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

en los siguientes terminos:

|. COMPLEMENTO DE INFORMACION.

La solicitud colombiéna 06-106-511 en tramite, que se refiere a la obtencién de las
formas polimorficas A, B, C, D, E y F de metil(+)-(S)-a_(2-clorofenil)-6,7-
dihidrotieno[3,2-c)piridina-5(4H)-acetato Naftaleno-,1,5-disulfonato o uno de sus
hidratos y/o solvatos, con un perfil caracteristico de cristalografia de difraccion de

rayos X, una formulacién farmacéutica que contiene dichos polimorfos y un
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método de inhibicidon de la agregacidn plaquetaria Util en el tratamiento de
episodios aterosclerdticos; carece de los requerimientos fundamentales para
otorgarsele el beneficio de patente de invencion, tal y como se puede evidenciar a

través de los siguientes argumentos:

» La solicitud colombiana en tramite, especificamente en sus reivindicaciones 1
a 39, se refiere a la formas polimorficas A, B, C, D, E y F de naftaleno-1,5-
disulfonato de  (+)-(8)-a-(2-clorofenil)-6,7-dihidrotienol3,2-c]piridina-5(4H)-
acetato de metilo o uno de sus hidratos y/o solvatos. como es de amplio
reconocimiento por este despacho, el polimorfismo, en los términos de la
Farmacia Practica de Remington‘, es “la capacidad de cualquier elemento o

compuesto de cristalizar en mas de un sistema cristaiino”.

Los sodlidos pueden existir, de acuerdo con su estructura u ordenamiento
interno, en formas cristalinas o amorfas. En las formas amorfas las particulas
componentes no presentan una disposicion interna ordenada, sino que se
encuentran distribuidas al azar. Por el contrario, en las formas cristalinas se
presenta un arreglo interno ordenado y regular de las particulas, que implica la
apreciacion de formas geométricas definidas. Es importante resaltar que dicha
apariencia cristalina o amorfa depende de factores manipulables como son
temperatura, presion, velocidad de cristalizacién, concentracion de saturacion,
e inclusive, la influencia de sustancias extrafas y campos de fuerza exteriores

al cristal®
Como el tema del polimorfismo es un tema ampliamente divulgado y discutido,

|
es necesario recordar que, el descubrimiento del polimorfismo como propiedad |
de las entidades quimicas se atribuye al farmacéutico Martin Enrique Klaproth
en 1798, asi mismo, la tesis seguin la cual los mismos elementos quimicos ‘
pueden adoptar formas sélidas diversas — polimorfos - y mostrar propiedades ‘
fisicas diferentes, se atribuye a Louis Jacques Thénard (1777-1857) y Jean \
Baptiste Biot (1774-1862)°, lo que indiscutiblemente demuestra que el

encontrar o el atribuir a un compuesto “nuevas” formas polimérficas no es algo

! Farmacia Practica de Remington, VIl — Preparados farmacéuticos y su elaboracion, Robert E.
King, Paginas 1912y 1913

2 ). Garrido. Forma y estructura de los Cristales, (obra citada), capituio V, pagina 204

% A.R. Verna, P. Krishna — “Polytypism in crystals”. John Willey and Son Inc., New York 1966.
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que se conozca recientemente, es una propiedad inherente de la molécula y

que esta influencia por el medio y las condiciones en el que se encuentre.

De igual manera, la caracterizacion de dicha forma cristalina (polimorfo), dada
por los patrones de difraccion de rayos X en polvo y como consta en aigunas
de las reivindicaciones de la solicitud colombiana 08-106-506, carece de nivel
inventivo, pues es bien sabido que fa difraccién de rayos X corresponde a una
técnica analitica atil y rutinaria en la caracterizacion de formas cristalinas. En
otras palabras, la caracterizacion. hecha de las formas cristalinas por el
solicitante, en funcidon de sus patrones de difraccion de RX (método de

identificacion que data de 1912% permite a cualquier persona versada en la

materia identificar y caracterizar diversas variaciones en la estructura cristalina
de una molécula. Los resultados de un procedimiento de caracterizacion por
difraccion de Rx son una manifestacion del comportamiento natural de una
molécula, en funcidén de las condiciones ambientales y demas variables a que
esta sea sometida, incluyendo desde luego la orientacion e intensidad de los
rayos, sin que dichos resultados constituyan de manera alguna aporte inventivo

de quien realiza el procedimiento de identificacion®.

En conclusion, el reporte de las formas polimérficas A, B, C, D, E y F de metil
(+)-S-o-(2-clorofenil)-6,7-dihidrotieno[3,2-Clpiridina-5(4H) acetato, naftaleno,
1,5-disuifonato es un hallazgo previsible y no una invencion, en el sentido que
es una propiedad inherente a la materia en su estado sélido y dicho reporte es
el simple encuentro de caracteristicas fisicoquimicas que va se sabia podian

ser halladas y que hacen parte de la practica rutinaria en el campo

farmacéutico.

Ahora bien, si tenemos en cuenta quefla sal de naftaleno 1,5-disulfonato no
habia sido revelada con anterioridad paFa este principio activo, no lo es menosf
que ésta no es mas que un tipo de sal, o una sal mas que se puede formar del |
compuesto Clopidogrel bajo condiciones tipicas de formacién de sales, es

decir, la reaccidn de un acido con una base en solucién en un solvente

* Ver “Remington — The Science and Practice of Pharmacy”, 20th Edition, Philadelphia, PA, USA,
2000, Paginas 172-178.

* Confirma lo anterior lo dicho por Skoog, Holler y Mieman “For analytical diffraction studies, the
crystalline sample is ground to a fine homogeneous powder in such a form the enormous number of
small crystallites are oriented in every possible direction; this when a X-ray beam traverses the

material, a significant number of the particles can be expected to be oriented in such ways as to
5n

fuffill the bragg condition for reflection from every possible interplanar spacing™.




adecuado y posterior precipitacién espontanea o luego de la adicion de un no-
solvente y que cualquier persona medianamente versada en la materia seria

capaz de obtener.)

En el mismo sentido hago notar que los hidratos son una forma de presentarse

las sustancias cuando éstas cristalizan en el agua y retienen moléculas de
dicho disolvente en la red de cristalizacion, y solvatos cuando el solvente es
diferente del agua; y es por ello que se debe considerar aplicable al caso la
misma carencia de nivel inventive que envuelve la caracterizacion fisicoguimica

de la estructura organizacional de sustancias quimicas en funcion de su medio

de cristalizacion, tanto a lo que refiere a su forma de presentacién polimarfica
como a sus posibles solvataciones.

Ahora bien, para lograr una mayor comprension y evidente revelacion de‘:sales‘ J
ylo polimorfos ya existentes para el compuesto Clopidogrel, y desvirtuér asi’

mismo el nivel inventivo de la solicitud colombiana en tramite por el hecho de

e ——— - pE——r

sugerir ahora la sal naftaleno 1,5-disulfonato y sus formas polimoérficas, me

permito citar lo revelado en:

v'  Si bien es cierto, la patente US 4, 529 596 de titulo “Thieno [3,2¢] pyridine
Derivatives and their therapeutlc apphcatron y publicacion 16-06-1985,
describe mezclas racémicas de derivados de tieno [3,2-c] piridina tal'
como el compuesto methyl a-(4,5,6,7-tetrahydro-th|eno (3,2-c) 5-pyridyl)- 5 (fop: 8”’1
o.chlorophenyi- acetate, se debe tener en cuenta no solo gue Clopidogrel
posee un carbono asimétrico en su estructura, y que por tanto puede
existir en forma de dos enantiomeros (dextro y levorrotatorio), sino que en
dicho documento también seﬁncluye la posibilidad de formar sales de
adicién de acidos organicos o minerales farmacéuticamente aceptables/ v
por tal razén podria pensarse que la sal de naftaleno 1,5-disulfonato

pueda estar contenida dentro de esta generalidad.j.

v'  La patente americana US 4,847,265, titulada “Dextro-rotatory enantiomer
fq_—/

of methyl alpha-5 (4,56,7-tetrahydro (3,2-c) thieno pyridyl) (2-

chlorophenyl)-acetate and the pharmaceutical compositions containing it”

y publicada el 11 de Julio de 1989; en este documento se(r’evelan las

formas enantioméricas dextrorotatorias de Clopidogrel y de sus sales, /-~




cuya actividad farmacolégica es la inhibicion de la agregacic’;n/

plaquetaria; mas especificamente se refiere a las sales hidrogenosulfato,
taurocolato e bromhidrato de las formas enantioméricas dextrorotatorias
de methyl alpha-5 (4,586,7-tetrahydro (3,2-c) thieno pyridyl) (2-

chiorophenyl)-acetate, obtenidas de manera convencional.

Asi mismo, en la columna 1 lineas 55 a 62, se evidencia la gran cantidad
de sales que se sugieren y que pueden ser formadas para la forma
dextrorotatoria de Clopidogrel con acidos de distintos tipos, veamos:
Thus, the saits of carboxvlic acid

and sulfonic acids classically used in pharmacy have
been prepared, acids such as acetic, benzoic, fumaric,
maleic, citric, tartaric, gentisic, methane-sulfonic,
ethancsuifonic, benzenesulfonic and lanryisulfonic acids
as well as the salis of dobesihic acid {m.p.=70" C.) and
para-toluenesalfonic acid (m.p.=51° C.), the purifica-
tion of which proved to be difficult.

v La publicaciéon internacional WO 99/65915 de titulo “Polymorphic
Clopidogrel Hydrogenesulphate Form” y publicada el 23 de diciembre de
1999, revela formas polimorfas de la sal hidrogenosulfato de Clopidogrel

designadas como formas 1y 2, Otiles como antitrombéticos.

v La publicacion internacional WO 03/051362, titutada “Polymorphs of
clopidogrel hidrogensulfate” y publicada el 26 de junio de 2003 revela
formas cristalinas de la sal hidrogenosulfatoc de Clopidogrel designadas

como formas Il a IV.

En cuanto a la existencia de las sales 1,5-naftalenodisulfonato me permito citar
la patente americana US 4,558,053 de titulo “Naphtalene-2,5-disulfonate salts
of dimeric indolevdihydroinﬁaé—gl—HMaloids" y publicada en 10-12-1985, en donde

se revela:

EXAMPLE |
Preparation of vinzolidine i,5-naphthalenedisulfonate ()
Naphthalene-1.5-disulfonate salts were also prepared

from vinblastine, vincristine and vindesine. The salts
were stable, white solids spaningly soluble in water.




We claim:
1. A 1,5-naphthalenedisulfonate salt of an indole-
dihydroindode alkaloid of the formula

2. A compound according to claim L, said compound
being the 1,5-naphthalenedisulfonete galt of vinzolidine.

3. A campound according to claim 1, said compound
being vineristine 1,5-naphthalenedisulfonate.

4. A compound according to claim 1, said compound
heing vinhiastine 1,S-naphthalenadimmifonate.

5. A compouird according to claim 1, said compound
being vindesine 1,5-naphthalenedisulfonate. B

6. A pharmaceuticzl formulation for oral administra-
tion in dosage unit form containing per dosage unil an
oncolytic amount of vinzolidine 1 S-nnphthalmadisuln
fonate plas an inert pharmacentical cxcipient.

7. A polymorphic form of compound according to
claim 2, said polymorphic form being vinrolidine 1,5-
naphthalenedisulfonate Form IL

8. A polymorphic form of 3 compound according to
cliim 2, said polymorphic form being vinzolidine 1,5-
naphthalenedizulfonate Form HI.

