT
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A Al . . . ) s
reclimds, reconsideracidn, reposicion, apelacion,

‘arriba

“¢ancelacion administrativa o judicial, nulidad,

proteccion al consumidor, concesién de licencias,
proteccion de secretos industriales y demds acciones
y recursos relacionados con derechos derivados de
los asuntos arriba indicados y en contra de la
competencia desleal, acciones derivadas de la
obtencion o explotacion de licencias, wcciones de
indemnizacién de perjuicios. También podra(n)
intervenir en juicios civiles, comerciales, penales,
contencioso-administrativos, tutelas y de policia; en
acciones o juicios promovidos por el (la) mandante
o encontra el (ella) .

5) Registrar nombres de dominio ante la entidad
competente.

6) Fn ¢l gjercicio de este mandato los mandatarios
mencionados quedan facultados para:
conciliar, cancelar, transigir, comprometer en
arbitros, desistir, recibir y tomar posesion de la cosa
objeto de litigio y renunciar o desistir a derechos
concedidos o en curso de concesion, admitir los
hechos del proceso.

7) Ratificar o no la agencia oficiosa.

8) Asi mismo faculto (facultamos) a los
mencionados apoderados para recibir notificaciones
y designar apoderados judiciales o extrajudiciales,
sustituir ¢l presente poder y revocar las
sustituciones que hicieren.

Dado y firmado en
diasde Sepf. 20072

alos

competition, actions resulting from the obtaining or
exploitation of licenses, recovering damages
actions. They can also intervene or participate in
Civil, Commercial, Criminal or Contentious-
Administrative Trials; the actions for writ
mandamus, police actions; in actions, lawsuits or
litigations instituted by the grantor or against him,

5) To register domain names before the competent
entity.

6) To the effect of this mandate the above-named
proxy are empowered to: conciliate, cancel, settle,
submit to arbitration, withdraw and to receive and
take possession of the litigation related object and
waive or renounce the rights granted or in process
of granting, admit the facts of the case.

7) To ratify or not the officious agency.

8) I (we) hereby appoint the afore mentioned
attorneys with powers to receive notifications and to
designate judicial and extra-judicial attorneys,

substitute this Power of Attorney and to revoke such

substitutions.

Granted and signed at

this 2 j,,ﬁj)/

SEPTEMRER ,2002.

on
of

day of

Firma/ Signature

TRADUCCION OFICIAL No.

S
JUAN PABLO PIEDRAHITA AGUILERA

TRADULTOR E INTERPRETE OFICIAL
C. 'DONEIDAD 045

UNIVERSIDAD NACIONAL DE COLO.ABIA
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No.19/2002

EL SUSCRITO MINISTRO PLENIPOTENCIARIO ENCARGADO DE LAS
FUNCIONES CONSULARES ANTE LA EMBAJADA DE COLOMBIA EN NUEVA

DELHI INDIA,

VISTOS LOS DOCUMENTOS PRESENTADOS POR LOS INTERESADOS
P

CERTIFICA:

QUE EL SENOR A.K. GHOSH, FUNCIONARIO CONSULAR DEL
MINISTERIO DE RELACIONES EXTERIORES DE INDIA, QUIEN
AUTENTICO LA FIRMA DEL SENOR ARUN MADHUSUDAN PARIKH,
FIRMANTE DEL PRESENTE DOCUMENTO, EJERCIA EN LA FECHA
LAS FUNCIONES INDICADAS Y SU FIRMA CORRESPONDE A LA
REGISTRADA EN ESTE CONSULADO; QUE LA COMPARNIA CADILA
HEALTHCARE LIMITED"” ESTA CONSTITUIDA DE ACUERDO CON LAS
LEYES DE LA INDIA Y CUMPLE SU OBJETO CONFORME A LAS
MISMAS. DOMICILIADA EN AHMEDABAD GUJARAT, INDIA; QUE EL
SENOR ARUN MADHUSUDAN PARIKH, EN SU CARACTER DE VICE-
PRESIDENTE Y REPRESENTANTE LEGAL DE LA EMPRESA ARRIBA
MENCIONADA, ESTA FACULTADO PARA FIRMAR EL PRESENTE

DOCUMENTO.

DADO EN NUEVA DELHI A LOS TRES (3) DIAS DEL MES DE OCTUBRE
DE DOS MIL DOS (2002)..

N

LUIS GUILLERMO BECERRAY, . -

Ministro Rlenipotenciario
Cénslil de Colombia

cg
[ >
PAGADO IMPUESTO DE TIMBRE Y z 2% g
DERECHOS CONSULARES: US $108.00 E 20 % e B
(Ciento ocho Délares Americanos) 0 50Z N oEmOm
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference see Notification of Transmittal of International Search Report .
FOR FURTHER (Form PCT/ISA/220) as well as, where applicable, item 5 below.

ZRC-NIPR-002 ACTION

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/IN 02/00012 21/01/2002 24/01/2001

Applicant

CADILA HEALTHCARE LTD.

'his Internationat Search Report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

A s Intemanonal Search Report consists of a totalof ____ 4 . __sheests,

! Itis also accompanied by a copy of each prior art document cited in this report.
~) J

|. Basis of the report
a. With regard to the language, the international search was carried out on the basis of the international application in the
language in which it was filed, unless otherwise indicated under this item.
D the international search was carried out on lhe basis of a translation of the international application turnished to his
Authority (Rule 23.1(b)).

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing

contained in the international application in written form.

filed together with the international application in computer readable forn:,
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readble‘ form.

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed has been furnished.

the statement that the information recorded in computer readable form Is identical 1o the written sequence listing has beer
furnished

Certain claims were found unsearchable (See Box 1.

Lo 0O 0Oood

Unity of invention is lacking (see Box Il).

4. With regard to the title,
m the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

[X]  the textis approved as submitted by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box . The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No. -
D as suggested by the applicant. D None of the figures.
[:] because the applicant failed to suggest a figure.
D because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)

A0



INTERNATIONAL SEARCH REPORT

Internationa! Application No v

PCT/IN 02/00012 |

CLASSIFICATION OF SU dZElCT MATTER

PC 7 C0Tba0n

According o International Palent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED
Minimum documentation searched (classification system lolfowed by classification symbols)

IPC 7 CO7D

Documentation searched olher than minimum documentation: (o the extent thal such documenls are included in the fields searched

Electronic data base consulled during the inlernational search (name of data base and, where praclical, search terms used)

EPO-Internal, CHEM ABS Data, BEILSTEIN Data

;. DOCUMENTS CONSIDERED TO BE RELEVANT

o Citegory 1 Cltation of documenl, with indication, where appropriale, of Ihe relevant passages " Relevant 1o claim No.

1Y 7 ALAIN BURGOS, JOHN M. HERBERT AND IAIN 1-3,5-28
, SIMPSON:  "ortho-Metalaton/Chlorination of

Benzoic Acid Derivatives. Preparation of
‘benzene-U-13C!-rac-Clopidogre]l

( ‘benzene~U-13C!~rac-SR25990C )"

J. LABELLED COMPD. RADIOPHARM.,

vol. 43, no. 9, 2000, pages 891-8,
XP008008850

Scheme 2

-/~=

Further documents are listed in the conlinuation of box C. Palent tamily members are listed in annex,

" Special calegories of cited documents ;

*T* later document published after the inlernational liting date

. " Lo iori i flict wi licali
'A document defining the general slate of the arnt which is not 2:;&'; %"gn%ﬂ;g?% ?,?é Igrﬁve'gy::g'ovrl:n;gg a“;:‘pﬂltcrsli;:gg ?,',:'
considered to be of particular relevance invention i
e ()l;-:‘r‘h(‘ar (ljlolcumenl but published on or after the international *X* documen! of panicular relevance: the claimed invention
1) data cannol be considared novel or cannol be considerad to
*L.* document which may throw doubts on priority claim(s) or Involve an inventive step when the document is taken alone
(‘{’i:‘a'ﬁg["s f'gg;‘r’ss'z?'zs’;g‘e :u:gc:ugn“giaée of another °Y® document of panticular relevance; the claimed invenlion
2 0 pecial reason (as specified) ‘ canpol be considered to involve an invanliva step whan the
‘O documant ralerring to an oral disclosure, use, exhibilion or documant is combinad with one or more olhar such doc-
olhar means ments, such combination being obvious 1o @ person skilled
‘P* document published prior to the inlernalional filing date but in the an.
later than the priority date claimed '&* documeni member of the same patent family
Dato of the actual compietion of Ihe inlernalional search Dale ot mailing of the inlermational scarch repon
30 September 2002 17/10/2002
Name and mailing address of the ISA Authorized officer

European Palant Office, P.B. 5818 Palentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016 Diederen, J

Form PCT/ASA/210 (second sheet) (July 1892)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International Application No

PCT/IN 02/00012

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Chalion of document, with Indication,where appropriate, of the relevant passages Retevant 1o claim No.

Y JERRY MARCH: "Advanced Organic Chemistry" 1-3,5-28
1992 , WILEY & SONS , NEW YORK XP002215119
198280
The HCN can be generated in situ from
acetone cyanohydrin (see 6-49), avoiding
the use of poisonous HCN.
page 812
The addition of HCN ... This is an
equilibrium reaction.
page 964 '
Frequently it is the bisulfite addition
product that is treated with CN-
page 965
6-51 The addition of HCN to C=N and CN
g Bonds
NS page 966
X US 4 529 596 A (AUBERT DANIEL ET AL) 4
16 July 1985 (1985-07-16)
cited in the application
example 5
A NAJER ET AL.: "Nitriles, amides, 1
thioamides et acides alpha-phenyle
alpha-tertioaminoacétiques"
BULL. SOC. CHIM. FR.,
1958, pages 1189-92, XP002215118
Nitrile alpha-phenyle
alpha-(tétrahydro—l,2,5,6)pyrid1noacét1quw

——— o

Form PCT/AISA/210 (continuation of second sheet) (July 1862)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/IN 02/00012

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 4529596 A 16-07-1985 FR 2530247 Al 20-01-1984

AT 25384 T 15-02~-1987

AU 554358 B2 21-08-1986

AU 1663783 A 19-01-1984

CA 1194875 Al 08-10-1985

CS 8403815 A2 16-12-1985

) 8305281 A2 16-12-1985

DD 211351 A5 11-07-1984

DE 3369683 D1 12-03-1987

DK 304183 A ,B, 14-01-1984

EG 16540 A 30-12-1990

EP 0099802 Al 01-02-1984

ES 523943 DO 01-04-1984

ES 8403901 Al 01-07-1984

FI 832543 A B, 14-01-1984

’ . GR 79592 Al 31-10-1984

N HR 980261 Al 30-04-1999

HU 187111 B - 28-11-1985

IE 55895 Bl 14-02-1991

e . IL 69049 A 31-03-1986

. JP 1000955 B 10-01-1989

JP 1518778 C 07-09-1989

JP 59027895 A 14-02-1984

KR 8701270 B1 30-06-1987

MX 9203264 Al 01-07-1992

NO 832530 A ,B, 16-01-1984

NZ 204874 A 24-01-1986

0A 7491 A 31-03-1985

PH 19375 A 02-04-1986

PL 242965 Al 16-07-1984

PT 77018 A ,B 01-08-1983

SG6 95287 G 23-11-1990

SU 1272994 A3 23-11-1986

YU 150683 Al 30-04-1986

YU 197485 Al 31-10-1986

2 ZA 8304705 A 28-03-1984
*®

Foun PCTNSA/Z10 (patent tamily annex) (July 1992)
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PATENT COOPERATION TREATY

From the

To:

Subramaniam, Hariharan
SUBRAMANIAM, NATARAJ & ASSOCIATES
E-556, Greater Kailash-II
New Delhi-110 048
INDE

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT

NOTIFICATION OF RECEIPT
OF DEMAND BY COMPETENT INTERNATIONAL
PRELIMINARY EXAMINING AUTHORITY

(PCT Rules 59.3(c) and 61.1(b), first senlence
and Administrative Instructions, Scction 601(a))

Date of mailing

(day|monthyear) 29, 09, 0

Applicant’s or agent’s file reference

ZRC-NIPR-002

IMPORTANT NOTIFICATION

International application No.