Si bien es cierto no se refiere a clopidogrel, si lo hace para Btro tipo de

farmacos que se encuentran en forma de sales 1,5-naftalendisulfonato y en/ -

formas polllmorﬂcallos cuales también tienen su aplicabilidad en farmacologla

(anticancerigenos) y demuestran sin mas que este tipo de sales (formadas ay

~
partir del acido 1,5-naftalendisulfnico) existen y pertenecen al estado del arte

_y\eroveen compuestos estable%

Asi mismo, es importante resaltar que{lva solicitud en tramite no resalta el efecto

inesperado o sobresaliente de tales polimorfos dentro de una formulacién con

respecto a las formas ya existentes en el estado del arte, y si asi lo hiciera, es

del caso hacer notar que, para cualquier persona medianamente versada en la

materia y aquella que se dedica a la fabricacién de medicamentos, la etapa de

preformulacién es un estadio critico del desarrollo de un medicamento ya que

en esta etapa se definen las propiedades fisicoquimicas del farmaco frente a

los excipientes y al proceso de fabricacion, por tanto, el control o el

conocimiento de la naturaleza cristalina del farmaco es fundamental ya que

como se sabe de manera amplia en la literatura cientifica,

los polimorfos

suelen presentar diferencias en sus parametros

fisicoquimicos

evidentemente, la eleccién de la forma cristalina o polimérfica debera estar

dada por la biocdisponibilidad y por aquella que termodinamicamente sea mas
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estable para que ni durante las etapas del proceso ni durante el

! almacenamiento se den cambios no deseables.

! » En adicidon a los argumentos anteriores, podemos decir que la obtencidn de
dicha sal de clopidogrel, tampoco representa de ninguna manera un motivo
suficiente como para solicitar proteccion ante la ley de patentes, ya queia
formacién de sales es un recurso que es ampliamente reconocido en la |
industria farmacéutica, y que se aplica sobre diversos compuestos, ya sea
para modificar sus caracteristicas de estabilidad durante el proceso de
produccién, de estabilidad en la formulacion, de solubilidad, de
biodisponibilidad o de cualquier otro tipo de consideraciones biofarmaceuticas

que deban ser tenidas en cuentas para asegurar la efectividad y seguridad del

medicamento.)

En otras palabras, ‘la solicitud colombiana en tramite puede reducirse a Ia(

formulacion de una sal de clopidogrel, para aplicarse en la prevencion de' .~
A . ., ..

eventos ateroscterot:coi;l argumento de la invencién que también puede

desvirtuarse si, como cualquier persona medianamente versada en ia materia

reconoce, debido a su actividad antiagregaria sobre las plaguetas (debido a

su mecanismo de accion que corresponde a un blogueo irreversible del
receptor ADP en las membranas celulares de las plaquetas), el clopidogrel es |

utilizado y formulado con bastante anterioridad, para este y otros tipos de -~

trastornos cardiovasculares relacionados: Prueba de esto es la amplia
cantidad de informacion de caracter cientifico® que demuestra la aplicacion de ,

clopidogrel en este tipo de trastorno, veamos una pequena muestra:

< Clopidogrel Antiplatelet Activity Is Independent Of Age And Presence [ -

Of Atherosclerosis’.

Abstract: The pharmacodynamic and pharmacokinetic effects of clopidogrel 75 mg
taken once daily in the morning before breakfast for 10 days were compared among
three groups: 12 healthy young subjects, 10 healthy elderly subjects (>65 years) and
10 otherwise healthy elderly subjects with atherosclerosis, manifested by intermittent
claudication. Platelet aggregation induced by 5 microM of ADP was measured in
plasma samples taken at screening, 2 hours after dosing on day 1 to day 9, 2, 5, and
24 hours after dosing on day 10, and on alternate days untif day 24. The inhibition of
platelet aggregation was expressed as the percent reduction in maximum platelet

® http://www._sinab.unal.edu.co:2080/muse/serviet/MusePeer
" Denninger MH, Necciari J, Serre-Lacroix E, Sissmann J. Semin Thromb Hemost. 1989;25 Suppt
2:.41-5.




[ aggregation with respect to basefine. The bleeding time was measured at screening, 5
hours after dosing on day 10, and on day 18. Plasma concentrations of SR26334, the
main circulating metabolite of clopidogrel, were determined before dosing on day 1 to
day 10 and at regular intervals over 72 hours after dosing on day 10. Inhibition of
platelet aggregation appeared 2 hours after the first dose, became significant after the
second dose, and progressed to a steady-state value of 55 to 57% by day 7 in the
three groups, with no statisticafly significant difference between groups. A moderate,
statistically significant profongation of bleeding time of similar extent (prolongation
factor of 1.5 to 1.6) was found on day 10 in the three groups. The pharmacodynamic
parameters generally returmed to baseline within 8 days after treatment. Based on
AUC(0-24th) values, drug exposures were very similar for the two groups of elderly
subjects but approximately twice that for the young group. The pharmacodynamic
effects of clopidogrel were comparable in all three groups.

& Acute Antithrombotic Effect Of A Front-Loaded Regimen Of
Clopidogrel In Patients With Atherosclerosis On Aspirin®.

Abstract: There is a need for a rapid antithrombotic effect after the administration of
antiplatelet drugs in the setting of acute coronary syndromes and percutaneous
interventions. Clopidogrel, a new thienopyridine derivative, is an efficient antiplatelet
agent. However, the standard regimen of clopidogrel (75 mg/d) requires 2 to 3 days
before significant antithrombotic effects. Patients with stable arterial disease on chronic
aspirin therapy (n520) were treated with clopidogref either with a front-loaded regimen,
300 mg the first day and 75 mg/d the next 7 days, or with a standard regimen, 75 mg/d
for 8 days. Blood thrombogenicity was assessed by quantification of platelet-thrombus
formation in an ex vivo perfusion chamber, by ADP-induced platelet aggregation, and
by ADP-induced fibrinogen binding. At 2 hours, mean fotal thrombus area with the
standard regimen was not significantly reduced. In contrast, at 2 hours, the mean fotal
thrombus area with the front-foaded regimen was significantly decreased by 23.168.5%
versus baseline (P,0.05). ADP-induced platelet aggregation (with 5 and 10 mmol/L)
was also significantly (P,0.05) reduced with the front-loaded regimen at 2 hours, with
the mean platelet aggregation being 82.264.4% and 81.864.5%, respectively, versus
basefine. Similarly, flow cytometry demonstrated a significant decrease (P,0.05) in the
ADP-induced fibrinogen binding (with 0.12 and 0.6 mmol/L) at 2 hours in this front-
loaded regimen group (36.162.0% and 53.269.3%). With the standard regimen, platelet
activity was not significantly reduced at 2 hours. Our data suggest that a front-loaded
regimen of clopidogrel added to aspirin achieves a significant antithrombotic effect at 2
hours in patients with known atherosclerotic disease on chronic aspirin therapy. This
provides a rationale for using front-loaded clopidogre! in combination with aspirin in
percutaneous coronary interventions.

% Clopidogrel: Hemorheological Effects In Subjects With Subclinical

Atherosclerosis®.

# Gérard Helft, Julio I. Osende, Stephen G. Worthley, Azfar G. Zaman, Oswaldo J. Rodriguez, Eli .
Lev, Michael E. Farkouh, Valentin Fuster, Juan J. Badimon and James H. Chesebro. Arterioscler
Thromb. Arterioscler Thromb Vasc Biol 2000;20:2316-2321.

° Giovanni Ciuffettil, Rita Lombardini1, Matteo Pirro1, Graziana Lupattellil, Elmo Mandarino.
Journal Clinical Hemorheology and Micracirculation Publisher 105 Press ISSN 1386-0291 (Print)
1875-8622 (Online) issue Volume 25, Number 1/2001 Pages 31-39.
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Abstract: The usefulness of Clopidogre! as inhibitor of platelet aggregation has been

demonstrated, but its effect on hemoreological parameters, such as whole blood
viscosity at low and high shear rate, red cell aggregation and deformability indexes,

filterability rate and deformability of red blood cells has not been studied. This study
revealed that, in subjects with impaired blood rheology and uftrasound evidence of
atherosclerosis, 3-weeks freatment with clopidogrel (75 mg daily) improved blood
viscosity at high shear rate and other hemorheological parameters, including red cell’
filterability rates and dynamic red cell deformability index (p<0.01 for alf), without any

unwanted side effect. Blood viscosity at low shear rate and red cell aggregation index

improved after only 1-week treatment, and the reductions were mantained after two

and three weeks (p<0.01). These results indicate that, similarly to another
thienopyridine such as ticlopidine, Clopidogrel may have a positive influence on

several hemorheological parameters, thus exerting its protection not only through

inhibition of platelet function, but also through changes in the hemorheological profile.

» Para terminar, la solicitud colombiana en tramite reivindica, especificamente en

susfreivindicaciones 41 y 42, un método para inhibir la agregacion p|aquetarié}
. -SSR — . =

que comprende la administracién a un paciente necesitado de esta de una
cantidad eficaz de uno de los compuestos descritos en reivindicaciones
anteriores (polimorfos A, B, C, D, E y F de naftaleno-1,5-disulfonato de (+)-(S)-
a._(2-clorofenil)-6,7-dihidrotienc[3,2-c]piridina-5(4H)-acetato de metilo o uno de
sus hidratos y/o solvatos, para reducir los episcdios ateroscleréticos; con lo
cual, dicha solicitud, [incurre directamente en una improcedencia de

patentabilidad, ya que como lo expone claramente el literal d) del articulo 20 LL v

del capitulo 1 del titulo Il “No seran patentables (...) d) los meétodos
terapéuticos o quirtrgicos para el tratamiento humano o animal, asi como los

métodos de diagnéstico aplicados a los seres humanos o a animales”.

Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se
abstenga de conceder el privilegio de patente solicitado, y ordene en

consecuencia el archivo del expediente respectivo.
lll. ANEXOS

» Abstracts de los articulos cientificos mencionados en el acapite de Nuevos
Argumentos.

» La patente US 4,529,596 de titulo “Thieno [3,2¢] pyridine Derivatives and their
therapeutic application” y publicacion 16-06-1985. Documento completo.

» La patente americana US 4,847,265, titulada “Dextro-rotatory enantiomer of ope Lt

methy! alpha-5 (4,56,7-tetrahydro (3,2-c) thieno pyridyl) (2-chlorophenyl)-

T

o



acetate and the pharmaceutical compositions containing it” y publicada el 11 de
Julio de 1989. Portada.
» La publicacién internacional WO 99/65915 de titulo “Polymorphic Clopidogrel

Hydrogenesulphate Form” y publicada el 23 de diciembre de 1999. Portada.

» La publicacién internacional WO 03/051362, titulada "Polymorphs of clopidogrel
hidrogensulfate” y publicada el 26 de junio de 2003 .Portada.

» La patente americana US 4,558,053 de titulo “Naphtalene-2,5-disulfonate salts
of dimeric indole-dihydroindole alfaloids® y publicada en 10-12-19865.
Documento completo.

> Copia de los resultados arrojados por el meta-buscador de

htto://www sinab.unal.edu.co:2080/muse/serviet/MusePeer  relacionados a

Clopidogrel y aterosclerosis.

Sefior Superintendente,

JOSE LUIS REYES VILLAMIZAR
C.C. 79.152.473 de Usaquén
T.P. 44655 del C. S dela J.
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Clopidogrel antiplatelet activity is independent of age and presence of
atherosclerosis,

Denntnaer M, Nacciani J, Serre-lacroix E, Sissmann 1.
Department of Hematology, Hopltal Beaujon, Clichy, France.

The pharmacodynamic and pharmacokinetic effects of clopidegrel 75 mg taken
once daily in the morning before breakfast for 10 days were compared among
three groups: 12 healthy young subjects, 10 healthy elderly subjects (>65 years)
and 10 otherwise healthy elderly subjects with atherosclerosis, marifested by
intermittent claudication. Platelet aggregation induced by 5 microM of ADP was
measured in plasma samples taken at screening, 2 hours after dosing on day 1 to
day 9; 2, 5, and 24 hours after dosing on day 10; and on alternate days uatil day
24. The inhibition of platelet aggregation was expressed as the percent reduction
in maximum platelet aggregation with respect to baseline. The bleeding time was
measured at screening, 5 hours after dosing on day 10, and on day 18. Plasma
concentrations of SR26334, the main circulating metabolite of clopidogrel, were
determined before dosing on day 1 to day 10 and at regular intervals over 72
hours after dosing on day 10. Inhibition of platelet aggregation appeared 2 hours
after the first dose, became significant after the second dose, and progressed to
a steady-state value of 55 to 57% by day 7 in the three groups, with no
statistically significant difference between groups. A moderate, statistically
significant prelongation of bleeding time of similar extent (prolongation factor of
1.5 to 1.6) was found on day 10 in the three groups. The pharmacedynamic
parameters generally returned to baseline within 8 days after treatment. Based
on AUC{0-24th) values, drug exposures were very similar for the two groups of
elderly subjects but approximately twice that for the young group. The
pharmacodynamic effects of clopidogrel were comparable in all three groups.

PMID: 10440422 (PubMed - indexed for MEDLINE])
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Acute Antithrombotic Effect of a Front-Loaded Regimen of
Clopidegrel in Patients With Atherosclerosis on Aspirin

Gérard Helft, fulio | Osende, Stephen (. Worthley, Azfar G, Zaman, Oswaldo ). Redniguez,
EX 1. Lev, Michael E. Farkouh, Valentin Fuster, Juan § Badimon, James H. Chesebro

Abstraci—Thare is 2 need for a rapid antithrorsbotic effect after the administrasion of aniiplatelet drips in the selting of
acute coronary sysdeemes and percuianeous inierventions. Clopidogrel, o new thienopyridine d srivakive, 15 an efficiend
sntiplatelet agent. However, the standard regimen of clopidogrel (75 mgd) requives 2 to 3 days belore significan
autithrombotic effects, Patients with stable arterial diseass on chronic aspirin therapy (o -—-2(!} were trealed with
clopidooret zither with & front-loaded reginten, 300 mg the first day and 75 mg/d the next 7 davs, or with a standard
repimen, 73 my/d Tor § days, Blood thrembopznicity was assessed by quantification of platelet thrombus formation in

an ex vivo periusion chamber, by AlH%induced nlatelet aggregution, aud by ADPanduced litring indi

hours, mean total thrombaus area with the standard regimen was not significantly reduced. In contrast. at 2 hours. the
mean total thrombus arca with the font-Joaded regimen was significantly dececased by 23,1 28.5% versus bascline

(P<0.05% ADP-induced platelet aggregavon {with 5 and 10 gmob/L} was aiso s:g,m.iuanli" {P<0.05) reduced with the

front-loaded regimen at 2 hours, with the mesn platelet aggregason baing 8220 £4% and 81.8:54.3%% respectively,

versus basehine. Similarly. {low cvtometry demonstrated a sigaiticant decrease \[‘ (‘ ﬂ‘-) i the ADP-induced fibrinogen
binding (with (.12 and 0.6 pmolfL) ai 2 hours in this from-loaded regimen group (36.122.0% and 33.229.3%). Wiih
the standasd regimen, platelet activity was vot significantly reducst 2t 2 hours. Our data suggest that a frond-loaded
regumen of clopidegre] added to sspits achieves & sigot{icant antthrombatic effect af 2 hours in patients with known
stherosclerotic disease on chronie aspirin therapy. This pravides a rationale for using front-loaded clopidogrel in
combination with aspivin in perculancous coronary inderventions. (deterioscier Thromb Vase Biol.
I I G232

Koy Words: platelet aggregation inhibifors m thrombus ® atherosclerosis

r g‘ he coniral role of platelets in arterial thrombosis is well There is a need for rapid efficacy after the adininisiration of
gstablished.t Platelet acuviy z2nd thrombin and aniiplatelet drugs in the setting of percatancous inlerventious

thromboxane generation are mavkedly moreased alter myo- and acute covauary syndromies. Howevor, the standad regi-
cardizl infarction, thrombolysis, wmstable angina, and paros- nsen of clopidogret (78 ngfd} requices 2t 3 days heft

tncous coronary ricrventions. ' MNumerous stodies have sigmificant offeots oecur i platelet ageregatio

shown that antinlaicled agents lke 3spirin or ticlopidine arc The major chiective of this stedy was to inves

elfective for s “‘md‘“." prevention of coronary and cercbro- whether a froni-loaded regiman ol clopidogrel added i

vascular events,’ Combinzd antiplaiclet therapy with aspirin
and Hiclopidine roproves clindes! owemne afier stent implan-
falion compared with aspirin alone or as plus Il
anticeagulalion. -7 Now an drugs, inclnding glyeo-
e b aniagx whogrel, & now ADD-
receplor antagonist, also redues covonary cvents,®®

Asmrin mh bits cyelonrygenase, whereas copidogre! in-

aspirin could achiove a significam antithrombotic acivily 2

hours after its aduimistotion. Antthrembotic achivily wos
sed by evatuating (1) the guaniitative growlh of throm.

e

<

bus in a well-validated cx vivo perfusion chamber, (23 ADD-
induced platelet apgregation, and (3 ADP-induccd fibrino-
oen binding *}j,: flow cyicmelry in patienls  with

iving chronic aspirin therapy .’

iats and clop

aiheroscior

hibits the hinding of f". DP w1z platelet recaptor, which leads FIRACTORE i i )
1e reducad binding of fibrinogen i giveopetsin Hb/iia No chnical ar experimenial study hias assessed, i palionts
rocoptors. - (w n the different mech"m sms of action and with stheroscierosis, the aoute antithrombotic effest of the
proven salafy of these combined drugs, combined therapy commbinaiion of clopidere snd aspirin (load and ne-loady
appears fogical and haz already given encouraging results 1 comppared with aspina alone. Thereiore. the secondary objactive
nonrandimived conparisans in pationis undergoing coronary was to compare the aniithrembotic eftect at day 8 of the stepdard

- ['t‘:gl?} 1C0

of clopidogiel vorsus the antithrombotic offoct of

sfcniine. '

cived May 22, Z0GG; 1
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hascline aspirin therapy 2lone in atherosclerotic patients on
chronic aspirin therapy.

Methods

i’amnt Papu].mun

s with stable oo ;oo
 f M Al patiows wore feceiving
{323 wgid) for =3 moenths. The presence of
was (ocumented by coronary a I""E(J“R’.ﬂllv

history of gn,wnus nwncmﬁnl infaration, or typical anging pectonts
with 3 nositive stress test, Tha oxistence of periphera] discase was
i 'n\' low"r cxiremitv c’audic‘a[ivr r]'c, 2 neriphond

1ph' or uirasmmd. Exclusion
2 g%, history supgestive of recur
tent Blond L p-wl\' contrafled hypertension {21807
100 s il The swedy was approved by the Instiintions] Review
Roard. and all patients sigeed mformed consent & participate,

The sclected patients were randomized 10 1 of 7 dreaiment groups
ia 3 dauble-blind, placehe-contisiied desipn. The front-loaded regi-
da imdmr dose of 200 mg {four 75- mg capsuias)
ffoweed by 75 mgdd for the aext 7
s :nﬂ'ard rcﬂimcn proup recetvad 3 leading dose of 3
:,vl'u'; ca "m,l os whs o YS-mg clopidegrel capsole on fhe

ST forthe noxt 7 o
he daration of ifv
h

J]\nw ‘._S m 1cf 5

7 Trial used @ rﬂsc of 73 mpfd clopidoprel, which
-'1f the 2 freatments were
i ’un, wers Comparn: d

pativat 4 serve bc. awn control
FLX’L\JII:}mg the

below, wore b

od as o trestioent assigm'm':m.

Quantification of Platelet-Thrombus Formation
Oraantit on of nlatelet-thrombugs formation was
finme. after 2 haars, and on day £ The eficet of vlepidogr ci 01 EX ViV
arterigd thromhbus formation was assassed by measring 'Iu‘ ares of
thrambns formation n a porfusion chamber. The desc , valud-
iy, wnd seltability of the Badioon perisi &[u\l\'
Caromenns fomnsiion on defined thrompegen
rheclogical conditions were reporfed  previ
1G-gauge neadle was carcluily mserted into an antecuy
Adter the $ust S ml of blesd had been discarded, the mecdle was
e perfusioe changber. Nabvi, ropanticoagulared
g directly porfused from the apiecubital vein to the
sion chambess al 2 constant Hlow rate with & perist :
{Masierilex, Cole-Pacmer Instromends} distal 1o the chambers, The
Flexigias perinsion chambur consists of a cvlindrical fiow channel
{1-mam diarseten 2.5-cne Iengh) thae abows the Blood 1o flow over
e thrombogenri te, Al perfusions were perforiped for a
perad 6F 3 minutzs at a fow rate of 10 mbsamin (ealeulated sheat raie
of 160 Revralds aunther of 88; average blood vealocity 21.2
o \L]\\l( <3 dynamis cowdifons modal the Jocal the
div siencsed coronary arteres. Previous work has
s:n::lmif:d that these theologion) conditions resuil i consistent
of platcbet depogition ™
P mimic the ia vive siimation of severs arorial iy, poreiae
gortic funica media was used as the substrate 1o trigger thrombus
fotmation. Scginents of porcine sorta were cul mio scgmenis
{2 EX0R o} .m{‘ surgicaily preparcd 16 ¢ \pw.c‘ d(‘ daeper
wall as previcnsty des
Lk st of thres byus nation ways porfor
fry os ,ufv-nu'-ly df,-unw"ri S n k
; 2 from th
ui i ? par d'tm ‘;«txi.ons

ohd mage
000 camera v
MacIntosh 8300 compater. Tha thrombRowaloadeddrom

s A\i\‘bh Pho:.;c,hup 40 .,uitw.nr' on @ Power-
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messuied by computerized pludinery using lwage Pro-plus sofl-
ware {Media ucticy. Results are given as the average of the
5 {r=0) per chamhar and expressed as the

s avea compared with baseline. The mens
hy a single jnvestipator blinded 0 the ass

[

e

.mc of throw
were parfored
therany.

Platelet Aggrezation

Plagzlct ag ation was performad at hazeline, 2 hows, © hours, day
2, and duy 8. Blood {16 ml) was draws from an antecubiml vein
through a P9%-gauge needie tnd 2 mbl of THY mowld, trisodinm
solution. Platelet-nch phasma aixd p aor plasma were
ed by dj.mm 3] contrifupation :

b °hL’ a

1) pmol L ~s.:w,d us at ‘:Eom:,t o 13_,;»1 ﬂ.diLiLI appregat
aggreeation r;‘.:ponsc wis recordud for 0 ] 11‘1« 'hi-un ni =hl

fon was cxprcshu
EANnnim p] atclel apgrepation compared with hase]im‘..