PCT/ IN 02/ 00012 21/01/2002

International filing date (day/month|year)

Priority date (day/month/year)
24/01/2001

Applicant

CADILA HEALTHCARE LTD.

1. The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the
date of reccipt of the demand for international preliminary cxamination of the international application:

19/08/2002

2. This date of receipt is:

the PCT Applicant's Guide,Volume Il,

the actual date of receipt of the demand by this Authority (Rule 61.1(b)).
[:] the actual date of receipt of the demand on behalf of this Authority (Rule §9.3(c)).

the date on which this Authority has, in response to the invitation to correct defects in the demand
(Form PCT/IPEA /404), received the required corrections.

f 3. D ATTENTION: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the
election(s) made in the demand does (do) not have the effect of postponing the entry into the national phase until 30

months from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national

phase must be performed within 20 months from the priority date (or later in some Offices) (Article 22). For dctails, sce

l::] (If applicable) This notification confirms the information given by telephone, facsimile transmission or in person
on:

4. Only where paragraph 3 applies, a copy of this notification has been sent to the International Burcau.

Name and mailing address of the IPEA/

TN FEuropcan Patent Office, P.B, 5818 Patentlaan 2

NI1-2280 HV Rijswijk - Netherlands
. 0 Tel.: (+31-70) 340-2040

==’ Fax: (+31-70) 340-3016

Authorized officer

CHURCHER G

Tel. (+49-89) 2399-2545

Form PCT/IPEA[A02 (July 1998) P20452 (26/08/2002)
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PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU
PCT To:

NOTIFICATION RELATING TO PRIORITY CLAIM

The applicant is hereby notified of the following in respect of the priority claim(s) made in the international application.

(PCT Rules 26bis.1 and 26bis.2 and SUBRAMANIAM, Hariharan

i Administrative Instructions, Sections 402 and 409) Subramaniam, Nataraj & Associates
3 : - E- 556, Greater Kailash - I|
b New Delhi 110 048
p Maharashtra

INDE

Date of mailing (day/month/year)

: 04 July 2002 (04.07.02)

5 Applicant's or agent's file reference
o ZRC-NIPR-002 IMPORTANT NOTIFICATION
§ " | International application No. International filing date (day/month/year)

i . PCT/IN02/00012 21 January 2002 (21.01.02)

| Applicant

. ¢+ |__CADILA HEALTHCARE LTD. et al

| ¢

1.[X] Correction of priority claim. In accordance with the applicant's notice received on: 05 June 2002 (05.06.02),
the following priority claim has been corrected to read as follows:

US 22 October 2001 (22.10.01) 10/054,101
D even though the indication of the number of the earlier application is missing.

even though the following indication in the priority claim is not the same as the corresponding indication appearing
in the priority document:

2, D Addition of priority claim. In accordance with the applicant's notice received on: .
the foliowing priority claim has been added;

D even though the indication of the number of the earlier application is missing.

[:] even though the following indication in the priority claim is not the same as the corresponding indication appearing
in the priority document:

N D As a result of the correction and/or addition of (a) priority claim(s) under items 1 and/or 2, the (earliest) priority date is:

‘\. 4. D Priority claim considered not to have been made.

: D The applicant failed to respond to the Invitation under Rule 26bis.2(a) (Form PCT/IB/316) within the prescribed time limit.
[:] The applicant's notice was received after the expiraiion of the prescribed time limit under Rule 26bis.1(a).
D The applicant's notice failed to correct the priority claim so as to comply with the requirements of Rule 4.10.

The applicant may, before the technical preparations for international publication have been completed and subjept to the
payment of a fee, request the International Bureau to publish, together with the international application, information
concerning the priority claim. See Rule 26bis.2(c) and the PCT Applicant's Guide, Volume I, Annex B2(IB).

5. D In case where multiple priorities have been claimed, the above item(s) relate to the following priority claim(s):

SR R S
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6. A copy of this notification has been sent to the receiving Office and
@ to the International Searching Authority (where the international search report has not yet been issued).
[X] the designated Offices (which have already been notified of the receipt of the record copy).

Authori fi
The International Bureau of WIPO uthorized officer

x‘, 34, chemin des Colombettes
1211 Geneva 20, Switzerland
Facsimile No. (41-22) 740.14.35 ‘ Telephone No. (41-22) 338.83.38

Form PCT/IB/318 (July 1998) ' 004956826

Mougamadou ABIDINE (Fax 338.87}40)
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PATENT COOPERATION TREATY

‘ From the INTERNATIONAL BUREAU
g PCT To:
N

NOTIFICATION CONCERNING SUBRAMANIAM, Hariharan |
; SUBMISSION OR TRANSMITTAL Subramaniam, Nataraj & Associates
. OF PRIORITY DOCUMENT E- 556, Greater Kailash - |l
E o ) ) . New Delhi 110 048
(PCT Administrative Instructions, Section 411) Maharashtra
INDE

Date of mailing (day/month/year)

04 July 2002 (04.07.02)

! Applicant's or agent's file reference

ZRC-NIPR-002 IMPORTANT NOTIFICATION

International application No. International filing date {day/month/year)

.i IR PCT/IN02/00012 21 January 2002 (21.01.02)
International publication date (day/month/year) . Priority date (day/month/year)
P Not yet published 24 January 2001 (24.01.01)
T Applicant

CADILA HEALTHCARE LTD. et al

s S

—_

The applicant is hereby notified of the date of receipt (except where the letters "NR"
international Bureau of the priority document(s) relating to the earlier applicati
indicated by an asterisk appearing next to a date of receipt, or by the letters
document concerned was submitted or transmitted to the In

appear in'the right-hand column) by the
on(s) indicated below. Unless otherwise
"NR", in the right-hand column, the priority
ternational Bureau in compliance with Rule 17.1(a) or (b).

This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column,
or transmitted to the International Bureau but not in compliance with Rule 1
of the applicant is directed to Rule 17.1 (c) which provides that no designated Office may disregard the priority claim

concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
within a time limit which is reasonable under the circumstances.

denotes a priority document submitted
7.1(a) or (b). In such a case, the attention

4.  The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International
¢ Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau,

. as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which
B ) provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,

v upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
. circumstances.

Priority date Priority application No, Country or regjonal Office Date of receipt
24 Janu 2001 (24.01.01) 84/MUM/2001 IN 13 Marc 2002 (13.03.02)
22 Octo 2001 (22.10.01) 10/054,101 uUs 05 June 2002 (05.06.02)
* The International Bureau of WIPO Authorized officer
: 34, chemin des Colombettes Mougamadou ABIDINE (Fax 338.87|40)
1211 Geneva 20, Switzerland i
Facsimile No. (41.22) 740.14.35 Telephone No. {(41-22) 338.83.38

Form PCT/1B/304 (July 1998) 004956825 -
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AN
T PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT N To:

SUBRAMANIAM, Hariharan

INVITATION TO CORRECT | Subramaniam, Nataraj & Associates
PRIORITY CLAIM E- 556, Greater Kailash - II
New Delhi 110 048
, ' Maharashtra
(PCT Rules 4.10, 26bis.1, 26bis.2(a) and (b)) INDE

Date of mailing

(day/month/year) 27 February 2002 (27.02.02)

Applicant's or agent's file reference REPLY DUE )

ZRC-NIPR-002 See item |

International application No. International filing date

RN PCT/IN02/00012 ‘ (day/month/year) 21 January 2002 (21.01.02)

,‘Applicant
CADILA HEALTHCARE LTD.

The applicant is hereby invited, within the time limit indicated below, to correct, by a notice submitted to the International Burcau,
' defects in the priority claim(s), as indicated in the Annex:

| ' Time limit to respond to this invitation (Rule 26bis.1(a)):
- within 16 months from the (earliest) priority date; or

- if the (earliest) priority date is changed as a result of the correction or addition of the (carliest) priority claim, within 16 months
from that (earliest) priority date so changed,

whichever expires first, provided that such a notice may, in any cvent, be submitted until the expiration of four months from the
international filing date.

Failure to respond to this invitation within the prescribed time limit may result in the priority claim concerned to be considered,
for the purposes of the procedure under the PCT, not to have been made (Rule 26bis.2(b)).

In the case where multiple priorities have been claimed, this invitation relatcs to the following priority claim(s):

UsS 22 October 2001 (22.10.01) Not yet allotted

3. A copy of this invitation is being sent to the receiving Office.

The International Bureau of WIPQ Authorized officer
34, chemin des Colombettes Jean-Marc VIVET (Fax 338.87.40)
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740.14.35 Telephone No. (41-22) 338.83.38

Form PCT/AIB/316 (January 2000)




International application No.
ANNEX TO FORM PCT/IB/316 PCT/INO2/00012

The International Bureau has found the following defects in the priority claim(s):
1. Failure to Comply with the Requirements of Rule 4,10
a. [] National application '
Missing indication of the filing date of the earlier application.
Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.
Missing indication of the number of the earlier application.®

Missing indication of the country party to the Paris Convention for the Protection of Industrial Property, or of the
Mcmber of the World Trade Organization that is not party to that Convention, in which the carlier nitional
application was filed.

The country indicated is neither a party to the Paris Convention for the Protection of Industrial Property nor a
Member of the World Trade Organization.

O OX 00

b. [J Regional application
Missing indication of the filing date of the earlicr application.

Filing date indicated for the earlier apphcatlon docs not fall within the period of 12 months preceding the
international filing date.

Missing indication of the number of the earlier application.*

Missing indication of the authority entrusted with the granting of regional patents under the applicable regional
patent treaty.

The authority indicated as the authority entrusted with the granting of regional patents does not grant regional
patents.

DDDDDD

The priority claim in relation to the ARIPO application does not indicate either at least one country party to the
Paris Convention for the Protection of Industrial Property, or at least one Member of the World Trade
Organization, for which the earlier application was filed.

¢ U International application
O Missing indication of the filing date of the carlicr application,

[ Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.

0O Missing indication of the number of the carlicr application.*
O Missing indication of the receiving Office with which it was filed.

2. Inconsistency with the Corresponding Indleations in the Priority Document*

. O Inconsistency with regard to the filing date of the earlier appllcatlon
~ The request indicates:
The priority document indicates:

Inconsistency with regard to the number of the earlier application:
The request indicates:
The priority document indicates:

c. J Inconsistency with regard to the country party to the Paris Convention for the Protection of Industrial Property or the
Member of the World Trade Organization in which the national application was filed:

The request indicates:
The priority document indicates:

d. 4 Inconsistency with regurd to the uullwnty entrusted with the grunting of reglonal patents under the applicable regional
patent treaty:

The request indicates:
The priority document indicates:

¢. [ Inconsistency with regard to the receiving Office with which the international abplication was filed:
The request indicates:

The priority document indicates:

Even if this defect is not corrected in response to this invitation, the priority claim concerned will not be considered not to have
been made (Rule 26bis.2(b)).

Form PCT/IB/316 (Annex) (January 2000)
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International application No.

ANNEX TO FORM PCT/IB/316 PCT/IN02/00012

« 0

b. [

a. [

The International Bureau has found the following defects in the priority claim(s):
1. Failure to Comply with the Requirements of Rule 4.10

National application
Missing indication of the filing date of the earlier application.

Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.

Missing indication of the number of the earlier application.*

Missing indication of the country party to the Paris Convention for the Protection of Industrial Property, or of the
Member of the World Trade Organization that is not party to that Convention, in which the carlicr national
application was filed. '

The country indicated is neither a party to the Paris Convention for the Protection of Industrial Property nor a
Member of the World Trade Organization. :

0O OX OO

Regional application
Missing indication of the filing date of the earlier application,

Filing date indicated for the carlier application docs not fall within the period of 12 months preceding the
international filing date.

Missing indication of the number of the carlicr application.*

Missing indication of the authority entrusted with the granting of 'regional patents under the applicable regional
patent treaty.