Flow Cytometry

Plareket sion was assovsed al bascline, 2 hours. day 3L

% Saminles wore preparerd within | howr of coli
conjugated chicker anti-tibrinogen anthody (10 al; Wik
Sdedical Qmbif} was added to 3 tbes contzining 234 ol !ll
baaf¥or or HEIFER TA buffer for the nogative ol 2 Thor

d incu {0 winutes
o1y of 3 hlhm of ADP in
Yeens added e cach .-:dm;"}h,

i wis added ¢
at oo u,nrcra[ e Twanly m
HIEPES buifer (0. Q.12 and 0.6

tbe, et 20 i of HEPLES-E rowis wdidad to the megative
contrel. After exactly (O m s ¢ aneubation, 2 ml of we-u

M flaw c_vrr.m‘.c"ic

Blood Samples
Blood was collected & baschng apd day 2 for comalete bload
cramination, Slosd (4.3 mL) was also coblee
(Hematoiogic Techn s tne) containtng PRACK, FOTA, and
:sp'mi':il\ R ;-m:'m:d ilownd c'imulc-w t"m ﬂrﬁf?’:]‘(‘zllihi:‘ frag id+70
! nstients &
ha *J;‘u‘, 2 l‘-qurk, gnfi l! 3% '? A um‘c of pizsma wore stored st
—70°C until analvsis with FLISA {Enzygnoest. ade Beheingh

‘Staticﬁcal Analysis

5 already meniioned, the siudy desigr @
ar s or her own L.(:-ntr(:-! [prefeatmce:
Continucus  varniables were expr
buseline=SEM and compared by a
Eronp compdrisons). Statistical swmilivancy was
Z-tailed pratability <405

OB L
as perecotage of
ired Sedent’s ¢ fest (withi
eredd @ o

Resulis

Study Fopulation and Hematological Farameters
Twenty patiznls with steble corenary of peripheral anig
disease wore studied: ail of them completed chae plateint
reaciivity data and 18 of thewm the porfusion chamber data
Rascline characieristics ol these pasienis are sumimartsed in
the Table, Ne staustically sig at differences wore ob-
servesd between the wouns. To porticelar, wse of aplianginal

fat

and hypolipidemic drugs B not $iffer boiween groups.
There were no adverse cvents

pationts received aspirin (323 mgdd) with the clopidogrel. i

sied o the needication. Ali

parficular, ne biveding. gastointcsuaal upsel or rash was

Feioornalpnes b emdune E03M08 cell count. and piatcict count were
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Basefine Characterislics in Patients Randomized to Slandard
{n=18} Versus Front-loaded {n=10) Regimen of Clopidngrel

pealG Regimes Froat-Leaged Beginen

Age, v, mean-sSEM BhG42.4 574425

Kzn, n

2]

o
G

Coronary atiery fisoase, 8

o]
it

Diabeles, n 3 2

Hyrriension, n K q

Current simaking, 1 C

yoelipidemic drugs, £ 3

2-Blocker 5 q
i Z

measured in EDTA-biood at baseline and at day 8 and did not
change significautly.

Effects of Clopidoprel Treatments on

Thrambus Area

The effects of the 2 regimens on throwbes formation were
assessed Al 2 time points {2 bours and day 8) and compared
wifit thetr respeciive hascline {aspirin-treated} values (Figure
B MNo osignificant diflerence was ohserved e the me2n
thrambaz formation betwoen the 2 groups at bascline, inds-
saiing the homogenoity of the study groups. At 2 bours, mesn
thrembies grer with tie standard regirien was decressed by
4.947.9% but was not significanily different from bascline
{aspirin alone, P=N8i in conirast, at 2 hours, the mean
Uwombes ares in pavents receiving the from-lvaded regimen
wig 231 EH.3%, less than the mean pretreatmeant value
(PR As expecied, the mean thooenhus areas were
i fieantly (P<00.038) reduced at day B in both groups
comparid with the bascline {22.246.9% with (he slandard
regimen and 201 £91% with tie front-toaded regimen).

Fffeets of Clopidogrel Treatments en
Platelet Aggregation
Mean maxinmm peroant:

ees of ADP-induced platelet aggre-
ration at baseline were comparahle 1o both groups (Figure ZA

—o— Front loaded Regimen

ke Standard Regimen
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Baseline 2 H(I:urs Day 8

Figure 1. Effects of clopidogrel treatments on thrombus area.
Results on thrombus formation at baseline, 2 hours, and day 8
with the respective freatments. Data are expressed as mean
thrombus area = SEM (um?), *P<0.05 ¢

wadetded from wvhohalons.
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Figure 2. Effects of clopidogrel treatments on platelet aggrega-

tion to ADP 5 umol/L (&) and 10 pmol/L (B). Resulls on maximal
aggregation at baseline, 2 hours, 6 hours, day 2, and day 8 with
the respective treaiments. Data are expressed as mean percent-
age =SEM. *P<0.05 vs baseline. tP<0.05 vs 2 hours.

and 213 No significant inbivitdon of ADPanduced phataicl
sypgregation was noled af 2 z2ud 6 hows with ADRP 5 and
10 pmol/L with ihe s
plateiel aggrogaiion:

ndacd regimen of clopidogrel (mean
56.9+28.0%, 95.024.7%

fohal
Y, 31h68%, 96.5
inhibition was achieved, the mean platelat :
ADP % and 10 pmoll being 66.3:56.2%

ospoviively.

In cantrast, & sigmeficant inhibition of ADP-nduead platelet

agpregation was observesd at 2 ti-loaded

hours with the i

sition Bor ADE 3 and 1) ol was 82224405 and
BIE2A5%,

aloneY. Fusther significant inbibition (F<00.05) was observad

sspectively, comnpared with bascling {aspirin

at O hours, with 2 mean piatciet agpregation of £3.374.0%
and £4.4£5.2% for both coneentrations of ADE used. At day
2 aund dayv & no friher sigmficent mbilion of plateiat

agiregation was noted.

Effects of Clopidagrel Treatments on Fibrinoges
Binding to ADP-Activaied Platelets

Thare was no significant difference at bascling hetween the 1
groups (Figure A and 381 With the Troni-loaded ‘
platzfel acfivatinn, as determined by ADP-induced p

[ibeanogen binding by fow oyiometsy, was significanly

recducad {P-0L05) at 2 hours for ADP concenirations of .12

|

and (L6 pumolL. the fibrinogen binding being 36,12 2.0% and
533.2£93%, rospectively, compared with ba

et

CIn come
)

hraoa Juse 6B was nol significantly wduced ot 2
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Figure 3. Effects of clopidogret treatments on fibrinogen binding
by flow cytometry induced by ADP 0.12 pmol/L (A} and

0.6 umol/L (B). Results on activated platelets at baseline, 2
hours, day 2, and day B with the respective treatments. Data are
expressed as the relative fibrinogen binding =SEM compared
with baseline. *P<20.05 vs baseline.

hours in the standard regimen. the Gbrivogen binding belng
Q0.4+ 7.1% and 74.67011 8%, respociively.

Fffect of Clopidogrel Treatmenis on

Thrembin (Generation

Bazcline values of prothrombin fragment Fi+2 plasina lovels
weore similar in both groups at hascline on aspirin (0.79=6.08
nmai/L with the front-toaded regimen and 5,91 £0.0¢ amol/L
witht the standard regimen). These valucs romainsd un-
changed when the paiients were treaied, at 2 hours and day 8
(OR0=0 11 and O.ROT0.06 mnolL with the fronl-loaded
regimen and (L8470.09 and 036012 amol/L with the
standard regimen, respeciivelyl.

iscussion
We bave shown that a fron-loaded regirmen of clopidoegrel
{300 mg) added 10 aspirin achieved a significant antithrom-
wity as carly as 2 hours afier s adminisiration, as

botic act:
assessed by redustion in thrombus formanon and piateiot
reactivily. We have also demonsteated that the antitbrombotic
effect at day & of 2 standard regimen of clopidogre! (75 mg/d
v patientz with atheroseloresis rpeviving chronic aspirin
therapy (5 greater (han the antithrombotic of

ffect of chronic
aspirin therapy slonc

Acuic Antithrombetic Effect of a Frent-Loaded
Regimen of Clopidogyel

With a froni-loaded regimen of clopidezrel (300 mg}, i s
possiblc (o achiove & significant antitrombotic cffect af 2

hourz, an effect not ebiained with the standaréd regimen. in

paticris wiils Kaown ald

Jerotic Dvaleadedftoroctibihgionraiarinbiofolvee dh 200k alihy roale subjects after 2 weeks of

Acute Aniithrombotic Effect of Clopidogrel 2319

sapiris. To the best of owr knowledze, this is the first repor
of guanlitative reduciion in thrombus formation i a patieni
population with decumentad atheresclerntin disease receiving
aspirin. Previous data in noouat suhjects have jadseated that
2 dose of 300 w0 400 my produced a the
pharmacodynamic activity of clopidogrel, with Iovels of
platelet inhitition close 1o sleady state observed within the

s

first bours afler dosing.® Our findings confinn awd exiend

rapid onset of

these resalts in psticnis with atheroscierotic discase rogeiving
chronic aspirin thorapy. Bul more importantly, we have
shown that the antithromboite clfect, assessed in @ porlusion
chamber mimicking an arterial injury atop a mild stenosis in
3 coronary ariery, s achieved 33 owrby 28 2 houwrs afler
front-ioaded regioen administraiion. This provides evidence
for the rapid onset of an antithromboiic effect with a loading
dOS" {300 mu) of "inpiclom'c m the treatmcwd aonts

sromaty syndromes and su coreaary stent inpkagion. This
i5 HNPOrH heeruss lhc riedian time Fom stent implantation
to slont irombesis in pationts ireated with ticlopidine and
aspirip is ~=12 hours.”® To date, it appears that a standard
repinen of tolopidine or biﬂpld(“’r(_] does not achieve a
significant carly antithrombetic cifect.

We have also domenstvated thal atthough a significant
reduction in ADP-plateict aggrogation i3 obtained with 300
=ny of clopidegrel a Ber 2 boars s, o further significant reduction
s achicved at & hoors. Thiz confirms recent Bodings shiowing
Lhal a loading regimen of ciopidogre! induces masimml
whibition of platelel sggregation a5 hours™

The carly avnthromboie effcet on platelet activalion we
abserved wilh 4 lvading dose of clepidogrel, as assessed by
fow cytomeiry, is conaisiont with the reduction ia threntbus
formation. The reduction in the fbrinogen hinding obtained
with # ironi-toaded regiman of clopidegrel is already signif-
igant at 2 bowrs, whereas with the standard regimen, o
significan reduction was observed only at day 2. bm:-_i.-hrly,
an accelerail tion has been shmwn with a
ipading dose of a similer agens, siclopidine {3088 mp). in
paticnis underpoiog comonary angicuraply at 24 hours, but ne
data at 2 hours were provided.®

Prothrombin fragment Fi+2 plasma levels were sinular
throughout the sludy and hetween the groups. Tlhis 5 consis-
tenl with other published daa® =% shinwing that thronsbin
generation is aot dircctly reduced with Gicnopyridines.

o of plateicl inhibi

Antithrombetic Effcet of Clopidogrel
Administration in Atherescicretic Patients
Receiving Chronic Aspirin Therapy

We showsd that the anithrorabotic offect of weanaen with
clopidoare] for % days (75 vagdd} in pationts with 2
rosis recoiving chronic aspirin thernpy is grester than the
aniithrombotic cffect of chronic aspirin therspy slenc. in
annnal models, clopidogrel has sntithrombotis efitels wy both
fn a porcine oy vive

therosele-

o 2

arterial and vonowos ll}‘l’}:iih“s!\
model of high shear-induced sleni twomibnsis, intravensus
clopidogrel p,uduced a dose-dependent inhibition of stent
thrombosis. {0 aoshaman pomates, clopidogre! reduced
thrombosis in 2 haboon model -\f.::-._rml ihrambosis! Tathe
best of nur know h.u(., only | study Tocused on the inhibilion
s clopidogrel i himans.™ inihds sbdy,

of thrombogen

a standard fvm'mf-n of slemdogret 'ni[icam!y inininted
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a standard regivaen of clopidogrel. We found that the inhibi-
flon was significart at day 8 {n patients with atheresclernsis
reesiving chronic aspirin therapy when s standard regimen of
ciopidogre] was used.

Large-scale, randomized, ]Jlepbuﬂ coniroiled irals
ciearly establivhod that oral aspirin therepy decrcases the risk
of thrmholic events in paticnls with sympiomatic atherescle-
miic disease hy 20% to 25%.° Because aspin
cyclopxygensse inhihifor 32 its effectiveness is fimitesd. be-
cause it {ails 1o block plateiet activation by other important
agonists such 28 shear sizess, theombing collagen, and ADP

1avg

s only g

Ci()pi-:i(rgr(:] i5 an A]’)E’--re:tt:;':tor aniagonist that is frec of the
affects of Goloptdine therapy.® Clopi-
’ sibly inactivating platelel ADP reoep-
tiated sipnaling in & dose-dependent manner In a
large-seate, randomized chinical trial, clopidogrel was shown
0 be significanly move effective than and 21 least as sade as

aspinin in decreasing arteriad thromboe-occl
pattents with sympiometic atharoscleroiic disease.” However,
aspirin and clopidogre! interfere with different pathways of
plz.‘bi“ activation. Therelore, 0 in‘ap;'@vc the antitbrombatic

sive episodes in

Hd

s combition of these 2 drugs has been suggesties.
Adsitive antithrornbotic eifects of clopidenrel and aspirin

have bhezn df:mﬂ sirded in exporimental models in the

 Interastingty, clopidegret and aspirin have produced
additive antithroimbatic offects 28 asseased by mieasurements
of inddabeicd plaiclets 208 Y -tabeted fibrin deposition in a

poreing ex viveo medel of bigh shear-induced stent thrombe-
sig, 28 Ir our study, the combiuation of aspirin and slopidogrel
significantly improved the antithrombotic offect of aspir
Mone in patienis recciving chronic aspirin therapy.

:

those
typical a3 *uld ty sienomed coronary artery. These theologi-

rheaiogical condslions (369048 we uscd nenveke:s

eal conditinus were seiccted beeause ==70% of the plaques
responsible for an acute myocardiai mfarction have <30%

SN

Limitations
Duae dita sunport the added benelit of combining clopidopgrel
willy aspirin o thrombus formation witheut any biceding
compdicaizons. Howeever, (s is o pelot study, and farge-scale
ciinical teials are necded o frther clarify (he efficesy and
aspirin and clog

safeiy of the combination of : we,
Conclusions

Or data supgest that a Tront-loeded egimen of clontdogred
HH e added Lo aspivin achioves a s
effoct 4 2 bowrs, an effeet not achioved with the sta
regimaen, in pationis wilh konwn atheroscizrofic dis
chronic aspirin therapy. This supports the cfficacy of ¢
loading dose of clopidogrel in acute coranary sytdromes uud

*'nlic:m; antithromhotic

‘«,.
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[57] ABSTRACT

This invention relates to new thieno {3,2-¢] pyridine
derivatives having the formula:

Y 7

ci

in which:

Y represents the OH group or an OR group in which R
is o straight or branched lower alkyl radical, or Y
TEpresents a group

Ry
Ve
N

AN
Ry

in which Ry and R; are each indcpendently of cach
other, hydrogen or a straight or branched lower alkyl
group; or R and R2form together and with the nitro-
gen atom to which they are attached a heterocycle
which may include a second hetcroatom such as oxygen
or nitrogen, wherein the latter may be substituted by a
lower alkyl or benzyl radical which may be substituted;
and X represents hydrogen, a halogen or a lower alkyl
radical; and their addition salts with pharmaceutically
acceptable mineral or organic acids if Y represents the
group OR or

Ry
Ve
N

N
Ry

or with mineral bases if Y represents OH, as welil as the
two enantiomers or their mixture,

The invention also relates to the preparation process of
new thicno [3,2-c] pyridine derivatives and to their
therapeutic application as blood-platelet aggregation
inhibiting agents and antithrombotics.

12 Claims, No Drawings
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THIENO [3,2-c] PYRIDINE DERIVATIVES AND
THEIR THERAPEUTIC APPLICATION

This invention relates to rew thieno{3,2-c]pyridines,
to a process for their preparation and to their therapeu-
tic applications. The new derivatives of this invention
have the following general formula:

i which:

Y represents the OH group ar an OR group in which
R is 2 straight or branched lower alky! radical, or Y
represents a group

Ri
/
N

~
Rz

in which R and R; are each independently of each
other hydrogen or a straight or branched lower alkyl
group; or R, and R; form together and with the nitro-
gen to which they are attached a heterocycie which
may include a second heteroatom such as oxygen or
nitrogen, wherein the latier may be substituted by a
lower alkyl or benzyl radical which may be substituted;
and X represents hydrogen, a halogen or 2 lower alkyl
radical.

These compounds bhaving an asymmetrical carbon
may exist in the form of two enantiomers. The invention
relates both to each enantiomer and their mixture.

The invention also includes addition salts with phar-
maceutically acceptable mineral or organic acids if Y
represents the groups OR or

R
Ve
N

\
Ry

or with mineral bases if Y represents OH.

A lower aikyl radical is understood (0 mean a C-Cy
saturated hydrocarbon chain.

The invention also relates to a process for the prepa-
ration of compounds of the formula {I) as defined
above, wherein the esters of the invention in which Y
represents an OR group as defined above are prepared
by condensation of 4,5,6,7-tetrahydro-thicno[3,2-c]-
pyridine. having the following formula:

an
NH

S

with an a-chlorophenyl acetate having the foltowing
formula

10
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o, OR (o
N
c

/
Ci

X

in which R and X have the above.defined meanings.
Acids of formula (I), in which Y represents OH, are
obtained by saponification.

To prepare the amides, in which Y represents 2 group

Ry
/
N

N
R2

in which R and R; have the above-defined meanings or
even some esters of formula (I), the acid of formula
(IWR=C0H) is reacted, after activation if required, ci-
ther with the amine

Ry

HN

N
R2

or with the alcoho! R—OH.

The a-haiogenated esters of the formula (IIT) are
prepared using known methods (E. L. ELIEL, M. T.
FISK and T. PROSSER, Organic Syntheses, Coll. Vol.
IV, J. WILEY and SONS, Inc. New York, 1963, p.
169).

Although it is possible to obtain all the esters of for-
mula {I) by the reaction between the compounds of
formulae (I1) and (I11), for economic reasons it is prefer-
able to prepare certain higher esters of the formula (I}
from the acid of formula (T} and alcohol (R—OQH).

The condensation of the tetrahydro-thieno-pyridine
with the ester of formula (111} is effected in the presence
of an alkali metal carbonate, such as potassium carbon-
ate for example, in an inert solvent such as dimethyl-
formamide, tetrahydrofuran or 1,2-dimethoxy ethane, at
temperatures between 60° C. and the boiling point of
the solvent.

The saponification of the ester of formula (T} in which
R is methy! or ethyl is effected by an alkali metal hy-
droxide such as sodium or potassium hydroxide in a
hydroalcoholic solvent, at temperatures between roum
temperature and the boiling point of the solvent.

Activation of the acid of formula (1) may be obtained
by treatment with ethyl chlorolormate in the presence
of a slight excess of triethylamine at temperatures be-
tween —5° C. and ¢° C. in an inert solvent such as
chioroform, 1,2-dimethoxy ethane or tetrahydrofuran,

A mixed anhvdride having the following formula:
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is formed and if treated in situ with a slight excess either
of alcohol or amine, at temperatures between 10° C. and
room temperature, the esters or amides of the formula
{1} will be formed respectively.

The activation of the acid of formula (I) may also be
obtained in different ways: the amides of formula (T}
were also thus prepared by condensing the acid (I) with
the amine

Ry

NH

N
K3

in the presence of dicyclohexycarbodiimide in solution
in 1,2-dichlorc-ethane.

The esters of formula (1) may also be obtained in the
conventional manner by condensing the corresponding
acid and alcohol (ROH) in the presence of hydrochloric
gas or thionyl chloride. '

The following non-limiting Examples are given to
illustrate the invention.

EXAMPLE 1

Methyl
a-[4,5,6,7-tetrahydro-thieno[3,2-c}-3-pyridyl]-
o.chlorophenylacetate (Rj=—CHj; X=2-Cl)

derivative No. 1.

1.47 g (0.144 mole) of methy! 2-chloro-o.chlorophe-
nylacetate and 19.82 g (0.144 mole) of potassium car-
bonate are added to a 20 g (0.144 mole) solution of
4,5,6,7-tetrahydro thieno[3,2-c]pyridine in 200 ml of
dimethylformamidc. The solution is then heated for
four hours at 90° C. The reaction mixture is cooled to
room temperature, the mineral salts are filtered and the
solvent is evaporated. The residue is taken up in water
and then extracted with ethylic ether. The ether ex-
tracts are washed with water, dried over sodium sul-
phate and evaporated, to give a yellow oil which is
purified by means of its hydrochloride. White crystals:
M.p.=130°-140" C. (ethylacetate, isopropanol). Yield:
45%.

EXAMPLE 2

Methyl
a-[4,5,6,7-tetrahydro-thieno{3,2¢]-5-pyridyl]pheny-
lacetate (R =—CHj3; X=H) derivative No. 2.

This compound is prepared by the same procedure
described in Example 1 by alkylation of the 4,5,6,7-tet-
rahydro thieng[3,2-c]pyridine with methyl 2-chioro-
phenylacetate. Hydrochloride; white crystals: softening
point=200° C. (cthanol). Yicld: 50%.
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EXAMPLE 3

Methyl
a-[4,5,6,7-tetrahydro-thieno(3,2-¢]-5-pyridyl}-o.fluoro-
phenylacetate (R (= —~CHj3; X=2-F) derivative No. 3.

This compound is prepared by the same procedure as

described in Example | by alkylation of 4,5,6,7-tetrahy-
dro thieno[3,2-c]pyridine with methyl 2-chloro-

o.fluoro-phenylacetate. Hydrochloride; white crystals:
M.p.=100* C. Yield: 76.3%.
EXAMPLE 4
Ethyl

a-[4.5,6,7-tetrahydro-thieno(3,2-c]-5-pyridyl}-o. methyl-
phenylacetate. (Ry=—CH;—CH3 X=2-CHj)
derjvative No. 4.

This compound is prepared by the procedure de-
scribed in Example 1 by atkylation of 4,5,6,7-tetrahydro
thieno[3,2-c]pyriding with ethyl 2-chlora-o.methyl-phe-
nylacetate. Bisulphate; white crystals: M.p. =188°-190°
C. (isopropanol). Yield: 54%.

EXAMPLE 5

a-[4,5,6,7-tetrahydro-thieno[3,2-c]-5-pyridyl]-o.chloro-
phenylacetic acid. (Ri=H; X=2-Cl) derivative No. 5.

A mixture of 157.9 g of cthyl a-{4,5,6,7-tetrahydro-
thieno[3,2-c}-5-pyridyl]-c.chloro-phenylacetate and 100
ml of a 30% sodium hydroxide solution in 630 mil of
ethanol is heated under reflux for 2 hours 30 minutes.
After evaporation of the ethanol, the mixture is pcidi-
fied with glacial acetic acid and extracted with methy-
lene chioride. The organic phase is washed with water,
dried over sodium stiphate and then evaporated. After
recrystallization in water, the product is isolated in
monohydrate  form. White crystals;  Sofiening
point=125" C. (water). Yield: 46%.

EXAMPLE 6

a-[4,5,6,7-tetrahydro-thieno[3,2-c]-5-pyridyi]-phenyla-
cetic acid. (R;=H; X=H) derivative No. 6.

This compound is prepared by the procedure de-
scribed in Example 9 by saponification of ethyl a-
[4,5,6,7-tetrahydro-thieno[3,2-c}-5-pyridyl}-phenylace-
tate. The product is purified by means of its sadium salt.

White crystals: M.p.=210°-215" C. (ethanol, metha-

nol}.
Yield: 74%.
EXAMPLE 7
n-Propyl a-[4,5,6,7-tetrahydro-thieno(3.2-c]-5-
pyridyl}-o.chioro  phenylacetate. {Ri=—CH;—CH-

+—CH3: X:2-CD) derivative No. 7.

A stream of hydrochioric gas is bubbled through a 10
g (0.0306 mole) solution of a-[4,5,6,7-tetrahydra-
thieno[3,2-¢]-5-pyridyl}-a.chlorophenylacetic acid
monochydrate (Example 5) for 12 hours in 100 ml of
n-propanol which is refluxed. The mixture is evapo-
rated and the residue is taken up in water, basified with
sodium bicarbonate and extracted with ethylic ether.
The ether extracts are washed with water, dried over
scdium sulphate and evaporated to give a yellow oil
which is purified by means of its bisulphate. White crys-
tals: M.p.=146" C. {crude) Yicld: 78%.
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EXAMPLE 8

n-Butyl
a-{4,5,6,7-tetrahydro-thienof3,2-c]-5-pyridyl}-o.chloro-
phenylacetate. (R;=—CH»—CH»~CH;13 CHj;
X = 2-CI) derivative No. 8.