The authority indicated as the authority entrusted with the granting of regional patents does not grant rcgional
patents,

0 0O oo odg

The priority claim in relation to the ARIPO application does not indicate either at least one country party to the
Paris Convention for the Protection of Industrial Property, or at least one Member of the World Trade
Organization, for which the earlier application was filed.

International application
D Missing indication of the filing date of the carlicr application.

D I ll“lg da"e “ldlcatcd fcl thc ealhel appllcano” does not (a“ ltln" the p e“Dd Oi 12 lllCIltllS F E::d g [h:
lnlemallonal ﬁllng date.

D Missing indication of the number of the carlicr application.*
! Missing indication of the receiving Office with which it was filed.

2. Inconsistency with the Corresponding Indications in the Priority Document*

Inconsistency with regard to the filing date of the earlier application:
The request indicates:
The priority document indicates:

Inconsistency with regard to the number of the earlier application:
The request indicates:
The priority document indicates:

Inconsistency with regard to the country party to the Paris Convention for the Protection of Industrial Property or the
Mcember of the World Trade Organization in which the national application was filed:

The request indicates:
The priority document indicates:

Inconsistency with regard to the authority entrusted with the granting of regional patents under the applicable regional
patent treaty:

The request indicates:
The priority document indicates:

Inconsistency with regard to the receiving Office with which the international application was filed:
The request indicates:
The priority document indicates: '

Even if this defect is not corrected in response to this invitation, the priority claim concerned will not be considered not to have
been made (Rule 26bis.2(b)).

Form PCT/IB/316 (Annex) (January 2000)
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International application No.

ANNEX TO FORM PCT/IB/316 PCT/IN02/00012

The International Bureau has found the following defects in the priority claim(s):
1. Failure to Comply with the Requirements of Rule 4.10

a. [ National application
Missing indication of the filing date of the carlier application.

Filing date indicated for the earlier application does not fall within the period of 12 months preceding the
international filing date.

ag

Missing indication of the number of the earlier application.®

Missing indication of the country party to the Paris Convention for the Protection of Industrial Property, or of the
Member of the World Trade Organization that is not party to that Convention, in which the carlicr national
application was filed,

The country indicated is neither a party to the Paris Convention for the Protection of Industrial Property nor a
Member of the World Trade Organization.

aX

O

b. [J Regional application
Missing indication of the filing date of the earlier application,

Filing date indicated for the earlier application docs not fall within the period of 12 months preceding the
international filing date.

J Missing indication of the number of the carlier application.*
0 Missing indication of the authority entrusted with the granting of regional patents under the applicable regional
patent treaty,

The authority indicated as the authority entrusted with the granting of regional patents does not grant regional
patents.

The priority claim in relation to the ARIPO application does not indicate either at least one country party to the
Paris Convention for the Protection of Industrial Property, or at least one Member of the World Trade
Organization, for which the earlier application was filed,

c¢. (O Internationa application
EI Missing indication of the filing date of the carlicr application.

O Filing date indicated for the earlier application does not fall within the period of 12 months preccding the
international filing date.

| Missing indication of the number of the carlicr application,*
] Missing indication of the receiving Office with which it was filed.

2. Inconsistency with the Corresponding Indications in the Priority Document*

a. [J Inconsistency with regard to the filing date of the earlier application:
The request indicates:
J The priority document indicates:

b. [ Inconsistency with regard to the number of the earlier application;
The request indicates:
The priority document indicates:

¢ [J Inconsistency with regard to the country party to the Paris Convention for the Protection of Industrial Property or the
Member of the World Trade Organization in which the national application was filed:
The request indicates:

The priority document indicates:

Jd. O Inconsistency with regard to the authority entrusted with the granting of reglonal patents under the applicable regional
patent treaty:

The request indicates:
The priority document indicates:

e. [J Inconsistency with regard to the receiving Office with which the International application was filed:
The request indicates:
The priority document indicates:

* Even if this defect is not corrected in response to this invitation, the priority claim concerned will not be considered not to have
been made (Rule 26bis.2(b)).

Form PCT/IB/316 (Annex) (January 2000)
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Avke”
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT . Tos

SUBRAMANIAM, Hariharan
Subramaniam, Nataraj & Associates
E- 656, Greater Kailash - ||

New Delhi 110 048

Maharashtra

INDE

NOTIFICATION OF RECEIPT OF
RECORD COPY

(PCT Rule 24.2(a))

Date of mailing (day/month/year)

27 February 2002 (27.02.02) IMPORTANT NOTIFICATION

Applicant's or agent's file reference

ZRC-NIPR-002

Internationali application No.

PCT/IN02/00012

The applicant is hereby notified that the International Bureau has received the record copy of the international application as
detailed below.

Name(s) of the applicant(s) and State(s) for which they are applicants:
CADILA HEALTHCARE LTD. (for all designated States except US)
PANDEY, Bipin et al (for us)

International filing date
Priority date(s) claimed

21 January 2002 (21.01.02)
24 January 2001 (24.01.01)
22 October 2001 (22.10.01)
14 February 2002 (14.02.02)

Date of receipt of the record copy
by the International Bureau

List of designated Offices

AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZM,ZW

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM

EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,lE,IT,LU,MC,NL,PT,SE,TR
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GO,GW,IVIL,MR,NE,SN,TD,TG

National :AE,AG,AL,AM,AT,AU,AZ,BA,B B,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,
EC,EE,ES,FI,GB,G 0,GE,GH,GM,HR,H U,lD,IL,IN,IS,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,
LV,MA,MD,MG,MK,MN,MW,MX,MZ,NO,NZ,OM,PH,PL,PT,RO,R U,SD,SE,SG,SI,SK,SL,TJ,TM,TN,TR,
TT,TZ,UA,UG,US,UZ,VN,YU,ZA,ZM,ZW

Authorized officer:
The International Bureau of WIPQ uthorized office

34, chemin des Colombettes

Jean-Marc VIVET (Fax 338.87.40)
1211 Geneva 20, Switzeriand

Facsimile No. (41-22) 740.14.35

Telephone No. (41-22) 338.83.38

Form PCT/IB/301 (April 2000)

-

004688344
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PCT/IN02/00012 (7
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Continuation of Form PCT/IB/301 :

NOTIFICATION OF RECEIPT OF RECORD COPY

Date of mailing (day/month/year)

27 February 2002 (27.02.02) IMPORTANT NOTIFICATION
Applicant’s or agent's file reference International application No.

ZRC-NIPR-002 PCT/IN02/00012
ATTENTION

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data
and the indications in the international application, the applicant should immediately inform the International Bureau.

In addition, the applicant's attention is drawn to the information contained in the Annex, relating to:
time limits for entry into the national phase
D confirmation of precautionary designations
roquiromonts regarding priority doouments

A copy of this Notification is being sent to the receiving Office and to the InternationalSearching Authority.

Form PCT/IB/301 (continuation sheet) (April 2000) 004688344



International application No.

ANNEX TO FORM PCT/IB/301 PCT/IN0O2/00012

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant is reminded that the "national phase" must be entered before each of the designated Offices indicated in the
Notification of Receipt of Record Copy (Form PCT/B/301) by paying national fees and furnishing translations, as prescribed by
the applicable national laws.

The time limit for performing these procedural acts is 20 MONTHS from the priority date or, for those designated States
which the applicant elects in a demand for international preliminary examination or in a later election, 30 MONTHS from the
priority date, provided that the election is made before the expiration of 19 months from the priority date. Some designated (or
elected) Offices have fixed time limits which expire even later than 20 or 30 months from the priority date. In other Offices an
extension of time or grace period, in some cases upon payment of an additional fee, is available.

in addition to these procedural acts, the applicant may also have to comply with other special requirements applicable in
certain Offices. It is tho applicant's rosponsibility to ensure that the necessary steps to entor the national phaso aro takon in o
timely fashion. Most designated Offices do not issue reminders to applicants in connection with the entry into the national
phase.

For detailed information about the procedural acts to be performed to enter the national phase before each designated
. Office, the applicable time limits and possible extensions of time or grace periods, and any other requirements, sce the relevant
+ Chapters of Volume Il of the PCT Applicant's Guide. Information about the requirements for filing a demand for international

r preliminary examination is set out in Chapter IX of Volume | of the PCT Applicant's Guide.

GR and ES became bound by PCT Chapter Il on 7 September 1996 and 6 September 1997, respectively, and may, therefore,
be elected in a demand or a later election filed on or after 7 September 1996 and 6 September 1997, respectively, regardless of
the filing date of the international application. (See second paragraph above.)

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter li has
the right to file a demand for international preliminary examination. .

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

This notification lists only specific designations made under Rule 4.9(a} in the request. It is important to check that these
designations are correct. Errors in designations can be corrected where precautionary designations have been made under
Rule 4.9(b). The applicant is hereby reminded that any precautionary designations may be confirmed according to Rule 4.9(c)
beforo the expiration of 16 months from the priority date. if it is not confirmed, it will automatically be regarded as withdrawn
by the applicant. There will be no reminder and no invitation. Confirmation of a designation consists of the filing of a notice
specifying the designated State concerned {with an indication of the kind of protection or treatment desired) and the payment
of the designation and confirmation fees. Confirmation must reach the receiving Office within the 16-month time limit.

Vg

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
4

For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled.

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy
of the said earlier application, certified by the authority with which it was filed ("the priority document”) to the receiving Office
(which will transmit it to the International Bureau) or directly to the International Bureau, before the expiration of 16 months from
the priority date, provided that any such priority document may still be submitted to the International Bureau before that date of
international publication of the international application, in which case that document will be considered to have been received
by the International Bureau on the last day of the 16-month time limit (Rule 17.1(a)).

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority
document, request the receiving Office to Prepare and transmit the priority document to the International Bureau. Such request

must be made before the expiration of the 16-month time fimit and may be subjected by the receiving Office to the payment
of a fee (Rule 17.1(b)).

If the priority document concerned is not submitted to the International Bureau or if the request to the receiving Office
to prepare and transmit the priority document has not been made (and the corresponding fee, if any, paid) within the applicable
time limit indicated under the preceding paragraphs, any designated State may disregard the priority claim, provided that no
dasignated Office may disregard the priority claim concerned before giving the applicant an opportunity to furnish the priority
document within a time limit which is reasonable under the circumstances.

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 16-month time
fimit is the filing date of the earliest application whose priority is claimed.

Form PCT/IB/301 {Annex) (April 2000) ‘ 004688344
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SUBRAMANIAM, NATARAJ & ASSOCIATES

ATTORNEYS -AT-LAW
PATENT AND TRADEMARK AGENTS

'm
E-556, GREATER KAILASH - 11
NEW-DELHI-110 048
Tel: (+91 11) 26285603, 26286012, 26286025 e-mail: sna@vsnl.com Fax: (491 11) 6286005
http://www.sna-ip.con
ZRC-NIPR-002
The European Patent Office 16 December 2002
P.B. 5818 Patenlaan 2
NL-2280 HV Rijswijk ORIGINAL BY COURIER
Netherlands

s,

(Fax No. +31 70 340 3016)
(Tel No. +31 70 340 2040)

Dear Sir, '
Re: CADILA HEALTHCARE LIMITED
PCT INTERNATIONAL APPLICATION No. PCT/INOO/00012
Filed on 21 January 2001
Priority Dates: 24/01/2001 (IN)
22/10/2001 (US)

We respectfully refer to the written opinion transmitted to us by Official communication dated
24 October 2002. The applicants have been afforded time up to 24 December 2002 to submit a

reply.

The applicants respectfully submit that the claimed invention is novel and inventive over the
prior art cited (whether taken individually or in combination) for the reasons submitted
hereunder. It is therefore, respectfully requested that a favourable examination report is
issued. '

Taking the issues raised by the Hon'ble European Patent Office seriatim:

Re: Item I (Basis of the opinion)

The applicants have no comments with respect to the basis of the opinion

2 " Re: Item V_(Reasoned Statement}

S

The documents referred to have been noted. The applicants most respectfully submit that the
documents cited in the International Search Report and relied upon in the Written Opinion do
not affect the novelty or inventiveness of the invention covered by this PCT International
application. Detailed explanation is given below:

The PCT International application is question relates to a process of manufacturing
Clopidogrel. The aim of a process chemist is always to develop a better and more efficient
process, with high yield, with enhanced operational simplicity (for example, crystallizing the
desired isomer in the first step), reducing the number of steps as even altering the sequence of
already known steps, increasing the overall yield as also improving the yield of each individual
step, overcoming the drawbacks of existing processes, devising moderate reaction conditions,
providing a clean product with lesser side products and impurities, providing an optically pure
product without any contamination, recycling the unwanted isomer thereby reducing waste
thus making it environment friendly, avoiding tedious column chromatography, devising
reaction conditions to reduce the reaction time, devising a safer reaction scheme using less
hazardous reactants as also milder reaction conditions and so on.
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All these above factors confribute to inventiveness and make a chemical process cost effective
and commercially viable. If any one or more of the above mentioned objectives are fulfilled by
an inventive process it should become a patentable subject matter. It is respectfully submitted
that the following submissions will make it clear that the claimed process is novel and
inventive:

The Learned Examiner’s reasoning on the grounds of obviousness and novelty are based on

the following documents:

1. Burgos et. al., J of Labelled Compounds Radiopharm. 43, 891-898 (2000) (XP0O08008850)

2. Jerry March: “Advanced Organic Chemistry” 1992, Wiley & Sons.,, New York
(XP002215119 198280)

3.  U.S. Pat. 4,529,596 (Aubert et. al.)

4.  Najer et. al., Bull. Soc. Chim. Fr., 1189-92 (1958) (XP002215118)

A. The article of reference no. 1, (XPO08008850), describes a method of preparing [benzene-U-
'3C]-rac-Clopidogrel by ortho-Metalation / Chlorination of Benzoic acid derivatives using

. Strecker synthesis.

In connection with this document, it is respectfully submitted as follows:
I) Strecker synthesis:

Strecker reaction is a fairly old reaction as will be clear from

1. A Strecker, Ann, 75, 27 (1850)
2. A. Strecker, Ann, 91, 349 (1854)
3. Liebigs Ann. Chem., 155, 177 (1870) and relevant pages of Merck Index (Annexure 1).

However, in the referred citation, acetone cyanohydrin has been used as the source of cyanide
while the applicants have used NaCN or KCN as the cyanide source. The source of cyanide
being NaCN or KCN was also known from the very long time. Even the use of NaHSO3 is known
for several decades in prior art.

The prior art in question ((XP0O08008850)) suffers from some serious drawbacks such as:
a) Low yield -~ 31%

b) Presence of impurities of adducts formed from cyclic amine and acetone cyanohydrin
(pages 894-895).

c) Use of column chromatography for separation

d) Scale of synthesis i.e. product isolated is only 744 mg.

The applicants’ invention overcomes the above-mentioned problems and has the following
advantages:
a) Very high yield- 97% (Example 1)

b) No impurity formation with the applicants’ “cyano” source.
c) No column chromatography required.
d) Scale of synthesis -~ 24 gm product isolated (reported in our application, Example No.1).

In fact, the synthesis has been done at Kilogram level.

The applicants have also employed several variations of Strecker synthesis (see Ex. 1-9) with
reactants, solvents etc., each providing different yield but all consistently much higher than
reported in the prior art. Hence the applicxants have advantageously used the ideas/concepts

of known knowledge to develop a better process with high yield, no impurity and with reduced .

steps (not requiring column chromatography as was done in the referred prior art).

The learned Examiner will note that the applicants’ claimed invention “yields unexpectedly
improved properties, which is not present in the prior art.” Therefore, it is respectfully
submitted that the applicants’ invention is novel and inobvious. (Patent Law Basics,
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Rosenberg, West Group, page 6-7;) (Annexure II). The improved properties in applicants
invention are better yields and operational simplicity.

The fact that inventing a process which improves the yield considerably or reduces the
presence of impurities in the desired product, by minor modification of reactants, reaction
conditions, etc., is a sufficient ground for the claimed process to be non-obvious and hence
patentable is further corroborated by the following examples.

a) US 6,355,827, Komoschinski et. al., describes an improved process for preparing 2-
cyanoindan-1-ones, where MeOH as solvent has been replaced by DMF:H20 and the yield was
improved from 70 % to 95%. (Annexure III) '

In the applicants’ present invention, the yield has improved from 31% to 97%.
b) US 6,201,135, Maywald et. al., describes a process of separating impurities from 3-(2'-
acetoxy-ethyl-dihydro-2(3H)-furanone, according to a known process but uses a different

purification process to get the purified product. (Annexure IV)

Similarly through the claimed process, the applicants obtain a pure product without involving
further purification step.

c) US 6,037,503, Oren et. al., describes a process for the preparation of p-fluorophenol,
where the “hydroxyl ion” source has been changed from Ca(OH)2 to NaOH with a view to
minimize impurities, get a high conversion and a clean reaction. {(Annexure V)

The applicants’ process also changes the source of CN¢ from acetone cyanohydrin to NaCN or

KCN, with a view to eliminate impurities, get a high conversion and consequently a better yield
and a clean reaction,

d) US 6,107,490, Murthy et. al, describes a process for preparing 4-methyl-5-
hydroxymethyl imidazole, where the reaction medium has been changed from base/water to
K2CQOs/isopropanol thereby improving the yield. (Annexure VI)

II) Conversion of nitrile to ester via amide:
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According to Burgos et. al. ((XPOO8008850)), the conversion was not carried oul through
saponification of the nitrile to amide, as there was a problem of retro-Strecker reaction (Burgos
et. al., J of Labelled Compounds Radiopharm. 43, (2000} page 895, lines 2-4). Hence Burgos et.
al. has carried out HCl promoted hydrolysis to amide in order to avoid retro Strecker and
finally yielding low amount of product.

However, the applicants’ process describes a modified process where saponification of nitrile (l)
with KOH-t-BuOH 'yields amide (II) in high yield (94%) and without any retro-Strecker reaction
(Example 10 of our specification). The high yield and cleanliness of the reaction is indeed
noteworthy. Also, Example 18 (with KOH / isopropanol) of applicants’ specification describes a
process where the pure product precipitates out of the reaction mixture without extraction,
simply by adding water, which offers advantage of operational simplicity.

A further problem with Burgos et. al’'s process is that it requires a long time (48 hours),
azeotropic drying of reaction mass (page 897), whereas in the present process the reaction
time required is 3 hours (Ex. 10, applicants’ specification), and offers considerable advantage
of operational simplicity , where the desired product precipitates out by simply adding water
and without any extractive workup. All these issues i.e. time, operational simplicity, purity and
avoidance of extractive workup adds up to better yields and commercial viability. Indeed such
advantage of operational simplicity is not disclosed anywhere in the referred prior, art.

The applicants would like to draw attention to the fact that they have actually solved the
problems faced by the prior art and have improved the process significantly by doing what was
stated as non-viable in the prior art. “Doing what the prior art references try to avoid is the
antithesis of obviousness.” (Patent Law Basics, Rosenberg, West Group, page 9-63). Also, for
the present invention to be obvious, “there must be reasonable expectation of success” - US
Manual of Patent Examination Procedure, (Patent Law Basics, Rosenberg, West Group, page 9-
31), from what has been described in the prior art. However, in the present case the prior art
in essence will discourage people from using saponification for obtaining the amide.

The applicants would also take this opportunity to highlight some other major features of
their claimed invention.

The applicants’ resolution process of (t) amide (VII), with 1S(+) CSA is not only unprecedented
but it is technologically most desirable from the process perspective, since the desired dextro

- rotatory isomer (+) amide precipitates quantitavely in the very first attempt as diastereoisomer,

without any contamination of unwanted (-) isomer or (f) isomer. (Ex. 31lof the applicants’
specification). The optical purity of our product is 99.5%. There is no need for removal of
impurity.

CONH,
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The applicants would like to draw the learned Examiner’s attention to the following patent nos.
US 4,546,201; US 4,515,811; GB 1,426,186 & GB 1,422,015 (Annexures VII, VIII, IX and X)
all of which relate to the process of optical resolution of () 2-(6-methoxy-2-naphthyl)
propanoic acid (Naproxen). The objective of all these patents have been to discover resolving
agents and identify critical process parameters which avoids multiple crystallization and
provides higher proportion of the desired d-isomer in a single crystallization step with
improved quality (no contamination of unwanted l-isomer).
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Once again, the resolution of racemic () Naproxen in four patents confirms the applicants’

contention that although conceptually one can argue that based on prior art, it is “obvious to -

try” but experience suggests that nobody could guarantee that such an experiment. would
have been expected to succeed.

“The governing standard is not whether a particular approach leading to an invention would be
‘obvious to try’, but whether such an experiment would have been expected to su ceeed”
(Patent Law Basics, Rosenberg, West Group, page 9-58).

Besides there are other non-obvious features of the applicants’ process:

i) The applicants’ resolving agent for cyclic amide is (+) CSA, which has not been
reported for this synthesis.

ii) The applicants’ resolution of cyclic amide is unprecedented and its properties e.g.
SOR (specific optical rotation) of diastereoisomer of VII with S(+) CSA = +51°(C=1, MeOH) and
SOR of (+) amide (V1I) = + 41° (C=1, MeOH) are hitherto unknown (see Ex. 31)

i) The applicants’ invention is, inter alia, that (+) nitrile (IV) gives (+) amide (V) and (+)
amide gives (+) ester (I) is novel and non-obvious. No prior art can predict this.

iv) The applicants process for converting (+) amide to (+) ester is both high yielding and
without racemization.

In this context, it is relevant to note the drawbacks of the prior art reported by Burgos et. al.’s
process ((XP0O08008850)), for conversion of racemic amide to racemic ester where a drastic
condition of long reflux of 144 hours leads to only partial conversion of starting material, and
low yield (overall 7%, page 895) of ester, with 26 % unreacted amide isolated by column
chromatography.

v) The applicants’ process of conversion of diastereoisomeric salt of (+) amide / (+) CSA
to (+) ester without any racemization in 97% yield in 26 hours (Ex. 37) is indeed unique and
unprecedented. The very concept of converting a diastereoisomeric salt to the desired
compound is new, novel and non-obvious.

vi) The applicants’ process also reports the racemization of the unwanted isomer and
its recycling (see Ex. 43, 44, 45 & relevant claims (24, 25) which is not disclosed in any of
the cited prior art. The applicants would like to state that the process of recycling and reuse
of waste products has been considered a patentable invention as is evident from the grant of
the following patents- (Annexures XII and XII):

a) US 6,114,523, Allegrini et. al., describes a “Process of recycle and reuse of

b) waste products in Diltiazem synthesis.
c) US 5,082, 970, Braish, describes a “Process for recycling an amine isomer”

which is involved in the synthesis of Sertraline.

The grant of above patents are noteworthy because such recycling of unwanted products not
only add to the cost effectiveness of the process, but also decreases load on the environment
by minimizing waste.

Besides, for process patents, where a process consists of more than a single step, the
arrangement, order or sequence in which these component steps are to be performed may
itself be of patentable significance Thus, the patentability of a multi-step process may reside
solely in the arrangement of its constituent steps — although each of the individual steps being
old, the particular order constituting a new combination (Patent Law Basics, Rosenberg, West
Group, page 6-6).