This compound is prepared by the procedure de-
scribed in Example 5 by esterification of a-{4,5,6,7-tet-
rahiydro-thieno[3,2-c]-5-pyridyl}-o.-chloro-phenyla-
cetic acid monohydrate (Example 5) with n-butanol.

Purified using the bisulphate; white crystals;
M.p.=155" C. Yield: 79.5%.
EXAMPLE 9
Isopropyl

a-[4,5,6,7-tetrahydro-thieno{3,2-c}-5-pyridyl]-o.-
chioro-phenylacetate.

CH»
R =—CH
AN
CH:

1 X = 2-Cl) derivazive No. 9.

2 mi of thionyl chloride are added dropwisctoal g
{0.0031 mole) suspension of a-[4,5,6,7-tetrahydro-
thieno[3,2-c]-5-pyridyl]-o.chloro-phenylacetic acid
monohydrate (Example 5) in 20 ml of isopropanol
cooled to —10° C. The reaction mixtare is then refluxed
for 6 hours, After evaporation, the residue 15 taken up in
water, basified with sodium bicarbonate and extracted
with methylene chloride. The organic phase is washed
with water, dried over sodium sulphate and evaporated.
A colourless resin is collected and purified using the
bisulphate.

White crystals: softening paint=140"-150" C.

Yield: 449,

EXAMPLE 10

Ethyl
a-[4,5,6,7-tctrahydro-thieno[3,2-c]-5-pyridylj-o.chloro-
phenylacetate, (R = CH;—CH3; X=2-Cl) derivative

No. 1.

4.86 mi (0.051 moie) of ethylchloroformate are added
dropwise to a 15 g {(.046 mole) solution of a-[4,5,6,7-
tetrahydro-thieno[3,2-c}-5-pyridyl}-o.phenviacetic acid
monohydrate (Example 5) and 7.12 ml (C.051 mole) of
tricthylaming in 150 ml of chloroform, cooled 1o a tem-
perature between —35° and 0° C. The mixture is then
allowed to return 10 Toom temperatore and s stirred for
30 minutes. The reaction mixture is then cooled to 2
temperature of around 10° C. and 30 ml of ethanol are
added dropwise. The reaction mixture is stirred at room
temperature for one night and is then washed with
water. The organic phase, dried over sodium sulphate,
1s evaporated lo give 1 colourless oil which is purified
by means of its hydrobromide.

White crystals: M.p.=180° C.

Yield: 949,
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EXAMPLE 1]

N,N-dimethyl
a-(4,5,6,7-tetrahydro-thieno(3,2-c}-5-pyridyl)-o.chloro-
phenylacetamide.

CH3

(R = ~N : X = 2Cl) derivalive No. 11.

CH;

9.72 mE{0.102 mole) of ethyl chloroformate arc added
dropwise to a 30 g (0.092 mole) solution of a-(4,5,6,7-
tetrahydro-thieno(3,2-c}-5-pyridyl}-o.chloro-phenyla-
cetic acid monohydrate and 14.24 ml (0.102 mole) of
triethylamine in 300 ml of chioroform, cooled to a tem-
perature between —5° and 0° C. The mixture is then
allowed to return to room temperature and s stirred for
30 minutes. The reaction mixture is then ceoled to a
temperature of around 10° C. and 4.57 mi (0.102 mole)
of dimethylamine are added dropwise to 60 m] of chlo-
roform gnd the mixture is stirred at room temperature
for one night. Water is added, the mixture is decanted,
and the orgenic phase is dried over sodium sulphate and
evaporated. A colourless resin is collected, which then
crystailizes.

White crystals; M.p.=95"-100" C. (isopropyiic
ether).

Yield: 49%.

EXAMPLE 12

1-[(2-chloro
pheny)-(4,5,6,7-tetrahvdro-thieno(3,2-c)-5-pyridyl-
Jacetyl}-pyrrolidine.

R==—N ; X = 2-C)) derivative No. 12,

This compound is prepared by the procedure de-
scribed in Example 11 by condensing o (4,5.6,7tctrahy-
dro-thieno(2,3-c)-5-pyridyl]-o.chloro-phenylacetic acid
monohydrate with pyrrolidine.

White crystals: M.p.=130" C. (isopropylic ether).

Yield: 61.5%.

EXAMPLE 13

1-[(2-chloto-phenyl)-(4,5,6, 7-tetrahydro-thieno(3,2-c)-
S-pyridyl)-acetyl}-morpholine.

VAN

®R=—N O X = 2.Cl} derivative No. 1.

/

2.67 g (0.031 male} of morpholine are added toa 10 g
(0031 mole} soluion of a-[4,5,6,7-tetrahydro-
thieno(3,2-c)-5-pyridyl}-o.chloro-phenylacetic acid
monohydrate and 13.3 g (0.064 mole} of dicyciohexyl-
carbodiimide in 100 ml of 1,2-dichloro ethane and the
mixtuse is stirred at room temperature for ong aight.
The mixture is evaporated then taken up with IN hy-
drochloric acid and ethylic ether. Afier filtering the
dicyclohexylurea formed, the filtrate is decanted and
the agueous phase is basified with 2N sodium hydroxide
then extracted with mcthylene chioride. The crgamc
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phase is washed with water, dried over sodium sulphate
and evaporated to give a yellow resin which is purified
by means of its hydrochloride hemihydrate.
White crystals: M.p.=215°-255" C. (isopropanol).
Yield: 71%

EXAMPLE 14

1-[{2-chloro
phenyl)-(4,5.6,7-tetrahydro-thieno(3,2-¢)-5-pyridyl)-
acetyl]-piperidine,

(R=—N . X = 2-C1) derivative No. 14.

This compound is prepared by the procedure de-
scribed in Example 13 by condensing a-[4,5,6,7-tetrahy-
dro-thieno(3.2-¢)-5-pyridyi]-o.chloro-phenytacetic acid
monchydrate with piperidine.

White crystals: M.p.=[39° C. (isopropanol).

Yield: 51.5%.

The following compounds were prepared by the
process described in Example 11:

{a-(4.5,6,7-tetrahydro-thieno(3,2-c)-5-pyridyl]-
o.chlorophenylacctamide. (R=—NH3z; X=2-Cl). de-
rivative No. 15,

White crystals; M.p.=126"-128" C. (isopropylic
ether-isopropanol).

Yield: 46%.

4-benzyl-1-[(2-chioro-phenyl)-(4,5,6,7-tetrahydrg-
thieno(3.2-¢)-5-pyridyl)acetyl]-piperazine.

R =—N N—CHz—Q; X = 2.ClI) derivative No. 16.

/

oxalate: white crystals: M.p.= 178° C. (ethanol).

Yield: 82.5%.

N.N-dimethyl[e-(4,5,6,7-tetrahydro-thieno(3,2-¢)-5-
pyndyl)-o.fluoro-phenylacetannde.

CH;
/
(R = —N ; X = 2.F) derivative No. (7.
CH3

Slightly vellowish powder; M.p.=125" C, (isopropy-
lic ether-isopropanol}.

Yield: 419%.

N-methyi-[a-(4,5.6,7-tetrahydra-thieno(3,2-c)-5-
pyridyD-o.chloro-phenylacetamide.  (R=NH—CHaz:
X =2-Cl)—derivative No. 18.

White crystals: M.p.= 137" C. (isopropancl).

Yield: 85.5%.

N-butyl[a-(4,5,6,7-tetrahydro-thieno(3,2-¢)-5-
pyridvi)-o.chloro-phenylacetamide. (R = —NH—(CHs.
}3—CH3; X =2-Ch)—derivative No. 19.

White crystals: M.p.=[01" C. (isopropylic ether).

Yield: 65%%.

N,N-dimethyl[a-(4,5,6,7-tetrahydro-thieno(3,2-¢)-5-
pyridylyphenylaccramide.

CHy
s o
(R = —N\ : X = H) derivative No. 20.

CH:
White crystals: M.p.= 138" C. (isopropylic ether).

Yield: 39%.
N,N-dimethyl[a-(4,5,6,7-tetrahydro-thieno(3,2-¢)-5-

0 pyridyl}-o.methyl-phenylacetamide.
CH3
(R = —N 1 X = 2-CHy) derivative No. 21
15 CHy

White crystals: M.p.=119" C. (hexane}.

Yield: 15%

The results of pharmacological and toxicological
tests reported below demonstrate the properties of the
derivatives of the invention both in terms of toxicity and
tolerance, and the activity levels of the derivatives,
especially their inhibiting action on blood-platelet ag-
gregation and anti-thrombotic zctivity.

Thus, the invention also relates to a therapeutic com-
position having in particular an inhibiting action on
blood-platelct aggregation and anti-thrombotic action,
wherein the active ingredient is a derivative of the for-
mula (I) or an addition salt thereof with a pharmaceuti-
cally acceptable mineral or organic acid if Y represents
the groups OR or

25

30

Ri
e
N

N
R;

35

and with a mineral base if Y is OH.
TOXICOLOGICAL INVESTIGATION

The compounds of the invention exhibit an exceilent
tolerance and a low toxicity.

In addition, the tests carried out on acute, chronic,
sub-chronic and delayed toxicity in varipus animal spe-
cies showed no lacal or general reaction, no disturb-
ances or abnormalities in the biochemical, macroscopic
and microscopic examinations performed during this
experiment.

PHARMACOLOGICAL INVESTIGATION
(1) Tnhibiting action on bload-platelet aggregation

40

This cxperiment was performed on rats. The com-
pound to be tested was administered orally in the form
of a suspension in gum arabic 0 the rats over a 3-day
period 48 hours, 24 hours znd 2 hours before taking a 4
mi blood sample from the animals using Renaud’s
method from their jugular veins under anaesthetic. The
&0 citrated blocd was used in the aggregation determina-
tions.

(2) Determination of A.D.P.-induced blood-platelet
aggregation.

2 ml of citrated blood were poured quickly into a
small beaker placed in a magnetic stirrer, fitted with a
magnetic bar. After a few seconds of agitation, 0.4 mi of
a solution containing 0.66 ug of adenosine-diphnsphate
(ADP) per ml was placed in the beaker. After 90 sec-

63
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onds of stirring, two 0.5 ml samples of blood were
taken:

the first was mixed with 0.5 ml of an EDTA-formol

solution

the second was mixed with 0.5 m] of a solution of %

EDTA only.

The purpose of adding EDTA formol is to stzbilize
the blood and thus to fix the aggrcpation whereas
EDTA alone causes disaggregation of all the platelet
clusters. 10

After leaving the mixtures at rest for 10 minutes and
centrifuging the two mixtures at low speed for 5 min-
utcs in order to separate the red corpuscles, the superna-
tant platelet-rich plasma (PRP} was removed, diluted
and a platelet count was made.

The intensity of the aggregation was determined by
the following ratio:

I35

number of plaielets in EDTA-formol = 20
number of platelels in EDTA % 100 = percentage of
non-aggregared

platelets.