D



In this context, the applicants’ strategy of resolving the coupled cyclic nitrile (1) and / or amide
(1I), to their respective dextrorotatory isomers and then converting them to the final product
S(+)-Clopidogrel, constitutes a new arrangement of its constituent steps - even if some of the
racemic (t) intermediates e.g. labeled coupled nitrile and labeled coupled amide are known in
the prior art. '

The inventive merit of this strategy becomes more significant as this strategy will require less
reagents for further transformation and will also reduce wastage of costly intermediates. It is a
common knowledge that the cost of intermediates keeps on increasing as we proceed from
starting material to final product in a multi-step synthesis. One would therefore, like to use
cheaper intermediates by introducing resolution in the beginning of the synthetic ladder than
resolving the costly final product at the end. '

In conclusion the applicants would like to draw the attention of the Learned Examiner to the
following facts which clearly shows the substantial improvement of their process over all
known prior arts: _

Our overall yield of 66.3%, in four steps is as follows:

i) In the Strecker step ~ 97 % (Ex. 1)

ii) Conversion of nitrile to amide -~ 94% (Ex. 10)
iii) Resolution to diastereoisomers - 75% (Ex. 31)
iv) Diastereoisomer to ester — 97% (Ex. 37)

With applicants’ success with racemization and recycling of unwanted isomers, the resolution
step yield goes above 95% from 75%, which further pushes our overall yield to not less than
84%.

On the contrary, Burgos et. al. report a 7 % overall yield for racemic () ester, Thus, on the
ground of simple yield improvement also, one can not extrapolate and the applicants’
invention is therefore, non obvious.

That increasing the yield of a known process is a patentable subject matter has been
recognized by the patent office as is evident from US 6,355,827, Komoschinski et. al., (prior
art yield was 70%, whereas improved yield is 95%), with a small modification of reaction
conditions (change of solvent from methanol to a mixture of DMF/H20in 95:5) for the same
reaction and same reagents (yield improvement only 1.35 fold). Compared to that our invention
gives a 28 fold yield improvement, from not more than 3% (prior art) to not less than 84 %.

B. With respect to the citations from J. D. March (XP002215119 198280) the applicants
would like to state the following:

i According to the citation on page 842, the cyanide source referred to is acetone
cyanohydrin. This reagent has been used in the process described by Burgos et. al. (J of
Labelled Compounds Radiopharm. 43, 891-898 (2000); page 895) whereby the yield reported
was very poor (31%; page 897). The applicants have not used acetone cyanohydrin as our
source of cyanide. The applicants have employed sodium cyanide as the nitrile source
which results in a substantially higher yield of 97% (Example 1). In fact, the applicants
have not used any of the nitrile sources referred to in the citation of J. D. March. Based on
simply the high degree of yield improvement the applicants’ process becomes non-obvious.

i, The citations on pages 964, 965 (6-49), and 966 (6-51) speaks of the further
fundamental reaction mechanism involved in the addition of HCN to an aldehyde, ketone or to
a -C=N bond. It is also stated that “it is the bisulfite addition product that is treated with CNt¥”
(page 965, 3w line). Here again the applicants would like to state that their invention is an
improved process for preparing a compound of industrial significance and for achieving this
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they have used known methodologies, reactants, reagents, reaction conditions etc. in a
specific sequence whereby they have overcome the drawbacks of the prior art and also
increased the efficiency and yield of the final product as well as intermediates to a level not
reported anywhere in the prior art. Thus a citation which merely describes the mechanism
involved and the preferable sequence of a very well known reactmn generally, cannot render
the applicants’ invention obvious.

Thus it is the applicants’ contention that the references of J. D. March merely teaches the
general mechanism involved in the addition of a nitrile to an aldehyde, ketone or a -C=N group
but does in no way teaches their invention. Hence, it is the applicants’ contention that our
invention doesn’t become obvious based on these cited documents.

C. The learned Examiner further states that Claim number 4 of the present invention lacks
novelty because of Example no. 5 of US 4,529,596 (Aubert et. al). However, the referred
example describes a process of preparing a-[4,5,6,7-tetrahydro-thieno-[3,2-c]-5-pyridyl]-o-
chlorophenylacetic acid from the corresponding ester compound using alkaline hydrolysis.
However, the applicants’ method of preparing the acid (lll) as claimed in Claim 5 of the
" specification is by hydrolysis of the corresponding cyano compound (IV) in the presence of
a suitable acidic/basic catalyst, in a suitable solvent.

CN COOH
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The applicants would like to state here that they have not claimed the compound of formula
(111}, which is widely known from long time as the first metabolite of Clopidogrel formed in the
body. The process of preparation of (II) accordmg to the applicants’ application is in no way
taught by the referred example. Hence, it is respectfully submitted that the cited reference
does affect the novelty of our process, which is unique.

D. The last reference cited by the learned Examiner is the article by Najer et. al. (Bull. Soc.
_ Chim. Fr., 1958, pages 1189-92) which according to the Examiner generally describes the
" state of the art which is of not much significance. We accept the learned Examiner’s

~-observation-and do not have any comments to make.

In view of the above, it is respectfully requested that a favourable Examination report is
issued.

No amendments are made to the claims or description at present.

Yours faitW

BRAMANIAM
Attorngy/Patent Agent for the applicants

-
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BICN China...................... LK Sri Lanka B T™ Turkmenistan. ...............
CO Colombia B LR Liberia X TN Tunisia
B CR CostaRica................... B LS Lesotho.......... P (TR Turkey .....................
Rlcucwa......o.........o ... LT Lithusnia & TT Trinidad and Tobago ..........
i CZ Caech Republic ............... B LU Luxembourg
DE Germany . ................... B LV Latvia & TZ United Republic of Tanzania
- DK Denmark .................... R MAMorocco ... ..oooviu B UA Ukraine ...................
o ® DM Dominica ® MD Republic of Moldova . . . . . . . .. BuGuganda ....................
o BIDZ Algeria. ... B4 US United States of America . . . . ..
XN EC Ecuador............oovvvnnt, BI MGMadagascar. .................
] BRI EE Estonia . ..........coooou... [ MK The former Yugoslav Republic of B UZ Uzbekistan .. .. ........... ..
At (R Es Spain ... Macedonia .............oi.n, BIUN VietNam . .. .....oovin .
WP Finland...........c.ovvuenens X MN Mongolia I YU Yugoslavia .................
(X GB United Kingdom ' B MWMalawi . ... X ZA South Africa .. ............ ..
Xl GD Grenada B MXMexico.....oovvvviennn... X ZM Zambia
BIGE Georgia .. ..ovoovviiieinns X MZ Mozambique & zZwzimbabwe .. ...............
BWGHGhama.............ovvne & No Norway
Check-boxes below reserved for designating States which have become party to the PCT afier issuance of this sheet:
B B B
B B B

Precautonary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as heing
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that
any designation which is not confinned before the expiration of 15 months from the priority date is 1o be regarded as withdrawn by the
applicant at the expiration of that time limit. (Confirmation (including fees) must reach the receiving Office within the 15-month time limit.)

Form PCT/R0O/101 (second sheet) (January 2002) . See Notes 1o the request form
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Box No. VI PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing date * Number Where earlier application is:

of earlier application of earlier application — — - — -
(day/month/yecr) national application: | regiona) application:*| international application:
country regional Office receiving Office

item (1)

24 January 2001 84/MUM/2001 IN

item (2)
22 October 2001 Not yet allotted U.S.A

item (3)

itom (4)

item (S)I

E] Further priority claims are indicated in the Supplemental Box.

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the carlier application(s) (only

if the earlier application was filed with the Office which for the purposes of this intermational application is the receiving Qffice) identified
above as:

[:] all items m item (1) D item (2) D item (3) D item (4) D item (5) [:I (S,g‘:;i ;%i:mnl Box
* Where the earlier application Is an ARIPO application, indicate at least one country party to the Paris Convention for the Protection of
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4.10()(ii)):

D R T T R I I T R I R T T S T T I T T T S N

Box No. VII  INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if two or more International Searching Authorities are competent 1o carry out the
international search, indicate the Authority chosen; the two-letter code may be used):

ISA T EP. o

Request to use results of earlier search; reference to that search (if'an earlier search has been carried out by or requested from the
International Searching Authority):

Date (day/month/year) Number Country (or regional Office)

Box No. VIII DECLARATIONS

The following declarations are contained in Boxes Nos. VIII (i) to (v) (inark the applicable Number of
check-boxes below and indicate in the right column the number of each type of declaration): declarations
Box No. VIO (i) Declaration 4s to the identity of the inventor
Box No. VIII (ii) Declaration as to the applicant’s entitlement, as at the international filing

date, to apply for and be granted a patent

Box No. VIII (iii) Declaration as to the applicant’s entitlement, as at the intemnational filing
date, to claim the priority of the earlier application

O 0O 00

Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation of the
United States of America)

D Box No. VII (v) Declaration as to non-prejudicial disclosures or exceptions o lack of novelty

Form PCT/RO/101 (third sheet) (March 2001; reprint January 2002) See Notes ta the request form
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This intemational application contalns: This international application is accompanied by the following Number
. PP p Y .
(2) the following number of - item(s) (mark the applicable check-baxes below and indicate in of items
sheets in paper form: right column the number of each item):
request (including 1. [} ' fee calculation sheet |
declaration sheets) : 5 2. [0 original separate power of attorney
g:;ﬁzs&oi‘is(tﬁ;l;grlgg . 35 3. [ original general power of attorney
claims 5 4. [ copy of general power of attorney; reference number,
ebstract .1 ifany:....... REEREEREEE R RERRERRREERLTIERRLRLE :
drawings 5. [0 statement explaining lack of signature
Sub-otl number ofshees ;46 e o e e :
sequence listing part o . . . Lo
degcriptionl (aclguZI number 7. trenslation of international application into
of sheets if filed in paper (language): . .. ...
orm, whether or not dlso 8. [ separate indications conceming deposited microorganism
;"ol'e,z _”’é‘;’%;";}‘g}é&j’dabl"’ or other biological matorial '
. ' . 9. [0 sequence listing in computer readable form (indicate also type .
~ Total number of sheets and number of carriers (diskette, CD-ROM, CD-R or other ))
(b) sequence listing part of description filed in (i) 3 copy submitted for the purposes of internationa! search
. computer readable form ) under Rule 13rer only J:m not as part of the
(i) [J only (under Section 801(a)(i)) - international application) :
. . . , , (ii) (only where check-box (b)(i) or (b)(1]) is marked in left
v ) O 1{1; :gc?mre rwsgms %13?("; a*;;m column) additional copies including, where applicable,
n BN the copy for the purposos of international search under
T‘%pc and number of carriers (diskstte, Rule §3ter :
c -Roc:\:'{l‘igiD.R :;( other) :’?nwgiﬁh dg"el ) (iif) [J together with relevant statement as to the identity
Z‘(’)q‘i‘:w be i:;sigale ‘}Su%’: : lt:m g"(l ) ”h‘""a of the copy or copies with the sequence listing part
o 251 1 eolumn): ' mentioned in left column
...................... 10. [ other@specifi): ..o
Figure of the drawings which Language of filing of the .
should accompany the abstract: international application: English
pany p

Box No. X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacily Is not ohvious from reading the request).

SUBRAMANIAM, HARIHARAN
Attorney-at-law, Regd, Patent Agent
Patent Agent for the Applicants

For receiving Office use only

( /J 1. Date of actual receipt of the purported 2. Drawings:
international application:
[:] received:

3. Corrected date of actual receipt due to later but
timely reccived papers or drawings completing
the purported international application:

4. Date of timely receipt of the required D not received:
corrections under PCT Article 11(2):

5. International Searching Authority 6. I___I Transmittal of search copy delayed
(if two or more are competent): [SA / until search fee is paid

For Intemational Bureau use only

Date of receipt of the record copy
by the International Bureau:

Form PCT/RO/101 (last sheet) (March 2001; reprint January 2002) See Notes 1o the request form



This sheet is not part of and does not count as a sheet of the international application.

PCT

FEE CALCULATION SHEET ) ‘
Annex to the Request International Application No.

For receiving Office usc Only  seesw—ewesmmsm

Applicant’s or agent’s
file reference ZRC-NIPR-002 Date stamp of the receiving Office

Applicant CADILA HEALTH CARE LTD, applicants for al) designated States except U.S.A,

PANDEY, Bipin; LOHRAY, Vidya Bhushan & LOHRAY, Braj Bhushan, applicants only for U.S.A
CALCULATION OF PRESCRIBED FEES

1. TRANSMITTALFEE . . . . . . ... . .. e e | Rs. 500000
2. SEARCHEFEE . . . . . oo ... |Lusp.8es.00
International search 1o be carried out by EP

(If two or mare International Searching Authoritles are competent to carvy out the international

search, indicate the name of the Authority which Is chosen fo carry oul the iniernational search.)
3. INTERNATIONAL FEE

Basic Fee

Where item (b) of Box No. IX applies, enter Sub-total number of sheets }
Where item (b) of Box No. IX does not apply, enter Total number of sheets

ﬁrsl3OShcets e e e e | {1Sh 407.00 m

15 X 9 | = uspi3s.oo [o2
number of sheets fee per sheet
in excess of 30

additional component (only if sequence listing part of description
is filed in computer readable form under Section 801 #a @), or
both in that form and on paper, under Section 801(a)(ii)):

400 x = [b3]

fee per sheet

Add amounts entered at bl, b2 and b3 and enter total at B . . . I 11SN 842 .00 [_B—]
Designation Fees
The intemational application contains ___115 designations.

5 x 88 |= 1S 440,00 _[p}
number of designation fees amount of designation fee

payable (maximum 5)

Add amounts entered at B and Dand entertotalatl . . . . . . . . . . l 11SD 982 00 m

(Applicants {7‘0m certain States are entitled to a reduction of 75% of the
internationa a{ee‘ Wherethe applicant is (or all applicants are) so entitled, the total

10 be entered at I is 25% of the sum of the amounts entered at B and D.) Rs. 3000.00
) & 4. FEE FOR PRIORITY DOCUMENT (if applicable) . . . . . . . . .. [_P-]
S. TOTALFEESPAYABLE . . . . . . . . . . . . .. s 8000 00 + TISD 184800
Add amounts entered at T, S, [ and P, and enter total in the TOTAL box TOTAL

{C] The designation fees are not paid at this time,

MODE OF PAYMENT

O S\égzosgz:&%rh :‘? fsl::: Z Jow) 3 postal money order ] cash [[] coupons

[:] cheque [:] bank draft D revenue stamps D other (specify).
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT .

(This mode of payment may not be avallable at all recelving Offices) Recaiving Office: RO/

: Doposit Account No.: I
[:I Aulliorization 1o charge the tota] fees indicated above.

[ (rhis check-box may be marked anly {f the conditions for deposit accounts Date: _
of the receiving Office so permit) Authorization to charge any deficiency )
or credit any overpayment in the tota) fees indicated above. Name:

] Authorization to charge the fee for priority document. Signature:

Form PCT/R0O/101 (Annex) (January 2002) See Notes to the fee calculation sheet
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(10) International Publication Number
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(51) International Patent Classification

CO07D 495/04
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(22) International Filing Date: 21 January 2002 (21.01.2002)
(25) Filing Language: English
(26) Publication Language: [inglish
(30) Priority Data:

84/MUM/2001
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24 January 2001 (24.01.2001) IN
22 October 2001 (22.10.2001)  US
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{57) Abstract: The present invention discloses o
process for the preparation of thicno|3,2-¢]pyridine
derivatives of general formula (I), in either racemic
(i) or optically active (+) or (-) forms and their salts,
wherein X, the substituent on benzene ring represents
either a hydrogen or halogen atom such as fluorine,

chlorine, bromine or iodine. The present invention also describes a process for preparing the compounds of general formula (1),
in either racemic or optically active (+) or (-) forms and their salts, where X, the substituent on benzene ring represents either a
hydrogen or halogen atom such as fluorine, chlorine, bromine or iodine. The compounds represented by formulae (1) and (I) have
one asymmetric carbon and hence, the optically active compounds of formula (I) or of formula (ii), may be obtained either by
resolving the racemic intermediate/final product or using an optically active intermediate. The compounds of the invention are
pharmacologically active and have significant anti-aggregating and anti-thrombotic properties.
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INTERNATIONAL SEARCH REPORT
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Int: 1al Application No

PCT/IN 02/00012

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevan! passages

Relevant to claim No.

Y JERRY MARCH: . "Advanced Organic Chemistry"
1992 , WILEY & SONS , NEW YORK XP002215119
198280

The HCN can be generated in situ from
acetone cyanohydrin (see 6-49), avoiding
the use of poisonous HCN.

page 812 '

The addition of HCN ... This is an
equilibrium reaction.

page 964

Frequently 1t is the bisulfite addition
product that is treated with CN-

T page 965 ,
L 6-51 The addition of HCN to C=N and CN
Bonds
page 966
US 4 529 596 A (AUBERT DANIEL ET AL)
- 16 July 1985 (1985-07-16)
cited in the application
example 5
A NAJER ET AL.: "Nitriles, amides,

thioamides et acides alpha-phenyle
alpha-tertioaminoacdtiques”
BULL. SOC. CHIM. FR.,

1958, pages 1189-92, XP002215118
Nitrile alpha-phenyle
alpha-(tétrahydro-1,2,5,6)pyridinoacétiquw

P

1-3,5-28

Form PCT/ISA210 (continuation of second sheet) (July 1992)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

Subramaniam, Hariharan )
SUBRAMANIAM, NATARAJ & ASSOCIATES
E-556, Greater Kailash Il

New Deihi 110 048

INDE

PCT

. NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL PRELIMINARY
EXAMINATION REPORT

(PCT Rule 71.1)

Date of malling

(day/month/year) 20.03.2003

Applicant's or agent's file reference
ZRC-NIPR-002

IMPORTANT NOTIFICATION

Qntematlonal application No.
1 PCT/INO2/00012

21/01/2002

International filing date (day/month/year)

Priority date (day/month/year)
24/01/2001

Applicant
CADILA HEALTHCARE LTD.

N

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the

international preliminary examination report and its annexes, if any, established on the international application.

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication

to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureau will prepare an English transtation of the
report (but not of any annexes) and will transmit such translation to those Offices.

REMINDER

‘The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301).

Where a translation of the internationat application must be furnished to an elected Office, that translation must
contain a translation of any annexes to the international preliminary examination report. It is the applicant's
responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the

PCT Applicant's Guide.

For the purpose of deciding whether the claimed invention is patentable or not, the elected Offices may apply
criteria additional to or different from the criteria on which the international preliminary examination report is
based (see Articles 27(5), 33(5)). Additional criteria may include e.g. exemptions from patentability and the
requirements of enabling disclosure and of clarity and support of claims.

Name and mailing address of the IPEA/

—-———-——— European Patent Office - P.B. 5818 Patentlaan 2
_@) NL-2280 HV Rijswijk - Pays Bas
Tel. +31 70 340 - 2040 Tx: 31 651 epo nl
"7 Fax: +3170 340 - 3016

Authorized officer

Cardenas, C

Tel.+31 70 340-3370

Form PCT/IPEA/416 (July 1992)
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PATENT COOPERATION TREATY

~ PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT
(PCT Article 36 and Rule 70)

Applicant's or agent's file reference See Notification of Transmittal of International
ZRC-NIPR-002 FOR FURTHER ACTION Prellminary Examination Reporl (Form PCT/IPEA/416)
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/INO2/00012 21/01/2002 24/01/2001

International Patent Classification (IPC) or natlonal classification and IPC

C07D495/04

Applicant

CADILA HEALTHCARE LTD.

n 1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority
i and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of § sheets, including this cover sheet.

O This report is also accompanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of sheets.

2 This report contains indications relating to the following items:

1
Ly ' I & Basis of the report
S O Priority
o O Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Iv O Lack of unity of invention
v X Reasoned statement under Atticle 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations suporting such statement
vi O Certain documents cited
vil O Certain defects in the internationat application
vill . O Certain observations on the International application
Date of submission of the demand Date of completion of this report
19/08/2002 20.03.2003
Name and mailing address of the international Authorized officer
preliminary examining authority:
- o= European Patent Office - P.B. 5818 Patentlaan 2
=o)) NL-2280 HV Rijswijk - Pays Bas Diederen, J
Tel. +31 70 340 - 2040 Tx: 31 651 epo ni
Fax: +3170 340 - 3016 Telaphone No. +31 70 340 1097

Form PCT/IPEA/409 (cover shest) (January 1994)




INTERNATIONAL PRELIMINARY
EXAMINATION REPORT | International application No. PCT/IN02/00012

I. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17)):
Description, pages:

1-35 as originally filed
Claims, No.:

_ 1-28 as originally filed

— 2. With regard to the language, all the elements marked above were available or furnished to this Authority in the
_language in which the international application was filed, unless otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)).

O

O the language of publication of the international application (under Rule 48.3(b)).

O the language of a translation furnished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3). :

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

contained in the international application in written form.

\'\

filed together with the International application in computer readable form.

..;[j
. a
<% O furnished subsequently to this Authority in written form.
v [ D~ furnished subsequently to this Authority in computer readable form.
0J The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in
O

the international application as filed has been furnished.

The statement that the information recorded in computer readable form is identical to the written sequence
listing has been furnished.

4, The amendments have resulted in the cancellation of:

O the description, pages:
O the claims, Nos.:
O the drawings, sheets:

5. O This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

Form PCT/IPEA/409 (Boxes I-VIIl, Sheet 1) (July 1998)
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INTERNATIONAL PRELIMINARY
EXAMINATION REPORT . International application No. PCT/IN02/00012

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this
report.)

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
_p‘; Novelty (N) Yes: Claims 1-28
‘ No; Claims

Inventive step (IS) Yes: Claims

. No: Claims 1-28
Industrial applicability (IA)  Yes: Claims 1-28

No: Claims

2. Citations and explanations
see separate sheet

Form PCT/IPEA/409 (Boxes I-Vill, Sheet 2) (July 1998)



INTERNATIONAL PRELIMINARY International application No. PCT/IN02/00012
EXAMINATION REPORT - SEPARATE SHEET

Reference is made to the following documents:

D1: ALAIN BURGOS, JOHN M. HERBERT AND IAIN SIMPSON: ‘ortho-
Metalaton/Chlorination of Benzoic Acid Derivatives. Preparation of [benzene- U-
13C]J-rac-Clopidogrel ([benzene-U-13C]-rac-SR25990C)' J. LABELLED COMPD.
RADIOPHARM., vol. 43, no. 9, 2000, pages 891-8, XP008008850
D2: JERRY MARCH: ‘Advanced Organic Chemistry' 1992 , WILEY & SONS ,
NEW YORK XP002215119 198280
. D3: US-A-4 529 596 (AUBERT DANIEL ET AL) 16 July 1985 (1985-07-16) cited
: in the application

“ Re ltem V

-

Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Article 33(3) PCT

The present application does not comply with Article 33(3) PCT as it is considered that
the disclosure does not involve an inventive step.

- .Claim 1:

. ~Claim deals with a process to prepare compounds of Formula | by a reaction of
compounds V with MCN (VII) and aldehydes VI, subsequent hydrolysis to form Il and
then conversion to compounds | by reaction with methanol in acidic media.

3 R .

The closest prior art document is D1. D1 discloses in Scheme 2, a synthesis of
Clopidogrel by reaction of aldehyde 3 with thienopyridine 6 in the presence of acetone
cyanohydrine to form compound 7 which is hydrolysed and esterified with MeOH.
Acetone cyanohydrin is in equilibrium with acetone and HCN (as is general knowledge,
disclosed in e.g. D2: 6-49). The difference of D1 with claim 1 of the present application
is an extra resolution step (step 4). This resolution step does not render the claim
inventive as it is a general method in the arnt to separate enantiomers by resolution. All
the other dependent claims do not seem to contain features which, in combination with
claim 1, render those claims inventive. Referring to the letter by the applicant it has.to

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)
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be noted that claim 1 deals inter alia with HCN, not only with NaCN or KCN.

Claim 4:

Claim 4 deals with an hydrolysis of nitrile compounds V. The closest prior art is D3
which discloses a similar hydrolysis of a thienopyridine ester under basic conditions to
form a compound of Formula lll. The difference is that in D3 a thienopyridine ester is
hydrolysed whereas in the present application a thienopyridine nitrile is hydrolysed. It is
however common knowledge that also nitrile compounds may be hydrolysed under the

~ "7 conditions as mentioned in claim 4. A skilled person would, starting from D3, easily

v

¢

substitute the ester with a nitrile group to come to the solution as presented in claim 4.