The blood-platelet aggregation inhibiting action of
the product tested improves as the ratio approaches 100. 25
The results showing the mean percentage of non-
aggregated platelets in groups of 5 rats (treated and

reference groups) are shown in Table L

10
TABLE II
COLLAGEN TEST
PRODUCT DOSAGE mg/kg  ROUTE" RESULT
Reference group Ix2s PO, 112 + 047
Derivative No. | — 0.4 = 043
Referetice group Ixs — 2.17 = 064
Derivative No. 1 - 0192 £ 004
Reference group Ix 25 — 5.00 = 1.02
Derivative No. 1 — 0.60 = D20
Reference group — 392 £ 063
Derivative No. 10 3 x2S — 0.16 £ 0.07
Derivative No. 10 3 x 125 - 0.54 + 012
Reference group — 200 * 035
Derivaiive Na. 7 3 x 106 — D.66 = 0.18
Derivative No. Ix 100 — 0.86 = .18
Reference group 3 x 60 — 2325 % 032
Derivative No. 9 — 0.11 =001
Reference group 3% 0 — 341 0355
Derjvative No. 4 — 012 + 0.02
Reference group Ix 100 - 473 + 055
Derivative No. 4 — 030 = 0m
Reference group 1 x 100 - 500 £ .06
Derivative No. 2 — Q58 £ 0,18
Reference group ix 100 — 225 = Q.32
Dierivative No. 1] — 0.83 = 0.02
Reference group 1% 100 - 77 =03
Derivative No, 14 - 1.89 + 0.13
Reference group Ix 00 - 199 = 040
Derivative No. 17 — 222 =010
Reference group 3 x 100 — 5.01 = 0.79
Derivative No. 21 — 304 =022
Reference groap Ix 100 — i35 = LOE
Derivatre No. 18 — 10.82 = .81

TABLE! 10

ADP TEST
PRODUCT DOSAGE mg/kg  ROUTE® RESULT
Reference group Ix 25 PO 16 £ 4
Derivative No. | — 94 +13
Reference group ixs — 0+ 11
Derivative Na, 1 — B2+ 11 35
Reference group 325 — PARE N 4.
Derivative No. | — 56 + 17
Reference group —_ gE+0
Derivative No. 10 3Ix 25 — 66 = 2
Derivative No. 10 3% 1258 -— 49+ 1
Reference group Ix 10 — 8| 40
Berivative No. 10 - H¥Es
Reference group I x 60 - M0
Derivative No. 9 - 65 = 7
Reference group Ix 100 - 13£3
Derivative No. 4 - 89 1
Reference group I x W0 — 1+ 45
Derivative No. 4 — E9 + 4
Refzrence group 3w 100 — 440
Derivative No. 2 — 2 x 12
Reference group I x 100 - 4+0
Dierivative No. 12 — 75
Reference gruup — 20 50
Derivative No. 17 3 x 100 - i1x3
Derivative Na. 20 3% 100 — 4+ 1
Reference proup 3% 100 — 18X 1
Desivative Na. 6 — 2+4
*Raute of administeation 55

(b) Determination of collagen-induccd blocd platelet
aggregation

0.10 m! of a solution contaming 10 ug of collagen per
ml was added to 1.5 m! of citrated bload. With the 4
mixture being agitated, the platelets were counted con-
tinually.

The reduction of the number of free platelets over
time was continuously monitored and a curve was plot-
ted showing the initial aggregation rate. 65

The results, representing mean values determined in
each group of 5 rats {treated and reference groups), are
shown in Table 11

*Route of adminisiration

(c} Determination of bleeding time

The study of the blood-platelet aggregation inhibiting
action also concerned the action of the compound of the
invention on blecding time.

The method used is an adaptation of the method of L.
STELLA, M. B. DONATI and G. de GAETANQ,
Thromb. Res., 1975, 7, 709-716.

The experiment was performed on rats. The com-
pound o be tested was administered to the animals per
os in suspension in 10 mi/kg of a 5% aqueous solution of
gumn arabic 65 hours, 4] hours and 17 hours prior te
determination. Afier anesthetizing the animals with
pentobarbital, their tails were cut 5 mm from the ends.
The blood was carefully sponged at 15-second intervals,
taking care not to touch the wound.

Hemostasts was reached when the bleeding stopped
for one minute.

The results representing mean bleeding times in sec-
onds, determined in each group of 3 rats (rcference and
treated groups), are given in Table IfL. Times longer
thar 1200 seconds (20 minutes) were not counted.

TABLE I11
__BLEEDING TIME
FRODUCT DOSAGE mg/kg  ROUTE* RESULT
Reference group P.O. 600
Derivative No. 10 3w 200 - | 200
Derivative No. 2 3 x 200 — 1200
Refetence proup — 420
Derivative No. 1 I x 25 — § 200
Derivative No. IS - 1 080
Reference group I 125 — 435
Berivative No. 1 — 1200
Reference group 3w 200 — 730
Derivative No. 3 — 1 AR
Reference group I x 200 — 600
Derivative No. 18 — 1200

Reference group 3200 — 600
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TABLE ITlcontinued

RLEEDING TIME
PRODUCT DOSAGE mg/kg  ROUTE" RESULT

Derivative Na. 12 — 1 200

*Route of administration

(2) Anti-thrombotic activity

This activity was studied by the silk thread experi-
mental thrombosis method,

The principle of this study is an adaptation of the
experimental thrombosis method using cardiopulmo-
nary by-pass described by TERUHIKO UMETSU and
KAZUKQ SANAI (THROMB. HAEMOST,, 39, 1,
1978).

The animals’ left jugular veins and right external

carotid arteries were uncovered (the rats were anesthe- .

tized by intraperitoneal injection of pentobarbital.

The arteriovenous shunt consists of a central catheter
and two lateral catheters; a white raw silk thread is
inserted in the central part and circulation is restored
for 20 minutes. After stopping circulation by clamping,
the thread is gently withdrawn and weighed immedi-
ately. As the average weight of 2 wet silk thread was
previously determined, the weight of the thrombus is
determined by evaluation the difference.

The treatment is applied 48 hours,.24 hours and 2
hours before the start of blood flow in the shunt by oral
administration of the compound to be tested in suspen-
sion in 10 mi/kg of 595 gum arabic, while only the 5%
gum arabic solution is administered to the reference
group.

The results showing the weight of the thrombus in
mg are given in Table IV.

TABLE IV

12
1.00 g active ingredicnt according to the age of the
patient and the severity of the disease 10 be treated.
Non-limiting examples of pharmaceutical formula-
tions of the medicine of this invention are given below.

(1)} Fablets

Derivative No. 1...0.050 g;
Excipient: lactose, icing sugar, rice starch. alginic
acid, magnesium stzarate.

(2) Coated tablets

Derivative No. 10...0.100 g
Excipient: magnesium stearate, corn starch, gum ara-
bic, shellac, white sugar, glucose, white wax, carnauba
15 wax, paralfin, new cochinealin.

(3) Capsuies

Derivative No. 17...0.100 g
Excipient: magnesium stearate, corn starch, lactose

5

o

(4) Solution for injection

Derivative No. 4...0075 g
isotonic solvent sufficient to make 3 ml

(5) Suppasitories
Derivative No. 21,..0.100 g
Semi-synthetic triglycerides sufficient to make 1 sup-
pository.
We claim:
0 1. A compound of the formula:

23

ANTI.THROMBOTIC ACTIVITY

WEIGHT OF THROMBOSIS PERCENTAGE

' PRODUCT DOSAGE mg/kg  ROUTE* IN mg VARIATION

Referencs group 3 x 200 P.O. 3856 & 242 —-12

Derivative No. § — 29.99 £ .05

Reference group 3 x 200 —- 42.65 = 3.30 —54

Derivative No. ] — 260 = 0.24

Reference group - 36.24 + 2.05

Derivative No. | 3x 25 — 6.56 £ 0.51 —82

Derivative No. | 1 x 125 - 1598 + 1.81 —~ 56

Reference group I xS - 40.86 + 2.02 -32

Derivative No. | — 7.7 = 232

Reference group — 40.68 = 1.74

Dedvative No. 2 3 % 200 — 842 £ 328 --79

Derivative MNa. 10 3 x 200 — 39 =09 —56

Reference group 3w 200 — 3576k 1.76 —-40

Derivative No. 11 _ il3g £ .92

*Rouwic of adminisiration

o] Y
. . e _— N 7
The toxicological and pharmacological investigations

reported above demonstrate the low toxicity of the
compounds of the invention, as well as their excellent
tolerance and their inhibiting properties on blood-plate-
let aggregation, and their anti-thrombotic activity,
which make them very useful in medical therapeutic
applications.

in the faorm of tablets, coated tablets, capsules, drops,
granules or syrup. The drug can also be provided in the
form of suppositories for rectal administration or in the
form of solution for injection for parenteral administra-
tion.

Each unit dosz contains advantageousty from 0.005 g
to 0.250 g of a derivative of the invention, the daily
dosage regimen varying within a range from 0.005 g to

The drug of the invention may be orally administered 60

in which Y represents hydroxyl, an OR group wherein
R is a straight or branched lower alkyl radical. or

V4
65 N

y
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in which Ry and Re are each independent of each
other and represent hydrogen or a straight or branched
lower alkyl group; or Ry and R; form together with the
nitrogen atom to which they are attached a heterocycie
selected from the group consisting of pyrroliding, pi-
periding, morpholino, piperazino, N-lower alk ¥l pipera-
zino and N-benzy! piperazino; and X represents hydro-
gen, a halogen or a lower alkyl radical; and their addi-
tion salts with pharmaceutically acceptable mineral or
organic acids if Y represenis OR groups or

Ri
s
N

~
Ra

or with mineral bases if Y represents OH, including
both enantiomeric forms or their mixture.

2. Methyl a-(4,5,0,7-tctrehydro-thieno{3,2-c}-5-
pyridyh-o.chiorophenyl-acetate.

3. Methyl a-(4,5,6,7-tetrahydro-thieno{3,2-¢)-5-
pyridyl)phenylacetate.
4. Methyl a-(4,5,6,7-tetrahydro-thieno(3,2-¢c}-5-

pyridyl)-o.fluoro-phenvylacetate.
5. Isopropyl a-(4,5,6,7-tctrabhvdro-thieno(3.2-¢)-5-
pyridyl)-o.chloro-phenylacetate.

20

30

35

43

30

55

&0

65

14

6. Ethyt a-(4.5,6,7-tetrahydro-thieno(3,2-c)-5-
pyridyl)-o.chloro-phenylacetate.

7. N,N-dimethyl-[a-(4,5,6,7-tetrahydro-thieno(3,2-¢)-
5-pyridy1)-o.chlorophenylacetamide.

8. A therapeutic composition having blood-platelet
aggregation inhibiting activities and anti-thrombotic
activilies containing an effective amount of a compound
of claim 1, or an addition salt therecf with a pharmaceu-
tically acceptable mineral or organic acid or with min-
eral bases, or one of the two enantiomers or their mix-
ture and a pharmaccutically acceptable carrier.

9. The composition as claimed in claim 8, in unit
dosage form.

10. The composition as claimed in claim 8 or 9 in unit
dosage form, each unit contatning from 0.10 g o 100 g
active ingredient.

11. A method of inhibiting platelet aggropation in
mammals which comprises administering an effective
amount of a composition comprising 2 compound of
claim 1 and a suitabl¢ pharmaceutically acceptable car-
TIgr.

12. A method of treating or inhibiting thrombosis in
mammals which comprises administering to 2 mammal
in need of treatment an effective amount of a composi-
tion comprising a compound of claim 1 and a suitable

pharmacentically acceptabie carrier.
* * * * L]

%@4
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EXAMPLE 2

Alternate Preparation of Vinzolidine 1,5-Naphthaiene
Disulfonate in Three Steps

a, Conversion of vinzolidine free base to vinzolidine
suifate

To a 19 solution of free base in anhydrous ethanol, a
stoichiometric amount of 1.0N sulfuric acid is added in
dropwise fashion with stirring [1.0 g. of free base
(~93% purity} requires~2 ml. of 1.ON sulfuric acid].
Stirring is continued until some opalescence appears.
The solution is allowed to stand at rcom temperature
for two additional hours followed by 2-3 hours at about
0" C. The precipitate is then filtered on 2 sintered glass
funnel, washcd with a small amount of anhydrous etha-
nol and dried in vacuo at 43°; yield = ~ 85%. Additional
salt (ca. 10%) can be obtained from the filtrate.