Claim 18

Claim 18 deals with three different processes to prepare compounds of formula IV. The
closest prior art document is D1. In Scheme 2 nitrile 7 is produced by reaction of
aldehyde 3 with thienopyridine 6, followed by addition of acetone cyanohydrin (HCN in
situ). The difference of D1 with the second option of claim 18 (ii) is that the order of
adding the reagents is different. It does not seem to make any difference at first sight
and it is therefore obvious to change the order to render claim 18 novel. All the other
dependent claims do not seem to contain features which, in combination with claim 18,
render those claims inventive.

f-orm PCT/Separate Shee/409 (Sheet 2) (EPO-April 1997)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:

SUBRAMANIAM, NATARAJ & ASSOCIATES

Attn. Subramaniam, Hariharan
E~-556, Greater Kajlash-II
New Delhi-110 048

INDIA .

Applicant's or agent's file reference

ZRC-NIPR-002

PCT

COMMUNICATION IN CASES FOR WHICH
NO OTHER FORM IS APPLICABLE

Date of mailing

(dayfmonthiyear) 15 104 12002

REPLY DUE i
See paragraph 1 below

International application No.

5PCT/ IN 02/ 00012

International filing date
(daymenthyear)  21/01/2002

Applicant

CADILA HEALTHCARE LTD.

1. [_] REPLY DUE within

NO REPLY DUE

2. COMMUNICATION:

a ourrent search backlog.

(see also Article 37(4) PCT).

thereafter.

1/2002 for further details.

The applicant is informed that establishmaent of the international

006xB%/days from the above date of mailing

search report (ISR) for non first-filings may be delayed due to

Although the time limit for entering the national phase before designated offices under Article 22(1) PCT and elected offices
under Artiole 39(1) PCT has, with effect from 1 April 2002 (see PCT Gazette 44/2001 Section IV) been set at 30 months from the
priority date (before the EPO the time limit is 31 months from the priority date - see Rule 107 EPC as amended with effect from

2 January 2002 - OJ EPO 8-9/2001, 373) not all PCT contracting states have yet made the necessary changes to their
national laws and will for the time being continue to require entry to the national phase at 20/21 months from the priority
date if a demand has not been filed before the end of 19 months from the priority date - see PCT Gazette/PCT Newslotter
.. available on the WIPQ intemet site at hitp/Aww.wipo.int/pet/envindex.html for an up to date list of the applicable time limits.

In these circumstances, the EPO acting as IPEA will accept, without any late payment fee under Rule 58bis PCT, the handling fee
and the preliminary examination fee due in respect of the demand relating to the present application, even if they are not paid
within the time limit prescribed in Rules 57.3 and 58.1 (b) PCT, provided that they are pald within one month from the date .

of transmittal of the ISR; i.e., the EPO will only send an invitation pursuant to Rule 58bis.1(a) PCT after oxpiry of this one-month
period. In all cases where the EPO has sent an invitation to pay and the applicant has not paid in full the amount due, the demand
shall be considered as if it had not been submitted (Rule 58bis.1 (b)-(d) PCT). A loss of rights may well be the consequence

in designated states where the time limit for entry into the national phase under Article 22 PCT has already expired

Note that if the competent IPEA chosen by the applioant is not the EPO and if the fees mentioned above are not paid within the
time limit preacribed in Rules 57.3 and 58.1(b) PCT, the competent IPEA is entitled to apply Rule 58bis.1(a) PCT immediately

It your application is affected, we apologise for any inconvenience caused.

Finally, applicants are reminded that as of 3 January 2002 a rationalised PCT Il procedurs may apply, see OJ EPO 11/2001, 539
and that the EPO as ISA will not carry out international search on an applioation which relates to no more than a method of doing
business, see OJ EPO 10/2001,482. Applicants should also bear in mind the restriction of the EPO's ocompetenoe as ISA and
IPEA in certain technical fields in respect of certain international applications, see OJ EPO 1/2002, 52 and PCT Neowsletter

Name and mailing address of the Intemational Searching Authority

European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk
. 0 Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

ISA/EP

Form PCTASA/224 (January 1994)



PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: o
SUBRAMANIAM, NATARAJ & ASSOCIATES
Attn. Subramaniam, Hariharan

E-556, Greater Kailash~II
New Delhi-110 048

PCT

NOTIFICATION OF RECEIPT
OF SEARCH COPY

(PCT Rule 25.1)

INDIA

Date of mailing

(day/month/year) 02 /0 4 /2002

— |
Applicant's or agent's file reference
IMPORTANT NOTIFICATION
ZRC~NIPR-002
Intemnational application No. International tiling date (day/month/year) Priority date (day/month/year)
3PCT/IN 02/ 00012 | 21/01/2002 24/01/2001

Applicant

CADILA HEALTHCARE LTD.

Searching Authority on the date indicated below.

15/03/2002

1. Where the International Searching Authority and the Receiving Office are not the same office:

The applicant is hereby notified that the search oopy of the international applioation was received by this International

Where the International Searching Authority and the Recelving Office are the same office;

The applicant is hereby notified that the search copy of the international application was received on the date indicated below.

(date of receipt).

to the Receiving Office.

3. Time limit for establishment of intemational Search Report

2 D The search copy was acoompanied by a nucleotide and/or amino asid sequence listing in computer readable form.

The applicant is informed that the time limit for establishing the International Search Report is 3 months from the date of
receint indiceted above cr 9 months from ths priority date, whichever time limit expires later

4, A copy of this notification has been sent to the International Bureau and, where the first sentence of paragraph 1 applies,

Name and mailing address of the Intemnational Searching Authority

T\ European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk
‘Q Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

ISA/EP

Form PCTASA/202 (July 1998)




PCT/IND2/00012
PATENT COORERATION TREATY "

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION CONCERNING SUBRAMANIAM, Hariharan
SUBMISSION OR TRANSMITTAL Subramaniam, Nataraj & Associates
OF PRIORITY DOCUMENT E- 556, Greater Kailash - II
i 110048
{PCT Administrative Instructions, Section 411) wﬂi\ga?:;mra 0
INDE
Date of mailing (day/month/year)
03 April 2002 (03.04.02)
Applicant’'s or agent's file reference
N ZRC-NIPR-002 IMPORTANT NOTIFICATION
_‘\; _mational application No. International filing date (day/month/year)
PCT/IN02/00012 21 January 2002 (21.01.02)
\gternational publication date (day/month/year) Priority date {day/month/year)
ﬁ Not yet published 24 January 2001 (24.01.01)

ﬁAppIicant

CADILA HEALTHCARE LTD. et al

-—_

The applicant is hereby notified of the date of receipt (except where the letters "NR'" appear in the right-hand column) by the
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority
document concerned was submitted or transmitted to the Internationa! Bureau in compliance with Rule 17.1(a) or (b).

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

w

An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted

or transmitted to the International Bureau but not in compliance with Rule 17.1(a} or (b). In such a case, the attention

of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim

concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
-within a time limit which is reasonable under the circumstances.

D -

.. .fhe tetters "NR" appearing in the right-hand column denote a priority document which was not received by the International
“Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau,
as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

Priority date Priority application No. Country or reaional Office Date of receipt
PCT revelving Ofi f prionty d
24 Janu 2001 {24.01.01) 84/MUM/2001 IN 13 Marc 2002 (13.03.02)
22 Octo 2001 (22.10.01) Not yet allotted us NR

The International Bureau of WIPO Authonzed officer
34, chemin des Colombettes écile CHATEL (F
1211 Geneva 20, Switzerland ¢ eC (Fax 33.8‘87.40)
Facsimile No. {41-22) 740.14.35 Telephone No. (41-22) 338.83.38

Ferm PCT/1B/304 (July 1998) . 004781211
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WO 02/059128 Tf}x

' PCT/IN02/00012
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
s To:
PCT - SUBRAMANIAM, Hariharan
_ Subramaniam, Nataraj & Associates
NOTICE INFORMING THE APPLICANT OF THE E- 556, Greater Kailash - |l
COMMUNICATION OF THE INTERNATIONAL New Delhi 110 048
APPLICATION TO THE DESIGNATED OFFICES Maharashtra
INDE
(PCT Rule 47.1(c), first sentence)
Date of mailing (day/month/year)
01 August 2002 (01.08.02)
Applicant's or agent's file reference .
ZRC-NIPR-002 IMPORTANT NOTICE
‘“Nnternational application No. International filing date (day/month/year) |Priority date (day/month/year)
.4  PCT/IN0O2/00012 21 January 2002 (21.01.02) 24 January 2001 (24.01.01)

Applicant
CADILA HEALTHCARE LTD. et al

1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application
to the following designated Offices on the date indicated above as the date of mailing of this notice:

KP,KR,US

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present notice as conclusive evidence that
the communication of the international application has duly taken place on the date of mailing indicated above and no copy
of the international application is required to be furnished by the applicant to the designated Office(s).

2. The following designated Offices have waived the requirement for such a8 communication at this time:
AE,AG,AL,AM,AP,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EA,EC,
EE,EP,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,
MD,MG,MK,MN,MW,MX,MZ,NO,NZ,OA,OM,PH,PL,PT,RO,RU,SD,SE,SG,SI,SK,SL,TJ,TM,TN,TR,TT,

. The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the
, ~ Y applicant to furnish a copy of the international application (Rule 49.1 (a-bis)).

4

- Enclosed with this notice is a copy of the international application as published by the International Bureau on
£ 01 August 2002 (01.08.02) under No. WO 02/059128

\"\1' 4. TIME LIMITS for filing a demand for International preliminary examination and for entry into national phase

The applicable time limit for entering the national phase will, subject to what is said in the following paragraph be 30 MONTHS
from the priority date, not only in respect of any elected Office if a demand for international preliminary examination is filed
before the expiration of 19 months from the priority date, but also in respect of any designated Office, in the absence of

filing of such demand, where Article22(1) as modified with effect from 1 April 2002 applies in respect of the designated Office.
For further details, see PCT Gazette N0.44/2001 of 1 November 2001, pages 19926, 19932 and 19934, as well as the PCT News- "
letter, October and November 2001 and February 2002 issues.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20,21,30 or 31 months , or other time limit),
Office by Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant's Guide, Volume I, National Chapters, all
available from WIPQ's Internet site, at http:/www.wipo.int/pct/enfindex.html.

For filing a demand for internationai preliminary examination, see the PCT Applicant's Guide, Volume /A, Chapter IX. Only an
an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter Il has the right to file a demand
for international preliminary examination (at present, all PCT Contracting States are bound by Chapter il.)

Itis the applicant's sole responsibility to monitor all these limits.

A - :
The International Bureau of WIPO utharized officer

34, chemin des Colombettes J. Zahra
1211 Geneva 20, Switzerland
Facsimile No. (41-22) 740,14.36 Telephone No. (41-22) 338.81.11

Form PCT/IB/308 (April 2002) 4996737
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- Foed \n cdvance \

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT

To:

Subramaniam, Hariharan

SUBRAMANIAM, ‘NATARAJ & ASSOCIATES
A IN CASES FOR WHICH
E-556, Greater Kailash-II COMMUNICATION IN C

NO OTHER FORM IS APPLICABLE
New Delhi-110 048
INDE

DAL\ L7

Hax o a1 - b2 8-boos || g, oe-11-2002
Applicant's or agent’s file reference REPLY DUE
ZRC-NIPR-002 Sce paragraph 1 below
' "\mrnauonm application No. International filing date (day/month|year)
\ PCT/ IN 02/ 00012 21/01/2002

Applicant

CADILA HEALTHCARE LTD.

m REPLY DUE within .____1__ , months/d):gg from the above date of mailing

[] No REPLY DUE

g

COMMUNICATION:

The address on the demand IPEA401 differs from the one on
the request RO101.

Can you please clarify if address should be with or without
Gandhinagar-Sarkhej Highway.