This sulfate salt contains ca. 9% of water (possibly in
the form of a pentahydrate). A sharp X-ray pattern was
obtained.

b. Preparation of amorphous vinzolidine
1,5-uaphthalenedisulfonate

A 10% aqueous solution of 1,5-naphthalenedisulfonic
acid disodium salt is added dropwise with stirring to a
2% aqueous solution of vinzolidine sulfate. A 10% ex-
cess of {,5-naphthalenedisulfonic acid disodium salt is
used; i.e., 1.1 mole of acid per mole of base. After hold-
ing the mixture at about 0* C. overnight, the precipitate
is filtered on a sintered glass funnel, washed with a small
amount of water, and dried in vacuo overnight at room
temperature. An amorphous material is obtained that
contains ~ 7% of HzQ (vield = >80 percent).

. Crystallization of amorphous material

The amorphous material is added graduaily to metha-
nol with stirring {1 g. per 100 ml. of methanol). Afier
the addition is complete, the suspension is stored in the
refrigerator overnight. Subsequent handling is the same
as in Example 1. The salt crystallizes as a methanolate
(Form I) by both methods and contains three molecules
of methanol per molecuie of salt.

Vacuum drying removes the methanol but cquilibra-
tion of the desired sait in air gives a hydrate (Form II});
Karl Fisher ~ 8% water. Form II dissolves to the extent
of about 150 mcg./ml. in water at 25° C.

A third crystalline form, Form IIL, is produced by
recrystallizing the salt in boiling methanol and then
drying the methanolate in air, which procedure vields a
different hydrate containing about 6% water. The
X-ray diffraction patterns of these three forms follow.
The patierns were obtained using an X-ray tube with a
copper target and a nickel filter.
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Naphthalene-1,5-disuifonate salts were also prepared
from vinblastine, vincristine and vindesine. The salts
were stable, white salids sparingly soluble in water.




4,558,053

1

NAPHTHALENE-1.5-DISULFONATE SALTS OF
DIMERIC INDOLE-DIHYDROINDOLE
ALKALOIDS

BACKGROUND OF THE INVENTION

A number of indole-dihydroindole alkaloids are cur-
rently either being marketed or are or have been on
clinical trial as anticancer agents. These alkaloids in-
clude vincaleucoblastine (vinblastine, VLB)—marketed
as VELBAN, US. Pat. No. 3,007,137, vincristine
(VCR, leurocristine)—marketed as ONCOVIN, US.
Pat. No. 3,205,220; vindesine (VDS)—marketed as EL-
DISINE, U.S. Pat. No. 4,191,688; vinzolidine, U.S. Pat.
No. Re. 30,560; and vinepiding, U.S. Pat. No. 4,143,041,
A large number of acid addition salts of these drugs are
disclosed, including the naphthalene-1-sulfonate and the
naphthalene-2-sulfonate.

In general, the sulfate salts of the above dimeric in-
dole-dihydroindole alkaloids are favored during isola-
tton, synthesis, formulation, etc. The drugs are custom-
arily administered parenterally by the iv route and any
pharmaceutically-acceptable soluble salt, such as the
sulfate, which can provide the required concentration
of drug, can be used. Sulfate salts of VLB and vincris-
tine are prepared by ceutralization of the base with
diluie sulfuric acid (ethanol for example ar other inert
polar solvent may also be present to solubilize the base)
followed by lyophilization. With these alkaloids, the
lyophilized salt had adequate stability, but with vinde-
sine, the lyophilized salt was not stable. Rolski, U.S.
Pat. No. 4,259,242 addrcsses this problem and provides
a method of preparing a stable monosulfate salt of
vindesine by precipitation during neutralization of
vindesine base with sulfuric acid in acetonitrile solution.

Vinzolidine is another indole-dihydroindole alkaloid
whose sulfate salt has been found to be unstable. In
contrast to the other alkaloids, vinzolidine is an orally
active drug and must be capable of being provided in
solid formulations such as capsules and tablets. While an
injectable product like vindesine or vinctistine can be
lyophilized and the lyophilized product seaied iw a dry,
inert atmosphere, capsules and tablets are constantly
exposed to air and water vapor.

Vinzolidine sulfate was prepared in eight different
crystalline forms by employing different recrystalliza-
tion solvents. While the stability of these forms varied
considerably, nonc was found to be sufficiently stable to
mcct the stability requirements of an oral dosage form.

It is an object of this invention to prepare a vinzoli-
dine salt which is suffictently stable for use in oral dos-
age forms and which furnishes adequate vinzolidine
blood levels on ingestion.

SUMMARY OF THE INVENTION

In fulfillment of the above and other objects, this
invention provides 1,5-naphthalcne disulfonate salts of
indole-dihydroindole alkaloids of the formula

35
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wherein is OH or O—CO—CHj, R? is CH3 or CHO;
ane of B3 and R4 is ethy! and the other is OH; when
taken singly, RS is OH and R7 is CO—OCH; or
CO—R?®, wherein R? is NH;, NH—C,.: aikyl-X,
wherein X is hydrogen, chloro or bromo, or Cy.3 lowe-
ralkanoyloxy; when R6 and R7 are taken together with
the carbon atems to which they are attached, they form
a spiro-oxazolidinedione ring permissibly substituted at
N3” with C.1alkyl or chloro-substituted C).3 alkyl.

In the above formula, where R! is acetoxy, RZ is
methyl, R6is OH, R7is CO—OH;, R? is hydroxyl and
R# i3 ethyl, VLB (vincaleucoblastine, vinblastine) is
represented; where R! is acetdxy, R? is formyl, R¢ is
OH, R7is CO—QCH;3, R%is hydroxyl and R# is ethyl,
vineristine {leurocristine, VCR) is represented; where
Rlis acetoxy, R2is methyl, R¢is OH, R7is CO—OCH;,
R3is ethyl and R4 is hydroxyl, leurosidine {vinrosidine)
is represented; where RS and R7, together with the
carbon to which they are attached. form an ox-
azolidindione ring with a chloroethyl group at N3”, R?
is CHs, R'is acetoxy, R?is OH and R*is ethyl, vinzoli-
dine is represented; and when R2is CH3, R3, R%and R!
are OH, R*is ethyl, R7is COR? and R? is NH3, vinde-
sine is represented.

The preparatior of vinzolidine 1,5-naphthalene disul-
fonate is Hlustrated below.

EXAMPLE !
Preparation of vinzolidine 1,5-naphthalenedisulfonate

To 1% (w/v)} solution of vinzolidine free base
(95+ % purity) in methanol is added dropwise with
stirring a stoichiometric amount {1 mole per mole) of a
2% methanolic solution of 1,5-naphthalenedisulfonic
acid. The resuiting solution was allowed 10 stand at
ambient temperature for about two hours, during which
time period crystallization of the vinzolidine 1,5-naph-
thalenedisulfonate salt begins. The crystallizing sclution
is kept at about 0° C. overnight and is then filtered. The
filter cake is washed with a small amount of methanol
and then dried in vacuo overnight at ambient tempera-
ture. The salt is then allowed to stand in air for about
two hours. The yield of vinzoliding 1,5-naphthalenedi-
sulfonate is 95-97%.
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One of the above salts, the orally active vinzolidine
1,5-naphthalenedisulfonate, (vinzolidine napadisilate) is
of particular interest since it is approximately bioequiva-
lent to vinzolidine sulfate.

Dosage forms suitable for oral administration have
more stringent requirements than do parenteral dosage
forms; ie., the drug must be stable when mixed with
pharmaceutically-acceptable  excipients customarily
used in preparing solid dosage forms such as capsules or
tahlets. Any such modification of drug form must not
substantially increase toxicity nor decrease oral effi-
cacy.

The ability of vinzolidine 1,5-naphthalenedisulfonate
to meet these requirements as an oral drug are set forth
below.

In the first place, as regards stability, bulk vinzolidine
I,5-naphthalene disulfonate remained virtually un-
changed at one year at the following storage tem-
peratures—35° C.; 25° C,; 40° C. In addition, the bulk
material was stable for one year at 40° C. and 75%
relative humidity. Vinzolidine 1,5-naphthalene disulfon-
ate-containing capsules had a potency of 94.3% of the
initial potency after storage for one year at 40° C. and
75% relative humidity. Under the same storage condi-
tions, both bulk and encapsulated vinzolidine sulfate
were clearly less stable.

Secondly, as regards toxicity, the LDsp in mice of
vinzolidine 1,5-naphthalenedisulfonate is 68-7 mg./kg.
comparcd to 37.7 mg./kg. for vinzolidine suifate.

Thirdly, as regards oncolytic activity, the 1,3-disul-
fonate salt shows good antitumor activity against trans-
planted tumors in mice. For example, using the 1,5-
naphthalenedisulfonate salt, against the 6C3HED lym-
phosarcoma, a single oral dose of 11 mg./kg. (in cither
acacia or empulphor suspension) gives about a 50%
inhibition of tumor growth and single doses of 15-22.5
mg./kg. give 95-1009 inhibition.

Finally, vinzolidine 1,5-naphthalenedisulfonate is
well-absorbed when administered by the oral route. For
example, when each of six monkeys was given a single
capsule containing a 1.5 mg./kg. dose of virzolidine
base equivalent or about 2 mg./kg. of vinzolidine 1,5-
naphthalenedisulfonate, excellent hiood levels of vin-
zolidine were obtained. Table I which follows gives
pooled mean serum concentrations of the drug in
mg-/mi for the six monkeys at given time intervals with
the standard deviation.

TABLE 1
Mezn Serum Concentration
Time in Hours Mg /ML * SD

1/12 i

j 0.46 * (.28

1 25.38 = 7.80
4 19.53 + 3.25
8 53209
24 0.66 + 0.28
48 005 = 0.4
72 9
96 i)

The above serum concentrations are comparable to
those obtained with vinzolidine sulfate orally.
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Oral formulations of vinzolidine 1,5-naphthalenedi-
sulfonate include telescoping gelatin capsules, tablets,
suspensions and the like such that each capsule, 1ablet or
upit of suspension (teaspoon) contains a single dosage
unit of the drug. Such dosage unit will contain about 30
mgs. of vinzolidine base as the 1,5-naphthalenedisolfon-
ate salt. },5-Naphthalenedisulfonate salis of other in-
dole-dihydroindole alkaloids represented by [ above
can be formulated similarly.

We claim:

1. A l,5-naphthaienedisulfonate salt of an indole-
dihydroindole alkaloid of the formula

wherein R!is OH or O—CO-—CH3, R2is CH3or CHO;
one of R3 and R* is ethyl and the other is OH; when
taken singly, RS is OH and R7 is CO—OCH; or
CO—RY wherein R® is NHi, NH—C;3 alkyl-X,
wherein X is hydrogen, chloro or bromo, or Cy.; lowe-
ralkanoyloxy; when R6and R7 are taken together with
the carbon atoms to which they are attached, they form
a spiro-oxazolidinedione ring permissibly substituted at
N3 with C1.; alkyl or chloro-substituted C).3 alkyl.

2. A compound according to claim 1, said compound
being the 1,5-naphthalcnedisulfonate salt of vinzolidinc.

3. A compound according to claim 1, said compound
being vincristine 1,5-naphthalenedisuifonatc.

4. A compound according to claim 1, said compound
being vinblastine 1,5-naphthalenedisulfonate.

$. A compound according to claim 1, said compound
being vindesine 1,5-naphthalenedisulfonate.

6. A pharmaceutical formulation for oral administra-
tion in dosage unit form containing per dosage umnit an
oncolytic amount of vinzolidine 1,5-naphthalenedisul-
fonate plus an inert pharmaceutical excipient.

7. A polymorphic form of compound according o
claim 2, said polymorphic form being vinzolidine 1.5~
naphthalenedisulfonate Form 1L

8. A polymorphic form of a compound according to
claim 2, said polymorphic form being vinzolidine 1,5
naphthalenedisulfonate Form IIL

» » * * *
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