DS BN
/‘ﬂ"' Y2 N\
Namec and mailing address of the IPEA/ Authorized officer
T wN European Patent Office, P.B. 5818 Patentlaan 2 '
NL-2280 HV Rijswijk - Netherlands
‘ @» Teh (£ 3170) 3403040 Cardenas, Claudette
v Fax: (+31-70) 340-3016

Form PCT/IPEA/424 (January 1994) (01/11/2002)
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PCT

NOTIFICATION OF DEFECTS IN DEMAND

(PCT Rule 60.1(d))

From the INTERNATIONAL BUREAU

Date of mailing

(day/monthiyear) 04 October 2002 (04.10.02)

To:

Mme Daniela GRAN
European Patent Office
Erhardtstrasse 27

D-80331 Munich
Germany

in its capacity as International Preliminary Examining Authority

International application No.

PCT/IN02/00012

International filing date
(day/month/vear) 21 january 2002 (21.01.02)

Applicant
CADILA HEALTHCARE LTD. et ai

defective for the reasons indicated below:

[+4]

(Rules 53.2(a)(iii) and 63.8).

[-2]

~N

D itis not made on the printed form (Rule 63.1(a)).

®

(Rule £3.1(a)).

©

{Rules 63.2(a)(ii) and 53.4).

Other observations, if necessary:

The International Bureau hereby notifies the International Preliminary Examining Authority that it has found that the demand is

1. D It does not contain the election of at least one Contracting State bound by Chapter Il (Rule 63.2(a)(iv) and 63.7).

2. D It does not permit the identification of th9 international appiication to which it relates (Rule 60.1(b)).

3. D It does not contain the required petition (Rules 63.2(a)(i) and 63.3).

4. D It does not contain the required indications concerning the agent as specl_ﬂed in the Annex (Rules 53.2(a)(ii) and 63.5).

. D It does not contain the required indications concerning the internationat application as specified in the Annex

. D It is not submitted in the required language which is

(Rule 65.1).

D Itis presented as a computer print-out the particulars of which do not comply with the Administrative Instructions
It does not contain the required indications concerning the applicant as specified in the Annex

10. D It does not contain the required signature as specified in the Annex (Rules 63.2(b) and 53.8).

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No.: (41-22) 740.14.35

Authorised officer

Telephone No.: (41-22) 338.83.38

Sébastien CLAVERI (Fax 338.87.40)

Form PCT/IB/336 (September 1993)
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' . Continuation of item 4: As to indications concerning the agent (Rule 4.4}, the demand:

8. D does not properly indicate the agent's name (specify):

b. Ddoes not indicate the agent's address.

c. Ddoes not properly indicate the agent's address {specify):

Continuation of item 5: As to indications concerning the international application, the demand does not indicate:
., a. Dthe international filing date.
k : b. Dthe international application number.

¢ Dthe name of the receiving Office, where the international application number was not known to the applicant at
the time the demand was filed.

N - d. Dthe title of the invention.
{]

Continuation of item 9: As to indications concerning the applicant {Rules 4.4 and 4.5), the demand:
a. Ddoes not indicate all the applicants for the elected States.

b. D does not properly indicate the applicant's name (specify):

c. Ddo,es not indicate the applicant's address.

d. does not properly indicate the applicant's address {specify):

e. Ddoes not indicate the applicant's nationality.

f. Ddoes not indicate the applicant's residence.

Continuation of item 10: As to requirements cancerning signature (Rules 4.16 and 90.4), the demand:

a. Dis not signed.

b. D is not signed by all the applicants for the elected States.

c. Dis not accompanied by the statement referred to in the check list.in Box No. VI of the demand explaining the lack
of the signature of an applicant for the election of the United States of Amaerica.

d. Dis signed by what appears to be an agent/common representative but
Dthe demand is not accompanied by a power of attorney appointing him.

Dthe power of attorney accompanying the demand is not signed by all the applicants for the elected States.

o Form PCTAB/336 (Annex) (September 1993) ‘ 18'-’10-2002



4

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:

SUBRAMANIAM, NATARAJ & ASSOCIATES
Attn. Subramaniam, Hariharan
E-556, Greater Kailash-II

New Delhi-110 048

INDIA

NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT
OR THE DECLARATION

(PCT Rule 44.1)

Date ol mailing

(day/monthyvear) |71 (/20002

Applicant's or agent's file reference

ZRC~-NIPR~002 FOR FURTHER ACTION See paragiaphs 1 and 4 bhelow
“jernational application No. International filing date
\.CT/ IN 02/ 00012 (caymonihiyear)  21/01/2002

Applicant

> WCADILA HEALTHCARE LTD.

Where? Directly to the  International Bureau of WIPO

34, chemin des Colombettes
1211 Geneva 20, Switzerland

Article 17(2)(a) to that effect is transmitted herewith.

Ao

4. Further action(s):

Fascimile No.: (41-22) 740.14.35

The applicant is reminded of the following:

1, m The applicant is hereby notified that the International Search Report has been established and is transmitted herewith.

Filing ot amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46):

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the
International Search Report; however, for more details, see the notes on the accompanying sheet.

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no International Search Report will be established and that the declaration under

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
N

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon 1o the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

Shortly after 18 months from the priority date, the international application will be published by the International Bureau.
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, before the
completion of the technical preparations for international publication.

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later).

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the
priority date or could not be elected because they are not bound by Chapter II.

Name and mailing address of the International Searching Authority

TN European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk
. 0 Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

John De Bruijn

Form PCT/ISA/220 (July 1998)
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NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions conocarning the filing of amendmaents under article 19. The
Noles are based on the requirements of the Patent Cooperation Treaty, the Regutations and the Administrative Instructiona
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant's Guide, a publication of WIPO. : .

In these Notes, "Article®, "Rule®, and "Section® refer to the provisionsa of the PCT, the PCT Regulations and the PCT
Administrative Instructions respectively. '

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

Tho applicant has, after having receivad the intemalional search report, one opportunity to amend the claims of the
international application. It should however be emphasized that, since all parts of the interational application (claims,
description and drawings) may be amended during the intarnational preliminary examination procedure, there is usually
no need to file amendments of the claims under Article 19 except where, e.g. the applicant wants the latter to be published
for tha purposes of provisional protection or has another reason for amending the claims before international pbulication.
Furthermore, it should be emphasized that provisional protection is available in some States only.

4t parts of the Intemational application may be amended?

Under Article 19, only the claims may be amended.

N PN During the intemational phase, the claims may also be amended (or further amended) under Article 34 before

' the International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 belore the Intemational Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28
or, where applicable, Arlicle 41.

When? Within 2 months from the date of tranamittal of the intemational search report or 16 months from the priority
date, whichever time limit expires later. It should be noted, however, that the amendments will be considered
as having been received on time if they are received by the Intemational Bureau after the expiration of the
applicable time limit but before the completion of the technioal preparations for itemational publication
(Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
Iltermnational Searching Authority (Rule 46.2).

Where a demand for intemational preliminary examination has been /s filed, see below.

{

L Haw? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of

W, one or more of the claims as filed.

L A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or

amendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerala. Where a claim is
cancelled, no renumbering of the other claimas is required. In all cases where claims are renumbered, they must
be renumbered consecutively (Administrative instructions, Section 205(b)).

The amendments must be made in the language in which the intemational application Is to be published.

What documents must/may accompany the amendments?
Letter (Sectlon 205(b)):
The amendments must be submitted with .a letter.

The letter will not be published with the intemational applicélion and the amended claims. It should not be
confused with the “Statement under Article 19(1)" (see below, under "Statement under Article 19(1)").

The letter must be In English or French, at the choice of the applicant. However, If the language of the

International application is English, the letter must be In English; If the language of the international application

Is French, the letter must be in French.

Netes to Form PCTASA/220 (first sheet) (January 1994)

WA <XSISA220NOENPA |



NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the diferences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical lndlcauons conceming several claims may be grouped),whether

() the claim is unchanged,

(if) the claim is cancelled;

(iii) the claim is new,

(iv) the claim replaces one or more claims as filed;

(v) the claim ia the result of the division of a claim as filed.

The following examples Illustrate the manner In which amendments mustbo oxplained in the
accompanying lotter:

1. [Where onginally there were 48 claims and after amendment of some claims there are 51}:
*Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearnng the same numbere,
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originally there were 15 claims and after amendment of all claims there are 11):
*Claims 1 to 15 replaced by amended claims 1 to 11.°

3. {Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding
new claims]:
"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
*Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made}:

"Claims 1-10 unchanged, claims 11 to 13, 18 and 19 cancelled, clalms 14, 15 and 16 replaced by amended
claim 14, claim 17 subdivided into amended claims 15, 16 and 17 new claims 20 and 21 added.”

"Statement under article 18(1)" (Rule 46.4)
The amendments may be accompanied by a statement explaining the amendments and indicating any impact

that such amendments might have on the description and the drawings (which cannot be amended under
Article 19(1)).

The statement will be published with the intemational application ard the amended claims.
It must be In the language in which the International appplication is to be published.
It must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the ditferences between the claims
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading,
proferably by using the words "Statement under Article 19(1).

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference lo citations, relevant to a given claim, contained in the intemational search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for Intormational proliminary examination has aiready been filed

If, at the time of filing any amendments under Article 19, a demand for international preliminary examination
has already been submitted, the applicant must prelerably, al the same time of filing the amendments with the
intemational Bureau, also file a copy of such amendments with the International Preliminary Examining
Authority (see Rule 62 2(a), first sentence).

Consequence with regard to translation of the Internationai application for eniry Into the national phase

The applicant’s attention is drawn to the fact that, where upon entry into the national phase, a translation of the
claima as amended under Article 19 may have lo be furnished to the designated/elected Offices, instead of, or
in addttion to, the translation of the claims as filed.

For further datails on the requirements of each designated/elected Office, see Volume‘ll of the PCT Applicant's
Guide.
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SOOCID: «XSISAZ20NOENPA 1 »



SUPERTNDUSTRIA Y COMERCID
Radicacion : 03055730 00000000 Folios: 261:
" Fecha (AND): 2003-07-02 16:49:46 .
. Trasite @ 011 PCT-FATENT 379 FASE NACT 41 FREbEHIAC 1';

i Dependencia: 2020 DIVISION DE NUEVAS CREACIONES

|
REQUISITOS NECES RIOS PARA PR[SENTACHON Y AGILIZACicH D
. TRAMTE ;-i-
" ' USuARio  RADICADOR
i : R SRR . . i
PATENTE DE INVENCION - - MODELODEUTIDAD = () (%) :
- Indicacion de que se solll;:lta la concesion de una patente L { ) | (x) '
- Datos de identificacion del solicitante o de I persona que se presentala so'v'xtud () {>) 2
" Descripcion de la invencion. A . _ o { ) ( )
==~ -"\Dibujos de ser estos pertinentes. ' g . () (x) "
“wgr-  Comorobante de  Pago de las tasas estdhlecmas ' |
‘%mm TA (x) INCOMPLETA ( ) ()
‘;)ISENO INDUSTRIAL () - e -
. Indncacnén de que se SO;R.It? ol registro de Dmeﬁo Inc..zsma! | () ()
- Datos de identificacién dei soncxtame odeia personaque bresenta’ () ()
- lasolicitud, ' o -
- Representac:én gréfica y fmogréﬁca del Disa ﬁo Indusiiial o muestra del
Material que incorpora el disefn. | | () ()
Comprobanze de pago de las tasas eslablemdas S { ) ()
COMPLETA (i) * INCOMPLETA () () i
‘ | . L . : li
. - S | |
- FESQUEMA DE TRAZADO | I E | | | i
‘Sndlcacu‘)n de que solicita el re" istro.da un Esquewa de trazado. () () "
Datos de identificacion dei soicitante o ce fa persona guse prosenta . i
~ La solicitud. () () l
"“*:.\J Representacitn gréf ica del esquems da trazado () () §
Comprobante ge pago de las tasas estabie acidas. ‘ () () !
COMPLETA | y INCOHPLETA, () () |

Firna R.esponsab"e:" _
LOSH I\J@UCH‘Q
O -\ — ZQQS

Fecha




